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I

 

On 29 March 2005, Martin Bromiley woke up at 6.15 a.m. and made his way to the bedrooms of his two young children, Victoria and Adam, to get them ready for the day. It was a rainy spring morning, a few days after Easter, and the kids were in high spirits as they sprinted downstairs for breakfast. A few minutes later, they were joined by Elaine, their mum, who had snatched a few extra minutes in bed.

Elaine, a vivacious thirty-seven-year-old who had worked in the travel industry before becoming a full-time mother, had a big day ahead: she was due in hospital. She had been suffering from sinus problems for a couple of years and had been advised that it would be sensible to have an operation to deal with the issue once and for all. ‘Don’t worry,’ the doctor had told her. ‘The risks are tiny. It is a routine operation.’1

Elaine and Martin had been married for fifteen years. They met at a country dance through a close friend, had fallen in love, and eventually moved in together in a house in North Marston, a cosy village in the heart of rural Buckinghamshire, thirty miles north-west of London. Victoria had arrived in 1999 and Adam two years later, in 2001. 

Life was, as for many young families, hectic, but it was also tremendous fun. They had been in an aeroplane for the first time as a family the previous Thursday and had gone to a friend’s wedding on the Saturday. Elaine wanted to get her operation out of the way so she could enjoy a few days’ break. 

At 7.15 a.m., they left home. The kids chatted in the car as they made the short journey to the hospital. Martin and Elaine were relaxed about the operation. The ear, nose and throat (ENT) surgeon, Dr Edwards, had more than thirty years of experience, and was well regarded. The anaesthetist, Dr Anderton, had sixteen years of experience.FN1 The hospital had excellent facilities. All was set fair.

When they arrived they were shown to a room where Elaine was put into a blue gown for her operation. ‘How do I look in this?’ she asked Adam, who giggled. Victoria climbed up onto the bed so that her mother could read to her. Martin smiled as he listened to a plot that was, by now, familiar. On the windowsill, Adam played with his toy cars. 

At one point Dr Anderton came in to ask a couple of standard questions. He was chatty and in fine humour. Like any good doctor, he understood the importance of setting a relaxed tone. 

Just before 8.30 a.m., Jane, the head nurse, arrived to wheel Elaine into the operating theatre. ‘Are you ready?’ she asked with a smile. Victoria and Adam walked alongside the trolley as it rolled down the corridor. They told their mum how much they were looking forward to seeing her in the afternoon, after the operation. As they reached a junction in the corridor, Martin ushered his children to the left as Elaine was wheeled to the right. 

She leaned up, smiled, and cheerily said: ‘Byeeee!’ 

As Martin and the kids were walking into the car park – they were going to the supermarket to do the weekly shop and buy a treat for Elaine (cookies) – Elaine’s trolley was being wheeled into the pre-operating room. This room, adjacent to the operating theatre, is where last-minute checks are made and the general anaesthetic administered. 

Dr Anderton was with her: a familiar and reassuring face. He inserted a straw-shaped tube called a cannula into a vein in the back of her hand, which would deliver the anaesthetic directly into her bloodstream. 

‘Nice and gently,’ Dr Anderton said. ‘Here you go . . . into a deep sleep.’ It was now 8.35 a.m. 

Anaesthetics are powerful drugs. They don’t just send a patient to sleep, they also disable many of the body’s vital functions, which have to be managed artificially. Breathing is often assisted using a device called a laryngeal mask. This is an inflatable pouch that is inserted into the mouth and sits just above the airway. Oxygen is then pumped into the airway, and down into the lungs.

But there was a problem. Dr Anderton couldn’t get the mask into Elaine’s mouth: her jaw muscles had tightened, a familiar problem during anaesthesia. He delivered an additional dose of drugs to loosen the muscles, then tried a couple of smaller laryngeal masks but, again, couldn’t insert them.

At 8.37, two minutes after being put under, Elaine was beginning to turn blue. Her oxygen saturation had fallen to 75 per cent (anything below 90 per cent is ‘significantly low’). At 8.39 Dr Anderton responded by trying an oxygen facemask, which sits over the mouth and nose. He still couldn’t get air into her lungs.

At 8.41 he switched to a tried-and-tested technique called tracheal intubation. This is standard protocol when ventilation is proving impossible. He started by delivering a paralysing agent into the bloodstream to completely disable the jaw muscles, allowing the mouth to be fully opened. He then used a laryngoscope to cast a light into the back of the mouth, helping him to place a tube directly into the airway.

But he hit another snag: he couldn’t see the airway at the back of the throat. Normally, this is a neat, triangular hole, with the vocal cords to either side. It is usually quite easy to push the tube into the airway and get the patient breathing. With some patients, however, the airway is obscured by the soft palate of the mouth. You just can’t see it. Dr Anderton pushed on the tube again and again, hoping that he would find the target, but he couldn’t get it in. 

By 8.43 Elaine’s oxygen saturation had dropped to 40 per cent. This was so low it represented the lower limit of the measuring device. The danger is that, without oxygen, the brain will swell, causing potentially serious damage. Elaine’s heart rate had also declined, first to 69 beats-per-minute, then 50. This indicated a lack of oxygen to the heart too. 

The situation was becoming critical. Dr Bannister, an anaesthetist in the adjacent operating theatre, arrived to provide assistance. Soon Dr Edwards, the ENT surgeon, had joined them too. Three nurses were on standby. The situation was not yet disastrous, but the margin for error had started to shrink. Every decision now had potentially life-and-death consequences. 

Thankfully, there is a procedure that can be used in precisely this situation. It is called a tracheostomy. All the setbacks so far had been in trying to access Elaine’s airway via her mouth. A tracheostomy has one huge advantage: you don’t go near the mouth. Instead, a hole is cut directly into the throat and a tube inserted into the windpipe. 

It is risky, and only used as a last resort. But this was a last resort. It was now possibly the only thing standing between Elaine and life-threatening brain damage. 

At 8.47 the nurses correctly anticipated the next move. Jane, the most experienced of the three, darted out to fetch a tracheostomy kit. When she returned, she informed the three doctors who were now surrounding Elaine that the kit was ready for use. 

They shot a glance back, but for some reason they didn’t respond. They were continuing to try to force the tube into Elaine’s concealed airway at the back of her mouth. They were absorbed in their attempts, craning their necks, talking hurriedly with each other. 

Jane hesitated. As the seconds ticked by, the situation was becoming ever more critical. But she reasoned that three experienced consultants were at hand. They had surely considered the use of a tracheostomy. 

If she called out again, perhaps she would distract them. Perhaps she would be culpable if something went wrong. Perhaps they had ruled out a tracheostomy for reasons she hadn’t even considered. She was one of the most junior people in the room. They were the authority figures. 

The doctors had, by now, significantly elevated heart rates. Perception had narrowed. This is a conventional physiological response to high stress. They continued to try to insert the tube into the airway at the back of the throat. The situation was becoming desperate. 

Elaine was now a deep blue. Her heart-rate was a mere 40 beats per minute. She was starved of oxygen. Every second delayed was narrowing her chances of survival. 

The doctors persisted in their increasingly frantic attempts to access the airway via the mouth. Dr Edwards tried intubation. Dr Bannister attempted to insert another laryngeal mask. Nothing seemed to work. Jane continued to agonise over whether to speak up. But her voice died in her throat. 

By 8.55 it was already too late. By the time that the doctors had finally got oxygen saturation back up to 90 per cent, eight minutes had passed since the first, vain attempt at intubation; in all, she had been starved of oxygen for twenty minutes. The doctors were astounded when they looked at the clock. It didn’t make sense. Where had the time gone? How could it have passed so quickly? 

Elaine was transferred to intensive care. A brain scan would later reveal catastrophic damage. Normally, with a scan, it is possible to clearly make out textures and shapes. It is recognisably a picture of a human brain. For Elaine the scan was more like television static. The oxygen starvation had caused irreparable harm.

At 11 a.m. that morning, the phone rang in the living room of the Bromiley home in North Marston. Martin was asked to return to the hospital as soon as possible. He could tell that something was wrong, but nothing prepared him for the shock of seeing his wife in a coma, fighting for her life. 

As the hours passed, it became clear the situation was deteriorating. Martin couldn’t understand it. She had been healthy. Her two kids were at home waiting for her to return. They had bought the cookies from the supermarket for her. What on earth had gone wrong? 

He was taken to one side by Dr Edwards. ‘Look Martin, there were some problems during the anaesthesia,’ he said. ‘It is one of those things. Accidents sometimes happen. We don’t know why. The anaesthetists did their very best, but it just didn’t work out. It was a one-off. I am so sorry.’

There was no mention of the futile attempts at intubation. No mention of the failure to perform an emergency tracheostomy. No mention of the nurse’s attempt to alert them to the growing disaster. 

Martin nodded and said: ‘I understand. Thank you.’

At 11.15 p.m. on 11 April 2005 Elaine Bromiley died after thirteen days in a coma. Martin, who had been at her bedside every day, was back at the hospital within minutes. When he got there Elaine was still warm. He held her hand, told her that he loved her, and said that he would look after the kids as best he could. He then kissed her goodnight. 

Before returning the following day to collect her belongings, he asked the children if they wanted to see their mum one last time. To his surprise, they said ‘yes’. They were led into a room and Victoria stood at the end of the bed, while Adam reached out to touch his mother and say goodbye. 

Elaine was just thirty-seven. 

 

II

 

This is a book about how success happens. In the coming pages, we will explore some of the most pioneering and innovative organisations in the world, including Google, Team Sky, Pixar and the Mercedes Formula One team as well as exceptional individuals like the basketball player Michael Jordan, the inventor James Dyson, and the football star David Beckham. 

Progress is one of the most striking aspects of human history over the last two millennia and, in particular, the last two and a half centuries. It is not just about great businesses and sports teams, it is about science, technology and economic development. There have been big picture improvements and small picture improvements, changes that have transformed almost every facet of human life. 

In these accounts we will attempt to draw the strands together. We will look beneath the surface and examine the underlying processes through which humans learn, innovate and become more creative: whether in business, politics or in our own lives. And we will find that in all these instances the explanation for success hinges, in powerful and often counter-intuitive ways, on how we react to failure. 

Failure is something we all have to endure from time to time, whether it is the local football team losing a match, underperforming at a job interview, or flunking an examination. Sometimes, failure can be far more serious. For doctors and others working in safety-critical industries, getting it wrong can have deadly consequences. 

And that is why a powerful way to begin this investigation, and to glimpse the inextricable connection between failure and success, is to contrast two of the most important safety critical industries in the world today: healthcare and aviation. These organisations have differences in psychology, culture and institutional change, as we shall see. But the most profound difference is in their divergent approaches to failure. 

In the airline industry the attitude is striking and unusual. Every aircraft is equipped with two, almost-indestructible black boxes, one of which records instructions sent to the onboard electronic systems, and another which records the conversations and sounds in the cockpit.FN2 If there is an accident, the boxes are opened, the data is analysed, and the reason for the accident excavated. This ensures that procedures can be changed so that the same error never happens again. 

Through this method aviation has attained an impressive safety record. In 1912, eight of fourteen US Army pilots died in crashes: more than half.2 Early fatality rates at the army aviation schools were close to 25%. At the time this didn’t seem entirely surprising. Flying large chunks of wood and metal at speed through the sky in the early days of aviation was inherently dangerous. 

Today, however, things are very different. In 2013, there were 36.4 million commercial flights worldwide carrying more than 3 billion passengers, according to the International Air Transport Association. Only 210 people died. For every one million flights on western-built jets there were 0.41 accidents – a rate of one accident per 2.4 million flights.3 

In 2014, the number of fatalities increased to 641, in part because of the crash of Malaysia Airlines Flight 370, where 239 people died. Most investigators believe that this was not a conventional accident, but an act of deliberate sabotage. The search for the black box was still ongoing at the time of publication. But even if we include this in the analysis, the jet accident rate per million take-offs fell in 2014 to a historic low of 0.23.4 For members of the International Air Transport Association, many of whom have the most robust procedures to learn from error, the rate was 0.12 (one accident for every 8.3 million take-offs).5

Aviation grapples with many safety issues. New challenges arise almost every week: in March 2015, the Germanwings plane crash in the French Alps brought pilot mental health into the spotlight. Industry experts accept that unforeseen contingencies may arise at any time that will push the accident rate up, perhaps sharply. But they promise that they will always strive to learn from adverse events so that failures are not repeated. After all, that is what aviation safety ultimately means. 

In healthcare, however, things are very different. In 1999, the American Institute of Medicine published a landmark investigation called ‘To Err is Human’. It reported that between 44,000 and 98,000 Americans die each year as a result of preventable medical errors.6 In a separate investigation, Lucian Leape, a Harvard University professor, put the overall numbers higher. In a comprehensive study, he estimated that a million patients are injured by errors during hospital treatment and that 120,000 die each year in America alone.7 

But these statistics, while shocking, almost certainly underestimate the true scale of the problem. In 2013 a study published in the Journal of Patient Safety8 put the number of premature deaths associated with preventable harm at more than 400,000 per year. (Categories of avoidable harm include misdiagnosis, dispensing the wrong drugs, injuring the patient during surgery, operating on the wrong part of the body, improper transfusions, falls, burns, pressure ulcers and postoperative complications.) Testifying to a Senate hearing in the summer of 2014, Peter J. Pronovost, MD, professor at the Johns Hopkins University School of Medicine and one of the most respected clinicians in the world, pointed out that this is the equivalent of two jumbo jets falling out of the sky every twenty-four hours. 

‘What these numbers say is that every day, a 747, two of them are crashing. Every two months, 9-11 is occurring,’ he said. ‘We would not tolerate that degree of preventable harm in any other forum.’9 These figures place preventable medical error in hospitals as the third biggest killer in the United States – behind only heart disease and cancer. 

And yet even these numbers are incomplete. They do not include fatalities caused in nursing homes or in outpatient settings, such as pharmacies, care centres and private offices, where oversight is less rigorous. According to Joe Graedon, adjunct assistant professor in the Division of Pharmacy Practice and Experiential Education at the University of North Carolina, the full death toll due to avoidable error in American healthcare is more than half a million people per year.10 

However, it is not just the number of deaths that should worry us; it is also the non-lethal harm caused by preventable error. In her testimony to the same Senate hearing, Joanne Disch, clinical professor at the University of Minnesota School of Nursing, referred to a woman from her neighbourhood who ‘underwent a bilateral mastectomy for cancer only to find out shortly after surgery that there had been a mix up in the biopsy reports and that she didn’t have cancer’.11 

These kinds of errors are not fatal, but they can be devastating to victims and their families. The number of patients who endure serious complications is estimated to be ten times higher than the number of patients killed by medical error. As Disch put it: ‘We are not only dealing with 1,000 preventable deaths per day, but 1,000 preventable deaths and 10,000 preventable serious complications per day . . . It affects all of us.’12

In the UK the numbers are also alarming. A report by the National Audit Office in 2005 estimated that up to 34,000 people are killed per year due to human error.13 It put the overall number of patient incidents (fatal and non fatal) at 974,000. A study into acute care in hospitals found that one in every ten patients is killed or injured as a consequence of medical error or institutional shortcomings. French healthcare put the number even higher, at 14 per cent. 

The problem is not a small group of crazy, homicidal, incompetent doctors going around causing havoc. Medical errors follow a normal, bell-shaped distribution.14 They occur most often not when clinicians get bored or lazy or malign, but when they are going about their business with the diligence and concern you would expect from the medical profession. 

Why, then, do so many mistakes happen? One of the problems is complexity. The World Health Organisation lists 12,420 diseases and disorders, each of which requires different protocols.15 This complexity provides ample scope for mistakes in everything from diagnosis to treatment. Another problem is scarce resources. Doctors are often overworked and hospitals stretched; they frequently need more money. A third issue is that doctors may have to make quick decisions. With serious cases there is rarely sufficient time to consider all the alternative treatments. Sometimes procrastination is the biggest mistake of all, even if you end up with the ‘right’ judgement at the end of it.

But there is also something deeper and more subtle at work, something that has little to do with resources, and everything to do with culture. It turns out that many of the errors committed in hospitals (and in other areas of life) have particular trajectories, subtle but predictable patterns: what accident investigators call ‘signatures’. With open reporting and honest evaluation, these errors could be spotted and reforms put in place to stop them from happening again, as happens in aviation. But, all too often, they aren’t. 

It sounds simple, doesn’t it? Learning from failure has the status of a cliché. But it turns out that, for reasons both prosaic and profound, a failure to learn from mistakes has been one of the single greatest obstacles to human progress. Healthcare is just one strand in a long, rich story of evasion. Confronting this could not only transform healthcare, but business, politics and much else besides. A progressive attitude to failure turns out to be a cornerstone of success for any institution. 

In this book we will examine how we respond to failure, as individuals, as businesses, as societies. How do we deal with it, and learn from it? How do we react when something has gone wrong, whether because of a slip, a lapse, an error of commission or omission, or a collective failure of the kind that caused the death of a healthy thirty-seven-year-old mother of two on a spring day in 2005? 

All of us are aware, in our different ways, that we find it difficult to accept our own failures. Even in trivial things, like a friendly game of golf, we can become prickly when we have underperformed, and we are asked about it in the clubhouse afterwards. When failure is related to something important in our lives – our job, our role as a parent, our wider status – it is taken to a different level altogether. 

When our professionalism is threatened, we are liable to put up defences. We don’t want to think of ourselves as incompetent or inept. We don’t want our credibility to be undermined in the eyes of our colleagues. For senior doctors, who have spent years in training and have reached the top of their profession, being open about mistakes can be almost traumatic.

Society, as a whole, has a deeply contradictory attitude to failure. Even as we find excuses for our own failings, we are quick to blame others who mess up. In the aftermath of the South Korean ferry disaster of 2014, the Korean president accused the captain of ‘unforgivable, murderous acts’ before any investigation had even taken place.16 She was responding to an almost frantic public demand for a culprit. 

We have a deep instinct to find scapegoats. When one reads about the moments leading up to the death of Elaine Bromiley, it is easy to feel a spike of indignation. Perhaps even anger. Why didn’t they attempt a tracheostomy sooner? Why didn’t the nurse speak up? What were they thinking? Our empathy for the victim is, emotionally speaking, very nearly synonymous with our fury at those who caused her death. 

But this has recursive effects, as we shall see. It is partly because we are so willing to blame others for their mistakes that we are so keen to conceal our own. We anticipate, with remarkable clarity, how people will react, how they will point the finger, how little time they will take to put themselves in the tough, high-pressure situation in which the error occurred. The net effect is simple: it obliterates openness and spawns cover-ups. It destroys the vital information we need in order to learn. 

When we take a step back and think about failure more generally, the ironies escalate. Studies have shown that we are often so worried about failure that we create vague goals, so that nobody can point the finger when we don’t achieve them. We come up with face-saving excuses, even before we have attempted anything. 

We cover up mistakes, not only to protect ourselves from others, but to protect us from ourselves. Experiments have demonstrated that we all have a sophisticated ability to delete failures from memory, like editors cutting gaffes from a film reel – as we’ll see. Far from learning from mistakes, we edit them out of the official autobiographies we all keep in our own heads. 

This basic perspective – that failure is profoundly negative, something to be ashamed of in ourselves, and judgemental about in others – has deep cultural and psychological roots. According to Sidney Dekker, a psychologist and systems expert at Griffith University, Australia, the tendency to stigmatise errors is at least two and a half thousand years old.17

The purpose of this book is to offer a radically different perspective. It will argue that we need to redefine our relationship with failure, as individuals, as organisations, and as societies. This is the most important step on the road to a high-performance revolution: increasing the speed of development in human activity and transforming those areas that have been left behind. Only by redefining failure will we unleash progress, creativity and resilience. 

Before moving on it is worth examining the idea of a ‘closed loop’, something that will recur often in the coming pages. We can get a handle on this idea by looking at the early history of medicine, where pioneers such as Galen of Pergamon (second century ad) propagated treatments like bloodletting and the use of mercury as an elixir. These treatments were devised with the best of intentions, and in line with the best knowledge available at the time.18

But many were ineffective, and some highly damaging. Bloodletting, in particular, weakened patients when they were at their most vulnerable. The doctors didn’t know this for a simple but profound reason: they never subjected the treatment to a proper test – and so they never detected failure. If a patient recovered, the doctor would say: ‘Bloodletting cured him!’ And if a patient died, the doctor would say: ‘He must have been very ill indeed because not even the wonder cure of bloodletting was able to save her!’

This is an archetypal closed loop. Bloodletting survived as a recognised treatment until the nineteenth century. According to Gerry Greenstone, who wrote a history of bloodletting, Dr Benjamin Rush, who was working as late as 1810, was known to ‘remove extraordinary amounts of blood and often bled patients several times’. Doctors were effectively killing patients for the better part of 1,700 years not because they lacked intelligence or compassion, but because they did not recognise the flaws in their own procedures. If they had conducted a clinical trial (an idea we will return to),FN3 they would have spotted the defects in bloodletting: and this would have set the stage for progress.

In the two hundred years since the first use of clinical trials, medicine has progressed from the ideas of Galen to the wonders of gene therapy. Medicine has a long way to go, and suffers from many defects, as we shall see, but a willingness to test ideas and to learn from mistakes has transformed its performance. The irony is that while medicine has evolved rapidly, via an ‘open loop’, healthcare (i.e. the institutional question of how treatments are delivered by real people working in complex systems) has not. (The terms ‘closed loop’ and ‘open loop’ have particular meanings in engineering and formal systems theory, which are different to the way in which they are used in this book. So, just to re-emphasise, for our purposes a closed loop is where failure doesn’t lead to progress because information on errors and weaknesses is misinterpreted or ignored; an open loop does lead to progress because the feedback is rationally acted upon). 

Over the course of this book, we will discover closed loops throughout the modern world: in government departments, in businesses, in hospitals, and in our own lives. We will explore where they come from, the subtle ways they develop, and how otherwise smart people hold them tightly in place, going round and round in circles. We will also discover the techniques to identify them and break them down, freeing us from their grip and fostering knowledge.

Many textbooks offer subtle distinctions between different types of failure. They talk about mistakes, slips, iterations, suboptimal outcomes, errors of omission and commission, errors of procedure, statistical errors, failures of experimentation, serendipitous failures, and so on. A detailed taxonomy would take up a book on its own, so we will try to allow the nuances to emerge naturally as the book progresses. 

It is probably worth stating here that nobody wants to fail. We all want to succeed, whether we are entrepreneurs, sportsmen, politicians, scientists or parents. But at a collective level, at the level of systemic complexity, success can only happen when we admit our mistakes, learn from them, and create a climate where it is, in a certain sense, ‘safe’ to fail. 

And if the failure is a tragedy, such as the death of Elaine Bromiley, learning from failure takes on a moral urgency. 

 

III

 

Martin Bromiley has short brown hair and a medium build. He speaks in clear matter-of-fact tones, although his voice breaks when he talks about the day he switched off Elaine’s life support machine. 

‘I asked the children if they wanted to say goodbye to Mummy,’ he says when we meet on a clear spring morning in London. ‘They both said “yes”, so I drove them to the hospital and we stroked her hand, and said goodbye.’ 

He pauses to compose himself. ‘They were so small back then, so innocent, and I knew how much the loss was going to affect the rest of their lives. But most of all I felt for Elaine. She was such a wonderful mother. I grieved that she wouldn’t have the joy of seeing our two children growing up.’

As the days passed, Martin found himself wondering what had gone wrong. His wife had been a healthy, vital thirty-seven-year-old. She had her life in front of her. The doctors had told them it was a routine operation. How had she died? 

Martin felt no anger. He knew that the doctors were experienced and had done their best. But he couldn’t stop wondering whether lessons might be learned. 

When he approached the head of the Intensive Care Unit with a request for an investigation into Elaine’s death, however, he was instantly rebuffed. ‘That is not how things work in healthcare,’ he was told. ‘We don’t do investigations. The only time we are obliged to do so is if someone sues.’

‘He didn’t say it in an uncaring way, he was just being factual,’ Martin tells me. ‘It is not something they have historically done in healthcare. I don’t think it was that they were worried about what the investigation might find. I think they just felt that Elaine’s death was one of those things. A one-off. They felt it was pointless to linger over it.’ 

In her seminal book After Harm, Nancy Berlinger, a health research scholar, conducted an investigation into the way doctors talk about errors. It proved to be very eye-opening. ‘Observing more senior physicians, students learn that their mentors and supervisors believe in, practice and reward the concealment of errors,’ Berlinger writes. ‘They learn how to talk about unanticipated outcomes until a “mistake” morphs into a “complication”. Above all, they learn not to tell the patient anything.’

She also writes of: ‘the depths of physicians’ resistance to disclosure and the lengths to which some will go to justify the habit of nondisclosure – it was only a technical error, things just happen, the patient won’t understand, the patient doesn’t need to know.’19

Just let that sink in for a moment. Doctors and nurses are not, in general, dishonest people. They do not go into healthcare to deceive people, or to mislead them; they go into the profession to heal people. Informal studies have shown that many clinicians would willingly trade a loss of income in order to improve outcomes for patients. 

And yet, deep in the culture, there is a profound tendency for evasion. This is not the kind of all-out deceit practised by conmen. Doctors do not invent reasons for an accident to pull the wool over the eyes of their patients. Rather, they deploy a series of euphemisms – ‘technical error’, ‘complication’, ‘unanticipated outcome’ – each of which contains an element of truth, but none of which provides the whole truth. 

This is not just about avoiding litigation. Evidence suggests that medical negligence claims actually go down when doctors are open and honest with their patients. When the Veterans Affairs Medical Center in Lexington, Kentucky, introduced a ‘disclose and compensate’ policy, its legal fees fell sharply.20 Around 40 per cent of victims say that a full explanation and apology would have persuaded them not to take legal action.21 Other studies have revealed similar results.22

No, the problem is not just about the consequences of failure, it is also about the attitude towards failure. In healthcare, competence is often equated with clinical perfection. Making mistakes is considered to demonstrate ineptness. The very idea of failing is threatening. 

As the physician David Hilfiker put it in a seminal article in the New England Journal of Medicine: ‘The degree of perfection expected by patients is no doubt also a result of what we doctors have come to believe about ourselves, or better, have tried to convince ourselves about ourselves. This perfection is a grand illusion, of course, a game of mirrors that everyone plays.’23

Think of the language: surgeons work in a ‘theatre’. This is the ‘stage’ where they ‘perform’. How dare they fluff their lines? As James Reason, one of the world’s leading thinkers on system safety, put it: ‘After a very long, arduous and expensive education, you are expected to get it right. The consequence is that medical errors are marginalised and stigmatised. They are, by and large, equated to incompetence.’24

In these circumstances the euphemisms used by doctors to distract attention from mistakes (‘technical error’, ‘complication’, ‘unanticipated outcome’) begin to make sense. For the individual doctor the threat to one’s ego, let alone reputation, is considerable. Think how often you have heard these euphemisms outside healthcare: by politicians when a policy has gone wrong; by a business leader when a strategy has failed; by friends and colleagues at work, for all sorts of reasons. You may have heard them coming from your own lips, from time to time. I know I have heard them coming from mine. 

The scale of evasion in healthcare is most fully revealed not just in the words used by clinicians, but in hard data. Epidemiological estimates of national rates of iatrogenic injury (injuries induced inadvertently by doctors, treatments or diagnostic procedures) in the United States suggest that 44 to 66 serious injuries occur per 10,000 hospital visits. But in a study involving more than 200 American hospitals, only 1 per cent reported their rates of iatrogenic injury as within that range. Half of the hospitals were reporting fewer than 5 cases of injury per 10,000 hospital visits. If the epidemiological estimates were even close to accurate, the majority of hospitals were involved in industrial levels of evasion.25 

Further studies on both sides of the Atlantic have revealed similar results. Investigators working for the Inspector General of the Department of Health and Human Services in the United States analysed 273 hospitalisations and found that hospitals had missed or ignored 93 per cent of events that caused harm.26 A European study discovered that although 70 per cent of doctors accepted that they should disclose their errors, only 32 per cent actually did.27 In a different study of 800 patient records in three leading hospitals, researchers found more than 350 medical errors. How many of these mistakes were voluntarily reported by clinicians? Only 4.28 

Think back to the way Dr Edwards talked about the incident. ‘Look Martin, there were some problems during anaesthesia,’ he said. ‘It is one of those things. The anaesthetists did their very best, but it just didn’t work out. It was a one-off. I am so sorry.’

This was not an out-and-out lie. Indeed, he may even have believed what he was saying. After all, the doctors were unlucky. It is unusual for a patient to have tight jaw muscles. It is also unfortunate that Elaine had a blocked airway that was resistant to attempts at tracheal intubation. They had done their best, hadn’t they? What more is there to say? 

This kind of reasoning represents the essential anatomy of failure-denial. Self-justification, allied to a wider cultural allergy to failure, morphs into an almost insurmountable barrier to progress.FN4 

For many patients, traumatised by the loss of a loved one, this might have been the end of the story, particularly in the UK where doctors are rarely challenged. It is not easy for a grieving family to insist on an investigation when the experts are telling them it is not necessary. 

But Martin Bromiley wouldn’t give up. Why? Because he had spent his entire professional life in an industry with a different – and unusual – attitude to failure. He is a pilot. He has flown for commercial airlines for more than twenty years. He has even lectured on system safety. He didn’t want the lessons from a botched operation to die along with his wife.

So he asked questions. He wrote letters. And as he discovered more about the circumstances surrounding his wife’s death, he began to suspect that it wasn’t a one-off. He realised that the mistake may have had a ‘signature’, a subtle pattern which, if acted upon, could save future lives. 

The doctors in charge of the operation couldn’t have known this for a simple but devastating reason: historically, healthcare institutions have not routinely collected data on how accidents happen, and so cannot detect meaningful patterns, let alone learn from them. 

In aviation, on the other hand, pilots are generally open and honest about their own mistakes (crash-landings, near misses). The industry has powerful, independent bodies designed to investigate crashes. Failure is not regarded as an indictment of the specific pilot who messes up, but a precious learning opportunity for all pilots, all airlines and all regulators. 

A quick example: in the 1940s the famous Boeing B-17 bomber was involved in a series of seemingly inexplicable runway accidents. The US Army Air Corps responded by commissioning Alphonse Chapanis, a psychologist with a PhD from Yale, to undertake an investigation. By studying the crashes – their chronology, dynamics, and psychological elements – Chapanis identified poor cockpit design as a contributing factor.29

He found that the switches controlling the flaps in B-17s were identical to the switches controlling the landing gear (the wheels), and were placed side by side. This was not a problem when the pilots were relaxed and flying conditions perfect. But under the pressure of a difficult landing, pilots were pulling the wrong lever. Instead of retracting the flaps, to reduce speed, they were retracting the wheels, causing the plane to bellyflop onto the runway, with catastrophic results.

Chapanis came up with the idea of changing the shape of the levers so that they resembled the equipment they were linked to. A small rubber wheel was attached to the landing-gear switch and a small flap shape to the flaps control. The buttons now had an intuitive meaning, easily identified under pressure. What happened? Accidents of this kind disappeared overnight.30 

This method of learning from mistakes has been applied to commercial aviation now for many decades, with remarkable results. 

Success in aviation has many components, of course. The speed of technological change has helped as has the fact that airlines, worried about reputational damage, competition from other providers, and insurance costs, have a strong commercial incentive to improve safety. Aviation has also benefited from the use of high-resolution simulators and effective training, as we’ll see. 

However, the most powerful engine of progress is to be found deep within the culture of the industry. It is an attitude that is easy to state, but whose wider application could revolutionise our attitude to progress: instead of denying failure, or spinning it, aviation learns from failure.

And yet how does this happen in practice? How is learning institutionalised in the aviation system (given that pilots, regulators, engineers and ground staff are dispersed across the world), how is an open culture created, and, most importantly of all, how can we apply the lessons beyond aviation? 

To find out, we’ll examine one of the most influential crashes of recent times, perhaps in the entire history of powered flight. We will see how investigators go about their business, excavate the lessons and turn tragedies into learning opportunities. 

The name of the flight was United Airlines 173.
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How Failure Drives Innovation

 

 

 

I

 

The headquarters of Dyson are in a futuristic building about forty miles west of Oxford. Outside the front entrance is a Harrier jump jet – not a replica, a real one – and a high-speed landing craft. They both hint at the unconventionality of what goes on inside.

James Dyson, the chairman and chief engineer of the company, works in a glass-fronted office just above the entrance. Along the back wall are the beautifully conceived products that have turned him into an icon of British innovation: super-efficient vacuum cleaners, futuristic hand dryers, and other devices yet to roll off the production line. In all, he has applied for more than four thousand patents.1 

Progress is often driven not by the accumulation of small steps, but by dramatic leaps. The television wasn’t an iteration of a previous device, it was a new technology altogether. Einstein’s General Theory of Relativity didn’t tinker with Newton’s Law of Universal Gravitation, it replaced it in almost every detail. Likewise Dyson’s dual-cyclone vacuum cleaner was not a marginal improvement on the conventional Hoover that existed at the time, it represented a shift that altered the way insiders think about the very problem of removing dust and hair from household floors. 

Dyson is an evangelist for the creative process of change, not least because he believes it is fundamentally misconceived in the world today. As we talk in his office, he darts around picking up papers, patents, textbooks, and his own designs to illustrate his argument. He is tall, bright-eyed and restless. A conversation scheduled for half an hour continues late into the evening, so that by the end the sun has gone down, and his expressive face is lit only by a table lamp (designed, incidentally, by his son: it contains an LED light that lasts for 160,000 hours rather than the usual 2,000).

He says:

 

People think of creativity as a mystical process. The idea is that creative insights emerge from the ether, through pure contemplation. This model conceives of innovation as something that happens to people, normally geniuses. But this could not be more wrong. Creativity is something that has to be worked at, and it has specific characteristics. Unless we understand how it happens, we will not improve our creativity, as a society or as a world.

 

Dyson’s journey into the nature of creativity started while vacuuming his own home, a small farmhouse in the west of England, on a Saturday morning in his mid-twenties. Like everyone else he was struck by just how quickly his cleaner lost suction. ‘It was a top of the range Hoover,’ he says. ‘It had one of the most powerful vacuum motors in the world. But it lost its suction within minutes. It started to let out this high-pitched scream. I had faced the problem before. Growing up, it had been my chore to vacuum the family home and the suction was a constant bugbear. But this time I just snapped.’

Dyson strode into his garden and opened up the device. Inside he could see the basic engineering proposition of the conventional vacuum cleaner: a motor, a bag (which also doubled as a filter) and a tube. The logic was simple: dust and air is sucked into the bag, the air escapes through the small holes in the lining of the bag and into the motor, while the dust (thicker than the air) stays in the bag. He says:

 

The bag was full of dust and so I assumed this was the reason that it had lost suction. So I ripped open the bag, emptied out the dust and Sellotaped it back up again. But when I went back to vacuum in the house, the efficiency was no better. The screaming started straight away. There was no suction. 

I suddenly realised that the real problem was not that the bag was full; it was the thin lining of dust on the inside of the bag. The walls of the bag were clogged. The fine dust was blocking the filter. And that is why performance in conventional vacuum cleaners dips so rapidly; it is the very first dust that blocks them up.

 

This realisation triggered a new thought: what if there were no bag? What if you could make an entirely bag-less vacuum cleaner? ‘If you could find a way of removing the dust from the air another way, without using a conventional bag, you would no longer lose suction because of a blocked filter,’ he says. ‘It would revolutionise vacuum cleaning.’

This idea percolated in Dyson’s mind for the next three years. A graduate of the Royal College of Art, he was already a qualified engineer and was helping to run a local company in Bath. He enjoyed pulling things apart and seeing how they worked. He was curious, inquisitive and willing to engage with a difficulty rather than just accepting it. But now he had a live problem, one that intrigued him. 

It wasn’t until he went to a timber merchant that the solution powered into his mind like a thunderbolt. 

 

Nowadays you pick up wood from a merchant and just walk out. In the old days, they virtually had to cut and plane it for you. There was a lot of hanging about. As I stood there waiting I noticed this ducting going off the machines. It travelled along to this thing on the roof, thirty or forty foot tall. 

It was a cyclone [a cone-shaped device that changes the dynamics of the airflow, separating the dust from the air via centrifugal force]. It was made of galvanised steel. And although a ton of dust was coming off the machines as they cut the wood, there was no dust coming out of the chimney at the top. I was intrigued. This thing was collecting fine dust all day long and it didn’t look as though it was blocking at all.

 

Dyson rushed home. This was his moment of insight. ‘I vaguely knew about cyclones, but not really the detail. But I was fascinated to see if it would work in miniature form. I got an old cardboard box and made a replica of what I had seen with gaffer tape and cardboard. I then connected it via a bit of hose to an upright vacuum cleaner. And I had my cardboard cyclone.’

His heart was beating fast as he pushed it around the house. Would it work? ‘It seemed absolutely fine,’ he says. ‘It seemed to be picking up dust, but the dust didn’t seem to be coming out of the chimney. I went to my boss and said: “I think I have an interesting idea.”’

This simple idea, this moment of insight, would ultimately make Dyson a personal fortune in excess of £3 billion. 

 

II

 

A number of things jump out about the Dyson story. The first is that the solution seems rather obvious in hindsight. This is often the case with innovation, and it’s something we will come back to. 

But now consider a couple of other aspects of the story. The first is that the creative process started with a problem, what you might even call a failure, in the existing technology. The vacuum cleaner kept blocking. It let out a screaming noise. Dyson had to keep bending down to pick up bits of rubbish by hand. 

Had everything been going smoothly Dyson would have had no motivation to change things. Moreover, he would have had no intellectual challenge to sink his teeth into. It was the very nature of the engineering problem that sparked a possible solution (a bag-less vacuum cleaner). 

And this turns out to be an almost perfect metaphor for the creative process, whether it involves vacuum cleaners, a quest for a new brand name, or a new scientific theory. Creativity is, in many respects, a response. 

Relativity was a response to the failure of Newtonian mechanics to make accurate predictions when objects were moving at fast speeds. 

Masking tape was a response to the failure of existing adhesive tape, which would rip the paint off when it was removed from cars and walls. 

The collapsible buggy was a response to the impracticality of unwieldy prams (Owen Maclaren, the designer, came up with the idea after watching his daughter struggling with a pram while out with his granddaughter). 

The wind-up radio was a response to the lack of batteries in Africa, something that was hampering the spread of educational information (Trevor Baylis came up with the idea after watching a television programme on AIDS). 

The ATM was a response to the problem of getting hold of cash outside opening hours. It was invented by John Shepherd-Barron while lying in the bath one night, worrying because he had forgotten to go to the bank. 

Dropbox, as we have seen, was a response to the problem of forgetting your flash drive and thus not having access to important files. 

This aspect of the creative process, the fact that it emerges in response to a particular difficulty, has spawned its own terminology. It is called the ‘problem phase’ of innovation. ‘The damn thing had been bugging me for years,’ Dyson says of the conventional vacuum cleaner. ‘I couldn’t bear the inefficiency of the technology. It wasn’t so much a “problem phase” as a “hatred phase”.’

We often leave this aspect of the creative process out of the picture. We focus on the moment of epiphany, the detonation of insight that happened when Newton was hit by the apple or Archimedes was taking a bath. That is perhaps why creativity seems so ethereal. The idea is that such insights could happen anytime, anywhere. It is just a matter of sitting back and letting them flow. 

But this leaves out an indispensable feature of creativity. Without a problem, without a failure, without a flaw, without a frustration, innovation has nothing to latch on to. It loses its pivot. As Dyson puts it: ‘Creativity should be thought of as a dialogue. You have to have a problem before you can have the game-changing riposte.’

Perhaps the most graphic way to glimpse the responsive nature of creativity is to consider an experiment by Charlan Nemeth, a psychologist at the University of California, Berkeley, and her colleagues.2 She took 265 female undergraduates and randomly divided them into five-person teams. Each team was given the same task: to come up with ideas about how to reduce traffic congestion in the San Francisco Bay Area. These five-person teams were then assigned to one of three ways of working. 

The first group were given the instruction to brainstorm. This is one of the most influential creativity techniques in history, and it is based on the mystical conception of how creativity happens: through contemplation and the free flow of ideas. In brainstorming the entire approach is to remove obstacles. It is to minimise challenges. People are warned not to criticise each other, or point out the difficulties in each other’s suggestions. Blockages are bad. Negative feedback is a sin. 

As Alex Faickney Osborn, an advertising executive who wrote a series of bestselling books on brainstorming in the 1940s and 1950s, put it: ‘Creativity is so delicate a flower that praise tends to make it bloom, while discouragement often nips it in the bud.’3

The second group were given no guidelines at all: they were allowed to come up with ideas in any way they thought best. 

But the third group were actively encouraged to point out the flaws in each other’s ideas. Their instructions read: ‘Most research and advice suggests that the best way to come up with good solutions is to come up with many solutions. Free-wheeling is welcome; don’t be afraid to say anything that comes to mind. However, in addition, most studies suggest that you should debate and even criticise each other’s ideas [my italics].’ 

The results were remarkable. The groups with the dissent and criticise guidelines generated 25 per cent more ideas than those who were brainstorming (or who had no instructions). Just as striking, when individuals were later asked to come up with more solutions for the traffic problem, those with the dissent guidelines generated twice as many new ideas as the brainstormers. 

Further studies have shown that those who dissent rather than brainstorm produce not just more ideas, but more productive and imaginative ideas. As Nemeth put it: ‘The basic finding is that the encouragement of debate – and even criticism if warranted – appears to stimulate more creative ideas. And cultures that permit and even encourage such expression of differing viewpoints may stimulate the most innovation.’

The reason is not difficult to identify. The problem with brainstorming is not its insistence on free-wheeling or quick association. Rather, it is that when these ideas are not checked by the feedback of criticism, they have nothing to respond to. Criticism surfaces problems. It brings difficulties to light. This forces us to think afresh. When our assumptions are violated we are nudged into a new relationship with reality. Removing failure from innovation is like removing oxygen from a fire.

Think back to Dyson and his Hoover. It was the flaw in the existing technology that forced Dyson to think about cleaning in a new way. The blockage in the filter wasn’t something to hide away from, or pretend wasn’t there. Rather, the blockage, the failure, was a gilt-edged invitation to re-imagine vacuum-cleaning. 

Imagination is not fragile. It feeds off flaws, difficulties and problems. Insulating ourselves from failures – whether via brainstorming guidelines, the familiar cultural taboo on criticism or the influence of cognitive dissonanceFN41 – is to rob one of our most valuable mental faculties of fuel. 

‘It always starts with a problem,’ Dyson says. ‘I hated vacuum cleaners for twenty years, but I hated hand dryers for even longer. If they had worked perfectly, I would have had no motivation to come up with a new solution. But more importantly I would not have had the context to offer a creative solution. Failures feed the imagination. You cannot have the one without the other.’

Perhaps the most eloquent testimony to the creative power of error comes from a different experiment by Nemeth and a colleague.4 In a typical free association study, we are given a word and have to respond with the first word that pops into our heads. 

The problem is that when many of us free associate, we come up with rather boring associations. If someone says ‘blue’, most people reply ‘sky’. If someone says ‘green’, we say ‘grass’. This is hardly the stuff of inspiration. In her free association experiment, Nemeth showed slides to volunteers. As expected, they came up with conventional, banal associations. 

But then she had a lab assistant call out the wrong colour as part of the experiment. When a blue slide was shown, the assistant called out ‘green’. And this is when something odd happened. When Nemeth then asked these volunteers to free associate on the colours that had been wrongly identified, they suddenly became far more creative. They came up with associations that reached way beyond tired convention. Blue became ‘jeans’ or ‘lonely’ or ‘Miles Davis’.5

What was going on? We should now be able to glimpse an answer. Contradictory information jars, in much the same way that error jars. It encourages us to engage in a new way. We start to reach beyond our usual thought processes (why would you think differently when things are going just as expected?). When someone shouts out the wrong colour, our conventional mental operations are disrupted. That is when we find associations, connections, which might never have occurred to us. 

And this takes us to the second crucial aspect of the Dyson story. You’ll remember that in his moment of insight he essentially brought two disparate ideas together: a vacuum cleaner and a sawmill. These were two different things. They existed in two different places of vastly different scale: in the home and in the sawmill. You could almost say that they inhabited separate conceptual categories. 

Dyson’s innovation, stripped down to its essentials, was to merge them. He was a connecting agent. The act of creativity was an act, above all, of synthesis. ‘I think the fact that I had so many years of frustration probably made me the perfect person to glimpse a possible solution,’ he says. ‘But the solution was really about combining two existing technologies.’ 

And it turns out that this act of connectivity is another central feature of innovation. Johannes Gutenberg invented mass printing by applying the pressing of wine (which, as a technology, had existed for many centuries) to the pressing of pages.6 

The Wright brothers applied their understanding of manufacturing bicycles to the problem of powered flight. 

The rank algorithm behind the success of Google was developed by Sergey Brin and Larry Page from an existing method of ranking academic articles. 

Sellotape, a staggeringly successful commercial innovation, was developed by merging glue and cellophane. 

The collapsible buggy was created by fusing the folding undercarriages for Spitfires in the Second World War with an existing technology for transporting children. 

Little wonder that Steve Jobs, a master in the art of merging concepts, once said: ‘Creativity is just connecting things.’

If failure sparks creativity into life, the moment of insight invariably emerges from the attempt to bridge the problem with previously unconnected ideas or technologies. It is about finding a hidden connection in order to solve a problem with meaning. But the crucial point to realise is that these processes are intimately intertwined. It is precisely because we have been hit by jarring information that we are nudged into looking for unusual connections, as we saw in the free association experiment. 

To put it simply, failure and epiphany are inextricably linked. When we come up with a brilliant idea, when it pops into our mind, it has often emerged from a period of gestation. It is a consequence of engaging with a problem, sometimes, as in the case of Dyson, for many years. 

As the neuroscientist David Eagleman says in his book Incognito: The Secret Lives of the Brain: ‘When an idea is served up from behind the scenes, the neural circuitry has been working on the problems for hours or days or years, consolidating information and trying out new combinations. But you merely take credit without further wonderment at the vast, hidden political machinery behind the scenes.’7

Much of the literature on creativity focuses on how to trigger these moments of innovative synthesis; how to drive the problem phase towards its resolution. And it turns out that epiphanies often happen when we are in one of two types of environment. 

The first is when we are switching off: having a shower, going for a walk, sipping a cold beer, daydreaming. When we are too focused, when we are thinking too literally, we can’t spot the obscure associations that are so important to creativity. We have to take a step back for the ‘associative state’ to emerge. As the poet Julia Cameron put it: ‘I learned to get out of the way and let that creative force work through me.’8

The other type of environment where creative moments often happen, as we have seen, is when we are being sparked by the dissent of others. When Kevin Dunbar, a psychologist at McGill University, went to look at how scientific breakthroughs actually happen, for example (he took cameras into four molecular biology labs and recorded pretty much everything that took place), he assumed that it would involve scientists beavering away in isolated contemplation. 

In fact, the breakthroughs happened at lab meetings, where groups of researchers would gather around a desk to talk through their work. Why here? Because they were forced to respond to challenges and critiques from their fellow researchers. They were jarred into seeing new associations.

As the author Steven Johnson puts it: ‘Questions from colleagues forced researchers to think about their experiments on a different scale or level. Group interactions challenged researchers’ assumptions about their more surprising findings . . . The ground zero of innovation was not the microscope. It was the conference table.’9

And this helps to explain why cities are so creative, why atriums are important; in fact why any environment which allows disparate people, and therefore ideas, to bump into each other, is so conducive. They facilitate the association of diverse ideas, and bring people face to face with dissent and criticism. All help to ignite creativity. 

 

This brief jaunt through the literature on creativity reveals one thing above all else: innovation is highly context-dependent. It is a response to a particular problem at a particular time and place. Take away the context, and you remove both the spur to innovation, and its raw material.

The best way to see this truth is through the phenomenon of the multiple. Steven Johnson runs through an entire list of breakthroughs that were conceived by different people, working independently, at almost precisely the same time.10

Sunspots, for example, were discovered by four scientists in four different countries in 1611. The mathematical calculus was developed by both Sir Isaac Newton and Gottfried Leibniz in the 1670s. The fore-runner to the first electric battery was invented by Ewald Georg von Kleist in 1745 and Andreas Cuneus of Leyden in 1746. 

Four people independently proposed the law of the conservation of energy in the 1840s. The theory of evolution through natural selection was proposed independently by Charles Darwin and Alfred Russel Wallace (an extraordinary, unsung polymath) in the mid-nineteenth century.11 S. Korschinsky in 1889 and Hugo de Vries in 1901 independently established the significance of genetic mutation. 

Even Einstein’s pioneering work has echoes in the work of his contemporaries. The French mathematician Henri Poincaré wrote about the ‘Principle of Relativity’ in 1904, a year before Einstein published his landmark paper on the Special Theory. 

In the 1920s William Ogburn and Dorothy Thomas, two academics from Columbia University, found as many as 148 examples of independent innovation. Multiples are the norm; not the exception. They entitled their paper ‘Are Inventions Inevitable?’.FN42

The reason harks back to the ‘responsive’ nature of creativity. The failures of Newton’s Laws created a specific problem. It invited particular solutions. It wasn’t just Einstein and Poincaré, but also Hendrik Lorentz and David Hilbert who were working on a possible remedy.12 Indeed, the so-called ‘Relativity priority dispute’ is about who invented what, when.13 

And that is why the seductive idea that if Einstein had been born three hundred years earlier, we could have had the benefit of the Theory of Relativity in the seventeenth century is so flawed. Relativity couldn’t have happened back then, largely because the problems that it responded to were not yet visible. 

Einstein may have seen further and deeper than his contemporaries (there is still a large role for individualism: Einstein really was a creative genius), but he wasn’t pulling insights out of the ether. As Johnson writes: ‘Good ideas are not conjured out of thin air.’

Dyson is well aware of this aspect of creativity. ‘Every time I have gone for a patent in a particular field, someone else has got there first,’ he says. ‘I don’t think there has been a single time in all the thousands of patents we have applied for where we were the first. With the vacuum cyclone, there were already a number of patents lodged.’

But this raises a rather obvious question. Why didn’t the person who came up with the original idea for a vacuum cyclone go on to make a fortune (the first cyclone vacuum-cleaner patent was lodged as early as 192814)? Why did Dyson, rather than his predecessors, change the world of domestic cleaning? 

We noted earlier that we tend to overlook what happens before the moment of epiphany. But, if anything, we are even more neglectful of what happens afterwards. This is a serious oversight because it
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