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Introduction


‘How did you do that?’


        ‘Sorry?’


        ‘How did you do that?’


        The scientist was looking at me with a puzzled expression. We were not in any laboratory, nor was he asking me about any of my memory, linguistic or numerical skills. We were standing on a lawn outside the research centre where I had come earlier in the day for a variety of cognitive tests. Next to him was my mother, who had accompanied me on the trip from London. We were in the process of having our photo taken together when, after a few moments in front of the digital camera, I relaxed and started to step away. How, the scientist wanted to know, had I been able to perceive the photo being taken when, standing right next to me, he had not heard a click or seen any flash. Was my brain really that extraordinary?


        Well, yes, but not for the reasons that the scientist imagined. Though the camera had indeed made no noise when the photo was taken, it had produced a pinprick of blurry red light. My autistic mind – wired in such a way that I am able to spot tiny details that most other people miss – had perceived it effortlessly. After I explained this to the scientist, he asked for another photo to be taken. By looking carefully where I told him I had seen the red dot of light appear, he was able to see it too.


        For the record, I will confirm that I have no telepathic relationship with cameras, nor any extrasensory perception for knowing when a photo has or has not been taken. Rather, what I had done that day was simply an extreme form of an everyday act: to see. We rely heavily on our eyes to provide much of the information we obtain about the world around us, and it is for this reason that a significant portion of the human brain is devoted entirely to visual processing.


        The scientist who thought I had perceived the photo being taken with the aid of some unknown power had arrived at a wrong but surprisingly common conclusion: that individuals with very different minds must use them in some fundamentally different, almost magical way. As one of the world’s few well-known autistic savants, I have received all manner of strange requests: from being asked to predict the following week’s winning lottery numbers, to requests for advice on building a perpetual motion machine. Little wonder then that conditions such as autism and savant syndrome remain poorly understood by most people, including many experts.


        It is not only savant minds that are considered somehow supernaturally gifted and therefore set apart from those of most other people: the success of outstanding individuals in numerous fields, from Mozart and Einstein to Garry Kasparov and Bill Gates, has been attributed by many to minds they regard as unearthly and inexplicable. I think this view is not only erroneous but also harmful, too, because it separates the achievements of talented individuals from their humanity; an injustice both to them and to everyone else.


        Every brain is amazing. Researchers know this after many years of studying the minds of highly gifted people, as well as those of housewives, cab drivers and many others from all walks of life. As a result, today we have a far richer, more sophisticated understanding of human ability and potential than ever before. Anyone with the passion and dedication necessary to master a field or subject can succeed in it. Genius, in all its forms, is not due to any mere quirk of the brain; it is the result of far more chaotic, dynamic and essentially human qualities such as perseverance, imagination, intuition and even love. Such an understanding of the human mind enriches rather than detracts from the popular appreciation of the accomplishments of highly successful individuals.


        This book is about the mind – its nature and abilities. It combines some of the latest neuroscientific research with my personal reflections and detailed descriptions of my abilities and experiences. My primary intention in writing it is to show that differently functioning minds such as mine (or Gates’s or Kasparov’s) are in fact not so strange and that anyone can learn from them. Along the way, I hope to clear up many misconceptions about the nature of savant abilities and what it means to be intelligent or gifted.


        Chapter 1 looks at the fascinating complexity of the human brain and surveys some of the latest research findings from the field of neuroscience. Here I tackle head-on some of the most common misconceptions concerning the brain, such as the idea that it does not change after birth or that the computer is a good analogy for how our brains work. I also assess several claims about savants and give evidence indicating that savant brains are not so different from anyone else’s.


        Chapter 2 is a study of intelligence that questions whether IQ is an accurate indicator of intelligent behaviour, and looks at alternative ways of thinking about intelligence. I also examine the nature of genius and whether it is the result of innate talent, practice, or both.


        Chapters 3, 4 and 5 include detailed descriptions of my own abilities in memory, language and number sense – areas where my autism helps me to excel. These chapters represent the most comprehensive personal account of savant ability ever written. Rather than encourage readers to merely gawp at the abilities of savants such as myself, I show that anyone can learn from them how to better understand and use their own mind.


        Drawing again from my own personal experiences (as well as those of other autistic individuals), Chapter 6 explores creativity and the possibility that some neurological conditions predispose individuals to extra­ ordinary forms of creative thought and perception. I describe little-known forms of creativity, such as the phenomenon of languages created spontaneously by some children, and refute the myth that autistic savants are incapable of genuine creativity, using examples from my own and others’ work.


        In Chapter 7, I examine what the latest scientific research tells us about the complexity and limitations of our perceptions. I also explore how biological differences can cause different people to see the world in very different ways. Sections on the puzzle of optical illusions and the psychology of art dem­ onstrate the malleability and subjectivity of the mind’s eye.


        In Chapter 8, I look at the nature of information and its relationship with our minds in the Internet age of Wikipedia, twenty-four-hour rolling news broadcasts and the ubiquity of modern advertising. I explore the role of words in shaping how we perceive and think about something, and how we share knowledge through such means as gossip and urban myths. I also give suggestions on how we can learn to navigate our information-dense world and reduce the risk of information overload.


        In Chapter 9, I demonstrate and explain the benefits of and methods for thinking mathematically. I show how ordinary intuitions can often lead to wrong conclusions, and how a lack of understanding of probability can result in bad choices. I also analyse complex real-world entities, such as lotteries and voting systems, from a mathematical perspective and show how certain statistical arguments for popular claims do not add up. A final section helps you learn how to use numbers and logic to think more carefully and successfully.


        The tenth and concluding chapter looks at the future of the human mind, from the remarkable medical and technological breakthroughs that are transforming the treatment of injured and diseased brains, to the new insights of cognitive researchers that suggest our minds extend far beyond the confines of the head. I also assess the claims of futurists who assert that, inevitably, mind and machine will merge and give rise to a new ‘cyborg’ species. I finish with some personal reflections on what I hope the future will bring for every kind of mind.


        A final note: the title of this book was inspired by one of my favourite poems, a meditation on the mind by the celebrated nineteenth-century American poet Emily Dickinson. Every schoolchild should learn these verses:


 


The brain is wider than the sky,


For, put them side by side,


The one the other will contain


With ease, and you beside.


 


The brain is deeper than the sea,


For, hold them, blue to blue,


The one the other will absorb,


As sponges, buckets do.


 


The brain is just the weight of God,


For, heft them, pound for pound,


And they will differ, if they do,


As syllable from sound.










1


Wider than the Sky


Our minds are miracles – immensely intricate webs of gossamer light inside our heads that shape our very sense of self and our understanding of the world around us. Moment by moment throughout our lifetime, our brains hum with the work of making meaning: weaving together many thousands of threads of information into all manner of thoughts, feelings, memories and ideas. It is these processes of thinking, learning and remembering that make each of us truly human.


        And yet much of what goes on between our ears remains a mystery. Perhaps this is not surprising, considering that the brain is the most complex object known to man. Every action, from wriggling our toes to performing calculus, involves a breathtakingly sophisticated choreography of neural activity that scientists are only just beginning to understand. By adulthood, this jellylike mass of tissue weighs a little more than a kilogram and contains around 100 billion neurons and as many as 1 quadrillion (1,000,000,000,000,000) connections – a greater number than stars in the known universe.


        This unique complexity is a headache to researchers attempting to get to grips with it. Imagine the challenges inherent in trying to study something as intangible as a thought or a flash of inspiration. In spite of such problems, and the fact that the field is still in its infancy, neuroscientists have revolutionised our understanding of the brain in recent years, helping to treat a host of previously intractable illnesses and transform how we think about ourselves. I, for one, owe my life and self-understanding to such advances.


        My brain has been scanned on numerous occasions by doctors treating the epilepsy I had as a young child and more recently by researchers looking inside my head for clues to how my brain works – and for what it might tell them about how brains function generally. Having a brain scan is an unusual experience, beginning with a person in a white coat asking you whether you have any metal plates in your head or shrapnel in your body. This is because the scanner, known as an MRI (magnetic resonance imaging), uses an extremely powerful magnet to realign the atoms in your head so that they produce signals that a computer can process to generate a three-dimensional representation of the brain.


        The scanner itself is the shape of a large cylindrical tube surrounded by a circular magnet. You lie on a moveable table that slides into the centre of the magnet. Being inside the scanner can make you feel rather claustrophobic, which is exacerbated by the need to remain completely still so that the imaging can work properly. The scanner is also very noisy, producing loud thumping and humming noises during the imaging. Fortunately, the entire examination usually takes less than an hour to complete, and is broken up into multiple runs (sequences) that each last several minutes.


        The last time I was inside the scanner, a screen positioned above my head showed strings of numbers flashing across it that I was told to memorise. This task causes increased metabolic activity – including expanding blood vessels, chemical changes and the delivery of extra oxygen – in the areas of my brain involved in my numerical skills. In a room next door, the scientists used computers to record this neural activity in highly detailed images that showed how my brain reacts to numbers. They could also visually compare my brain’s activity with that of other people performing the same task.


        It might all sound like something out of Star Trek, but this sort of technology is becoming increasingly commonplace around the world. Scientists are beginning to catch up to the complexity of the human brain, gaining insights that just a few years ago would have been unthinkable. In the pages ahead, I survey some of the most exciting findings and explore just what this new science teaches us about how all human brains work. First, let’s look briefly at the dynamic stages in the development of the brain.


A Brief History of the Brain


I am not the same person I was ten or twenty years ago. That is because my brain is not the same as it was one or two decades ago, or indeed the same as it was one or two days ago. Our brains are in a constant state of flux that continues throughout each lifetime. This ongoing process of change and adaptation begins at the very dawn of our lives.


        Each child’s birth is a Big Bang – the dawning of a tiny yet extremely complex cerebral cosmos. Indeed, the process of creation is already apace within the first weeks of gestation, with the neurons forming at a dizzying rate: quarter of a million per minute. A fetus’s brain will produce around twice as many nerve cells as it will eventually need – nature’s way of giving the newborn the best chance of coming into the world with a healthy brain. Most of the excess neurons are then shed midway through the pregnancy.


        While the newborn baby’s brain contains an immense wealth of neurons, they are still immature and many are not yet ‘wired together’. Almost immediately following birth, the newborn’s brain begins forming trillions of connections between the neurons, enabling the infant to see, hear, smell, think and learn. These connections between different neurons (known as synapses) are formed by electrical activity inside the brain that is triggered by the child’s experiences as he starts to absorb the sights, sounds and sensations of the outside world.


        By age two, the infant’s brain has twice the number of synapses and uses twice the physical energy as an adult’s brain. Around this time, many of these connections are pruned from lack of use while others are strengthened as the brain gradually fine-tunes itself. A person’s neural architecture is largely fixed during these critical first few years of life.


        Further rapid, significant changes in the brain occur during adolescence, making it in many ways the most tumultuous period of development since emerging from the womb. For example, researchers have found that the amount of grey matter (neural tissue) in the frontal lobe – the part of the brain where emotions, impulses and judgements are processed – grows suddenly just before puberty, around age eleven for girls and age twelve for boys, followed by a pruning back throughout the teenage years. This process of frontal lobe development lasts well into the early twenties, which helps explain the impulsive behaviour and mood swings of many teenagers.


        Supporting the idea that the adolescent brain is a work in progress is another study which asked a group of adults and teenagers to identify an emotion from pictures of people showing various facial expressions. The adults scored well, but many of the teenagers got it wrong. By scanning the participants’ brains while they were taking the test, the researchers discovered that the teenagers were using a different part of their brain – the amygdala, the cerebral source of raw emotions and instinctive ‘gut’ reactions – than the adults. The good news for parents is that the focus of brain activity gradually shifts from the amygdala to the frontal lobes as teens mature into adulthood.


        Of course, age does not necessarily bring with it much opportunity for calm, reflective reasoning since our most productive adult years are often marked by periods of chronic stress, which take a toll on the brain. In stressful situations, our bodies produce a heightened flow of a class of steroid called glucocorticoids, which make us more alert. Unfortunately, they also turn out to be toxic for the brain. As stress persists, neurons weaken and the hippocampus – a part of the brain crucial for learning and memory – starts to shrink.


        Researchers have observed the same changes in the brains of adults suffering from depression, the most common form of mental disorder, a condition that affects as many as one in five people at some point in life. Scientists now know that anti-depressants are effective in treating clinical depression not, as once thought, because they elevate serotonin levels in the brain but because they help increase the production of a class of protein, known as trophic factors, which makes neurons grow.


        As early as the 1960s, scientists discovered that animals’ brains were capable of generating new cells. In a series of pioneering studies on birds, neuroscientist Fernando Nottebohm showed that neurogenesis – the process of creating new brain cells – played an essential role in birdsong. Without these brand new neurons, male birds would be incapable of singing as they do. As much as 1 per cent of the neurons in the birds’ song centre are created anew each day.


        Not until the late 1990s, however, did scientists uncover evidence that adult neurogenesis occurs in humans, overturning the prevailing view that mature brains only lose cells, not grow new ones. More recently, researchers tracked some of these new neurons in test subjects, measuring the cells’ electrophysiological activity to help determine their behaviour. The team found that there is a two-week window, around a month following the new cells’ birth, during which they act like the neurons of a newborn baby. The fact that these adult-born neurons can form connections indistinguishable from neurons that form early in life means that future scientists may be able to find a way to repair damaged brain tissue.


        Adult neurogenesis occurs only in specific structures of the brain, such as the hippocampus. Elsewhere the numbers of brain cells decline as we age. On average, the brain loses between 5 and 10 per cent of its weight between the ages of twenty and ninety. Despite these facts, age-related cognitive decline is not inevitable. Many people work, learn and study even into advanced old age. A fine example is the poet Stanley Kunitz, who became poet laureate of the United States at ninety-five and published his final book aged one hundred. The normal ageing process may even confer unique advantages on the brain that form the basis for wisdom. Research suggests that advancing age increases emotional stability, because the brain increases its control over negative emotions as it becomes more able to draw on positive ones. As older people accumulate more knowledge, they also build more networks of connections in the brain, thus helping it to work better.


Changing Our Minds


Neuroscience’s breakthrough discovery of the brain’s ability to grow and change throughout our lifetime, known as neuroplast­ icity, contradicts the classical view of the adult brain as inflexible and mechanical, each part having a fixed, specific role, ticking along monotonously, and gradually wearing down with age like a machine. In its place, we find a new model of the adult brain as a supple, dynamic organ capable of responding successfully to injury and even of thinking itself into new synaptic formations. The implications are staggering, not only for patients with neurological injury or disease but for everyone.


        Take one example of our new understanding of the brain’s resilience: doctors once considered damage caused by a stroke irreversible, but recent advances in treating the condition ind­ icate otherwise. Doctors now consider a stroke a ‘brain attack’ and treat it along the lines of a heart attack, with various medications and physical and mental exercises that aid functional recovery by working with the brain’s natural plasticity. A common result of stroke, for instance, is damage to the motor cortex, which helps control and execute our body’s movements. Doctors now use a treatment called constraint-induced (CI) movement therapy that works by encouraging additional areas of the cortex to take over the role of the damaged part. In CI therapy, the patient is forced to use the affected arm by restraining the other in a sling. This helps the stroke patient overcome a phenomenon known as ‘learned non-use’. Obviously, when an area of the brain loses function, the part of the body linked to this area is also affected and loses mobility. Unable to move the affected limb, the patient compensates by using the other. In time the brain adapts so that recovery of movement becomes possible, but by that time the patient has already ‘learned’ that the limb is no longer functional.


        As part of the therapy, the patient uses the affected arm intensively over a period of two weeks, in regular activities such as dressing, eating, cooking and writing. At the same time, the patient also undergoes a vigorous six-hour daily programme of physiotherapy. The increased use of the affected arm stimulates the area of the brain connected to it, with the result that the cortex assigns new neurons to moving the arm. In time, the patient is often able to recover much of his limb’s former ability.


        An example of how even our perceptions can alter the structure of the brain comes from the phenomenon of phantom limbs: the sensation that an amputated limb is still attached to the body and can move and feel normally. Most amputees experience these phantom sensations, which are often painful. Some report that the missing limb feels as if it takes on a life of its own, one beyond their control. The neurologist V.S. Ramachandran hypothesised that phantom limbs were the result of ‘cross-wiring’ in the somatosensory cortex, a part of the brain that is activated whenever the body is touched. In fact, the complete surface part of a person’s body is mapped on that of his brain, so that if, for example, someone touches his hand, neurons in the corresponding part of the brain respond. Professor Ramachandran’s theory was inspired by the work of researchers who discovered that the brain modified its sensory mapping when part of it stopped receiving impulses. Following an amputation, the neighbouring areas in the cortex (those correlated with the arm and face) take over the role of the area for the missing hand.


        To test his hypothesis, Ramachandran worked with an amp­ utee named Tom who had lost his left forearm in a car accident and subsequently reported an itching sensation and pain in his phantom fingers. Ramachandran blindfolded Tom before using a cotton bud to stroke various parts of Tom’s body, asking him where he felt the sensations. When Ramachandran touched Tom’s cheek, Tom felt sensation in his missing thumb; when he touched Tom’s upper lip, Tom felt the touch in his phantom index finger. Touching Tom’s lower jaw caused feeling in his missing little finger. In this way, Ramachandran was able to find a complete map of Tom’s missing hand on his face. Subsequent brain scans of patients with phantom limb syndrome confirmed the professor’s findings: the brain adapted its inner structures to maintain a feeling that the body was whole.


        Ramachandran surmised that the phantom limb pain felt by some amputee patients was the result of a form of learned paralysis – similar to the learned nonuse of limbs seen in stroke patients. Using this idea, he developed an original method for alleviating this persistent pain: a ‘mirror box’ that helps the patient to ‘unlearn’ the paralysis by tricking his brain into thinking the missing arm is still there.


 


[image: ]


 


The patient places his good arm into one of the box’s holes and the amputated one into the other. As though clapping his hands, the patient performs repeated movements in the direction of a mirror running down the centre of the box. The reflected image of the good hand moving makes it appear as though the missing hand is also moving. The patient uses this illusion to ‘exercise’ the phantom hand and release it from its paralysis. Repeated use of the box has brought long-term relief to some patients.


        Our brains can rewire themselves based on our experiences. This realisation raises an interesting question: can we use our brains’ plasticity to enhance our senses and even create new ones? Yes, says cognitive scientist Peter König, inventor of the feelSpace belt. Lined with thirteen vibrating pads, the wide belt uses an electronic compass to detect the earth’s magnetic field. With each step the user takes, the vibrator that points nearest to magnetic north starts to buzz. In time, the wearer is able to orient himself. One subject who tried out the belt for six weeks developed an intuitive map of his city inside his head and eventually felt as if he could never get lost; even in a completely new place he could always find his way home.


        Direction is not something humans can detect innately, though some birds, bats, fish and turtles can. Female sea turtles migrate across the Atlantic Ocean and are able to retrace their route back to the beach where they were born when it is time to lay their eggs, an epic journey of 8,000 miles. Researchers believe the turtles ‘read’ the earth’s magnetic field to help them navigate the currents that sweep the ocean. König’s feelSpace belt suggests that we humans could also learn to navigate like sea turtles. Some researchers say it is conceivable that we could one day develop other senses found in the animal kingdom, such as the infrared vision of snakes and piranhas or the ultrasonic hearing of bats and dolphins.


        The possibility that our senses could be adapted to meet particular needs drives a team of neuroscientists in Wisconsin who specialise in building sensory prosthetics to help people with balance and vision problems. Among their creations is a mouthpiece fitted with 144 tiny electrodes attached to a pulse generator, which produces an electric current against the tongue. It works by generating a vibrating square in the centre of the user’s tongue that responds to their movements (for example, moving to the left side if the person turns left) to help them maintain their balance. The device has proved especially helpful in the treatment of patients with damaged inner ears, with the effects lasting for hours or even days following its removal.


        The mouthpiece has also helped individuals with visual impairment by teaching them to use their tongue as a surrogate eye. Images picked up by a camera are translated into patterns of electric pulses that trigger touch-sensitive nerves on the tongue. Users say they perceive the stimulation as three-dimensional shapes and features. They also develop some ability to navigate their surroundings. In one experiment a blind man was able to walk through woods and find his wife. Though the main emphasis of the team’s research has been rehabilitation, they also envisage the technology being used by people who do not have sensory deficits. For instance, infrared cameras could inform soldiers of the position of enemy troops by stimulating different parts of their tongue.


        What about the rest of us? Might it be possible to draw on the brain’s extraordinary plasticity without the use of hi-tech gadgetry? Absolutely. Take the following experiment that looked at the brain’s ability to think itself into new configurations. Harvard neuro­ scientist Alvaro Pascual-Leone taught a group of non-musician volunteers to play a simple five-finger piano exercise, then had them practise in the lab for two hours a day for five days. After a week, brain scans of the volunteers showed an increase in the amount of territory the brain devotes to moving the fingers. Pascual-Leone then repeated the experiment with another group of volunteers, asking them this time to rehearse the same five-finger sequence in their heads, while holding their hands still and imagining how they would move their fingers. Subsequent scans of these volunteers showed the same result as for those who had played the sequence with fingers. The scientists’ conclusion: mental imag­ ery may be just as good as actual practice.


        Sports psychologists utilise this principle to help competitors improve their performance. The process of visualisation helps the muscles learn the proper way of moving through a complex activity (such as a golf swing). Studies confirm that players who use visualisation in their training outperform those who only practise physically.


        That the brain can change as a result of the thoughts we think has significant implications for our health. We see this most clearly in the development of therapies that can modify a person’s neuronal connections, alleviating mental illness and even growing our capacity for happiness. Cognitive behavioural therapy (CBT), for example, aims to modify or eliminate unwanted thoughts and change behaviour in response to them. Research has shown that it can be just as effective as medication in treating anxiety-related conditions. Brain scans indicate that CBT works by decreasing activity in the frontal cortex while increasing it in the limbic system, the brain’s emotional centre. In so doing, the therapy reshapes how the person processes information, decreasing rumination and helping him to swap negative thinking patterns for more positive ones.


        If thinking about thinking can effect such positive changes in the brain, what about its most popular form, meditation? The neuroscientist Richard Davidson, at the University of Wisconsin, organised a study involving two groups of practitioners. On one side were eight Buddhist ‘adepts’ (monks who had each accumulated at least ten thousand hours of meditation), and on the other ten college students who had undergone a crash course in how to meditate. In a basement lab, each participant was wired up to an electroencephalograph that measured his brainwave activity as he performed a form of meditation known as ‘non-referential compassion’ – opening up to feelings of unlimited love and generosity towards all living beings. The scientists monitoring the EEG noticed a surge in one kind of brain wave in particular, gamma, which is involved in perception and the consolidation of information. The increase in these normally weak and transient waves suggested that the partic­ ipants were engaged in particularly intense and focused thought. Even more remarkable was the fact that the highly experienced meditating monks produced gamma waves thirty times stronger than those of the novice students.


        Professor Davidson also used functional magnetic resonance imaging (fMRI) to identify the areas of the monks’ and students’ brains that were active during their compassion meditation. All the subjects’ brains showed activity in regions involved with positive emotions, while those that keep track of what is self and what is other became quieter. But there were also interesting differences between the monks and nov­ ices. The monks’ brains showed much greater activity in regions of the brain associated with empathy and maternal love. And when the monks were generating feelings of compassion, activity in the part of the brain associated with negative feelings was swamped by activity in the area correlated with happiness. In contrast, the students’ brains showed no such activity.


        In each instance, the monks with the most hours of meditation showed the most significant brain changes, supporting the idea that mental training can make the brain more prone to states of happiness, compassion and empathy. According to this evidence, being happy is a skill that you can train yourself to learn. That is certainly one beautiful thought worth meditating on.


Seizures and Savants


The modern revolution in our understanding of the brain offers new hope for those suffering from previously incurable neurological disorders. At the same time, it is producing unprecedented insights into conditions once clouded by ignorance and prejudice. Just as the twentieth century saw a transformation in our knowledge of outer space, the twenty-first promises the same for our individual inner ones.


        The treatment of epilepsy – the result of sudden, usually brief, excessive electrical discharges within the brain – is a good example of this progress. Once considered a reaction to a supernatural force or the phases of the moon, epilepsy can now be treated with drugs that are effective in eliminating seizures in 70 per cent of cases. In the future, computational modelling technology that currently predicts complex natural systems, such as earthquakes, tidal waves and hurricanes, might be used to help predict when seizures will occur in patients with epilepsy. Researchers in the United States are pioneering brain implants that use computer chips to predict and prevent seizure activity.


        Such advances are also changing the general public’s negative perceptions of minds considered different from the norm. For instance, since the mid-nineties, scientists have recognised the sheer diversity within the autistic experience, from the silent, rocking child to the brilliant, socially awkward scientist. We now know that there are as many forms of autism as there are individuals with the condition. Public awareness of aut­ ism’s complexity is also on the increase, helped in large part by the mainstream success of works such as Mark Haddon’s novel The Curious Incident of the Dog in the Night-Time, as well as by the rising profile of talented, high-functioning autistic individuals themselves.


        In my 2006 memoir, Born on a Blue Day, I describe my own experience of growing up with Asperger’s, a relatively mild and high-functioning form of autism. Though I exhibited many of the most common traits of autism in childhood – social isolation, difficulties with abstract thought (‘seeing the bigger picture’) and communication problems – as an adult I lead a successful, happy and independent life with a career, relationship and numerous friends and intellectual pursuits.


        I am happy to say that my success in learning to overcome many of the limitations of my autism is not unique. Indeed, it is becoming increasingly clear that having an autism spectrum disorder need not necessarily be any barrier to both personal and professional achievement. Fellow notable ‘Aspergians’ include: Rich­ard Borcherds, professor of mathematics at the University of California, Berkeley, and a winner of the prestigious Fields Medal – the mathematics equivalent of the Nobel Prize; Professor Vernon L. Smith, winner of the Nobel Prize in economics; Bram Cohen, author of the BitTorrent computer downloading protocol; Dawn Prince-Hughes, PhD, a primate anthropologist and primatologist; and Satoshi Tajiri, the creator of Pokémon. In spite of such varied accounts of high achievement by autistic individuals, the ‘typical’ person with autism is still widely misperceived as being severely disabled, antisocial and obsessed by exclusively trivial impractical interests. But this is a cruel stereotype. The truth is that there is no one ‘typical’ form of autism; every autistic person is different.


        Perhaps the main reason why this stereotype persists is because of autism’s association with savant syndrome, another complex and little-understood neurological condition. Indeed, many people’s knowledge of autism is still largely or entirely derived from its depiction in the Oscar-winning 1988 movie Rain Man, starring Dustin Hoffman as a gifted but considerably disabled autistic savant. Ever since, savants in books and movies have been frequently depicted as brilliant but flawed individuals, oppressed under the sheer weight of their gifts. However, the science that inspired the film’s makers, and subsequently captivated its audience, is more than twenty years old, long past its sell-by date. The modern understanding of autistic savants is, fortunately, much more sophisticated and compassionate.


        When scientists first informed me, four years ago at age twenty-five, that I met the diagnostic criteria for savant syndrome, I could not help but think back to the cinematic Raymond Babbitt character. How could I – an otherwise healthy young man with a partner, job and friends – be considered a ‘rain man’? With research I soon discovered that there was much more to being a savant than a single Hollywood portrayal.


        Savants are defined as individuals with a developmental disorder (usually, but not always, autism) who possess extraordinary abilities related to their condition in one or more fields. I am considered a ‘prodigious savant’ which means that my abilities would be considered exceptional even if they occurred in someone without any developmental disability. There are estimated to be fewer than fifty prodigious savants worldwide.


        A version of savant syndrome was described in medical literature as far back as 1789, when Dr Benjamin Rush – regarded as the father of American psychiatry – described the calculating ability of Thomas Fuller who ‘could comprehend scarcely anything, theoretical or practical, more complex than counting’.


        When asked how many seconds there were in a year and a half, Fuller answered in about two minutes: 47,304,000. A century later, in 1887, Dr J. Langdon Down used the word ‘savant’ (from the French savoir, ‘to know’) for the first time to describe ten cases of individuals who displayed striking abilities alongside a range of developmental problems. One of the men described built large, intricately detailed model ships from hand-fashioned parts, while another case involved a boy who could recite large parts of the six volumes of The Rise and Fall of the Roman Empire from memory.


        Having such a rare, distinctive condition, savants have long been subject to all manner of speculation, misunderstanding and – sadly, at times – exploitation. This is especially regrettable because, as I know from my own experience, high-functioning autistic savants are fully capable of complex human emotions and of making meaningful contributions to society. Savant abilities are the result of imaginative human minds, not dry mechanical processes.


Counting Matchsticks


Among the many popular misconceptions of savants is that their abilities are somehow supernatural, beyond the scope of scientific study. In fact, researchers have been examining savant abilities for decades and their findings have been published and reviewed many times. My own abilities have been studied by neurologists at laboratories in the United Kingdom and in the United States and have been the subject of several published scientific papers.


        Probably the most famous and influential study of savant abilities was an informal one by the American psychiatrist Oliver Sacks, written up in his 1985 book The Man Who Mistook His Wife for a Hat. Unfortunately, Sacks’s account of autistic savant twins, cited in many journals, mainstream articles and popular science books, is the source of a number of persistent misconceptions concerning autistic savants and the nature of their abilities. Here is his account of an incident that was subsequently dramatised in the Rain Man movie:


 


A box of matches on their table fell, and discharged its contents on the floor: ‘111,’ they both cried simultaneously; and then, in a murmur, John said, ‘37.’ Michael repeated this; John said it a third time and stopped. I counted the matches – it took me some time – and there were 111. ‘How could you count the matches so quickly?’ I asked. ‘We didn’t count,’ they said. ‘We saw the 111.’ . . . ‘And why did you murmur “37”, and repeat it three times?’ I asked the twins. They said in unison, ‘37, 37, 37, 111’ . . . ‘How did you work that out?’ I said . . . They indicated, as best they could . . . that they did not ‘Work it out,’ but just ‘saw’ it . . . is it possible . . . that they can somehow ‘see’ the properties . . . as qualities, felt, sensuous, in some immediate, concrete way?


 


The twins’ ability to visualise numbers and their properties sounds very much like my own. Indeed 111 is an eminently visual number to me: full of beautiful bright white light. However, Sacks makes no mention of where the box of matches came from in the first place. He does say that it was on the twins’ table, suggesting that it was already in the twins’ possession when Sacks visited them for the first time. Also noteworthy is his failure to indicate the twins’ line of view of the matchsticks as they tumbled to the ground. This is important because falling groups of objects do not remain separate and distinguishable as they descend: a stream of more than one hundred falling matches would certainly involve some of the matches being obscured by the others. Bearing these facts in mind, a much likelier explanation of what Sacks saw is that the twins had previously counted the matches in the box on their table and knew how many were inside. It is even possible that they had chosen how many to place inside the box originally. After all, 111 is a particularly beautiful (and matchstick-like) number – one the twins might well have considered something of a collector’s item. What we can say for sure is that the claimed ability to instantly discern large quantities has never been reported in any other savant, nor has any scientific study been able to confirm it.


        Another widely reported claim in Sacks’s account of the twins has been just as influential in shaping the public’s misconception of savant abilities:


 


They were seated in a corner together . . . locked in a singular, purely numerical, converse. John would say a number – a six-figure number. Michael would catch the number, nod, smile, and seem to savour it. Then he, in turn, would say another six-figure number, and now it was John who received, and apprec­ iated it richly . . . What on earth was going on? I could make nothing of it . . . I contented myself with noting down the numbers they uttered . . . All the numbers, the six-figure numbers, which the twins had exchanged, were primes . . . I returned to the ward the next day, carrying the precious book of primes with me . . . I quietly joined them . . . After a few minutes I decided to join in, and ventured a number, an eight-figure prime . . . simultaneously, they both broke into smiles . . . Then John . . . thought for a very long time . . . and brought out a nine-figure number . . . his twin Michael responded with a similar one . . . I, in my turn, after a surreptitious look in my book, added . . . a ten-figure prime I found in my book . . . John, after a prodigious internal contemplation, brought out a twelve-figure number. I had no way of checking this . . . because my own book . . . did not go beyond ten-figure primes . . . an hour later the twins were swapping twenty-figure primes, at least I assume this was so, for I had no way of checking it.


 


An article published in 2006 by Makoto Yamaguchi, an educational psychologist, in the Journal of Autism and Developmental Disorders questions this account. Yamaguchi points out that a book of every prime number up to ten digits would have to list more than 400 million numbers; something that is impossible to do in a single book with a reasonable font size. Sacks replied that his book and other resources are now lost, but acknowledged that the book may have included only smaller numbers. Other leading researchers, such as the mathematician Stanislas Dehaene and neuro­ scientist Brian Butterworth, have also expressed scepticism about Sacks’s report.


        Like the matches incident, Sacks’s description of savants generating twenty-digit primes is unparalleled – no other such account exists in any of the literature about savants and their abilities. In contrast, all the scientific research to date on savants’ prime-number skills (including my own) indicates a typical range of between three and five digits, though it is possible for savants to use their knowledge of primes to make judgements of numbers in excess of five digits that are better than average. Without Sacks’s original notes, it is impossible to say for certain how the twins generated their numbers, or even whether the numbers given were all correctly identified as prime numbers. Contrary to another widespread misconception, even savants make mistakes.


        Perhaps the most unfortunate fallacy to arise from the Sacks account is that savants are freakish and alien:


 


[The twins] are  . . . a sort of grotesque Tweedledee and Tweedledum  . . . they are undersized, with disturbing disproportions in head and hands, high-arched palates, high-arched feet, monotonous squeaky voices, a variety of peculiar tics and mannerisms  . . . glasses so thick that their eyes seem distorted, giving them the appearance of absurd little professors, peering and pointing, with a misplaced, obsessed and absurd concentration  . . . like pantomime puppets to start spontaneously on one of their ‘routines’.


 


The best one can say of this description of the twins is that it is distinctly unsympathetic. It is also starkly at odds with the reality of my own life and those of numerous other modern high-functioning savants. Matt Savage, an American teenage autistic savant musician, has released several albums, won many awards and toured the world. The British artist savant Stephen Wiltshire (now in his thirties) was awarded a Member of the Order of the British Empire by the Queen in 2007 for services to art; he has since opened his own art gallery in London where he displays his drawings, accepts commissions and meets his fans. Gilles Tréhin, thirty-five, from Nice, France, has created a vast, complex city inside his head. His drawings and detailed notes about ‘Urville’ have been published in several languages. Tréhin has a long-term girlfriend – also high-functioning autistic – with whom he speaks at conferences to improve public understanding of autism.


        Evidence that savant talents are rooted in natural (if extraordinary) brain processing comes from research carried out by the Australian scientist Professor Allan Snyder, director of the Centre for the Mind in Sydney. Autistic thought is not incompatible with the ‘ordinary’ kind, Snyder argues, but is rather a variation of it – a more extreme example.


        To test his theory, Snyder and his colleagues used a technique called transcranial magnetic stimulation (TMS), which involves sending a series of electromagnetic pulses via electrodes into the subject’s frontal lobes, the idea being to temporarily shut down the left hemisphere of the brain in order to boost the right side (the side most implicated in savant skills). As expected, a quarter hour of stimulation boosted artistic and proofreading abilities in several non-autistic subjects. The newfound skills rapidly disappeared as the subjects’ brains returned to their prior state.


Dancing with Numbers


Snyder’s experiment suggests that the gap between savant and ‘normal’ minds is not as great as once thought. Its results confirm that a savant’s brain activity is much closer to that of an average person’s than to the functioning of a supercomputer – a still commonly employed analogy for how savants’ minds work. Perhaps this is why I have never liked the term ‘human computer’, as often used in books and newspaper articles to describe savant skills. As I will show in Chapter 5, while computers crunch numbers, I dance with them.


        The computer analogy is not limited to savants – a number of scientists and philosophers have used it to describe the functioning of the human brain in general. Such attempts to explain the brain by reference to something vaguely analogous are, of course, nothing new. Throughout history, the brain has been compared to a water clock, a steam engine and a telephone switchboard, among other things. The modern image of the human brain as nothing more than ‘a computer made of meat’ (to use the expression of computer scientist Marvin Minsky) is, in my view, just as impoverished and reductionist. Like the analogies that came before it, the ‘brain as computer’ model explains neither savant abilities nor those of anyone else.


        For decades, cognitive scientists – inspired by the comparison between brains and computers – believed that the mind behaved in a strictly feed-forward direction, passing discrete packets of information from one part of the brain to the next, like a computer processing data. Recent experiments suggest otherwise, however, adding to the growing scientific consensus that the brain is a much more dynamic system than previously thought.


        In a 2005 study by psychologists at Cornell University, forty-two students were asked to respond to audio cues by clicking on pictures of different objects on a computer screen. When the students heard a word like ‘candle’, and were shown two pictures of objects that did not sound alike (such as a candle and a jacket), the trajectories of their on-screen mouse movements were generally straight and direct to the candle. But when the students heard ‘candle’ and were presented with two pictures of objects with similar sounding names – like a candle and candy – they were slower to click on the correct object and their mouse trajectories were much more curved.


        The researchers concluded that the students were processing what they heard even before the whole word was spoken. But when the two words closely resembled each other, the students – unable to tell immediately which picture was correct – considered both choices simultaneously. Rather than immediately move the mouse to one picture, and then correct their movement if they realised they were wrong, the students allowed the mouse to wander in an ‘intermediate grey area’ between the two images, waiting until the ambiguity was resolved.


        These scientists contend that when we think of cognition as non-linear and dynamic, it is possible to be in two different brain states at the same time before arriving at the final interpretation. This view contrasts sharply with that in which computers are either in one state or another, moving in lockstep from one to the next.
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