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Series foreword Tom Sherrington

			The idea for the In Action series was developed by John Catt’s Teaching WalkThrus team after we saw how popular our Rosenshine’s Principles in Action booklets proved to be. We realised that the same approach might support teachers to access the ideas of a range of researchers, cognitive scientists and educators. A constant challenge that we wrestle with in the world of teaching and education research is the significant distance between the formulation of a set of concepts and conclusions that might be useful to teachers and the moment when a teacher uses those ideas to teach their students in a more effective manner, thereby succeeding in securing deeper or richer learning. Sometimes so much meaning is lost along that journey, through all the communication barriers that line the road, that the implementation of the idea bears no relation to the concept its originator had in mind. Sometimes it’s more powerful to hear from a teacher about how they implemented an idea than it is to read about the idea from a researcher or cognitive scientist directly – because they reduce that distance; they push some of those barriers aside. 

			In our In Action series, the authors and their collaborative partners are all teachers or school leaders close to the action in classrooms in real schools. Their strategies for translating their subjects’ work into practice bring fresh energy to a powerful set of original ideas in a way that we’re confident will support teachers with their professional learning and, ultimately, their classroom practice. In doing so, they are also paying their respects to the original researchers and their work. In education, as in so many walks of life, we are standing on the shoulders of giants. We believe that our selection of featured researchers and papers represents some of the most important work done in the field of education in recent times. 

			John Tomsett is widely known and highly regarded in the UK as the leader of a superb secondary school in York where professional learning has high status; it’s embedded deeply in the school’s fabric. As one of the country’s first ‘research schools’, Huntington School has pioneered a range of approaches to support teachers in the endeavour of harnessing research to hone their craft. John has always walked the talk, leading by example, sharing his own journey as a teacher through his superb blog, conferences and leadership books. His enthusiasm for the ideas in Collins et al.’s paper was instrumental in formulating the concept of the In Action series and, right from the start, he wanted to give his colleagues the opportunity to share their specialist wisdom, subject by subject. The result is excellent as a book that stands alone but also makes a powerful contribution to the series as a whole.

			Finally, in producing this series, we would like to acknowledge the significant influence of the researchED movement that started in 2013, run by Tom Bennett. I was present at the first conference and, having seen the movement go from strength to strength over the intervening years, I feel that many of us, including several In Action authors, owe a significant debt of gratitude to researchED for providing the forum where teachers’ and researchers’ ideas and perspectives can be shared. We are delighted, therefore, to be contributing a share of the royalties to researchED to support them in their ongoing non-profit work. 

		

	
		
			
Foreword by Professor Allan Collins

			One of the most important aspects of apprenticeship as a means of teaching is that it enables teachers to pass along tacit knowledge to learners. Because of the mass aspects of schooling, schools focus on teaching the explicit knowledge that has been accumulated in the textbooks and procedures that are taught in school. What is left out is the tacit knowledge that adults acquire over their lifetimes in solving problems and performing tasks. When adults teach by apprenticeship, they convey tacit knowledge they are hardly aware of by modelling how to do things and by coaching when they see the difficulties learners have in solving the problems and performing the tasks that the adults have been wrestling with all their lives.

			This book, Cognitive Apprenticeship in Action, shows how teachers in different subject areas pass along their tacit knowledge to students through cognitive apprenticeships. It is a critical addition to the literature on cognitive apprenticeship, since it shows how different teachers have taken the ideas from the literature on cognitive apprenticeship and realized them in their practice. This serves to ground the theoretical ideas of cognitive apprenticeship in the actual practice of teaching in different subject areas. I am very appreciative of the efforts of the editor, John Tomsett, and the authors in making the ideas of cognitive apprenticeship come alive for teachers around the world, so that they can see what these ideas look like in actual practice.

		

	
		
			
Introduction

			When I began teaching, I used to travel the 50 miles to work and back with Kate Darwin, a fellow English teacher.

			Kate and I became interested specifically in the thought processes that occur between sentences. During our daily drives, we would chat about how we could make those thought processes explicit. We devised a lesson where we would take a paragraph of our own writing and insert between the paragraph’s sentences our thought processes that shaped each sentence we wrote. 

			Our idea of articulating the thinking between sentences did not progress beyond that one-off lesson. I did not have the gumption to realise how important such thought processes are to student learning. 

			Little did I know that at the very same time, some 3500 miles away across the Atlantic Ocean, Allan Collins, John Seely Brown, Susan Newman and Ann Holum were developing ideas similar to those Kate and I were bandying about within the cramped confines of my Vauxhall Nova. 

			In 1991, Collins et al. published ‘Cognitive Apprenticeship: Making Thinking Visible’. It would be nearly a quarter of a century until I encountered this paper. (And since then, it has influenced my teaching immeasurably.) 

			In February 2015, I was prompted to approach Alex Quigley, our erstwhile director of research, when I was faced with the following problem: my economics students’ AS mock examination results were poor – the most common grade was a U.

			The frustration was that I knew they knew their economics content. My challenge was to answer the question, How can I train my students’ thinking so that they can apply their knowledge of economics to solve the contextual problems they face in the terminal examinations?

			Alex suggested I read a certain short research paper entitled, ‘Cognitive Apprenticeship: Making Thinking Visible’.

			The paper identifies that ‘domain (subject) knowledge … provides insufficient clues for many students about how to actually go about solving problems and carrying out tasks in a domain. Moreover, when it is learned in isolation from realistic problem contexts and expert problem-solving practices, domain knowledge tends to remain inert in situations for which it is appropriate, even for successful students.’

			In order for my students to use the subject knowledge I knew they possessed, I had to teach them what Collins et al. define as ‘strategic knowledge’: ‘the usually tacit knowledge that underlies an expert’s ability to make use of concepts, facts, and procedures as necessary to solve problems and carry out tasks’.

			I was the expert in the room. I knew subconsciously the skills required to apply my subject knowledge to solve an economics problem; the trouble was, I had not consciously taught my students those skills. What I had to do, according to the paper, was ‘delineate the cognitive and metacognitive processes that heretofore have tacitly comprised expertise’.

			I had to find a way to apply ‘apprenticeship methods to largely cognitive skills’. It required ‘the externalization of processes that are usually carried out internally’. Ultimately, I had to develop an apprenticeship model of teaching which made my expert thinking visible.

			In response to the research paper, here is what I did: in the first lesson after the mocks, I completed the same examination paper, not answering the questions but writing on the paper what my brain would have been saying to itself, question by question, should I have attempted the paper. I did this in front of the students, live, with what I was thinking/writing projected onto the whiteboard via a visualiser.

			What I wrote on the paper I insisted they wrote down verbatim on their own blank copy of the paper, a key feature of this learning experience.

			The exercise showed them just how alert my brain is when I am being examined. I was teaching them, apprenticeship-style, how to apply their domain knowledge to a new context when under pressure. I was making my thinking visible.

			In the second lesson after the examinations, I surprised them with a new mock paper they had not seen before. They completed the paper. The numerous students who attained a U grade first time round all improved by three or more grades.

			The important thing to emphasise is that the students made these impressive gains in their examinations without being taught any more A level Economics content. They improved because I taught them the mental processes required to retrieve the knowledge they had learnt from their long-term memories and apply that knowledge in an efficient, precise way which answered the examination questions.

			I obsess about the golden thread from intervention to students’ outcomes. Skip a year and in the summer of 2016, those same 13 A2 Economics students surpassed themselves, attaining a grade B on average, which was 0.27 of a grade higher on average than their aspirational target grades. On the A Level Performance System (ALPS), the class performance was rated ‘outstanding’.

			As Collins et al. conclude, ‘Ultimately, it is up to the teacher to identify ways in which cognitive apprenticeship can work in his or her own domain of teaching.’

			There is no evidence-based, universal panacea to cure all teaching and learning ills. This is something Allan Collins, John Seely Brown and Ann Holum clearly knew when they published ‘Cognitive Apprenticeship: Making Thinking Visible’. In their research paper, they conclude that ‘cognitive apprenticeship is not a model of teaching that gives a packaged formula for instruction’. They go on to observe that, ‘Ultimately, it is up to the teacher to identify ways in which cognitive apprenticeship can work in his or her own domain of teaching.’

			This book, Cognitive Apprenticeship In Action, gives a sharp, detailed account of how the classroom practice of 23 teachers from one school has been influenced by the principles of Collins et al.’s ‘Cognitive Apprenticeship’. Not one teacher has adopted cognitive apprenticeship as a complete ‘packaged formula’; all the teachers have identified aspects of cognitive apprenticeship which help make visible the expert thinking in their ‘own domain of teaching’.

			
‘Cognitive Apprenticeship: Making Thinking Visible’

			Before you read any further, it is essential to give you a brief overview of the key principles of cognitive apprenticeship espoused in the original paper published in 1991. Collins et al. took the traditional apprenticeship method – modelling, scaffolding, fading, coaching – and applied it to schooling. They focused particularly upon making the implicit explicit, upon articulating aloud the unspoken. The very thing that attracted me about cognitive apprenticeship was how it is ‘a model of instruction that works to make thinking visible’. 

			The principles for designing cognitive apprenticeship environments as conceived by Collins et al. are expressed within a ‘framework consisting of four dimensions that constitute any learning environment: content, method, sequence, and sociology’. The characteristics of each dimension are outlined below:

			
CONTENT: types of knowledge required for expertise

			The fact that Collins et al. begin with content is important, because without knowledge there is no learning. Domain knowledge is where they start, but as they also point out, whilst it is ‘important, [it] provides insufficient clues for many students about how to solve problems and accomplish tasks in a domain’. Heuristics, or ‘tricks of the trade’ as Collins et al. describe them, ‘are generally effective techniques and approaches for accomplishing tasks’ and provide a good starting point for addressing a challenge. So you know your domain knowledge, and heuristics help apply that knowledge, but when heuristics do not work, you require control strategies, or what we might call metacognitive skills, which help you think through different approaches to a challenge beyond the limited effectiveness of heuristics. Finally, within this first dimension, you need to know different ways of learning any of these previous three types of knowledge.

			
METHOD: ways to promote the development of expertise

			For ‘method’ read ‘methods of teaching’. Here Collins et al. outline six elements of apprenticeship-style teaching, beginning with the teacher modelling a task or process and the students observing. Scaffolding support helps the students complete a task. Next, the teacher observes the student whilst coaching them to complete the task. The next stage of the teaching methods process is for students to articulate what they know and how they think when they complete the task. When the task is complete, teachers show students how to reflect upon their performance and compare it with the performance of others. The final method stage is to ask students to identify and then solve their own problems; the level of teacher guidance is faded and the tasks allow greater student exploration.

			
SEQUENCING: keys to ordering learning activities

			When it comes to sequencing activities, Collins et al. insist that you begin globally before looking at local skills. This gives the learner a ‘conceptual map … before attending to the details of the terrain’. Tasks must be sequenced to ensure an increase in complexity and then teachers must diversify tasks, to help students explore the breadth and depth of the subject domain. 

			
SOCIOLOGY: social characteristics of learning environments

			The fourth and final dimension begins with ensuring the learning is ‘situated’, where students ‘carry out tasks and solve problems in an environment that reflects the multiple uses to which their knowledge will be put in the future’. According to Collins et al., situated learning encourages students to use their knowledge actively, rather than just passively receive it, so they can see the purpose of their learning. They then encourage the development of communities of practice where students find an intrinsic motivation for their learning which goes beyond pleasing teachers or gaining examination grades, and where the students exploit cooperation between each other to enhance the community’s learning as a whole. 

			Collins et al. provide this useful summary of the four dimensions:

			[image: ]

			
 Principles for Designing Cognitive Apprenticeship Environments

			
CONTENT: types of knowledge required for expertise 

			
					
Domain knowledge: subject matter specific concepts, facts, and procedures 

					
Heuristic strategies: generally applicable techniques for accomplishing tasks 

					
Control strategies: general approaches for directing one’s solution process 

					
Learning strategies: knowledge about how to learn new concepts, facts, and procedures 

			

			
METHOD: ways to promote the development of expertise 

			
					
Modeling: teacher performs a task so students can observe 

					
Coaching: teacher observes and facilitates while students perform a task 

					
Scaffolding: teacher provides supports to help the student perform a task 

					
Articulation: teacher encourages students to verbalize their knowledge and thinking 

					
Reflection: teacher enables students to compare their performance with others 

					
Exploration: teacher invites students to pose and solve their own problems 

			

			
SEQUENCING: keys to ordering learning activities 

			
					
Global before local skills: focus on conceptualizing the whole task before executing the parts 

					
Increasing complexity: meaningful tasks gradually increasing in difficulty 

					
Increasing diversity: practice in a variety of situations to emphasize broad application  

			

			
SOCIOLOGY: social characteristics of learning environments 

			
					
Situated learning: students learn in the context of working on realistic tasks 

					
Community of practice: communication about different ways to accomplish meaningful tasks 

					
Intrinsic motivation: students set personal goals to seek skills and solutions 

					
Cooperation: students work together to accomplish their goals 
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			Collins et al. focused upon the cognitive apprenticeship teaching processes required to make thinking visible to students in reading, writing and mathematical problem-solving. When I first came to cognitive apprenticeship, I focused upon the metacognitive processes required to answer A level Economics examination questions, the general types of reasoning that help you apply your subject knowledge to tackle academic tasks. What has come to interest me as much, however, having worked with Collins et al.’s ideas for many years, is defining the expert thinking processes for each subject in the curriculum. What is it to think like an expert physicist or chef or musician?

			So, when I introduced my Huntington colleagues to the original ‘Cognitive Apprenticeship’ paper and challenged them to identify the unique expert thinking processes in their individual subjects and to describe how they make those thinking processes visible, it was a hugely provocative question. Some found it especially hard to pinpoint an answer. Crucially, my challenge sparked their intellectual curiosity, so that when I suggested we write a book about the influence of cognitive apprenticeship on our practice, I was overwhelmed by positive responses.

			I set my expert colleagues the task of writing a short essay which explained how certain principles of cognitive apprenticeship as defined by Collins et al. had helped them improve their teaching and their students’ learning. I wanted them to explain specifically how they had made their subjects’ thinking processes visible to students.

			When it came to identifying the unique expert thinking processes in their individual subjects, their answers were rooted in domain knowledge. Unique expert thinking processes and content are inextricably linked. And the examples of fundamental thinking/content for each subject are predictably both subjective and partial. You may well disagree with their selections – in fact, we expect that you will and welcome that challenge.

			Furthermore, as each chapter has been written by a teacher at Huntington School, the chapters do not follow a set structure. Each writer had the liberty to write about the thinking processes germane to his or her subject in a way s/he felt appropriate.
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Cognitive apprenticeship: an evidence review

			Jane Elsworth

			Cognitive apprenticeship is an approach that emphasises the importance of the process in which a master of a skill teaches that skill to an apprentice. Observing schooling methods and studying these constructivist approaches to human learning led to the development of the theory of cognitive apprenticeship proposed by Collins et al. (1989). In this paper, they cite several successful studies that embody the basic methods of cognitive apprenticeship focused on improving reading, writing and mathematics.

			The first such study is Palincsar and Brown’s (1984) reciprocal teaching of reading technique that models and coaches students in four strategic skills to support those who can decode but have poor reading comprehension. This technique has proved to be very effective at raising students’ scores on reading tests in a range of studies undertaken in the USA. It has been used widely in other English-speaking countries but is less common in the UK. There is some evidence of promise from previous evaluations of reciprocal teaching, including a meta-analysis of 16 studies, which showed an average impact equivalent to around four months’ additional progress. In the UK, recent evaluations of programmes that have included a focus on teaching reading comprehension strategies have not found such an extensive impact. For example, the Education Endowment Foundation (EEF) evaluation of the Reciprocal Reading programme (O’Hare et al., 2019), a trial comprising over 5000 KS2 pupils in 98 schools across the UK, found on average an impact equivalent to around two months of additional progress in both their overall reading and reading comprehension.

			The second example is an approach to the teaching of writing that relies on cognitive apprenticeship from Scardamalia and Bereiter (1983, 1984 and 1985). This approach provides explicit procedural supports, through a combination of modelling, coaching, scaffolding and fading in the form of prompts. These are aimed at helping students adopt more sophisticated writing strategies. In a series of studies by the authors in 1985, procedural facilitations were developed to help elementary school students in the USA evaluate, diagnose and decide on revisions for their compositions. Results showed that each type was effective, independent of the other supports. And when all were combined, they resulted in superior revisions for nearly every student. 

			Indeed, research by Graham et al. (2016) identified 11 studies that examined interventions related to teaching writing strategies to students and/or using a ‘model-practise-reflect’ instructional cycle. All of the studies found positive effects on at least one writing outcome, including outcomes in the overall writing quality, genre elements, organisation, word choice, writing output, and writing process domains. Additionally, the EEF guidance report Improving Literacy in Secondary Schools (Quigley and Coleman, 2019) suggests the breaking-down of complex writing tasks through the use of explicit instruction, scaffolding and modelling by teachers of planning, monitoring and evaluation. This is echoed in ‘Principles of Instruction’ by Barak Rosenshine (2012), which is based on cognitive science, observational studies of ‘master teachers’ and studies that tested the learning strategies with students. It is particularly resonant in the first of the four strands – ‘Sequencing concepts and modelling’ – identified by Tom Sherrington in Rosenshine’s Principles in Action (2019). 

			Cognitive apprenticeship has many elements of what has been more recently called ‘metacognition and self-regulation’ by the EEF in their Metacognition and Self-Regulated Learning guidance report (Quigley et al., 2018) and is rated by the EEF as ‘high impact for very low cost, based on extensive evidence’. Their guidance report, based on the evidence review by Muijs and Bokhove (2020) quotes a range of studies that have shown that self-regulated learning and, in particular, metacognition have a significant impact on pupils’ academic performance, beyond that predicted by prior achievement. There is some evidence to suggest that disadvantaged pupils are less likely to use such strategies and are therefore more likely to benefit from the whole range of approaches to supporting metacognitive and self-regulatory skills, including explicit teaching. Recommendation 2 of the guidance report states that ‘particular strategies are often quite subject- or task-specific, and the evidence suggests that they are best taught through subject content’. Recommendation 3 states that ‘to move from novice to expert, our pupils need to know how an expert athlete, artist, historian, or scientist habitually thinks and acts. We need to make these largely implicit processes explicit to our novice learners’ (Quigley et al., 2018).

			So, cognitive apprenticeship has an impressive heritage. Collins et al.’s paper published in 1991 is Janus-faced in that it brought together a number of pieces of research around metacognitive practice that had emerged over the previous decade or more (Flavell famously coined the phrase ‘metacognition’ in 1976) and then acted as a springboard for 30 years of development of metacognitive practice in the classroom. Publications such as the EEF’s Metacognition and Self-Regulated Learning guidance report have deep roots.

			[image: ]

			When it comes to making thinking visible, there are three main threads running through the chapters: 

			
					The individual chapter author’s notion of what constitutes expert thinking in his or her subject specialism;

					How you make that subject specialist thinking visible to students; 

					How you make visible the thinking required to apply expert knowledge and understanding to problem-solving.

			

			I have organised the chapters into four sections, reflecting the four dimensions of cognitive apprenticeship environments. There is a significant focus upon the content and method dimensions, whilst my colleagues have articulated promising analysis of sequencing and sociology. All the contributions explore more than one dimension and several cover all four.

			Over the years I have worked with a number of subject departments; consequently, I know that consensus amongst teachers is a rare – and, arguably, undesirable – thing. Debating the curriculum with your colleagues is at the heart of curriculum development. If this book provokes creative discussions amongst your colleagues about what and how you teach, then it will have served its purpose. 

			My colleagues have wilful humility: they are determined practitioners who want to be as good as they can be and accept that we can all improve our practice. Thus, the intention of this book is to stimulate debate, rather than claim to be definitive. 

			It is a privilege to work at Huntington School. The level of teacher learning is phenomenal. Dylan Wiliam described our teacher learning programme as ‘the most complete and compelling vision that I have seen for a school that places teacher learning at the heart of its endeavours, rather than being bolted on as an afterthought’ (Tomsett and Uttley, 2020).

			What follows is the fruit of that Huntington vision, as my brilliant colleagues make their own pedagogic thinking visible, using the cognitive apprenticeship model articulated by Collins et al. over 30 years ago.

			We know and hope you will want to debate some of what you read here. If you would like to engage with our curriculum development team, please contact us at Huntington; indeed, informed debate is the fuel of curriculum development.

			It has been a huge pleasure working with my colleagues at Huntington School in realising Cognitive Apprenticeship In Action. I have learnt a huge amount about each subject and, as a headteacher, I have a better grasp of the school curriculum than I have ever had. Better late than never.

			When I challenged my colleagues to think hard about their subject disciplines, they responded with genuine zeal. We had some tremendous discussions about their subjects. They met every deadline I asked of them, whilst teaching during the coronavirus pandemic; indeed, the only one of us to miss any deadlines was me. And without their courage to publish their work, there would have been no book. They are, to a person, heroes.

			I set out in 1988 as a green teacher of English literature, full of Dead Poets Society idealism. I had an inkling that teaching students how to think like an expert writer was a thing, but did not have the conceptual framework to make that real until I discovered the work of Collins et al., some 25 years later. Since then, I have worked for several years to develop my cognitive apprenticeship skills in my teaching, tweaking what I do year after year so that I make my expert thinking visible in economics and, occasionally still, in my beloved English. 

			I am a better teacher now, at the end of my career, than I have ever been. And that is down, primarily, to the work of Professor Allan Collins, John Seely Brown and Ann Holum, to whom I am deeply grateful.

			The one other person I want to thank is Tom Sherrington, series editor, co-conspirator and dear friend. Tom has been an inspiration to me, and working with him these past few years, when we have both faced adversity, has been life-enhancing. I owe him more than he might ever know.

			John Tomsett, January 2021

			[image: ]  

			
A note about referencing

			As you might imagine, the paper is referred to throughout this book. While we have reproduced the paper in full as an appendix, we have not referenced it in a traditional way; rather, we hope that quotations from ‘Cognitive Apprenticeship: Making Thinking Visible’ will tempt you to read the paper yourself. Doing so will certainly give you a deeper understanding of how and why the paper’s principles have so influenced one school’s classroom practice.

		

	
		
			
Dimension One

			[image: Content - Types of knowledge required for expertise]

			The fact that Collins et al. begin with content is important, because without knowledge there is no learning. Domain knowledge is where they start, but as they also point out, whilst it is ‘important, [it] provides insufficient clues for many students about how to solve problems and accomplish tasks in a domain’. Heuristics, or ‘tricks of the trade’ as Collins et al. describe them, ‘are generally effective techniques and approaches for accomplishing tasks’ and provide a good starting point for addressing a challenge. So you know your domain knowledge and heuristics help apply that knowledge, but when heuristics do not work, you require control strategies, or what we might call metacognitive skills, which help you think through different approaches to a challenge beyond the limited effectiveness of heuristics. Finally, within this first dimension, you need to know different ways of learning any of these previous three types of knowledge.
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			[image: Domain knowledge – subject matter specific concepts, facts and procedures] [image: Heurisitic strategies – generally applicable techniques for accomplishing tasks]
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A summary introduction to Dimension One: CONTENT

			Matt Savory’s chapter on thinking like a biologist is a perfect place to begin our exploration of cognitive apprenticeship in action. Matt illustrates how all four of Collins et al.’s dimensions combine. He outlines how ‘the most important strategic knowledge that must be developed in biology is the scale within which the various concepts and ideas of the subject must fit’. He explains the methods he uses to teach this knowledge, how he situates the knowledge in global terms before he drills down into the local, and finishes with the phrase, a ‘new generation of biologists’, which reflects the sense of cooperation and community which is the hallmark of his biology classes.

			Hugh Richards is an ardent historian. He is a dedicated member of the Historical Association and has that brilliant capacity to develop curriculum leadership in younger members of his department. According to Hugh, ‘expert historians don’t merely have opinions; they construct arguments based on the strongest evidence they can muster’, and whilst he talks a lot about teaching methods, at the heart of what he is teaching are the cognitive control strategies which characterise his subject’s domain knowledge.

			From the very beginning of their Huntington musical career, students are treated as musicians. ‘At Huntington, we teach every lesson through sound,’ explains Liz Dunbar, our expert subject leader of music, for whom domain knowledge is all. In her chapter, she explains the bookends of a Huntington musical education. Our youngest begin with exploring ostinato and seven years later are composing in a community of performers where teachers are co-constructors of music who ‘need to be ready to experiment … to be ready to fail, and have countless false starts’.
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