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Life should be an unending education; everything must be learned, from talking to dying.


Gustave Flaubert1













INTRODUCTION


A Tale of Two Academies




The future is here, it’s just unevenly distributed.


William Gibson





Into the Light


The Hippeios Colonus lay a mile north of ancient Athens. A hill thick with vine, olive and laurel, topped with a temple to Poseidon and a sacred grove to the Eumenides, or Furies, it was said to be the resting place of Oedipus and birthplace of the great playwright Sophocles. Climbing it in 385 BC on a warm Mediterranean evening, the pink light playing on the Aegean and the scent of oregano wafting up from the baking ground, you might have looked down to the west and caught a glimpse of one of the great inventions in human history – the school.


This school was situated in the groves of Akademeia, named after the Greek hero Akademos, one-time saviour of Athens. The area was known at the time as the destination for an atmospheric ritual, a torch-lit race from the city in which late-night runners sped along a path flanked with the graves of dead Athenians to arrive first with their flame at the altar of Prometheus. It was also sacred to Athena herself, goddess of wisdom.1 Back then a middle-aged and much-travelled nobleman called Plato had just taken over a large part of it to host his new ‘Academic’ club, devoted to the pursuit of knowledge.




Plato’s Academy quickly became an intellectual hothouse, the MIT or Cambridge University of its day. The many illustrious alumni included Aristotle, who would go on to found his own Lyceum, and tutor Alexander the Great. Its ideas would inform civilisations. Learning consisted of discussion around particular texts and case studies, with a teacher – often Plato himself – posing problems for the members to consider in conversation, just as they do at Harvard Business School today. Topics included mathematics and philosophy and ranged from the scientific analysis of the movements of heavenly bodies to consideration of the best modes of government. Plato wrote down many of these cases in The Republic, interposing his former mentor Socrates as the textual teacher and other members of his entourage as his protégés. One of the most famous is the Allegory of the Cave.2


Picture an odd grotto. In it a group of people are chained to the floor on one side, their legs and necks fixed in such a way that they can only stare at a blank wall. They have been secured in that position since early childhood and the cave wall in front of them is all they have ever seen. Behind them is a fire and in front of it a low screen over which a variety of objects are raised by hidden helpers, who also make sounds. The prisoners see moving shadows cast upon the wall and attribute the noises to the spectral shapes. They assign meaning to what they see and start to understand the play of shadows as reality. It is all they know. The flickering forms and sinister sounds are their whole world.


What would happen, asks Socrates, if one of these prisoners were freed?


On turning, the bright light of the fire would dazzle the prisoner at first and he would be unable to make out the shapes of objects, or make sense of the new visions assailing his senses. He would turn fearfully back to the wall. Imagine then that someone dragged him forcibly from the cave, past the fire and into the sunlit lands above ground. The prisoner would be angry, resistant and near blind, holding tightly to his old ideas of existence. After the wall and the shadows, the technicolour world about him would seem a shocking hallucination. But slowly his eyes would become accustomed to the light, the pain would recede and he would come to terms with a new



and infinitely more beautiful reality. He would bless himself for the change and rush to free his other cave dwellers.


We can read in Plato’s Cave a parable about learning. Two and a half thousand years later its imagery of light and dark as metaphors of knowing and ignorance remain familiar. We see ourselves as sentient, conscious and rational beings, as people who have ‘seen the light’. We sense that more and more of humanity has passed out of the cave and into the world above. For Plato, however, it was clear that most of us were yet to make that journey. His mission – and that of his school – was to lead more people into the sunlit lands of enlightenment. It was the work of the philosopher to push at the frontiers of human apprehension, to more fully understand the world, and to better decide how individuals and societies should live in it.


Today we face an even greater challenge. We believe that everyone should be well educated, not just rich noblemen. Our young must thrive in a world whose pace of change seems destined to increase exponentially, whose future is unclear. Yet when we look at our school systems, we don’t see Plato’s clear-sighted mission of human betterment, but ailing bureaucracies struggling to maintain bright points of light amid the gloom. Like stars on a hazy night above modern Athens.


If at First You Don’t Succeed


I could, so I taught. One bright September morning a decade ago, I pedalled my way down the Old Kent Road – London’s cheapest Monopoly property – to begin my life as an English teacher. The school was in one of London’s poorest and most diverse neighbourhoods, Elephant and Castle, named after an eighteenth-century coaching inn. I knew it only by reputation. The area was dominated by two housing estates, the Aylesbury and the Heygate, whose maze-like walkways and dingy stairwells meant they were no-go zones after dark.3 Walworth School didn’t seem a lot better. At a meeting of new teachers in the area, a veteran from a nearby secondary revealed: ‘That’s where we tell our kids they’ll end up if they don’t behave.’ My first assembly would begin with the stark announcement that a 14-year-old boy had died, stabbed after a game of football.




That first day marked a new dawn for Walworth, however.* It had just begun life as an academy, part of a government scheme to give more money and more autonomy to struggling inner-city schools, though it was a far cry from the Athenian original. I pulled up to the gates that morning with the potent mix of nerve-shredding trepidation, rank incompetence and platonic ideals familiar to all beginning teachers. I was scared, I was ill-prepared, but I knew – knew! – that I’d be Dead Poets Society’s Robin Williams by the end of my third week. After all, everything I’d learned in my own school and university days told me that education was simple. You posed the right problems, outlined interesting thought experiments, then sat back, engaged minds and discussed.


My first classes were failures. Initially placed in the lower school, I found the younger kids enthusiastic but unfathomable. Eleven-year-old Kai approached me during one class in his socks claiming his shoes had dropped out of the third-floor window and asking if he could retrieve them. A particularly wild break-time ended with Shaun at war from one side of the class with Marcel on the other, using chairs for ordnance and tables for cover. Every lesson began with a dispiriting chorus of lost books, missing homework and attempts to break out to the hallowed freedom of the toilet. News of my struggles spread and competent fellow teachers were regularly called in to assist. The groves of Academe seemed a distant dream.


Over in the upper school, things didn’t go much better. Although intermittent attempts at reading and writing were known to break out among them, the habits of the older kids more typically comprised a mix of uninterested gazing out of the window, mind-boggling feats of misunderstanding and an unending ability to find new variations on ‘Your mum’ cusses. One Year 10 class was like a UN General Assembly, comprising 30 kids of British, Irish, Chinese,



Jamaican, Liberian, Congolese, Afghan, Somali, Sudanese, Nigerian, Turkish, Portuguese and Vietnamese backgrounds, with just as many disagreements. Many spoke no English at home. But to me their situation was increasingly unfunny. They had an English GCSE to prepare for, a high-stakes exam that would decide their future. The class was averaging Ds, Es and Fs. They’d have to score As, Bs and Cs within eighteen months if they were going to stand a chance.


As part of the course, over the next year and a half together we would cover two Shakespeare plays for coursework. I was looking forward to this as an opportunity to flex my intellectual muscles, whatever the doubters said. (In my interview for the teaching post I’d mentioned my love of literature, and plans over the summer to fill in dangerous gaps in my subject knowledge by reading classics – Milton, Marvell, Woolf and Eliot. The interviewer had looked at me patiently and replied, ‘That’s great, but I’d start with Holes and The Boy in the Striped Pyjamas.’) The school had chosen Romeo and Juliet and Macbeth as set texts, and I spent a few weekends sharpening my opinions. The kids would excel, despite their challenges. This is what I had entered teaching to do.


Things did not go well. Progress through Romeo and Juliet was stultifyingly slow. We spent a week trying to understand the prologue and ultimately read only a few scenes of the play. The kids could express opinions about it if I created fill-in-the-blanks activities with a choice of three adjectives, but were otherwise short of ideas. After we watched the Baz Luhrmann movie adaptation to fill in the story gaps, every subsequent essay on the sixteenth-century text featured personalised revolvers, Miami muscle cars and exploding petrol stations. Despite my high hopes that the class would find fulfilment in the pursuit of understanding and a love of literature, in their first coursework essay they remained resolutely stuck on low grades.


I thought back to my own school days. I’d had the good fortune to attend a good primary school in a small Midlands town, where the teachers, who were more like surrogate mums or grannies, had inspired me. From there I’d gone on a scholarship to a private school. It boasted the largest single expanse of mowed grass in the UK and an altarpiece – referred to in Old French as a reredos – reputedly



valued at £6,000,000 (it was the chaplain’s favourite game during RE lessons to invite boys to try to evade the security system’s laser beams to reach the altar, like trainee gentleman cat burglars). We called our teachers dons and head teacher the Warden. In our English classes, we’d pontificate on Jane Austen and T. S. Eliot, and then all write A or A* essays. There was a sense of inevitability about it – just as there was a sense of inevitability about the failure of the class that I was teaching.


Yet a realisation drove me on. Getting to know these South London kids, working with them and talking to them each day, I quickly found that there was no fundamental difference between them and the kids I’d been at school with. They had the same dreams, the same camaraderie, the same feuds and the same teenage angst. Their parents, like mine, desperately wanted them to do well, and to be happy. They didn’t wear gowns to school or have access to a pack of beagles, but these were superficial details. In potential, in ambition and especially in jokes, they were more than a match for my privileged peers at boarding school. But where society had given us a leg-up, it was letting these kids down.


It all felt a long way from Plato. A long way even from Robin Williams. The class was failing, and I was at a loss.


This Solves Everything


This book is inspired by those kids at that South London academy. As a teacher I was startled to realise that school is fundamentally the same now as it was in Plato’s day. A time-travelling child from ancient Athens might be mystified by our smartphones, overwhelmed by our populous cities and alarmed by the cars on our roads. But she would have no trouble at all recognising a classroom with its teacher and pupils. With all the progress we’ve made in other fields of human endeavour – in medicine or neurology, psychology or technology – aren’t we long overdue a revolution in the way that we learn?


The 2,400 years that separate us have witnessed epochal changes: near-incomprehensible growth in the global population; huge agricultural, industrial and technological revolutions; incredible transformations in the ways that we create and disseminate



knowledge; new forms of social and political organisation; insight into the secrets of the mind. These have thrown up the myriad challenges of globalisation, automation and climate change. If we’re to overcome them, we must further increase our extraordinary ingenuity, more fully develop our skills and radically improve our co-operation as a species to unleash our full human potential. Learning must be the cause of our generation.


How should we approach education today? Over the pages that follow, I’m going to take you on an exploration of what it means to thrive in today’s rapidly changing world and what we can do to ensure that all of our kids do. In Plato’s era the main concern was to push at the frontier of human knowledge and understanding for grown men. Today, while we continue that quest, a more important question is how we extend access to the furthest reaches of human development to every child, to all people. Our aim is no longer the flourishing of a few philosopher-citizens in an ancient city-state, but the flourishing of a philosopher-race to steward our high-tech, globalised civilisation.


Following those first faltering classes a decade ago, I confronted my bafflement at the low learning levels of my pupils and embarked upon a lifelong quest for new ideas and exciting innovations that could inspire us to reimagine schools and remodel the creaking ziggurats of our global education systems. In this journey, time and again I asked myself the question central to all learning – why? Why do schools now look so similar to schools in ancient Athens? Why do we prize academic success above all? Why are kids so often unhappy in their learning? Why do we continue to pursue an industrial model that businesses have left behind? And throughout it all I have obsessed over a single goal: to show what learning in the twenty-first century should look like.


The search you’re about to join me on has taken me across the world, from the intelligent machines of Silicon Valley to the exam factories of Seoul; from Finland’s greatest teacher to Britain’s brightest student; from the MIT professor raising a robot to the Hong Kong schoolkid battling a superpower; from teachers trained like athletes to students learning without teachers. I have visited schools on every continent of the earth, talked to the leading neuroscientists



and experimental psychologists, met the most fabled educators. I have explored the frontiers of the mind and the limits of the latest technology. I even ended up in Hollywood. The good news, as you’ll find out, is that everywhere I have seen signs that we are on the cusp of a revolution in the way that we learn.


This book outlines for everyone the three key tenets that will drive that transformation. The text is arranged into three parts.


The first argues that we must think anew. Science has begun to delve deep into the inner workings of our brains, showing that each of us has a far greater capacity for learning than we realise. We’re literally natural born learners – every one of us – but we’re too often held back by the false belief that our intelligence is fixed. It isn’t. Our understanding of the mind is limited by metaphors of computing, but it is not a machine to be programmed by schools. The brain is alive, unruly, engaged in an unending process of inquiry. As medicine underwent a scientific revolution in the nineteenth century, so can education today. Thinking anew about human development focuses our attention on upgrading ourselves, not our technology.


The second part urges us to do better. Our schools are reasonably effective at achieving what they set out to: producing a solid blue and white collar workforce well drilled in what Sir William Curtis dubbed the ‘Three Rs’ of ‘reading, ’riting and ’rithmetic’ in an 1825 speech in the British Houses of Parliament.4 But as automation and globalisation cause traditional jobs to disappear, so must traditional models of schooling give way to those that grow creativity and purpose. A craftsperson aspires to make works of great beauty, is an able user of the most appropriate tools and feels flow when mastering skills. Doing better means beginning with human creativity. We must ensure kids develop the means to express themselves and find a place in the world. This applied scholarship is our noblest aim.


The final part explains why we must take care. The education of our children is a perpetual labour, and it remains the most important undertaking of our race. Yet in recent years it has lost touch with its innate human imprint. Schools borrow increasingly from paradigms of the factory or market, vaunting efficiency and competition. This



has brought great surges in literacy and improved exam results, but it has pitted kids against each other in a brutal race to the top, narrowed the parameters of learning and taken economic output as education’s only measure. In the future, we must rediscover the ethical and human dimensions of learning. Taking care requires us to build our systems around shared values, not new technologies, framing them as ecosystems rather than corporations. The well-being of our species, and of our planet, depends on developing our social and emotional intelligence. We must learn to co-operate in building the future we wish to see.


We begin our endeavour from a stable foundation. There is no better time to be a pupil than today, with more than 1.2 billion children in school. Standing in front of them in classrooms from Lima to Lucknow are more than 50 million teachers, almost all passionate, able and committed.5 And yet unless we can rapidly adapt the way children learn to the evolving needs of the world today, we risk a lost generation. Six hundred million of those kids are currently failing to master the basics, let alone the tools they need to succeed tomorrow.6 Meanwhile, our experience ties us to the past. School is something that everyone feels expert in. Most of us have spent at least twelve years – more than the fabled 10,000 hours – in classrooms. But we’ve learned the wrong lessons. Not quite an art and not yet a science, the field of learning still paradoxically seems at times devoid of a deep, unitary expertise.


The time for us to unite that expertise is now. Through thinking anew, doing better and taking care, we can bring about a twenty-first-century enlightenment in education that ensures more and more kids fulfil their potential. As the physicists have their Theory of Everything, and the philosophers their Absolute Mind, so we educators must strive for the flourishing of all humanity. As Homo sapiens, wisdom – learning – is our defining characteristic, marking us out from our hominid ancestors. The cultivation of this attribute should be our species’ highest purpose. We must use this moment of technological disruption, with its jobless future, diminishing resources and driverless cars, to step back and imagine a world that places human development at its centre. Everything depends on our ability to do so.




Failing Again, Failing Better


A year later and my GCSE class was about to graduate into Year 11. Their first exams were a little over six months away. Soon they would be leaving school for sixth form colleges and universities beyond. Their grades would be the only evidence of their abilities they could show to future institutions or employers. The other path, with rates of youth unemployment above 50 per cent for those without degrees, did not bear thinking about. Dreams remained in the balance.


One day we confronted a particularly difficult passage in Macbeth. Fabrice, a 15-year-old boy who had been born in the Congo and come to London via some years in Rotterdam, was wrestling with an idea. He’d been leader among a group of troublemakers that were finally developing the abilities to enjoy learning. The topic was stage directions, and we were reflecting on the decisions that a theatre director might make about performing the ‘Is this a dagger which I see before me . . . ?’ scene. The question I had posed involved a difficult combination of higher-order thinking skills – what would the implications be for the audience’s understanding of Macbeth’s character if the director chose to show, or not to show, the dagger?


It was a problem worthy of Plato’s Cave. Amir, a slight teenage boy from Afghanistan who had been moved to my class as a troublemaker, had his hand up desperate to answer. Triggered by his fresh cultural perspectives – he believed wholeheartedly in the evil magic of cats – he had become entranced by the themes of witchcraft and sorcery in the play, and had used these as a foothold to develop striking and original opinions on Shakespeare. Fabrice continued to consider.


‘Oh,’ he exclaimed suddenly, ‘I get it.’


As Amir bounced on his seat with his hand raised, Fabrice carried on confidently. It was one of the few times that I remember seeing visible learning in my classroom. I could almost hear his brain whirring. He was mastering a new and complex way of thinking.


‘If we see the dagger, then we might think the witches have used magic to trick him.’


‘And if we don’t see the dagger?’ I replied.




‘If we don’t see the dagger, then we would think . . .’ He pondered. Amir continued to bounce. Suddenly Fabrice’s face flickered with understanding: ‘We would think that he is bare crazy!’


He turned round to Amir and held his finger to his lips, like a footballer scoring against an arch rival.


It was a watershed moment. Fabrice went on to score As and Bs in his GCSE coursework – Amir got As and A*s. When the exams came around, almost all of the class achieved at least the C that they required to continue on to higher education.


I was elated. But I was also unsatisfied. The kids had succeeded, but only in a narrow sense. They achieved their necessary GCSE grades, but school hadn’t been able to offer them much else. With a proper go at it – and a better teacher – they could have excelled. They were far behind when they came to my class, with many unable to read or write properly after eight years of education, and their Cs, though cherished, didn’t suggest they were ready to change the world. On top of that, I wasn’t entirely sure how we’d made progress. There had been a lot of sweat – and tears – to my approach, but no science. My early incompetence and lack of imagination had cost us valuable learning time. Surely, given all that we knew these days about the mind, the brain, the body, about human behaviour and the science of performance, we could devise a better approach than this? Surely, given the challenges our society faced, we had to?


The small success I experienced with my Year 10s gave me confidence in the power of education in the twenty-first century to fuel the lives of individuals and to power societies. But we’d have to get it right. We’d have to think anew about the potential of our kids, better equip them to use the tools of today and ensure we took care of them all. Every child was born to learn, but our systems, rather than building on that potential, seemed to be inhibiting it. I set off that day on my journey. Starting out in Silicon Valley, I’d travel across new countries, through new roles and into new classrooms, to find out how we might get started.


If these kids could succeed – from a backward starting point, with a new teacher – then all kids could. The trick in this complex, ever-shifting and rapidly changing world was to ensure that all of them did.







* Walworth Academy has changed in the past decade. In 2008, it came in the bottom 12 per cent of schools in the UK for students achieving five A*–Cs including English & Maths. Today it is rated a good school, with kids performing around the national average. For disadvantaged students, it ranks in the top third nationally for attainment, and the top 20 per cent for progress.











PART I


THINKING ANEW













CHAPTER 1


Artificial Intelligence


Beware Geeks Bearing Gifts




Whom the gods would destroy, they first call promising.


Cyril Connolly





The Robot Teachers are Coming!


Brett Schilke sat in a back room of Singularity University’s Mountain View headquarters talking about the future. Since his school days he’d been on a mission to revolutionise learning. ‘I was that kid,’ he said, ‘I was like, “Tell me why I have to learn this.” I had one teacher who just pissed me off. He had the same answer every time I asked – it might be a question on Who Wants to be a Millionaire? And I was like, you literally can’t come up with anything better than that? Can I leave?’


Schilke had worked in education since he graduated from college, where naturally he excelled. He was an unashamed enthusiast: an adventurer, educator and instigator who – Welcome to California! – loved stories, puns and high-fives. After starting out running cultural, arts and education development programmes in Siberia and Transylvania – ‘Yes, the former gets cold. No, the latter does not have vampires’1 – he had returned a few years earlier to the Midwest to run IDEAco, an education non-profit whose projects



included City X, a problem-solving and 3D-printing curriculum for kids. He then joined Singularity University, the organisation set up by the high priest of futurology and author of The Singularity is Near, Ray Kurzweil, ‘to educate, inspire and empower leaders to apply exponential technologies to address humanity’s grand challenges’.2


The Singularity was Kurzweil’s term for a hypothetical point in the future when artificial intelligence would become trillions of times more powerful than our human minds, ushering in a new civilisation ‘that will allow us to transcend the limitations of our biological bodies and brains’ by merging with our technology.3 A cool notion, if a little scary. While Kurzweil, who now leads Google’s AI division, foresaw a utopia in which our augmented minds achieved unimaginable feats of cognition, others envisioned a human face crushed for ever under a hyper-intelligent robot boot. Singularity University – SU to believers – could be interpreted as Kurzweil’s effort to tip the outcome towards the former.


Brett Schilke had recently been appointed SU’s director of Youth and Educator Engagement. It was his job to be obsessed with the future – he was careful to distinguish it from education or school – of learning.*


Behind him hung a painting of a robot on a Harley-Davidson leaping from a tower of iced doughnuts towards a golden horizon. He spoke fast, ideas puttering up like popcorn in the microwave.


‘It’s a super-exciting time to, like, be alive,’ he said. ‘That sounds really corny, but it is. It’s awesome. It’s just so unexpected what you can do every day.’


He looked at me with clear eyes.


‘It’s wild.’


He was talking about how technology was changing the world,



and how the world – and our schools – had to change with it. In Silicon Valley the idea that we humans are capable of more was as commonplace as the belief that technology is a purely positive force. Schilke had drunk that Kool Aid. In fact, he added that we must learn and create together to achieve our machine-assisted potential. For historical reasons, we were not yet doing this.


‘We have a system that was designed for the Industrial Revolution. That’s where modern education came from. We needed to produce a massive workforce that does simple tasks over and over and over and over. And how do you do that? Well, let’s get them when they’re young and teach them to sit up straight and raise their hand.’


He paused, a little hysteria in his voice.


‘It’s all about building this almost militarised group of people.’


This was broadly true. Education systems had been influenced by a militaristic model. In the 1830s Horace Mann, then education secretary in Massachusetts, pioneered a state-wide form of schooling that became the basis for free and universal education in the US. The model was inspired by a visit he had taken to Prussia, a country renowned for its strict hierarchies, obedience to power and military might, where a few decades earlier Frederick the Great had signed into law the world’s first national system of education. That paradigm, strengthened by the ideas of industrialisation, mechanisation and massification, came to define universal-education systems that soon cropped up all over the world. But thanks to computers and other new technologies, Schilke felt that finally these notions were being challenged.


I’d made Silicon Valley the first stop on my journey into the global learning revolution so that I could find out how. The technohumanists of the Bay Area exerted a powerful influence over our view of the future. And I wanted to know what artificial intelligence could tell us about the power of our own minds. Was human learning becoming obsolete, as some suggested, or could we use computers to augment our brainpower to unimaginable levels? I thought we risked underestimating our own natural capabilities, fittingly adapted over millions of years of evolution, and instead had to think anew about our own capacity for learning in the digital age. If we could better



understand our brains, and learn to use our technology wisely, the potential might be much greater than we realised.


The first thing to understand, thought Schilke, was that we had not simply to invest in the latest gadgets, but to radically change how we thought about learning.


‘SU focuses more on how you equip teachers for the larger technological and social trends that are coming,’ he explained. ‘We don’t teach 3D printing to teach 3D printing, as a job skill like you learn to be an accountant. We teach 3D printing to teach 3D thinking, to learn how you conceptualise ideas.’


This focus on higher-order thinking was increasingly backed up by research. Two futurist economists at the Oxford Martin School, a centre set up to predict and plan for societal changes to come – had concluded a couple of years previously that of the 702 current jobs done by humans (by their calculations), around half might soon be taken over by artificially intelligent machines.4 If during industrialisation the robots had eaten muscle jobs, in the era of computerisation they were coming for those of the mind. This posed a double challenge to schools, first to incorporate the newest technologies in the learning process and second to reimagine the content of a useful education. If anyone in the world knew how to meet these challenges, I thought it would be technophiles like Schilke.


Earlier we walked round the campus where SU had its home, an old NASA research institute and military base dominated by a huge skeletal structure, the uncovered frame of the old hangar where airships were constructed in the 1950s. Now empty, it was sometimes used by Google as a venue for exclusive staff parties – their campus swallowed the land on three sides. Just beyond the fence we could see the Moffett Field airstrip where the tech giant was testing pilotless flying transports, and which was used by President Obama to land Airforce One on his visits to the Bay. An eagle circled overhead, nature’s proto-drone.


Schilke revelled in SU’s place at the heart of all this innovation. He pointed out the base’s dilapidated McDonald’s, long since repur-posed. ‘In there is a project to map the surface of the moon,’ he said, ‘it’s so cool. They call it McMoon.’ On site was a Who’s Who



of tech companies: Tesla, Carnegie Mellon, Moon Express. In the distance were the looming towers of NASA’s rocket-engine testing facility and dotted around the car park the latest hybrid vehicles and electric cars. This sun-kissed place, with its mountain backdrop and hulking government warehouses, now commandeered by friendly-faced tech corporations, was at the heart of all the new in the world. It was intoxicating.


The final stop on the tour was to be the Classroom. Schilke talked excitedly of the toys that we’d find there. When I’d been teaching Fabrice and Amir, the latest technology meant beaten-up laptops that had got in the way of progress. Now, I couldn’t wait to see the gadgets, Virtual Reality lecture halls and robot teachers, 3D printers and nano-materials. I thought about Neo in The Matrix downloading learning into his brain in seconds. Perhaps technology really was on the cusp of revolutionising learning. Maybe, in that room, was the future of school.


I’d had my first sip. The Kool Aid didn’t taste too bad.


Are Computers the New Books or the New Televisions?


For people who deal exclusively in preparing others for the future, we educators are surprisingly reluctant to embrace the new. Our own experience biases us against it. Wasn’t school just so for us, and didn’t we turn out alright? Certainly at St James’ Primary School in the 1980s there was not a single computer. My Year 1 teacher – Mrs Calcutt – outlined our first words and numbers in chalk (which we only occasionally used as a projectile). The tools of learning were pencils, paper and books. We practised handwriting and met the inhabitants of Letterland from Annie Apple to Zig Zag Zebra. It was decidedly no-tech. And if that worked for us, we now tell ourselves, it will work for our kids.


It’s wise to be somewhat circumspect about the potential of the latest technology to change the way we learn. The lustre of the new has a tendency to hypnotise. In 1922 Thomas Edison predicted a dramatic transformation in public schools:




I believe that the motion picture is destined to revolutionize



our educational system . . . in a few years it will supplant largely, if not entirely, the use of textbooks. I should say that on the average we get only about two percent efficiency out of textbooks as they are written today . . . Through the medium of the motion picture . . . it should be possible to obtain one hundred percent efficiency.5





The trend continued. In 1966, dazzled by the potency of advertising in shaping the habits and behaviours of the American people, President Lyndon Johnson was moved to intone that ‘unhappily, the world has only a fraction of the teachers it needs’, but that this could be compensated for by ‘educational television’.6 Unless I’ve just not been to the right classrooms, neither of these revolutions came to pass.


Yet new technologies have at times radically transformed learning. Five thousand years ago, the invention of writing enabled humans to transfer knowledge through space and time, storing it outside of our minds as never before. Even then there were sceptics, with Socrates lamenting the written word in the Phaedrus, arguing that it undermined our capacity for memory and distanced us from authentic truth.** But the transformation effected was in no doubt. No longer would learning be defined by the quality of the tutor you could afford; nor was the evolution of knowledge limited to a dialogue between two people. Now across space and time ideas could be shared and adapted through the minds of the many, and new structures of thought created. This transformation was boosted a little over 500 years ago when the printing press and first vernacular Bibles precipitated a tipping point in the access to knowledge of the masses. The availability of cheap, plentiful books played a huge part in the great surge of literacy experienced by the West in the late nineteenth century.


It looked like our parents were right – books were better for us than TV. So, if we were unsure about the likely impact of technology



in education today, the question we had to ask ourselves was this: were computers the new books or the new televisions?


Why Computers Might be Books Squared


One measure of a person’s education is their intellect, and the cerebral world of chess has long been its proving ground. The Cold War showdown between Boris Spassky and Bobby Fischer in 1972 captured the imagination of the world precisely because it could be construed as a victory for the American over the Soviet mind (no matter that Fischer was the son of European immigrants). While the young maverick and the old master were squaring off in the match of the century in Reykjavik, around the same time computer scientists in the US were working on a seemingly more innocuous conundrum – could a computer beat a person at chess?


By 1972 there was already pretty strong evidence that the answer was yes, at least at the amateur level. In 1967 a group of MIT students put together a computer called Mac Hack IV to take on the philosophy professor Dr Hubert Dreyfus in a game. A strong amateur player and leading human mind, he looked down on the gimmicky machine, declaring that no computer could yet beat even a ten-year-old child at chess.7 From a winning position Dr Dreyfus’s fallibility got the better of him, and he lost to the machine. The same year, Mac Hack IV became the first computer to win an official tournament match. Over time, these challenges became the battleground of human versus machine mind. The most sought-after scalp was to be hard won – that of the world’s leading grandmaster.


In 1997, after decades of attempts, a team at IBM felt that they had finally prepared a machine that was up to the task. Echoing the 1972 match of the century, Deep Blue (whose forebear Deep Thought had been named after the all-knowing computer mind in Douglas Adams’s The Hitchhiker’s Guide to the Galaxy), the first thinking machine, was to take on humanity’s leading player, Gary Kasparov, who a year earlier had defeated a similar machine in Philadelphia. The rematch took place in New York, where, supported by a team of software developers (who were later accused of assisting the computer in ways that went against the rules),8 Deep Blue defeated



the grandmaster 3½–2½ in a tense and controversial match.9


Robots 1 Humans 0.


But although it was a big deal – machines could think! – it wasn’t that big a deal – they could only think like machines. As Kasparov later wrote, ‘Deep Blue was only intelligent the way your programmable alarm clock is intelligent. Not that losing to a $10 million alarm clock made me feel any better.’10 Also, chess was a pretty niche pursuit. The point of human intellect wasn’t only to win chess matches, and schools weren’t tasked only with producing grandmasters.


But IBM, perhaps forgetting whose side they were on, didn’t stop there. They apparently took a special pleasure in sticking one in the eye of humanity. Looking for a new challenge after the Kasparov match – so long loser! – they landed on the US game show Jeopardy!. Here the machine would have to demonstrate a much more human set of skills, such as the acquisition of a lot of useless pub-quiz-type knowledge, and the ability to interpret the puns and wordplay that were crucial to the game. The developers set about creating a machine that would be able to think more like a human and – giving our likely future overlords a misleadingly avuncular sidekick quality – named it Watson.


In 2011, in a ratings-smashing televised spectacular, Watson defeated the all-time greatest human Jeopardy! champions, Brad Rutter and Ken Jennings. It wasn’t even close. The game ended with Jennings on $24,000, Rutter on $21,600, and Watson on $77,147, meaning IBM scooped (and donated to charity) the $1,000,000 prize. Afterwards Jennings wrote that ‘just as factory jobs were eliminated in the twentieth century by new assembly-line robots, Brad and I were the first knowledge-industry workers put out of work by the new generation of “thinking” machines’, adding that ‘“quiz show contestant” may be the first job made redundant by Watson, but I’m sure it won’t be the last’.11


While books had facilitated a paradigm shift in the way that knowledge was codified, stored and shared, they did not appear to think. But over the past 50 years, it has become clear that computers can use, apply and even generate knowledge (which sounds suspiciously like the marking criteria for GCSE English). Deep Blue showed remarkable tactical acuity to defeat Kasparov, looking into



millions of positions and making seemingly creative moves to wrong-foot the grandmaster. Watson mastered punning and wordplay and had in its memory a reservoir of over 200 million pages of recondite facts. Even if they were only artificially intelligent in a narrow sense (neither, for example, could tell even a simple joke), the breadth of the computer mind was clearly growing. They were, on some level, thinking machines.


If Brett Schilke was excited by the potential of artificial intelligence for upgrading the way we learned, he wasn’t alone. It seemed to me that if writing and books had revolutionised human cognitive development, then computers were about to do the same. In Silicon Valley, one of the first schools to invest heavily in our new computer-teacher overlords was – as the drone flies – just 20 miles from SU. I’d heard that they were getting computers to do the work of teachers, and wondered what that meant for the minds of our kids. I decided to pay a visit.


The Teaching and Learning Machines


It was a bright October morning and as the workers of Silicon Valley collected their drive-thru Starbucks, the 400 students of Rocketship Fuerza Community Prep were filing out of the school yard. They had just completed ‘The Launchpad’, a daily routine in which the mic’d-up head teacher, Ms Guerrero, readied the young Rocketeers for class, leading them through the pledge of allegiance, whole school cheers, songs and the handing out of prizes for things like ‘grit’ and ‘ganas’.† The highlight had been a singalong to Des’ree’s ‘You Gotta Be’ and a whole school dance routine – parents included – to ‘Shake It Off’ by Taylor Swift.


‘It’s morning coffee for the kids,’ said a teacher. It looked like it.



The Rocketeers leaving in teams – The Broncos! The Spartans! – were pumped.


The strange-sounding terminology was carefully chosen. Rocket-ship lifted off in 2007 as the first in a new wave of West Coast schools that would self-consciously surf the tech tsunami. Software entrepreneur John Danner was one half of the founding team. He saw an opportunity to harness the growing potential of machine learning to personalise the school experience for each child. The zero cost replicability of digital tools also appealed to his entrepreneurial nature. They would rapidly test and scale a hyper-efficient school model that within 20 years would reach 2.5 million kids in 2,500 schools nationwide. If AI could win Jeopardy! it could teach a few elementary schoolkids how to solve maths problems.


The school’s other co-founder was Preston Smith, a career educator and teaching superstar, who’d run highly successful schools for marginalised kids in the San José area. When I met him in his office downtown he explained how thinking machines were beginning to help schools. ‘There’s a place for technology around instructing things that are really hard for teachers to teach. I think math, how you can visually do things is profound. Practice is profound. Getting things off teachers’ plates because they are really way too talented to be doing sounds and letters with all their kids. We think about the opportunity in terms of time. It’s gonna help my teacher not to have to teach this. It’s gonna help my teacher be more effective. It’s gonna help my Rocketeer master this standard more quickly. It’s gonna buy back time to do more critical thinking, more higher-level things. That’s what we obsess over.’


Rocketship was making a big bet on the ability of technology, and particularly AI, to automate some learning experiences.


Underpinning this approach was the Learning Lab, a place where kids would go each day to be tutored by intelligent machines.


After the kids had finished their breakfast, Ms Guerrero and I headed over. The Lab was a cavernous 2,000-square-foot room with whiteboards on either side, a school hall X.0. In the centre two adult supervisors sat behind a circle of desks. Arrayed either side of them in six long rows facing out towards the whiteboards were 100 five-year-olds. All wore the distinctive purple uniform of Rocketship



and all had a laptop in front of them and a set of outsize headphones over their ears, like miniature novices at a space-age seminary. Half were working on ST Math, an online arithmetic platform, and half on a reading program called Lexile. They were busily completing their problems, heedless of me, a looming six-foot-four visitor.


Save for the soft tapping of small fingers on keyboards the room was eerily silent.


I crouched down to see what one young girl was up to. Her name was Martha and she was playing a computer game – it would have looked hi-tech in the early Nineties – navigating a rudimentary space shuttle through a field of asteroids, with limited success. I pointed it out to Ms Guerrero.


‘It’s hard for them to concentrate for so long,’ she said, ‘so the program rewards them with a game.’


On the wall hung reminders of the behaviour expected in the Lab. FUERZA meant ‘Facing forward, Undivided attention, Eyes tracking the speaker, Respectful responding, Zealous participant, All four on the floor’. LAZER was ‘Line order, Arms at your sides, Zipped lips, Eyes forward, Ready to walk’. There were also motivational quotes.




Unless someone like you cares a whole awful lot, nothing is going to get better. It’s not.


Dr Seuss12


Whether you think you can or you can’t you’re right.


Henry Ford13





It was a positive, conscientious working environment – an office for kids.


Once Martha had brought the shuttle in to land, the computer presented her with a further problem. It was winter. She had stockpiled ten snowballs and now threw eight at her friend. How many did she have remaining? The screen presented four ways of visualising the problem. First a number chart from 1 to 10. Martha quickly clicked on each number, 1, 2, 3, 4, 5, 6, 7, 8, then stopped. For each click she received a green tick. Then a box with two rows, each of five



snowballs. Again, she clicked all of those on the top row, then three on the bottom row, receiving another eight green ticks. She was working smoothly. Third, the problem was written as 10 – 8 = [ ]. She typed a 2. Green tick again. And lastly a written problem: if I take eight from ten, what do I have left? She keyed in the answer, t-w-o.


In the past a teacher would have set and administered these problems. The kids would all have answered the same ones, then swapped papers before painstakingly grading each other’s work. The genius of this system was that each individual child was carrying out a set of drills that were specially tailored to their learning needs. If they had a weakness in multiplication, the software would learn of it through analysing their data, and then ensure they practised those multiplication problems in a range of different ways. If the kid was getting everything right, the software would increase the complexity of the problems. If a hint was required, or a little encouragement, it would be delivered by an onscreen avatar. No teacher was needed. Nor another kid to mark their efforts. They’d spend between 70 and 90 minutes in the Lab each day. That was a lot of problems they were getting through.


Back in Preston’s office later I considered the slogan emblazoned on the purple wall of the conference room.




If a child can’t learn the way we teach, maybe we should teach the way they learn.





‘For us it is a time and mastery question,’ he said. ‘It’s multiple hits. We’ll teach you in class. You’ll get direct instruction. Then we’ll put you in a levelled group. You might have independent time with it too. Then you’re going to be at the Lab, and it’s going to be at your level, so you’re going to get it again. You might get pulled out for tutoring in the Lab. So if you’re a child who is low, you might get the same content in a different format six different times, in six different ways in a day. We don’t have an analytic system that is robust enough yet, but somehow we’ve got to figure out what’s the best modality and the most efficient. Once we can figure that out with kids, the optimisation is astonishing.’


This optimisation was part of a trend towards personalisation in



education, which Preston was excited about. It was clearly working here. Kids did well at Rocketship Schools. Really well. They performed in the 90th percentile for maths for their socio-economic group in the city and in the 85th percentile in language. The tech also saved a ton of teacher time. There had been four classes in the Lab when I visited, numbering about a hundred kids. That meant six hours of expert teacher time saved in one session. The two adult supervisors keeping an eye on things were young assistants in the early stages of teacher training.


Talk of optimisation and efficiency was a little disquieting though. Was Rocketship too enthusiastic in embracing the relentless paradigm of the machine? Rocketeers were still kids, not office workers. Writing many years after the Deep Blue match, Gary Kasparov had noted that although the AI crowd was pleased with the result, they were disappointed with the way it was achieved. ‘Instead of a computer that thought and played chess like a human, with human creativity and intuition, they got one that played like a machine, systematically evaluating 200 million possible moves on the chess board per second and winning with brute number-crunching force.’14 The risk today was that advances in artificial intelligence reduced our own intellectual faculties to something more machine-like. The thin edge of the machine wedge could be, well, a little inhuman.


Preston conceded that, at the start, Rocketship were the brute number crunchers, the ‘big purple gorilla’. With a software engineer in charge and kids in classrooms, it wasn’t always clear whether they were running schools or building a tech empire. But today they were much more focused on the human. While their first priority was personalised learning or ‘using and adapting the latest gadgets and software to help students learn more’, they otherwise focused on talent development and parent power. ‘We were Uber, and now we want to be Lyft,’ he said, referencing the ride-sharing app’s new driver-friendly competitor. On the tech side, the biggest lesson was one of marginal gains: a slightly better version of a program, more reliable data by which to make decisions, a little more time saved.


Could a system become so efficient that one day all learning could be delivered only in supervised Labs? Preston didn’t think so.


‘All this bullshit about “We won’t have schools and kids are



gonna learn from home”, I just don’t buy it. And I actually think it’s bad.’


He looked up with a grin.


‘Our kids need to learn how to socially interact. How to smack someone across the face and apologise. And the kid tells ’em, “That hurt! And I feel sad because you smacked me!” We have social norms that kids need to learn.’


I agreed. In the Lab itself, kids were developing cognitively, but only in a fairly narrow sense. Throughout Rocketship Fuerza Prep, I also saw incredible teachers doing great work with students. This was still the core of their learning. Which was lucky. I couldn’t help but feel that the things kids were learning in the Lab were precisely the type of routine cognitive skills that set them up for the most easily automatable jobs like #702 Telemarketer, rather than non-routine occupations like #1 Recreational Therapist, as outlined in the Oxford Martin report into the automation of 702 human occupations. The types of skills you could drill on computers appeared to be precisely the ones that could be easily automated by those very machines. Was it a necessary step in the children’s development or an opening blunder that might one day end in a checkmate for Rocketeers and others like them?


Perhaps the Robot Teachers aren’t Coming After All


The bullshit that Preston was talking about had no single cheerleader. Rather it had developed – as things were doing in the world of machine intelligence – a mind of its own.


Much of its momentum had stemmed from a prize-winning TED talk given by Sugata Mitra about the Hole in the Wall.15 Years earlier he had been working in New Delhi at the edge of a vast slum. He’d wondered why it was that rich kids were always considered gifted – especially when it came to computers – and poor kids not. He decided to run an experiment and installed a single internet-connected computer terminal – theft-proof, monsoon-proof and probably adult-proof – in the boundary wall of the slum. As Mitra turned on the computer he was surrounded by groups of curious kids wanting to know what he was up to. To avoid influencing his experiment, he



simply shrugged and went away. When he returned, he saw something remarkable had happened. ‘About eight hours later, we found them browsing and teaching each other how to browse,’ he recounted, ‘so I said, “Well that’s impossible, because – How is it possible? They don’t know anything.”’16 The conclusion that he came to was startling: that, supported by the right technology, kids could teach themselves.


Out of this kernel bloomed Mitra’s idea of the Self-Organising Learning Environment, or SOLE. It was a simple formula. You posed learners a big inquiry question – something that would lead them on a journey of discovery – sprinkled in a little encouragement – someone to stand behind them, and whenever they did anything, to say, ‘Well, wow, I mean, how did you do that? What’s the next page? Gosh, when I was your age, I could have never done that’, which he termed ‘the grandmother method’ – then stood back and waited for the learning to happen.


Mitra was awarded that year’s $1,000,000 TED Prize for his farsighted talk. He used his acceptance speech to proclaim a new vision for school comprising computer terminals, grannies (real-life ones from other countries with time on their hands, who would beam in to support kids at the computers via Skype) and an online learning infrastructure. It would be everywhere and nowhere, accessible to any child with a device and an internet connection. The message was pretty clear: we could say goodbye to schools as we knew them and hello to the ‘School in the Cloud’.


The talk contained important insights: digital technologies now allowed access to all online content; methodologies could be rapidly scaled up; teachers could be beamed across the world. Eagerly on his heels came the Khan Academy, a huge online library of maths tutorials originally created by a Microsoft employee, Salman Khan, to tutor his cousin in another state, now reaching millions of learners worldwide. Both projects played on an important Silicon Valley mythology: that technology has a purpose, and that this purpose is to solve the world’s problems. Welcome to our healthy, juicy, techy utopia! Though some were sceptical about taking these projects as the sole saviours of the future of education, others were predicting a new dawn in learning. Give a kid a laptop and they’d teach themselves anything.




The Los Angeles United School District (LAUSD) decided that it would do just that. In 2013 it announced that every student in the city would receive an iPad preloaded with Pearson software. It would be one of the most ambitious roll-outs of classroom technology seen in the USA, coming in at a cool $1.3bn.


Things did not go well.


Truckloads of iPads were delivered to the pilot schools. Many sat unused in their black flight cases, with teachers ill-prepared to use them in classes. Enterprising students found hacks around the in-built learning-only lock on the devices. Ultimately, the director of the Instructional Technology Initiative was forced to release a memo to terminate the contract, stating that only 5 per cent of kids had had consistent access to the Pearson software that drove the app. Worse, emails between Apple–Pearson and the LAUSD Superintendent were uncovered showing his excitement at working with the companies – a full year before the impartial tender process was even launched.17 The LA iPad fiasco called to mind an earlier case where every child in Thailand was given a tablet to aid their learning. The result? Thanks to a lack of teacher training, test scores got worse overall.18


On top of this, a little digging by experts revealed that Sugata Mitra’s Hole in the Wall wasn’t exactly as it had seemed. Whereas he had declared that ‘schools are obsolete’, it turned out that in fact the computer terminals which had been installed as part of the programme roll-out were typically situated at school buildings in the slums. Mitra himself argued that the Hole in the Wall terminals worked much better as part of a programme of learning administered by good teachers.


That teachers – rather than their tools – might be the deciding factor in learning seemed often to be overlooked in the hunt for technological innovation. Rapidly accelerating connectivity and computing power had hailed a pantheon of new learning gods, from flipped classrooms to adaptive environments, blended learning to personalisation. And yet the evidence wasn’t stacking up. A study by the Organisation for Economic Co-operation and Development of tens of thousands of kids in more than 40 countries revealed that the more time kids spent on computers, the worse they did on certain tests.19 Governments mistakenly expected devices to pump up



productivity on their own, forgetting about teachers. Those nations that invested heavily in technology had seen ‘no discernible improvement’ in test scores overall. The report concluded that ‘adding twenty-first-century technologies to twentieth-century learning practices will just dilute the effectiveness of teaching’.


Robots 1 Humans 1.


But the point wasn’t to dismiss technology’s potential in improving learning. The findings of the OECD report, Thailand study and Hole in the Wall experiment were clear. Computers could transform learning – but only in the hands of expert practitioners. The report suggested that, contrary to some of the more radically held beliefs, teachers mattered more than ever. But what were their practices to look like? I decided to travel down the coast to Los Angeles. The head of the iPad roll-out was the highly respected Bernadette Lucas. She’d previously been principal at Melrose Elementary School in Central LA. It was the dazzling way that her teachers had so seamlessly incorporated iPads into student learning that had inspired the district to invest their $1.3bn in hardware in the first place.


One teacher in particular was rumoured to be an iPad Jedi. He was called Mr Willis.


On the Principle of Hybridity


After pledging allegiance to the flag, the kindergarteners of Melrose Elementary in Central Los Angeles recapped some book basics – title, author and, for a bonus point!, dedication – and toddled to their seats. The open doors let in the warm light of an October morning.


The kids arranged themselves in groups of six. Crayons, sugar paper, pencils and rulers were laid on each table along with the students’ iPads. They turned them on, gleefully showing off the selfies they had set as background images. Mr Willis adjusted the focus on the projector and asked who’d like to show their movie, as if who wouldn’t? In his checked shirt and khaki trousers, he was a master at capturing the kids’ attention. A number of hands shot up. He chose three to start: Nathan, Jade and Eduardo.


Nathan connected to the class laptop via Bluetooth and flipped open iMovie, at home with the device. He tapped play and then



covered his eyes with his small hands. Even for post-millennials – kids of the so-called iGen – showing work took some getting used to.


The camera panned across the front page of The Red Hen and a voiceover began.


‘This,’ said his lisping voice, ‘is the title.’ A second shot appeared and he peeked between his fingers. ‘And this is the authorsname.’ The film continued for three more scenes. By the end Nathan was sitting up, entranced. His classmates were agog. That was woah.


He was only five years old, could not yet read or write, and had already made his first movie.


Over recess, Mr Willis excitedly explained how the youngsters in his class use their devices. ‘Oh it’s wonderful,’ he told me. He set the kids a project of making the best possible paper aeroplanes. Then he asked the class how they would learn to do that. The first thing that they came up with was to ask their family or friends. So they did, but they found out that their family and friends didn’t know that much about paper aeroplanes. Next they decided to try looking in books, but couldn’t really get hold of any with information on planes. And in the ones that they could, the instructions were hard to follow.


Finally, they wondered if they could find someone their own age who could teach them, and decided they would use their iPads and Google to search for them. They found a vlog of a seven-year-old girl in Florida who loved making paper planes. ‘That was the one that worked,’ said Mr Willis. It was delivered in a way they could understand, and wasn’t too complicated to make. The point here was that the kids had started with a purpose, a sense of their own why. The technology had been a secondary consideration, though ultimately they had found it to be the right tool for the job.


Mr Willis gave Nathan some feedback. ‘Nathan,’ he said, ‘I loved the way that you framed the title in the long tracking shot, and I really like the way that you used a clear voice. Next time, I wonder if you could play the presentation so that it shows in full-screen.’


Nathan nodded.


When Eduardo’s turn came he hit play on his iMovie and the camera panned long and slow across the title – the Ken Burns effect, said Mr Willis, after the great American documentary-maker – but there was no sound.




‘Shall we fix that up, Eduardo? Now, where is the button to record the voice?’


Mr Willis bustled over and helped Eduardo find the button. Sitting there, with the rest of the class watching on, he rerecorded the voiceover. The cycle of failure (no voiceover), feedback (needs voice-over) and adjustment (add voiceover successfully) lasted no longer than two minutes. Moreover, it had been instructive for the whole class, as it played out on the projected screen. It’s rare in our work to see learning made visible to the whole classroom full of kids – actual tangible improvements to a child’s understanding – but here it was, 20 minutes into my first visit. The technology was transparent and enabling. But so was the teaching.


Mr Willis was a veteran, one of those teachers whose work – as much as the promise of the gleaming technological hardware – inspires whole school districts to buy tablets for all their students. But it was not so much what the machine could do, impressive though it might be. It was who was using it and what he was doing. The jargon for this melding of man and machine is hybridity.


If there had been something eerie about Rocketship’s Learning Lab – though it was doing a great job – here the iPads felt as natural as the sugar paper and crayons that littered the desks. Rather than an office, it looked like a design studio or tech start-up. Kids batted ideas around, used whatever media made sense, and were open and thoughtful in their critiques of one another’s work. No matter that they were five years old. The technology felt secondary to the learning aim, and its use was transparent.


The current head teacher was a Mr Needleman. He’d come to the school from a role at the district office, taking over when Ms Lucas had left to oversee the iPad roll-out. Fundamentally, he felt, there were ‘right and wrong ways of using technology. Schools shouldn’t ask, “How do I use this tool?” They need to ask, “What am I trying to achieve, can a tool help?”’ You couldn’t just drop off iPads at schools and expect learning to improve, and you shouldn’t obsess about the technology. Instead you should obsess about the teacher, and achieving the learning aim.


‘People are crazy here about flipping the classroom,’ he continued, talking about a new trend for teachers to video their lesson content



for kids to watch for homework, freeing up class time for discussion and problem solving, ‘but they are always focused on the wrong side of that – the flipped part – like how do you make a movie. People think, “Oh let me just record my lessons, kids can watch them at home.” The part you don’t talk about in technology workshops is what do you do now in the lesson. You’ve lectured them, but what do you do in class that’s different? That’s the part that makes the difference.’


Nonetheless, I was haunted by another realisation from Mr Willis’s class. The five-year-olds I’d seen understood the iPad as the first portal into learning. There it was on the desk all the time, designed by the biggest company in the world and put together at Foxconn, whose CEO, Terry Gou, had publicly stated that he hoped to replace his entire workforce with robots in the next two decades.20 Pens, pencils and books seemed noble in comparison, if a little powerless. While it felt certain that computers would have a revolutionary effect on learning, this revolution carried real dangers.


Had we really got our heads around classrooms where kids had no pencils and no books? And did we know what children should usefully be learning if the robots were taking over the jobs – even those of teachers?


I wondered what Mrs Calcutt, my Year 1 teacher with her chalk and sharing copies of Letterland, would make of it all.


A Final Chess Lesson


The power of hybridity became clear through an intriguing evolution in human vs computer chess. By the late 2000s you could download chess apps on your smartphone that would defeat a human grandmaster with ease and the competitions appeared to be heading down a cul-de-sac. Moore’s Law dictated that processing speed would continue to double every eighteen months, as the space needed to store the same power was halved. The only semi-interesting question that remained was which device would be next to defeat a grandmaster. A smartwatch? A satnav? An alarm clock? The organisers tore up the rulebook: from now on any combination of man and machine could enter a freestyle tournament.




Gary Kasparov closely observed the evolution of these lucrative contests and reported on one for the New York Review of Books. Several interesting combinations of strong grandmasters and multiple computers were enticed into the competition, with the results following a predictable pattern: the teams of humans and machines dominated even the strongest computers. Even Hydra – a ‘chess-specific supercomputer’ and Deep Blue’s most powerful descendant – was no match for a strong human player using a laptop. As Kasparov put it, ‘Human strategic guidance combined with the tactical acuity of a computer was overwhelming.’ But there was a surprise in store. He wrote:




The winner was revealed to be not a grandmaster with a state-of-the-art PC but a pair of amateur American chess players using three computers at the same time. Their skill at manipulating and ‘coaching’ their computers to look very deeply into positions effectively counteracted the superior chess understanding of their grandmaster opponents and the greater computational power of other participants. Weak human + machine + better process was superior to a strong computer alone and, more remarkably, superior to a strong human + machine + inferior process.21





The chess contest had been decided not by the ablest minds, but by the best combination of cognitive powers – the superior hybrid. This anecdote is recounted by futurist economists Eric Brynjolfsson and Andrew McAfee in their book Race Against the Machine. In it, they lay out some stark stakes, namely – as the British writer and chronicler of technology John Lanchester has put it – that the robots are coming and they’re going to eat all the jobs.22 But they also take an optimistic view, seeing the result as evidence that we educators still have work to do. Humans aren’t about to be overwhelmed by the intelligence of machines just yet.


This is largely due to a couple of factors. The first is Moravec’s paradox, which says that the things which come easiest to us – walking, tying a shoelace or recognising a face – are the hardest to replicate mechanically (hence there is currently no robot butler to



clean your house and make your breakfast), while the hardest things for us – analysing enormous data sets or working out pi to 100,000 decimal points – are fantastically simple for computers.23 One theory is that this is all down to evolution. Take catching. It’s really, really difficult to teach a robot to catch (though becoming rapidly less so). For us, our senses honed in the millions of years of forest living of our forebears, it takes only a little practice.


The second is that while machines can currently develop an incredible level of ability in one particular skill – like playing chess – they have no general intelligence. Deep Blue would not score a single point on Jeopardy!. Watson could not make the most basic first move in a game of chess. They are programmed for a single task, and can excel at it to a level that is impossible for us. Meanwhile we humans are designed for multipurpose use, carrying out a wide and varied array of simultaneous operations all the time. This is small consolation though. There are plenty of people – like Ray Kurzweil at SU – who speculate that computers will achieve general intelligence within the next 20 years, thanks to a new type of ‘Strong’ AI, which we’ll come to later in the book. Then all bets will be off.


For now, there are serious implications for how we learn. The chess lesson teaches us that human plus machine plus good process is stronger than the best machine. But what do we mean by good process? What types of machines should our kids be equipped with? And what skills must they develop to maintain a competitive advantage? It’s not time to panic – yet – but we should begin obsessing over these questions right away.


The tech prophets have already begun to. Having studied the latest technology, from driverless cars to automatic translating software, Brynjolfsson and McAfee theorised three areas where – for now – we hold the advantage: ‘Ideation’, the ability to come up with ideas, be creative or have a sense of purpose; ‘Complex Communication’, the ability to talk or write, listen or read, in highly sophisticated ways; and ‘Large Frame Pattern Recognition’, the ability to process a huge amount of multi-sensory information simultaneously and respond appropriately to it. Creativity, complex communication and critical thinking. It sounds like a decent blueprint for schools.




The challenge that we face today is that these skills are not being mastered by the vast majority of kids. The GCSE English course that my Year 10s waded through did equip them with some level of complex communication (they could write basic essays), but they got their C grades without truly being able to come up with new ideas, use knowledge creatively or exercise skills in novel combinations. Instead, students were on a conveyor belt towards the mastery of reading, ’riting and ’rithmetic, with many unable even to do those well when they left school. Their personal computers – in their hands they had a calculator, encyclopaedia, auto-correct, video player – could spell and add much better than they’d ever be able to.


It wasn’t yet clear to me quite how powerful those machines might one day become, but it was obvious that ignoring them wasn’t a great idea. We didn’t want generations of kids to end up like Ken Jennings or Dr Hubert Dreyfus. Instead, we had to ensure they grew up using the latest technologies as tools for achieving their own aims. But what would that mean they should be doing at school to make the most of their human talents? It was with this question in mind that I’d driven up to Mountain View that morning in October to see Brett Schilke.


How I Learned to Stop Worrying and Love AI


‘Well, here we are,’ said Schilke, pausing when we reached the door of the Classroom at SU. He tapped in his entry code. Nothing happened. Technology, it seemed, was not without a sense of humour. After tracking down the new combination for the digital lock, we pushed our way in. Looking around the room at the computer monitors, 3D printers, robots and drones, I thought of that paradoxical corner of toy shops stocking gadgets for teenagers – who would still be going to toy shops at that age? – that those of us into Top Trumps, Lego and football never made it to.


Leaning against a wall was a half-size model of Darth Vader, lightsaber and all.


The Classroom was in fact a sort of lab. In it, SU students and staff could play with the latest gadgets that other companies were producing. I tried on a VR headset. One day, we might imagine



ourselves seated in Einstein’s lectures on relativity at Princeton, 3D renderings of his thought-experiments flashing about the virtual cosmos above our heads, but for now it was a Honey I Shrunk the Kids rollercoaster ride through a suburban living room. Cool, as Schilke would say, but hardly a learning revolution.


Nearby on a workbench were a series of 3D printers that could create almost any object from a variety of plastics or metals, and linked to this a device that allowed users to sculpt these materials virtually by moving their hands in the air above a bank of sensors, like Tom Cruise in Minority Report.24 There was also a set of updated Robo sapiens robots – that weren’t currently working – and a tele-presence device that looked like a Segway with an iPad strapped to the handlebars.†† But I was disappointed. I’d gone in hoping for a glimpse at the distant future, where knowledge would download direct to our brains, or robot teachers would take charge of groups of kids in the way they were now looking after the elderly in Japan.25 But this stuff? I’d seen and heard it all before.


I thought about Thomas Edison and his prediction that motion pictures would revolutionise learning. It seemed that revolutions in learning felt a little slow while they were taking place. Wasn’t it true that writing had taken thousands of years – and books hundreds – to become ubiquitous in our cultures?


Buoyed by years in the Valley, Schilke felt sure that this time it would be faster.


‘Education is the hot topic right now,’ he said. ‘It’s going to explode in the next couple of years.’


The richest scions of Silicon Valley were pouring considerable amounts of money and brainpower into it. Tesla’s über-futurist CEO, Elon Musk, was using an experimental unschooling approach to bring up his own kids and a few select others.26 Just up the road in San Francisco, AltSchool had been set up by a former Google



executive, Max Ventilla, and raised $150,000,000 in funding on the promise of putting the latest advances in personalisation software to the problem of how to meet the needs of individual kids.27 Teachers referred to it ominously as ‘the Company’.28 There were further rumours that Facebook had a school in the pipeline, and Google already had its feted early-childhood centre, where employees could drop their kids off for world-leading care.


The whole Valley was a crucible of educational – and technological – experimentation. The billionaires of Silicon Valley were growing up, having kids and finding that the schools available to them sucked. But they had the cash – and sense of exceptionalism – needed to do something about it. The tech-utopian’s problem-solving abilities and desire to solve ever bigger problems seemed to feed off one another. If not them, then who?


Schilke continued.


‘We’re starting to see that we’re not really preparing anyone for anything. Why would you put kids in a classroom and make them stay in this one room with one person talking to them for twelve years when that will never happen to them in their entire lives? It just makes no sense.’


The first thing was to get clear about what kids should be spending their time on.


‘There is no reason we should be teaching spelling or math. When is the last time you added something in your head? I mean, you whip out the phone and you type it in. If you don’t know how to spell a word, it doesn’t really matter, Google can do a pretty good job of auto-correct.’


I had to admit the machines were getting better than us at these things. But weren’t these basic skills the building blocks of our higher abilities? Didn’t you have to lay the foundations in order to be able to combine those abilities in interesting and unique ways that machines perhaps never could? After my journey along the West Coast, I could now picture a school without pencil and paper. Even, perhaps, a school without books. But surely that didn’t mean an end to learning to spell or multiply. I realised I had to investigate this further, to journey on to find out how our own minds functioned, how they mimicked or differed from machines.




Rather than listing off a set of twenty-first-century skills that we should therefore build into the curriculum, Schilke had a more Silicon Valley definition for the schools of the future.


‘I believe the purpose of school – or learning – is to align your strengths with the needs and opportunities of the world. That’s it. That’s what we should go to school for.’


It sounded a little trite. But there was truth in it. That was what we should go to school for, as long as those opportunities included imagination, arts and the pursuit of knowledge for its own sake. It was hard to reconcile this sentence with the other idea: that we were in a race against the machines. But then to Schilke there was no race. The inevitability of the progress of AI was so clear to him that he was thinking in a whole different sphere. The Kool Aid could have that effect.


He spoke with calm authority, as if his parents had been preachers, as well as teachers.


‘Ultimately all of this,’ he said, gesturing at the shelves of hardware, ‘is just allowing us to be more human.’


It was a comforting conclusion, but it rang a little false. He’d also said that Facebook knew that if they ultimately want to rule the world ‘they need to have millions more people there that are crazy, talented, smart, innovative big thinkers. So there’s an incentive for them to build a school in their backyard that produces that.’ Now he was suggesting that in the future ‘we will only be here to feed and love each other. It’s about helping people be people. That’s what we can do. We can determine our purpose. We can share and teach and coach and mentor.’


It was all very California.


Silicon Valley’s tech-prophets were driving a revolution that was changing how the world worked. And they were pushing a new vision of education. No problem more complex – none more worthy of a solution – than that of revolutionising learning. The sociologist Robert Putnam wrote that after the land ran out in the West, the American Dream turned inwards, stretching out its wagon trains to the horizons of the mind.29 You no longer dreamed of making it through speculating on a piece of land, you dreamed of making it through school and college. The gazillionaires of Silicon Valley



already had it made. They were minted. Now they were going after the minds of the future.


As I walked back out to my rental car, looking forlorn among the Teslas and Priuses in the parking lot, I had a lot to ponder. I thought Schilke’s insistence on developing our humanity made sense. It also seemed right that we shouldn’t bust a gut to learn skills that computers would be able to do better than us. We should be learning how to work with machines, embracing – for want of a better word – hybridity. But then I didn’t agree that this should be available to just some kids. The sense of outsiderism in the Valley was strong, and I wondered if it was skewing their vision.


I started the engine. How many driverless cars might I speed by on the freeway?


Human plus machine plus strong process wins. Our schools ought at least to bear that in mind, for now. In our rush to make progress, it seemed that we were overly focused on upgrading our machines. What if we applied the same effort to growing human minds? At Walworth my kids hadn’t got anywhere close to the frontier of their intelligence. We had to better explore those vast wilds. After all, wasn’t every piece of technology the result of human imagination? Across the world, a few hardy pioneers were breaking new ground in understanding our natural intelligence. Particular progress was being made in the realm of early-childhood development, with the infant brain beginning to reveal its secrets. I’d heard that ‘baby labs’ were springing up at the world’s leading universities. That had to be the next stop on my journey.


‘There are basic skills that we still need,’ Schilke had said. We did. We do. School in an era of exponential technology was about learning to command the tools that would enable us to live our version of the good life, while maintaining our intellectual advantage. In my mind, the painting above Schilke’s head took on a new hue. The android biker seemed almost human. He was hitting the open road, the wind in his ersatz chrome hair.


‘Ultimately you want to understand what your AI is doing,’ he added. ‘Or you run the risk of the world being taken over by robots.’


In Boston, an AI expert was pitting the infant human mind against the emerging machine one. I flew to pay him a visit.





* Since at least Aristotle, we’ve been drawing a distinction between what happens within the four walls of a classroom and an ideal form of learning. For instance, Mark Twain is supposed to have written that you shouldn’t ‘let your boy’s schooling interfere with his education’. Even the World Bank’s 2017 World Development Report (which was completely dedicated to education for the first time ever) now opens starkly with the idea that ‘Schooling is not the same as learning’. I think there’s something in this, as you can tell from the title of my book.


** In Plato’s Phaedrus, the Egyptian god Thoth offers King Thamus writing as a ‘remedy’ (pharmakon) that can help memory. Thamus is doubtful of the tonic effects of the invention, suggesting that on the contrary, once people begin to write things down, they will no longer use their memories, but refer always to what is written. Among others, French philosopher Jacques Derrida has written brilliantly on the paradoxical idea of the pharmakon, the cure that is also a poison.


† Ganas is a Spanish word that can loosely be translated as ‘guts’. It was popularised throughout US schools largely thanks to the movie Stand and Deliver, a true-life tale of the fabled maths teacher Jaime Escalante, who came from Bolivia to East LA and taught AP Calculus to kids from the wrong side of the tracks, leading them – hey, they made a movie about the guy – to success against the odds. ‘Students will rise to the level of expectations,’ he says in a pivotal speech, ‘ganas, that’s all we need, ganas.’


†† These emblems of the sometimes underwhelming reality of techno-utopianism are respectively a baby-chimp-sized toy robot that was the must-have Christmas present in 2015, and a device for beaming people’s faces into corporate meeting rooms that is little more than a stick on wheels with a video screen mounted at human chest height.
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