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INTRODUCTION




  Wayne Rooney is lying unconscious on the kitchen floor. In March 2015, footage emerged online of the England and Manchester United striker

  appearing to be knocked out in a light-hearted boxing match with a friend in his Cheshire home. It wasn’t the first time Rooney’s head has made headlines. There are stories about

  whether it’s in the right place whenever his form drops, and there were plenty of puzzled takes on the hair transplant he revealed in June 2011.




  But few reports paused to acknowledge the role played by Rooney’s head in one of the biggest on-pitch stories of his career. On 12 February 2011, he scored the winner in a tight 2-1

  win over Manchester City which played a vital role in securing United’s 19th top-flight English title. Late in the game, a deflected cross from the right-hand side looped up, just behind

  where Rooney was waiting in the area. He turned and, with his back to goal, elected to try the audacious – launching himself into the air to pull off a stunning overhead kick into the top

  corner.




  In 2012, it was voted the greatest goal in the first 20 years of the Premier League, with over a quarter of the vote. The goal was a triumph of quick thinking and improvisation – a goal

  that owed as much to Rooney’s brain as it did to his body. ‘When a cross comes into the box, there are so many things that go through your mind in a split second, like five or six

  different things you can do with the ball,’ Rooney told ESPN magazine, when asked to describe the decision-making process that led him to opt for the

  out-of-this-world.




  ‘You’re asking yourself six questions in a split second. Maybe you’ve got time to bring it down on the chest and shoot, or you have to head it first time. If the defender is

  there, you’ve obviously got to hit it first time. If he’s farther back, you’ve got space to take a touch. You get the decision made. Then it’s obviously about the

  execution.’




  This is a book about decision-making.




  Rooney isn’t the quickest or the tallest – he’s relatively short, stocky and has frequently been accused of carrying too much weight. He left school at 16 with no

  qualifications, as the tongue-in-cheek tattoo on his arm that references the Stereophonics’ album Just Enough Education to Perform attests to. However, Rooney’s mind is active,

  sharp and agile; this is what gives him the edge over those who might be more physically capable.




  Rooney did get an education – on patches of grass on the council estate in Croxteth, Liverpool, where he grew up, despite the signs prohibiting ball games, and in his grandmother’s

  back garden, despite her frustration at him ruining the pebbledash walls. All that experience changed him and made him the player he is today.




  As much as their muscles, it is their incredibly specialised brains that make elite athletes different. The differences may not be as easy to spot as the chunky thigh muscles of sprint cyclists

  or the cauliflower ears of rugby players, but look closely enough and they are there.




  This is a book about how practice changes the brain.




  In Outliers, Malcolm Gladwell popularised the ‘10,000-hour rule’ – the idea that it takes 10,000 hours of deliberate practice to become an expert in any field, including

  sport. Spectacular goals don’t come from nowhere. They are the result of years of practice and hard work. Rooney first came on to Manchester United’s radar playing against them at

  under-9s level, a 12-2 Everton win in which he scored six goals. ‘There was one goal that stood out,’ remembered Paul McGuinness, who was coaching the United side that day. ‘It

  was basically the classic overhead kick, the perfect bicycle kick, which for a kid of eight or nine years old was really something special.’




  Rooney has supplemented all that physical practice by training his brain. Before every game, he visualises himself performing well against the upcoming opponents. ‘I lie in bed the night

  before the game and visualise myself scoring goals or doing well,’ he has said. ‘You’re trying to put yourself in that moment and trying to prepare yourself, to have a

  “memory” before the game. I don’t know if you’d call it visualising or dreaming, but I’ve always done it, my whole life.’




  He’s not alone. Psychologists and neuroscientists are unlocking the secrets of the athletic brain, and using that knowledge to develop new training tools that can help amateurs become

  better, and push elite athletes to new peaks of performance.




  This is a book about breaking the 10,000-hour rule.




  It’s about why athletes choke and how to stop them. It’s about scouting for innate sporting talent and decision-making under pressure. It’s about pushing the limits of

  endurance, hacking our way into the zone, and revealing the damage caused by sporting concussions. It’s about finding out what makes the best athletes different, and then figuring out how to

  close the gap.




  This is a book about unleashing the endless potential of the human brain, and changing sport forever.




  But it starts with a clumsy robot on a crooked pitch.
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CHAPTER ONE




  CRISTIANO RONALDO AND THE ART OF ANTICIPATION




  In a sweltering arena on the north-east coast of Brazil, the competition is heating up. It’s the summer of 2014. The English team’s star striker races down the left, arcs his run to open up an angle for the shot . . . and scuffs it horribly. In fact, it’s such a bad effort that the ball starts to roll

  backwards on the uneven pitch, away from the goal, to anguished shouts from the crowd. Undeterred, the tireless forward turns as his software calculates a new course towards the ball. His motors

  whir in pursuit, but it’s too late. The final whistle sounds, and England’s hopes are extinguished.




  It’s the World Cup, but not as you know it.




  The English striker in this game doesn’t bear much resemblance to your usual international footballer, although he has clocked up similar mileage travelling around the world to

  competitions. Mustachio is not very good in the air, his first touch isn’t great, and he’s wearing a miniature top hat and a monocle. He is a 40-centimetre (16-inch) tall

  ‘humanoid robot’, part of the University of Plymouth team competing at the 2014 RoboCup.




  He does have a bit more in common with the likes of Wayne Rooney than it seems at first glance. The robot’s software is designed to tackle the same problems that

  Rooney’s brain has to handle when he is on the pitch. It’s designed to use similar strategies, starting with working out where the ball is, and where it’s going to be next.




  Mustachio, and his Plymouth teammates Pixel, Gears, Amps and Flux, use identical webcams to collect the visual information they need. Like humans, they can then use that data to work out the

  trajectory and path of the ball, and make decisions based on its movements. Despite the high technology on display, the game is excruciatingly slow. That’s mainly down to the lumbering gait

  of the robots, though – a major stumbling block according to Dr Phil Culverhouse, one of Mustachio’s creators. He seems genuinely delighted as he reports that none of Plymouth’s

  players fell over during the competition in Brazil.




  Sport is a deceptively difficult thing for the brain to do. The simplest of movements requires precise calculations of the speed and trajectory of objects, and of our own position in space.

  ‘There is more computational power in picking up a chess piece and moving it than there is in deciding the chess move,’ says Dr Vincent Walsh of University College London, one of the

  world’s leading cognitive neuroscientists. ‘I don’t think sport gets the respect it deserves in terms of brain processing power. It is a form of intelligence.’




  That’s why the robots remain so far behind. Our brains are still much quicker and more complex. ‘The human system is incredibly complicated,’ says Culverhouse, from his office

  at Plymouth’s Centre for Robotics and Neural Science. ‘Humans have the benefit of some absolutely amazing real-time processing going on in the brain, so we’re a long way from

  being able to do things like them.’




  The human brain is indeed a wonder. Relative to our size, it’s almost twice as large as the brain of any other creature on the planet, and it has immense power. According to one study, to

  perform the same number of calculations per second as a single human brain, you would need to use every computer in the world.




  Part of what makes the human brain unique is the extent of our ‘cerebral cortex’, the tightly folded layers of neural tissue that give us the skills most other

  animals lack – the ability to reason, plan and communicate. The cortex is divided into two hemispheres, and each of those into four lobes: the frontal, parietal, temporal and occipital

  lobes.
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  The lobes are made up of neurons. In total, the brain contains up to 100 billion neurons, thin, branching, wire-like cells that carry the electrical and chemical impulses that make you who you

  are. They both transmit and store information and instructions – they’re the internet connection and the hard drive all rolled together.




  All a single neuron can do on its own is to fire an electrical impulse along its length, a tiny blip like a flicker of light. But it’s the connections that matter: neurons trigger other

  neurons, and it’s the overall pattern of billions of these tiny switches that creates thought and action in response to inputs from the rest of the body.




  It’s like an orchestra – the overall pattern is not clear until you hear all the instruments playing at once. Or, to use a sporting analogy, imagine the crowd

  displays you get before kick-off at football matches, where each member of the audience is asked to hold up a piece of coloured card. All one person can do on their own is either hold up their

  square or not. But bring thousands of people together and they can create pictures or spell out messages.




  You can see this happening in the brain. Thinking about a particular object, experiencing a particular emotion, or carrying out a particular skill causes a specific collection of neurons to

  fire. Scientists have even made tentative attempts to read this brain activity directly. They have, for example, managed to recreate images of faces based solely on the brain activity of people

  thinking about those faces.




  It’s the distributed pattern of firing across millions of neurons that creates thoughts, feelings, actions and the real-time processing that Culverhouse would love to be able to reproduce

  in his robots. This chapter is about how the brains of elite athletes have harnessed that real-time processing power, and how, when applied to vision, it allows athletes to do seemingly impossible

  things.




  Swing and a Miss




  An international fast bowler in cricket can deliver the ball at up to 100 miles an hour. At that speed, it takes less than half a second (500 milliseconds) to reach the batsman

  once it has left the bowler’s hand. Given that it takes around 200ms for the batsman’s eyes and brain to pick up the flight of the ball, and around 700ms for them to move the bat to

  intercept the ball, how are batsmen able to hit the thing at all? Professional baseball players and cricketers routinely connect with deliveries that would leave amateurs swinging wildly at empty

  air, or nursing nasty bruises.




  Anticipation is the key to this riddle. Unlike the robots, which only know where the ball is and where it has just been, elite athletes can glean hints as to a ball’s likely direction from

  other sources. Those who seem to have lightning-quick reactions are actually just picking up information that others can’t. To prove this, Professor Bruce Abernethy and

  his colleagues at the University of Queensland have carried out a series of ‘occlusion’ studies, where they obstruct the vision of batsmen as the ball is being delivered towards

  them.




  It’s not quite as dangerous as it sounds.




  They use special glasses that turn opaque when triggered by a researcher’s laptop or by a foot switch in the bowler’s run-up. In one study, six highly skilled and six low skilled

  batsmen faced three different leg spin bowlers while wearing these glasses, and their vision was shut off (occluded) either just before the ball was released, just before it bounced, or not at all.

  The more skilled players were much better at hitting the ball without being able to see its full flight, just based on information about the bowler’s body and arm movements. Other research

  has found that international cricket batsmen start moving their feet forwards or backwards before the ball is actually released, while less skilled batsmen tend to wait until its flight path has

  become more obvious. More recent studies have reduced the visual information even further: skilled batsmen can still predict the path of a ball when shown only the movement of the bowler’s

  joints, or even just a disembodied arm.




  It’s not just cricket. Abernethy has also asked squash players to predict the direction and force of an opponent’s shot from a film display that would cut off right before they

  played the stroke. Expert squash players were able to pick up more information from the scene than novices. Similar findings have been observed in tennis and football, as technology has made

  conducting these kinds of experiments more simple. ‘It’s a hell of a lot easier now,’ Abernethy tells me over Skype from his office in Brisbane. When he first started doing

  experiments like this in the late 1970s, there was no computer editing software to help. ‘You’d waste a lot of film trying to get the particular samples you would want,’ he says.

  ‘You’d be absolutely petrified that the ball was going to hit the camera, because that would have been a huge expense, and then once you had the footage you had

  to wait for a week or two for the film to get developed. You then had to go in and deal with physical pieces of film – copy them, splice them together. I spent a good part of my life looking

  down a low-powered microscope putting little pieces of black plastic on to the film to occlude particular areas.’ Things have moved on – from film to digital video to actual cricket and

  tennis balls coming at people, and beyond to kinematic displays which just show dots of light for the position of the joints. The common theme underlying these experiments remains the same:

  experts’ brains can pick up and act on the smallest pieces of advance information.




  Not The Face!




  Looking at his goal record for Real Madrid will lead you to one inarguable conclusion: Cristiano Ronaldo can score goals with his eyes shut. On an indoor pitch in a studio in

  Madrid, the three-time Ballon d’Or winner is putting his skills of anticipation on show for a documentary. First up, though, it’s Ronald’s turn. Ronald is an amateur footballer;

  the same age as Ronaldo, but without the requisite skills of anticipation, or the aggressive grooming regime.




  He stands inside the area in front of a full-size goal, waiting for former Southend United player and Soccer AM presenter Andy Ansah to deliver a cross. As the ball comes in, all the

  lights in the studio are switched off. A night-vision camera reveals Ronald’s bewilderment as he flails and fails to connect with the ball.




  Ronaldo does a bit better. He meets the first attempt, in pitch black, with an inch-perfect diving header, and the second with a sweetly struck half-volley into the empty net. ‘It’s

  difficult,’ he says. ‘You have to try and memorise the flight of the ball.’ His brain is able to do that extraordinarily quickly; it takes his eyes just 200ms to pick up the

  information he needs, and his brain only 500ms to calculate the speed and trajectory of the cross and program his body to perform the necessary movements.




  For a final test, the experimenters push Ronaldo’s anticipatory skills to the limit by switching off the lights even earlier, at the moment the ball is released. All

  he has to go on is Ansah’s body shape as he crosses the ball in. Incredibly, what he does is even better than a diving header or a volley. The ball comes across at head height, but Ronaldo

  opts to chest it in, propelling it into the bottom corner with a twist of his powerful shoulders. ‘This was great,’ he says afterwards, grinning. ‘I imagine the ball was coming

  in. I was scared to go with the face, so I go with half chest, half shoulder and put the ball in.’




  The best athletes know exactly where to look to get the information they need. Take former FC Barcelona midfielder Xavi, for example, one of the most decorated yet understated footballers of

  recent years. He was notable not only for his incredibly high pass-completion rate, but also the way he surveyed the pitch, head flicking from left to right like a lizard. ‘Some have a mental

  top speed of 80, while others hit 200,’ he has said. ‘I try to get close to 200. When a player runs at me, 99 per cent of the time they are stronger than me. So all I can do is think

  faster.’




  This is a trait shared by the world’s best passers, as Professor Geir Jordet at the Norwegian School of Sport Sciences discovered when he examined old Premier League footage from Sky

  Sports’ Player Cam – the mode on interactive TV which would follow a single player during the course of a match. He studied the way footballers moved their heads to collect visual

  information. He watched 118 players across 64 matches, tallying up how many times they turned their gaze away from the ball to pick up information about the position and movement of other players.

  Two of the league’s star midfielders at the time, Frank Lampard and Steven Gerrard, topped the charts in terms of the number of times they looked around the pitch: 0.62 visual searches per

  second, which is 37 times a minute. Jordet also found a link between the number of visual explorations and pass-completion rates. ‘That’s what I do: look for spaces,’ Xavi told

  the Guardian. ‘All day. I’m always looking. All day, all day. Here? No. There? No. People who haven’t played don’t always realise how hard that

  is. Space, space, space. I think, the defender’s here, play it there. I see the space and pass. That’s what I do.’




  When we search for objects in our field of view, we don’t do it randomly. Research has found that we use contextual cues to help guide our eye movements – we’ll look for

  surfers in the sea, and cars on the road rather than the pavement. Athletes are the same; they adopt unique visual search strategies tailored to their sport.




  A study published in the scientific journal Nature used head-mounted cameras to measure the eye movements of three cricket batsmen as they faced deliveries from a bowling machine. All

  three players adopted the same approach. First they looked at the point of delivery: where the ball was about to exit the bowling machine. Then they switched their gaze almost immediately to where

  the ball was about to bounce. After it bounced, they tracked it for around 200 milliseconds, enough time for their brains to work out where it was going to end up.




  The best batsman’s eyes were further ahead of the ball. He was able to predict where it would bounce much quicker than the worst player, who took much longer into the ball’s initial

  flight before making an eye movement. This left him unable to play quicker deliveries, because they had already bounced before he had worked out where they were going.




  In another experiment for the documentary, Ronaldo and Ansah were fitted with eye-tracking devices – lightweight headgear consisting of a camera and two mirrors. The Real Madrid player

  tried to keep the ball away from the retired journeyman for five seconds with a series of skills, flicks and moves. The eye-trackers use an infra-red camera to record the movements of the eye,

  which is then combined with a forward-facing camera feed and some clever software to show exactly where a person was looking at any particular moment. The results are fascinating.




  Although Ronaldo glances at the ball frequently as he pulls 13 moves in eight seconds, his eyes are moving around, looking at the defender, scanning the spaces beyond the

  defender, planning his next move. Ansah’s eye movements are all over the place, ‘like a pinball’, he says, compared to Ronaldo, whose eye movements, or ‘saccades’, are

  short, sharp and precise. He looks at the opponent’s foot, his other foot or, most importantly, his hips, to pick up advance cues about his future movements.




  ‘[Ronaldo] is effectively a scholar of football,’ says sports psychologist Zoe Wilmhurst, who administered the tests. ‘It’s the same as learning a new language –

  you build up experience, you learn the basic rules of grammar, in this case the skills, and you put them into the match situation. As you become more fluent you don’t need to think about it

  as much.’




  House of Mirrors




  The brain of a tennis player returning a first serve has to do three things in about half a second. First, it has to sense that an object is moving towards it dangerously

  quickly. Second, it has to identify the object and its likely path. Third, it has to decide the best course of action, which in this case is ignoring the natural instinct to dive out of the way,

  and instead triggering the precise sequence of movements required to direct the object back over the net with the best chance of winning the point.




  Over the last few decades, we’ve discovered more about how athletes’ brains learn to do these things by scanning them using fMRI (functional magnetic resonance imaging). Whereas a

  normal MRI scanner uses powerful magnetic fields to map out the inner health of our joints and organs, or to determine the structure of the brain, an fMRI scanner can measure the flow of blood to

  different areas of the brain in close to real time.




  When people use a particular part of their brain, the neurons in that area use up glucose and oxygen as fuel, and oxygen-rich blood flows into the area to supply more of the raw materials. This

  oxygenated blood, fresh from the lungs, has different magnetic properties to deoxygenated blood, and an fMRI scanner can detect those differences. Therefore, by putting

  people in an fMRI scanner while they complete a mental task, we can get a sense of which areas of the brain are being used to complete it.




  It’s not a direct measure of neural activity because there’s a delay of a few seconds between neural activity and blood flow, and also because the clarity of fMRI is not yet good

  enough to depict things on the minute scale of neurons. But, at the moment, it’s the best tool we’ve got for working out where and how things happen in the brain.




  Bruce Abernethy, working with a group from Brunel University London, used fMRI to examine the brains of elite badminton players as they exercised their skills of anticipation. They scanned

  players of various skill levels as they watched occluded clips of shots being played (the video clips would cut off just before contact was made with the shuttlecock) and tried to predict in which

  area of the court the shots would land. The expert players showed more brain activity in areas of the brain associated with observing and understanding other people’s actions.




  One theory is that this activity represents the brain filling in the gaps and creating an ‘internal model’ – a guess as to what’s about to happen based on the movements

  of the opponent. The more experience an athlete has, the better they are at doing this, and this difference shows up in their brains as well as in their performance.




  A few years later, the same group at Brunel did a similar study with footballers, who watched occluded clips of an opponent running towards them with the ball. In some clips, the players would

  start a feint just before the video cut off, and the footballer in the scanner would have to predict whether they would go left or right. The earlier the clips were cut off, the bigger the

  difference in neural activity between semi-pro and novice footballers on fMRI scans.




  There are cells in the brain called mirror neurons which are specialised for this kind of learning. They were first discovered by chance in the early 1990s by Italian

  researchers, who observed that the same cells would fire in a monkey’s brain when it picked up a piece of food as when it saw a human picking up a piece of food. The presence of mirror

  neurons has also been detected in humans, who show the same pattern of brain activity when they watch their opponent make a move in a video game as when they make the same move themselves.




  About 20 per cent of the neurons in the motor cortex (the area of the brain that controls movement) have this property, and together they’ve come to be known as the mirror system.

  ‘It’s like a virtual reality simulation of the other person’s action,’ says renowned neuroscientist V.S. Ramachandran, who was one of the first to deliberately study mirror

  neurons after their accidental discovery. ‘The neuron is adopting the other person’s point of view.’




  A study conducted with basketball players in Rome used a technique called transcranial magnetic stimulation, or TMS, which involves passing a magnetic coil with a current running through it over

  an area of the brain. It can be used to measure the electrical activity going on inside, or to disrupt it. The researchers showed professional players, coaches and sports journalists occluded clips

  of the early moments of free throws and asked them to predict whether the throws would be successful or not.




  The athletes were better at this, and they were often able to guess correctly even before the ball left the shooter’s hands. They also showed a unique pattern of brain activity in the

  motor cortex. This area of the brain controls movements, but in the case of professional basketball players it was active even when they were just watching free throws on video, and particularly

  active when they were watching missed shots.




  Mirror neurons help the well-trained brains of cricketers, baseball players and footballers to learn from watching their opponents. Combined with their ability to look for visual clues in the

  right places, this enables them to create more accurate predictions more quickly, and to react at seemingly superhuman speeds.




  Eagle Vision




  All athletes learn to anticipate through practice and experience, but some of them have innate advantages. Unlike Plymouth’s robots, which all have the same brand of

  camera, not all human eyes are created equal, and that can make a big difference in sport, particularly when it comes to predicting the flight of a ball.




  We see when light bounces off objects around us and hits the retina, at the back of the eyeball. The retina consists of a field of cells called rods and cones, which form the sensor of the eye;

  they react to light, turning it into an electrical signal which is passed down the optic nerve and into the brain. Just as the number of pixels in a digital camera sensor impacts on the sharpness

  of the pictures it takes, the density of rod and cone cells on the retina can affect the detail with which people are able to see.




  In 1996, David Kirschen, Daniel Laby and colleagues tested 387 professional baseball players on their visual acuity – basically, a pixel count for the human optic system. The players were

  significantly better than the general population: 58 per cent scored ‘superior’ on the tests, compared to 18 per cent of a control group of non-athletes.




  On average, Major League baseball players (excluding pitchers) had a visual acuity of 20/11 in their right eye and 20/12 in their left eye. This means that if the players were looking at an

  object from 20 feet away, someone with standard 20/20 vision would have to be eight or nine feet closer to it to see it with the same clarity.




  Visual acuity is largely determined by the number of rod and cone cells packed on to the retina; this can range from 100,000 to 324,000 per square millimetre. It is thought to be genetic, which

  means that, in certain sports, players are rising to the top partly because of their innate visual abilities. Another study compared 157 Olympic athletes from different sports, and found that the

  vision of those from sports such as archery and softball was better than those from track-and-field and boxing. Athletes without the necessary visual equipment may struggle

  to reach the top level in sports where detailed vision is a big advantage.




  Because of their sharper vision, elite baseball players can collect information about the trajectory of objects more easily. In baseball, the movement of the red stitching on the ball gives

  vital clues about the way a pitch is spinning, which can help batters predict its future flight. Their heightened visual acuity means they can pick up those clues when the ball is further away,

  giving their brain and body more time to react and play a successful shot. This has been called the ‘hardware and software’ paradigm. The visual acuity (hardware) of elite athletes

  makes it easier for them to pick up details, so their brains (the software) have more information to work with in anticipating the ball’s flight.




  That’s not to say that bad eyesight prevents people from reaching sporting greatness, they just might have to develop their skills, or train their software, in a different manner. Cricket

  batsman Don Bradman – considered one of the greatest ever to play his sport – actually had below average eyesight which prevented him from joining the army during the Second World War.

  But, unwittingly, he had worked around that as a child by developing his hand-eye co-ordination. He would spend hours practising hitting a golf ball with a cricket stump as it rebounded off a water

  tank in his family’s back yard. ‘To me, it was only fun,’ he said later. ‘But looking back, it was probably a concentrated exercise in accuracy and wonderful training for my

  eyesight. The golf ball came back pretty fast and I had very little time to get into position for a shot.’ Bradman overcame his visual deficit by training his hand-eye co-ordination. He was

  able to react much later than other players and still play the right shot.




  Generally, though, people with naturally good hardware – good visual acuity or depth perception – can train their software much more quickly.




  In Plymouth’s robots, the distinction between hardware and software is exactly that. They use what Culverhouse calls a ‘multi-threaded’ approach for their visual processing.

  The information coming in is analysed in several ways simultaneously to get the quickest results. ‘We’ve got one thread that collects data from the camera and

  buffers it, and we have other threads consuming data from the camera,’ he explains. ‘One thread is looking for ball and line markings. Another thread is doing obstacle detection and

  looking for other robot players.’ The human brain does something similar, but it’s a bit harder to pinpoint exactly where our hardware ends and our software begins.




  The Great Divide




  Carbon monoxide is colourless, odourless and toxic to humans. It binds with our red blood cells, preventing them from carrying oxygen to the brain. Without oxygen, neurons die.

  In the early 1990s, a 35-year-old woman known only as ‘DF’ suffered carbon monoxide poisoning which left her with two identical brain injuries, or lesions, to the occipital lobes in

  each hemisphere of her brain. DF is one of the most famous cases in neuroscience because her unique injury revealed that our visual processing is split for efficiency, just as it is in the

  robots.




  Visual processing turns light into information. Your brain builds up a picture of the world around you gradually, starting with neurons in the occipital lobe at the back of the brain that are

  attuned to very simple features of the world, and then moving up through a hierarchy of increasing complexity.




  So, for example, there are neurons in the visual cortex of the brain that fire only when you read particular words. Those neurons will receive inputs from neurons that fire only when you see

  certain letters. A neuron that responds to seeing the letter H will be triggered to fire by groups of neurons called ‘feature detectors’ which respond to lines or edges. At the very

  first level of visual processing there are neurons that respond simply to patches of light or shadow. If you look at a black line on a white background – the middle bar of the letter H, say

  – a row of those very simple neurons will fire, starting the cascade that turns light hitting the retina into abstract thoughts and concepts.




  At all levels, visual processing is organised topographically; adjacent areas of your visual field will activate adjacent areas of the brain. The brain is like a real-time

  map of your environment and, step by step, it builds up a picture of the world around you, progressing from simple shapes to complex stimuli such as faces and objects.




  DF’s brain taught us that, at higher levels, visual processing in the brain is split into two streams – one for perception and one for action. The simple feature detector neurons

  feed into these streams, which consist of a series of closely connected and specialised brain areas.




  The ventral stream, or ‘what’ pathway, helps us recognise objects, shapes and colours, and has strong links with areas of the brain involved in memory. There are neurons high up the

  ventral stream called grandmother cells, which respond only when you see a specific person.




  The dorsal stream handles action. It’s also known as the ‘where’ pathway, and is specialised for processing information about the locations of objects in space and their

  movements. There are neurons in these areas that respond to linear or circular motion. Other specialised neurons include ones that fire differently depending on the position of your eyes, which

  could help the brain take into account how your own position is changing relative to an object.




  The dorsal stream is also attuned to detect ‘optic flow’, the way in which the image of an object on your retina changes as it moves. For example, an object getting steadily larger

  in your visual field is probably coming straight at you, and it might be best to take evasive action. Unless you’re a cricketer, in which case you’re expected to catch it or hit it, of

  course.




  The carbon monoxide irreversibly damaged the ventral stream – the ‘what’ pathway – in both hemispheres of DF’s brain, which left her unable to recognise objects.

  She could, however, still perform actions with them, as demonstrated by an experiment in posting letters.




  She was able to post a piece of card through an angled slot with no problem whatsoever, but when she was asked to simply align the card with the angle of the slot, she

  couldn’t. Her ventral stream, which guides perception, was damaged, but her dorsal stream, which guides action, was intact.




  The dorsal and ventral streams work together in sport. Take tennis as an example. The ventral stream collects information to add context and help guide the decision-making process before the

  shot is played. The dorsal stream guides the execution of a shot, making sure the ball is hit at the right time and with the right amount of force. It’s thought that the ventral stream would

  be most involved during the early stages of an opponent’s shot, gauging things such as body position and racket angle, as well as bringing in information from memory about a particular

  player’s known characteristics. This is all with the goal of helping our player’s brain work out whether a cross-court return or an attempt to play a passing shot down the line would be

  more appropriate. As the opponent actually plays the ball, the dorsal stream jumps in to help guide the action and the successful execution of the return shot.




  It is possible that the ventral stream is relied on more by novices, or in unfamiliar situations. One study asked expert golfers to putt with their weaker side. An arrow was placed next to the

  ball, pointing in the general direction of the hole but slightly rotated away from the correct line for the putt. When putting with their weaker side, golfers tended to be more influenced by the

  arrow’s misleading guidance – their ventral stream was using environmental clues to decide the best course of action. When they tried the same challenge with their usual, stronger side,

  this effect disappeared. With more automatic and practised movements, the dorsal stream guides action.




  Scholes Time




  Even at this early stage of cognition, the differences that set elite athletes apart are clear. Whether it’s due to practice, innate hardware, or more likely a mixture of

  both, the brains of athletes in fast ball sports are specialised for anticipation. It’s this ability to anticipate and read their sports that seems to give the best

  athletes all the time in the world.




  Perhaps no one epitomises the power and importance of anticipation more than Paul Scholes. The former Manchester United and England midfielder started his career as a short, asthmatic teenager.

  Like Rooney, Scholes relied on his brain to become one of the greatest players of his generation. Scholes is frequently cited as an inspiration by players like Xavi, Spain’s metronomic World

  Cup winner, for the way he used to drop into space and hit inch-perfect passes over short and long distances. He’s used positioning, movement and anticipation to his advantage against players

  who might be faster, stronger or just bigger, in a compact midfield zone.




  This is what his manager Sir Alex Ferguson had to say about him later on in his career: ‘He has an awareness of what’s happening around him on the edge of the box which is better

  than most players. As a kid he always had a knack of arriving in the right area just at the right time, but he’s proving just as effective from outside the box because he’s using his

  experience in the right way. One of the greatest football brains Manchester United has ever had.’




  When I meet him, Scholes has just embarked on a punditry career with BT Sport, where he’ll be using his sharpened football mind to analyse matches. It’s his last interview of a long

  day in a meeting room at the BT offices just behind St Paul’s Cathedral. The famously reticent man is showing signs of clamming up, but he seems genuinely interested when I tell him about

  Abernethy’s occlusion experiments in other sports. ‘That would be difficult,’ he muses, as he considers whether he could control a pass without seeing the ball coming towards him.

  ‘There must be some football players who would be able to do that, though – but just to pick the flight of the ball would be incredible.’




  The sooner players can pick up the flight of the ball in football, cricket, squash or baseball, the more time they give themselves to decide what to do, and to react. It

  allows players like Scholes to think several moves ahead. ‘The last thing I think about when a ball is coming towards me is where it’s going next,’ he tells me. He already

  knows.




  Players who can do this well often look like they’re playing the game on a different setting to everyone else. I remember going to watch the Portuguese playmaker Luis Figo playing for

  Inter Milan at the San Siro a few months before he retired. Even though he was the oldest and slowest player on the pitch by far, he always seemed to be in acres of space, never hurried, never

  rushed. ‘When you’re playing well, you do feel like you’ve got all the time in the world,’ says Scholes, who had a similar aura on his best days. ‘It doesn’t

  feel like that every week,’ he adds. ‘When you’re not playing too well everything can be a bit of a rush and a bit hurried, but when you’re playing well you do feel like

  you’ve got the pitch to yourself at times.’




  This is a phenomenon that has been reported anecdotally across a number of sports, including by F1 drivers when they pull off an overtaking move, and there’s compelling evidence that

  it’s more than just a feeling.




  Researchers at University College London think the brain has a mechanism for enhancing visual processing when you’re preparing to complete an action. They asked volunteers to react to

  flashing and flickering discs on a screen, either by reaching out to tap the screen, or verbally. The volunteers who had to carry out a physical reaction felt as though they had more time to

  complete the action than those who weren’t asked to move.




  ‘As a midfield player I think the most important thing was always to know where the rest of your team are,’ continues Scholes. ‘I always tried to have a picture in my head of

  where my centre forward was, where my wingers were, where the defenders were. You can’t just receive a ball and not know what’s going to happen or what’s around you.’




  Scholes echoes Rooney’s comments when I ask him to describe his decision-making process as he’s receiving a pass and working out what to do with it. ‘It

  depends on where players are on the pitch, where the ball comes in to you. If it’s where you want it, can you flick it round the corner to your centre forward? Do you have to take a touch and

  do it yourself? It’s something that’s very difficult to explain, but you have the map in your head of where your team are and you take it from there.’




  Just like Plymouth’s robots, which have a top-down map of the pitch programmed into them, elite footballers are very good at knowing and remembering where their teammates and opponents are

  on the pitch. Neurons in their hippocampus (a part of the brain important in learning and memory), known as place and grid cells, have become specialised at tracking their position and the

  locations of their teammates. Everyone has these cells – only a few thousand, but in combination that’s enough to code for all the different locations we might find ourselves in during

  our lives. Place cells are tied to specific locations in the world: when you enter your house, or your office, a specific collection of place cells will be active, and whenever you enter a new

  place for the first time, a new set of neurons will start firing. Place cells tell you where you are relative to specific landmarks, allowing you to remember where you parked, or navigate around

  your house in the dark if you’re up in the middle of the night. When researchers first discovered place cells in rats in 1971, they were able to tell where an animal was in its cage just by

  looking at which cells were active. In sport, place cells might be particularly useful for Formula 1 drivers, for example, enabling them to realise when they’ve reached a particular point in

  a corner so they know when to brake.




  In some sports, like football, athletes can’t afford to be constantly scanning around for landmarks to work out their position on the field, which is where grid cells come in. They were

  first discovered in 2005 by Edvard and May-Britt Moser and John O’Keefe, who shared the Nobel Prize for their work. Grid cells break the world around into triangles, spreading out around you

  like a carpet made of graph paper. When you stand on the point of one of these triangles, a particular grid cell will fire, and when you move, say, two steps forward to the

  point of another triangle, a different grid cell will fire. They mark your place in the world regardless of context, even when you move around. It’s how the best athletes always seem to know

  where the goal is, even when they don’t have time to look up; they have an automatic, innate sense of their position because their brains are trained to map space.




  Athletes like Scholes combine that information with their skill at picking up clues that can help them anticipate what’s going to happen next. In the next chapter, we’ll look at how

  they combine that information with context from other sources to generate ideas about what to do next.




  If researchers could have scanned Rooney’s brain activity as the ball was coming towards him before that overhead kick, they would have seen a whir of specialised activity just below those

  expensive hair implants.




  That’s where information from the place and grid cells is combined with input from memory and vision and feedback from the body, and where the decision about what to do gets made.

  High-speed decision-making is another area that sets athlete’s brains apart, but understanding how and why gives us the opportunity to close the gap.




  





  
CHAPTER TWO




  MIKA HAKKINEN AND THE ILLUSION OF CHOICE




  It is eerily quiet in Greystoke Forest, a stretch of dense pine in England’s Lake District criss-crossed by winding gravel tracks. Cutting

  through the silence like a chainsaw comes the buzz of a petrol engine, and, moments later, the rally car of Elfyn Evans appears, sliding round a bend and throwing up clouds of thick white dust.




  The Welshman is the next great hope for British rallying. He has been compared to the legendary Colin McRae, who won two World Rally Championships, and races for the same team: M-Sport.




  Greystoke Forest is M-Sport’s testing ground, and today Evans is giving journalists a taste of what it is like to be a rally co-driver – one of those hardy folk who sit alongside the

  driver and give them guidance on what’s immediately ahead. Evans has practised on this course plenty of times, so he has no need of the services of an actual co-driver, which is lucky,

  because with my head being buffeted from side to side with the movement of the car, I doubt I would be able to read anything, let alone the dense and detailed symbols the co-driver translates to

  tell his partner what is coming up next.




  Each pair of driver and co-driver have a preferred system of ‘pace notes’, honed over years of practice, but a typical example gives the driver the distance to

  the next corner, the direction and severity of that corner, and details of any hazards such as crests or rocks that need to be watched out for. The instructions for a single corner could be

  something as simple as ‘100 K left 2’, which is a kink to the left in 100 metres with a severity of ‘2’. When more detail is added, the instructions can get a bit more

  complicated. For example, ‘50 caution jump into right 2 tightens don’t cut’ signifies that the road rises to a jump 50 metres ahead and then immediately becomes a right-hand bend

  with a sharpness of ‘2’ which tightens on the exit, and that there’s a hazard on the inside so the driver can’t cut the corner. There is a lot of information to be

  transmitted and, during a World Rally Championship stage, the driver and co-driver will work together over a couple of reconnaissance runs to refine and streamline the pace notes.




  From the outside, Evans’ handling of the car seems perfectly controlled, as he slides around the hairpin we’re watching from and accelerates smoothly towards the next bend. Inside

  the car, it’s a completely different story. Strapped in alongside him in the stark, stripped-back interior of his souped-up Ford Focus, it is absolutely frantic. He slams the gearstick and

  brakes with frightening force, in contrast to the more delicate movements he makes with the steering wheel – constant little adjustments, reacting to changes in grip and slide on an

  unpredictable surface. The 3-kilometre loop of the forest takes under two minutes, and by the end Evans is red-faced and sweating from both the physical exertion and the concentration.




  After the rattle through the woods, I sit down with Evans in M-Sport’s impressive headquarters – a 12th-century building that has been converted from a hospital. There’s a

  jarring contrast between the original stonework of Dovenby Hall and the vast, spotless warehouse extension where the construction work on the team’s rally cars takes place.




  Evans looks much younger than his 27 years, but despite his boyish features he carries himself in the determined manner of an experienced racer, even though it’s

  only his first full year in the World Rally Championship. Prominent ears stick out either side of a shock of short brown hair, and his bright blue eyes slowly scan the opulent surroundings as he

  considers my questions. In an ornate dining room that clashes spectacularly with the bright blue of Evans’ branded racing overalls, I ask him what is going through his head when he’s

  driving at race pace. His answer is surprising.




  ‘The honest truth is nothing,’ he says in his soft Welsh patter. ‘Very few times do you actually have many thoughts in the car when you’re driving, because things happen

  so quickly. You just have to let it come naturally. Yes, there are areas of thought at some point, but you tend to find that when you perform at your best you come to the stage where you

  don’t really know what you’ve thought about for the last 15 to 20 minutes.’




  However, even though Evans might not be aware of it, his brain is still making hundreds of decisions a second. Consider all the things it has to calculate and take into account when he steers

  round a corner. First, it has to process the information coming in from his eyes about his current speed and position on the road. Then, from his limbs and the rest of his body, he’ll get a

  sense of how the car is gripping the road as it approaches the corner, and whether he needs to make any adjustments to account for that. Then, unique to rallying, he’ll also be processing the

  information relayed to him by the co-driver, which Evans will combine with his own memories from previous events at the same course, his assessment of the prevailing conditions, and his knowledge

  of the best or fastest line to take through the corner. During a competitive event, his brain will also be factoring in information relayed to him by his team about how his rivals are doing,

  whether he should take a gamble and push to gain time, or play it safe and consolidate his position.




  This all happens before he has even started steering or braking to take the corner. Even a simple decision about how much to turn the wheel or press the throttle requires the brain to weigh up

  dozens of different sources of information in a split second, carry out complex calculations, and spit out an answer that is quick enough, accurate enough and flexible enough

  to cope with changing conditions. As the number of variables increases, the complexity rises exponentially, and this is something that is true across all sports. This chapter is about how athletes

  make sense of the whirlwind of information that surrounds them, and how they use it to make quick and accurate decisions.




  Even doing something that seems relatively simple like controlling a football or catching a cricket ball requires calculating the trajectory of an object moving at speed, changing one’s

  own direction to meet it, and then making movements precise enough to connect with it in such a way that it doesn’t simply bounce away. This requires an immense amount of processing power,

  which is one of the many reasons why Mustachio and his robotic teammates won’t be beating Real Madrid any time soon.




  The robot footballers at the University of Plymouth have a memory chip which stores all the information they need for working out what to do next. The chip, says Phil Culverhouse,

  ‘maintains a real-time copy of everything that is happening, including all the sensor input from the robot, where they think the ball is, where they think the goal is, and all the sensor

  input from all the other robots so any individual robot can make a decision about what it is going to do next’.




  The human system is quite similar. But even the remarkable brains of athletes don’t have infinite processing power. There’s only so much information we can hold in our heads at any

  one time; only so much capacity in our own memory chips. Psychologists call this concept ‘working memory’, and have used many different analogies to explain it over the years. In the

  1950s, it was thought of as a blackboard, but now the best analogy is probably the RAM on a computer. Our working memory holds all the information we need to perform whatever task it is we’re

  currently trying to complete.




  In the 1950s, a Princeton psychologist called George Miller published his discovery that the average person can only hold between five and nine items in their working

  memory. This average of 7+/-2 became known as Miller’s Law, and it holds true across a number of different categories. You can try it with numbers. Look at this list and then cover it up for

  about 10 seconds and see how many you can recall in order.




  

    58201230719662742015


  




  People use different strategies to try to remember a list like that. A lot will try to repeat the numbers back to themselves in their head, as you might do when you’re trying to retain a

  phone number while looking for a pen. As per Miller’s Law, most people will be able to remember around seven items and then struggle. That’s just one fairly straightforward set of

  information. Determining the correct course of action in a sport such as rallying requires taking into account hundreds of interlocking variables, and making the calculations to execute those

  actions accurately. It’s certainly more than seven bits of information.




  So, are the brains of elite athletes like Elfyn Evans different? Do they have a bigger working memory capacity to allow them to make all the calculations they need to, or more processing power

  to churn through them more quickly? The answer is usually no. But the brains of elite sportspeople have developed unique processing strategies to help them perform.




  On Fire With The Flying Finn




  The brake discs are on fire. Mika Hakkinen has just come screeching into the pits at Silverstone in a Mercedes AMG, and he has been driving the car so hard that the carbon fibre

  pads that apply friction to the tyres have actually ignited. The two-time Formula 1 world champion steps out of the car in black leathers, which are bulging slightly more than they did at the peak

  of his career, ruffles his blond hair and casts an amused look at a technician rushing forward with a fire extinguisher. There is much mirth from many of the watching crowd,

  here for a media day with one of McLaren’s sponsors, but not from me. It’s my turn next.




  After a short break to let the car cool down a bit, I join the Finnish driver for a blast around Silverstone’s famous circuit. He is driving on the absolute edge – tyres screeching,

  throwing up smoke, engine roaring in our ears. At one point he actually pushes it a bit too far and starts to slide into the gravel. You might expect absolute concentration from someone pushing a

  highly tuned machine to its limits at speed, as we saw from Elfyn Evans earlier. But, instead, Hakkinen is laughing and joking. ‘This is how I drive my family to the shops!’ he shouts

  over the engine’s throaty growl, before glancing at the in-car radio and asking whether I want him to put on some music. I do not.




  The reason Hakkinen is able to hold a conversation while zooming around a circuit at speed is because he has had years of practice, and that practice has changed the way his brain works. Instead

  of being handled by the conscious parts of his brain, all the complex decisions and movements required to handle the car and select the right braking points and steering angles have been outsourced

  to the subconscious regions.




  The decisions have become automatic, freeing up areas of the brain involved in more conscious thought to focus on higher concerns – in this case, terrifying journalists.




  The road to this kind of automaticity starts with chunking. Chunking is reminiscent of the process of refinement a rally driver and his co-driver go through with the pace notes before a stage.

  It is taking information and grouping it in a way that makes it easier to process. Think back to the numbers I asked you to remember just before. Now try the same numbers again, but

  ‘chunked’ into a format we’re more familiar with.




  

    5/8/2012, 30/7/1966, 27/4/2015


  




  They are dates of course. In this case the dates of Super Saturday for Great Britain at the London Olympics, England winning the World Cup, and AFC Bournemouth effectively

  sealing their promotion to the Premier League. You were likely able to apply your knowledge of date formats to the data to break it into more meaningful sections. The 7+/-2 limit of Miller’s

  Law still applies, but you have circumvented it by turning 20 bits of information into just three.




  In the 1960s, a Dutch chess player and psychologist called Adriaan de Groot ran an innovative experiment where he showed chess masters and less skilled players chess pieces arranged on a board.

  After five seconds, he took the pieces away and asked the participants to reconstruct the layout from memory. The masters were much better at doing this, but only when the pieces had been

  configured in an arrangement that you might see in a real game of chess. Instead of simply seeing the pieces arranged randomly as a non-expert might, they broke them down into a meaningful chunk,

  the same way you might break up a string of letters into words, or a string of numbers into dates.




  Chunking lets experts process the same amount of information while using fewer mental resources, and they do it automatically. Another study of chess players showed them a layout and asked them

  to recreate it on another board. The experts needed fewer glances at the first board to put the pieces in the right place than novices did.




  The same thing has also been observed in more athletic pursuits.




  As Liverpool’s great team of the late 1980s and early 1990s were unravelling, to be knocked off their perch by a Manchester United side that included Scholes, researchers from the two

  rival cities were collaborating to test the spatial abilities of football players. They showed players 10-second video sequences of games. The clips were either structured – for example, the

  build-up of an attack through passing; or unstructured – the somewhat chaotic arrangement of players following a rebound or a turnover in possession. Experienced players were much better at

  remembering the positions of specific players in structured clips than inexperienced players were, but this advantage disappeared for unstructured clips.




  American football players needed fewer looks at a formation layout to recall it accurately; they too chunked it into larger pieces, resulting in fewer bits of information to remember. High school American football coaches were able to fill in a playing scene accurately without even having seen the whole thing. They were shown limited information, but were able to use their sporting

  knowledge to work out what category of play they were looking at and fill in the gaps. Where a non-expert might see a seemingly random assortment of players, experts see and think in patterns.




  The way that coaches and quarterbacks in American football communicate which plays they want their players to run is another vivid example of chunking in sport. It can cause problems when

  players change teams, as former NFL quarterback Trent Dilfer told now defunct sports website FanHouse in a piece about the different strategies players adopt to memorise the complex and intricate

  sequences. ‘A lot of coaches use numbering systems,’ he said. ‘Red Right 22 Texas is a West Coast play. In another system it’s Split Right Scat Right 639 F Angle.’




  The way that we describe formations in football is a simpler form of chunking: 4-4-2 or 4-3-3 describes the position of 10 outfield players on the pitch, turning 10 bits of information into just

  three. Like the pace notes used by the rally drivers, elite sportspeople have structures in place to break down complicated information into chunks that are easier to remember, freeing up their

  mental resources and attention. For Dilfer, there’s a difference between just learning a play and ‘owning it’. ‘Owning it to me goes from knowing it, to understanding it, to

  it becoming instinctive,’ he said.




  Automatic, Systematic, Hydromatic




  Chunking isn’t confined to abstract things such as numbers or positions. It also happens whenever you learn a new skill. The first time Evans got

  into a car his movements would have been slow and deliberate, just like anyone learning to drive. He would have found it difficult to focus on steering and changing gear at the same time, or

  lifting the clutch and pressing the throttle simultaneously to find the biting point.




  It’s the same for everyone. When we’re first learning to do something, we may know what we’re meant to do but it’s hard to hold everything we need in our heads; we find

  it difficult to remember how to change from second to third gear while also remembering to put our foot on the clutch, check our mirrors and keep the car on the road. With practice, the skills

  undergo a process of chunking, becoming more and more automatic. We start ‘owning them’.




  Two American researchers, Matthew Smith and Craig Chamberlin, demonstrated this when they asked a group of footballers to dribble through a slalom course, and then repeat it while simultaneously

  keeping an eye on a screen on the wall to look out for when a particular shape appeared on it. The novice players really suffered. Their times were much slower because their brains couldn’t

  handle the load of completing both tasks together. But the experts were almost as quick as they had been before, even with this extra task added.




  You can see this change from conscious to automatic control happening in an fMRI scanner. Researchers at Stanford University in California scanned people’s brains while they completed a

  reaction-time task, and found that the brain was initially active in a wide range of areas, but as people learnt how to do the task, the activity in those areas decreased. This is something

  we’ll revisit later in the book – elite athletes’ brains tend to run more ‘quietly’ than those of non-experts.




  Further down the California coast at the University of Santa Barbara, Nicholas Wymbs tapped into the neural processes underlying motor chunking, the process by which physical skills become

  automatic. ‘You can think about a chunk as a rhythm,’ he said, referring to the pattern of sequences and pauses when we’re learning something new, whether

  it’s a gap between the first and second part of a phone number or between the component parts of a tennis serve.




  To start with, the prefrontal cortex is heavily involved. This hugely important area is right at the front of the brain and it is involved in a wide range of higher mental functions, from

  attention and working memory to personality and social behaviour. It also helps us break down a complex skill into more manageable pieces when we’re learning it. You might break down a tennis

  serve into the ball toss, the swing and getting set for the return, for example. But in order to make everything automatic, the brain needs to knit those individual pieces back together into a

  fluid whole. Wymbs and his colleagues scanned people’s brains while they tapped out a sequence of keys based on some notation in front of them, almost like playing a piano or the guitar (or

  the video game Guitar Hero). ‘After practising a sequence for 200 trials, they would get pretty good at it,’ he said. ‘After a while, the note patterns become familiar. At

  the start of the training, it would take someone about four and a half seconds to complete each sequence of 12 button presses. By the end of the experiment, the average participant could produce

  the same sequence in under three seconds.’




  The brain scans revealed that a deep and primitive part of the brain called the basal ganglia took over as tapping out the sequence became more automatic. It’s almost as if automaticity is

  cutting out the middle man; like a new employee being trained, once the basal ganglia has been told what to do and repeated it enough times, it can complete the task on its own without supervision

  from the higher areas of the brain. In fact, like said employee when their boss is breathing down their neck, performance can often suffer when the conscious brain tries to take over again.

  Athletes can end up overthinking something they usually do without conscious thought, and as a result their movements revert to those of a novice – jerky, unco-ordinated and disastrous. This

  is one of the classic mechanisms of choking under pressure and it’s something we’ll delve into in more depth in a later chapter. One study illustrates the importance of automaticity

  particularly well, however.




  Two economists at the University of Pennsylvania, Devin Pope and Maurice Schweitzer, analysed over 2.5 million golf putts from various levels of competition, and

  discovered that professional golfers were less accurate when putting for birdie than they were when trying to make par, regardless of the distance or difficulty of the putt. When players were on

  the verge of improving their score, their attention was drawn to their movements and the conscious part of the brain started interfering. Something that should have been an easy, automatic task

  reverted to the insurmountable feat of co-ordination it seems like on the surface.




  When a novice cricketer starts to run in to bowl, he’ll be thinking about the grip of the ball in his hand, hitting the crease without putting his foot over it, timing the leap to maximise

  the momentum of his bowling arm, and keeping that arm as straight as possible. His prefrontal cortex will be buzzing with variables and information.




  When a more experienced player runs in, he will not be thinking about any of that. His basal ganglia will have taken over control of the bowling action. If he is thinking at all, it will be

  about where he is going to pitch the ball, the weaknesses of the batsman at the other end, and how this delivery fits into the sequence he’s going to use to try to get the batsman out.




  It is not possible for the limited capacity of our working memory to consciously handle all the variables required to bowl accurately at speed, or hit a tennis return, or pull off an overhead

  kick. But when the processes become so automatic that we don’t even have to think about them, we can do things that at first seemed impossible, and we can do them in the face of all kinds of

  distractions.




  ‘You Get The Decision Made’




  ‘When a cross comes into a box, there are so many things that go through your mind in a split second, like five or six different things you can do with the ball,’ is

  how Wayne Rooney describes his decision-making process in that ESPN magazine interview from the introduction. ‘You get the decision made,’ he continued.

  ‘Then it’s obviously about the execution.’




  To get the decision made, the brain needs to take into account information from a number of different sources, generate potential options, and weigh up the risks and rewards of each one before

  making a choice. To find out how it does it, I got in touch with an old friend for a bit of help. Dr Nils Kolling was my tutorial partner at university and he still works in the imposing concrete

  block that is Oxford University’s Experimental Psychology department, where he conducts research into how the brain makes decisions and weighs up risk.




  ‘This is a very interesting question, especially in regards to people with high degrees of expertise such as professional athletes,’ he says. ‘The shortest answer is that the

  brain makes decisions using a variety of different systems depending on the particular situation at hand. Every decision-making system and its corresponding neural structures have their own

  specification, advantages and disadvantages, competing with each other constantly to drive behaviour.’




  There are at least three systems, ‘but probably more’, and it’s likely that athletes switch between them pretty fluidly while performing their sports.




  The first group are the slower, harder decisions, the kind we all have to make regularly at work and in our personal lives. Think of a football manager surveying the transfer market and choosing

  between a flashy winger or a solid centre half, or a tennis coach trying to work out what advice to give a player being battered by his opponent’s powerful backhand. An area at the bottom of

  the frontal lobe called the ventro-medial prefrontal cortex (vmPFC) is involved in evaluating various options according to a number of different criteria. ‘For example, when buying a house

  you might consider its price, location and a million other factors to come to a single simple desirability index or universal currency value and pick accordingly,’ says Kolling. ‘The

  vmPFC is the area that allows you to do so, and without it people sometimes make inconsistent decisions.’




  The second group are automatic decisions, things such as how to control a pass in football, which as we’ve seen are often associated with subcortical, more evolutionarily basic structures

  including the basal ganglia. ‘A lot of these things might not even look like decisions anymore,’ says Kolling.

OEBPS/html/docimages/front.jpg
BEFORE YOU GET STUCK IN,
WHY NOT SIGN UP...?

Thank you for downloading this S&S eBook.

If you want to hear about special offers,
receive bonus content and exclusive info on new
releases, then sign up to our eBook newsletter!

Sign Up Here

HISTORICAL — CRAFT — |
_ SCIENCE-FICTION — H!
S — PARENTING — EROTI

i IELE L i s S Wi





OEBPS/html/docimages/title.jpg
THE
ATHLETIC
BRAIN

How Neuroscience Is Revolutionising Sport
and Can Help You Perform Better

AMIT KATWALA

SIMON &
SCHUSTER

London - New York - Sydney - Toronto - New Delhi

A CBS COMPANY





OEBPS/html/docimages/cover.jpg





OEBPS/html/docimages/1.jpg
Parietal lobe

Occpta;?x

\ - A
s
Y=
@)

Temporal lobe

Frontal lobe






