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To my father
My “perfectly neutral and completely unbiased reader”




PREFACE


This is not the definitive book about the brain – a book that exhaustively describes everything we know about the 1300 grams of tissue that resides between our ears. That book does not exist and probably never will. This book is a snapshot of a particular moment, highlighting a number of cutting-edge developments in brain research, and providing a glimpse into some of the key personalities involved.

Many years ago, as a newly-trained biologist, I dabbled in brain research and, even though I chose a different path, its deep fascination has never waned. But fascination is not a goal in and of itself. Brain research is not just exciting, interesting and entertaining for those of us who aren’t in the field – it is literally shaping how we think and how our society is going to develop. This all-encompassing significance is getting far too little attention, and I hope this book will contribute to a shift in focus.

Mindfield could only be realized because of the enthusiastic people who have supported the project. I owe a tremendous debt to H. Lundbeck A/S and its managing director Claus Bræstrup. I am also grateful to the Literature Committee of the Danish Arts Council and to the Ulla and Mogens Folmer Andersen Foundation for generously supporting both my travels and the translation of the manuscript. Finally, a great thanks to my agent, Peter Tallack, for believing this could be done.

Lone Frank
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BRAINY REVOLUTION

It’s an awkward situation. Tears are running down my face, and I’m quite sure the good-natured man on my right has noticed them, as he speaks to me. I try to blink them away, opening and closing my eyelids again and again without any apparent effect against the formaldehyde fumes wafting up from the white plastic bucket in front of me. I’m holding a human brain – half a human brain, to be exact – whilst trying to concentrate on what the man is telling me, as he gesticulates and explicates, clearly expecting some sort of reaction from me. The brain resting in my right hand is split lengthwise, revealing its knurled structures and inner cavities. There is something undignified about the way its halved cerebellum dangles over my wrist.

“You say you want to write a book about the brain. Then, I suppose a good place to start is to look at it up close. How’s your anatomy? We’ll start with the easy stuff: this thick white band is the corpus callosum. Its 200,000 transverse nerve fibers allow the two hemispheres to communicate. I call it the Brooklyn Bridge of the brain.”

It’s not the first time George Tejada has used that line, and it’s not the first brain he’s studied at close quarters. George is head technician at the Harvard Brain Tissue Resource Center, the world’s largest brain bank, and he personally handles every one of the three hundred-odd human brains that are donated each year for research and end up here in the Mailman Building at McLean Hospital in Belmont outside Boston. George is a slender, middle-aged man, dressed in basic, green hospital scrubs. His graying buzz cut and concise movements give him an air of efficiency and enterprise, but his Spanish accent softens the image a bit. All in all, a man you can trust with your donated organs.

“This is the hippocampus.” George reaches out and traces a curvature along the underside with his little finger. “This is what stores all your experiences. Without the hippocampus you’re nothing.”

Of course, in theory, I’m perfectly familiar with the function of this twisting, sausage-like structure, but I’ve never seen it before in real life. I move my face closer to the brain. I’m not really able to distinguish anything in particular in the beige mass. Actually, all I can think of is how much brain tissue reminds me of pickled mushrooms. The strong fumes make me shed a tear on the brain stem. George doesn’t see it or pretends not to. He simply turns the brain over and asks me to note how the folds on the outside of the cerebral cortex are much less full than they should be. Instead of being filled out and having an almost smooth surface, it has deep hollows that switch back and forth like a dried walnut.

“Severe atrophy.”

“Alzheimer’s?”

George nods, and I feel like an A student. The merciless progression of dementia has dissolved precious tissue and left a shrunken, compromised organ. From having been a well-functioning person – “Woman, the brain belonged to an elderly woman” – she moved deeper and deeper into a darkness without memories, without language, and finally without consciousness. Because of her illness, she ended up here in a white plastic pail with no identity other than number B6782. The Brain Bank collects diseased brains in order to send tissue samples to researchers throughout the world. From knowledge will come a cure: this slogan appears on the front page of all the Brain Bank’s pamphlets. Researchers study changes in the tissue to understand what is going on in conditions such as Alzheimer’s, Parkinson’s, schizophrenia and bipolar disease.

“I can’t give you the exact amount off the top of my head, but it costs thousands of dollars to get a single brain through the standard procedures,” says George. And there is a professional pride in his meticulous explanation of how this sensitive organ must be removed from its former owner immediately after death and deposited with the Brain Bank within twenty-four hours.

“We always have somebody on call, always.”

Please contact the Brain Bank before the brain is removed, counsels the protocol sent out to nursing homes and hospital wards attending to a donor. Do not embalm the deceased before the brain is removed and please place the deceased in a refrigerated environment as soon as possible and no later than six hours after death has occurred. The Brain Bank will send you the necessary shipping materials.

When the chilled brains arrive at McLean, they are immediately cut into two halves. In the laboratory, there are pictures of young Lou, with a Plexiglas screen in front of his face and a big smile for the photographer, slicing through yet another bloody brain. “Notice how he moves the knife from below and upward,” George remarks. “That makes for a beautiful brain stem.”

One half goes directly into the freezer and the other is preserved in formaldehyde, suspended in the thick liquid in plastic buckets, until it is taken out and sliced into cross-sections. They are then dispatched as tissue samples to researchers who have applied to and been approved by the Bank. The brains also pass through the hands of trained pathologists, who make sure that the right diagnosis was made, and the cross-sections undergo staining and characterization. Usually, one brain arrives every day and, today, there are almost seven thousand in the repository. The Bank has been in existence since 1978 and is still contributing new knowledge. In the past, the Bank provided tissue samples that helped identify the genetic defects behind Huntington’s chorea, an incurable degenerative disease resulting from the death of certain brain cells. More recently, the director of the Brain Bank, Francine Benes, has been focusing research on schizophrenia and bipolar disease. By studying brains donated to McLean, she has ruled out a hypothesis that the two diseases have something to do with degeneration and cell death, which indicates that they may rather be associated with defective connections in the brain.

“I don’t do research myself,” says George, Yet, in his six years at the Bank his dealings with dead tissue have never become routine or everyday. He makes a sweeping gesture with both arms.

“I love my job. I never get tired of talking about it. The brain is a deeply fascinating subject for people, and it still has a powerful effect on me. You can’t help but be moved knowing that this is a person, this thing you have in your hand was a human being.”

He’s right. It’s very difficult not to be moved. Of course, a pair of rubber gloves separates me and the deceased woman’s right hemisphere, but I almost feel a tingling as if a current were running through the 700 grams of cold tissue. It’s a strange sensation, a tremulous, unsteadying and actually quite unpleasant sensation. Entirely unexpected.

“You’re a biologist!” I tell myself. “You’ve dissected everything from earthworms to rabbits without a peep. You carved up rats for years to cultivate their brain cells without a tremor. At any rate, you didn’t feel anything in particular.”

But now all my cool academic interest is gone. Standing here with the remains of B6782 almost makes me want to cry – tears that are not due to the formaldehyde. Thin, cold needles prick the flesh up and down my back, and the uneasiness releases little balls of lightning in the pit of my stomach. It is just as George says: I’m holding the very essence of a person in my hands. This massive blob was – merely a week ago and for an entire life – the innermost core of another human being. All the thoughts, feelings and unconscious desires of this person were electrical impulses ceaselessly leaping between individual cells along a delicately branching network of axons and dendrites. Fingering this tissue somehow feels like a transgression. The moment is horribly intimate.

At the same time, the surroundings and the circumstances are astonishingly mundane. The room we’re in is tiled in gray linoleum, illuminated by white neon lights, spotless and anonymous – reminiscent of a veterinarian’s clinic after the clients have all gone home. A set of steel scales hangs from the ceiling, like at a butcher’s shop. There is a row of glass-encased cabinets along the walls and a fountain pen lying parallel to a yellow notepad on one of the desks. Everything is practical and purposeful, without ornamentation. This is a workplace. And George is a man who brings your mind back to the concrete.

“Look. This is what happens when you eat too much junk food.”

He pulls the stub of an artery away from the underside of the exposed brain. It is bright yellow and doesn’t tally with the pale, diluted color scheme of the rest of the brain.

“Feel how hard it is.”

I dutifully squeeze the thick artery with two fingers and feel its hardness. Like plastic. George suddenly turns, walks to the corner and gets yet another receptacle, which opens with a snapping sound. He quickly puts his hands down in the liquid and brings up another hemisphere. He holds it next to mine; you can see that it is larger and its form fuller.

“See, that’s how a control brain is supposed to look.”

A control brain. That is, an ostensibly normal organ like the one George and I still carry around in our skulls. I put the disease-ravaged B6782 back into the viscous fluid and feel like I’m putting down a burden. George looks as if he wants to say something but simply lets a smile play on his lips.

“Apparently, the world can’t get enough of the brain.” The remark comes from the door. “We always have somebody visiting. You’ve come from Denmark. Next Tuesday, a team of researchers is coming from the Karolinska Institute in Stockholm, and the week after that we’re getting a visit from German TV.”

Timothy Wheelock extends his hand, and I peel off my wet glove. Dr Wheelock, as he is called here, is sporting a canary yellow shirt and looks like a clone of Bill Clinton during his happier days in the White House. Wheelock is the head of histopathology at the brain bank. He is the one in charge of cutting micrometer-thin slices from particularly important parts of the incoming brains, so they can be studied and a precise characterization and diagnosis made. Wheelock happily joins our excursion.

“People come in large tour groups. Of course, there are media people running around all the time, but there are also teams of nursing students and an endless procession of high school classes and librarians.”

“Librarians?”

“Yes, we’ve had quite a few of them. Don’t ask me why. But the high school students are my favorite. These kids are crazy about looking at all the stuff we’ve got. They think it’s cool and a little creepy at the same time. They just lap it up, when I lay out all my stained samples, and the best thing is going to the storage room.”

The storage room is like a modern vision of eternity. From floor to ceiling, there are brains in slices and smaller fragments collected over the years and stored in transparent tupperware containers.

“A brain donation is an invaluable gift to neuroscience research,” explains the attractive informational brochure. And a glossy, confidence-inspiring light-brown folder deals with the religious aspects of a post mortem donation.

Many people find this decision difficult and complicated. It is a decision that makes many people examine their innermost thoughts about death – whether there is life after death and what makes up the soul.

Fortunately, if you are Protestant, Catholic, Greek Orthodox, Muslim, Jewish or Buddhist, you can find religious support for donating your brain to science. Pope Pius XII was an early standard bearer for tissue donation, and his successors hold the banner high. The Orthodox Rabbi Moses Tendler goes so far as to say that organ donation is actually a duty under certain circumstances.

Each psychiatric and degenerative disease has its own special brochure. There is also one for normal control brains. In the back, you can find a form on which you can register your preliminary interest. “If you are interested in making a brain donation, we recommend the following steps: 1) Discuss it with your family and inform your doctor. 2) Fill out and return the attached questionnaire.”

Despite the fact that postage is even paid in advance, donors are hard to come by. Healthy folk, who would function as a control group, are especially reluctant to be parted from their brains. The sick are more willing, possibly because the bank has good connections with patient associations, which provide information and encouragement. Most control brains come from the spouses of sick donors. Naturally, I imagine that the employees at the brain bank pledged their organs long ago; but both George and Wheelock remain silent, when I ask. The two gentlemen smile wryly, look at each other and then down at the table. They have never really considered it, they say, and Wheelock’s voice is strangely faltering.

“If I got Parkinson’s, it probably wouldn’t feel so strange, but there’s nothing wrong with me. What about you, George?”

“I would leave it up to my family. They’re the ones who’ll have to live with the decision.”

The brain bank does not accept donations from abroad – the transport time is too long. But if they took Danish brains, would I give them mine? I already carry an ordinary donor card in my purse, so my serviceable spare parts can be used if I meet with an accident. But it feels different with the brain. To think that Timothy Wheelock would inspect its most minute details and George Tejada would cut it into small pieces, pickle it in a jar, and keep it in a storage room. Or even worse: That some callous journalist would fondle it and describe the experience in some tawdry publication.

Take my liver, my kidneys, my heart – fine, they’re just organs. But my brain – that’s me! I can almost endorse Sherlock Holmes’ adage: “I am a brain, my dear Watson, and the rest of me is a mere appendage.”

But that’s the way it is – it’s sinking in that we, each of us, are our brains. Not so very many years ago, there was fierce opposition to heart transplants, because the heart was somehow associated with the self. Today, we all know – and feel – that the heart is simply a muscle, a pump that can be replaced, like the carburetor in a car. As the heart decreased in importance, the soul has ever so gradually become equated with the brain.

“Know thyself”, it said above the entrance to the oracle at Delphi, and more than two thousand years later, we’re still on the same quest. “Who am I and what does it mean to be human?” we ask. But we are asking in a new way. Whereas, before, the speculations turned to culture and the psyche, which was strangely disconnected from the organism, the physical brain is now prominent and steadily becoming the reservoir and end station for all the questions we ask about human nature and existence.

What goes on in the brain, when we love or hate ? What areas of the brain are active when people gamble or hunger for alcohol or cocaine? What’s wrong with the brain of a violent criminal? Where do emotions reside, and how are thoughts generated?

Neuroscience is the new philosophy, some say, and there is no doubt that brain research is the hottest topic a scientist can dabble in, and the most distinguished thing you can put on your calling card. A while ago I heard the American philosopher Daniel Dennett explain why this is the case. He was in transit on his way from one interview to the next but agreed to meet me at Boston airport, where he generously provided a meal of oysters and lots of white wine. The interview focused on his latest book, Breaking the Spell, in which Dennett argues that religion is a natural phenomenon. There are no gods, just stubborn, irrational ideas that only exist between our ears. Ideas born from crackling electronic signals between brain cells that are carried on by language and upbringing from one generation to the next. At one point in an extended exposition, Dennett suddenly stopped to utter something that sounded like a prophecy.

“The next generation of geniuses will appear in brain research. Once it was particle physics that attracted the brightest young people, then it was DNA and genome research, but now it’s the neurosciences. Because this is where you can answer the big questions.”

With his white hair and beard, Dennett had taken on the air of a Biblical patriarch; looking serious, he pointed at me with his oyster fork. I tried to respond with something clever, but since he’d been so kind as to refill my wine glass several times, I could only produce a meek affirmative remark. Not long afterwards, I happened to think of our conversation when I stumbled upon an excerpt from author Tom Wolfe’s collection of essays, Hooking Up. The book was published in 2000, in the heyday of information technology, but even then Wolfe could already glimpse the horizon beyond the digital landscape. “If I were a student today, I don’t think I could resist going into neuroscience,” he writes. “Here we have the two most fascinating riddles of the twenty-first century: the riddle of the human mind and the riddle of what happens to the human mind when it comes to know itself absolutely.”

And now the students are flooding in. The most prestigious universities from Harvard and MIT to Princeton and Cambridge have all established expensive neurocenters equipped with high-tech machinery and special grants. Evidence for how hot the field of neuroscience is can be seen in the fact that these centers are where wealthy patrons choose to place their university sponsorships and have their names above the door. These centers have head-hunted the greatest talents in the field and are able to examine the brain at all levels from mapping genes to uncovering signal molecules to neuropsychological studies of the entire person.

One particularly interesting development is the migration to neuroscience from other fields. Not only psychologists but also sociologists, anthropologists, researchers of religion, and philosophers. A good example of the latter is the American philosopher Sam Harris, who left the ivory tower, exchanged his quill pen for an MRI scanner and aimed for a Ph.D. in neuroscience. Why the radical gear shift, I asked when I met him recently, and the answer came quickly and without a hint of uncertainty.

“Originally, I planned to do a Ph.D. in philosophy and specialize in the philosophy of mind. But I got so tired of listening to philosophers talking in circles about the brain. It was blindingly clear that, if I wanted to know more about the human mind – about consciousness, rationality, faith and other aspects of our subjective self – well, then I had to learn more about the brain.”

Today, he is hard at work expanding our common knowledge. Harris uses his scanner to investigate how concepts like “believing in something,” “denial of something” and “doubt about something” are actually manifested in the brain. He is mapping the relevant networks and circuits of brain cells to create an understanding of the processes involved when we piece together our picture of reality.

A generation ago, this sort of question was inconceivable, outside the reach of natural science. Neuroscience was about explaining the anatomy of the brain and studying the complicated biochemistry and details of individual nerve cells and how electronic signals move between cells. Researchers sat bent over Petri dishes and test tubes or fiddled with small pieces of detached tissue. Neuroscience was, in reality, a branch of physiology. Thanks to new technology, it is about to be transformed into the queen of sciences.

The miracle of new imaging technologies – PET, MRI, SPECT – is that they provide an opportunity to look directly into the living, working brain. With scanners, we have a peephole or perhaps even a panoramic window into the thinking and feeling universe between our ears. Imaging technology opens up the possibility for comparing activity in the brain directly with actions, sensations and choices – indeed, even things as abstract as thought, emotions and attitudes. Here we have a true mirror of the soul.

Even if the information flooding out of labs and research centers can sometimes seem rather esoteric and specialist, the knowledge it brings is pertinent for rest of us. Because we find ourselves on the threshold of a neuroscience revolution. Or as neurologist Vilyanur Ramachandran of the University of California at San Diego has called it: the fifth revolution – the latest in the series of scientific great leaps forward that have turned our worldview upside down and caused great intellectual and social upheavals.

When Copernicus shook things up in the sixteenth century by yanking the Earth from its place at the center of God’s universe, the church was incensed and scientists risked being burnt at the stake. In the mid-1800s Charles Darwin caused upheaval by taking man himself off his pedestal. With evolution and natural selection the human race was no longer a specially favored and created creature but a mere descendant of primitive primordial forms. A bit later Freud revolutionized the view of the human mind by introducing the unconscious and puncturing the entrenched assumption that we have total control over ourselves. And today, our world view is still in the process of adapting to the discovery of DNA. In the age of genetic engineering life itself has lost its special status and living beings become like any other malleable material. And many people are disturbed by this, as we can see in the public protests – from the passionate resistance to Frankenfood to the running battle over stem cell research.

What sort of a shake-up are we facing with the neurorevolution? This is where Tom Wolfe puts his finger on the most profound and central question of our time: what happens when the human mind comes to know itself completely?

What will all this come to mean? How is the fifth revolution going to influence our vision of what it is to be human – of what it is to be a self? And what consequences will it have? Will it change our personal lives? Will it even lead to fundamental changes in the social order?

Brain researchers dissect everything that makes us human and anchor all sorts of phenomena we have been accustomed to considering incorporeal in soggy cell structures – and, thus, ultimately in the exchange of chemicals, in electrical signals, in processes that slavishly follow the basic laws of physics. Religion is gone, pigeonholed as a prosaic neurological phenomenon; moral choice is no longer an expression of spiritual development or integrity but is ascribed to automatic processes that are planted in us all by a blind, value-neutral evolution. And then there is the modern-day quest for the Holy Grail: to explain consciousness itself, the foundation for the individual’s subjective experience of the world.

We are sliding towards what you might call neurocentrism, where the very essence of what it is to be human is located in the brain, and what is in your brain determines who you are.

This is in contrast to the DNA centrism that has flourished over the past few decades. Here, the focus has been on genetic material and a belief that the genetic code is a sort of key to the essence and potential of the individual person. It is the Genes ‘R’ Us world view. A trend that culminated at the turn of the millennium with the conclusion of the human genome project. We saw Clinton and Blair proclaiming on live TV that “the book of life” had now been deciphered and the road was open to understanding the relationship between genes and organisms. In public discourse people talked about genes “for” this and genes “for” that. Everything from the need to smoke to an unfortunate predilection for adulterous men was put down to genes. And there wasn’t much you could do about it, because the DNA combination you drew in the genetic lottery cannot be changed.

Neurocentrism will be critical for our self-understanding. Especially because it is so obvious that the brain is a tremendously dynamic system. There is simply not enough information in just under 30,000 genes for them alone to determine the pattern of the brain’s network and communication links. And the three pounds of tightly-packed cells constitute an organ under constant, lifelong change. Cells are continuously refurbished, and life’s abrasive stream of impressions causes old communication links to break down and new ones to be established. It is almost inconceivable, but every second something in the range of a million new links are formed. Simultaneously, more subtle processes are at work that strengthen or weaken existing links, prioritizing or de-prioritizing information. Finally, there are cells that die and cells that are born. A deeper understanding of this constant flux and especially an understanding of how it all connects with our inner lives and external behavior also opens up possibilities for modulating the processes of the brain. And thereby, in the final instance, for molding the self – the core that for each of us is “me”. In that way neurocentrism represents a big step away from a deterministic view of who we are and what our lives can be.

If neuroscience is the new philosophy, this must also make neuroscientists the philosophers of our time. They are the ones who can see where the laboratories are going, and they can point out which technologies may emerge from the experiments. They are also uniquely positioned to see the challenges.

To dig deeper into how neuroscientists see the future I have brought together an elite group of researchers who are working to gain insight into areas of existential significance. People who, in their study of the brain’s secrets, have put a question mark on such fundamental phenomena as religion, faith and morality. People who are shaking up our views of reason and emotion by revealing how rationality and unconscious automatism fight battles inside us and how the outcome determines our view of the world and our everyday choices. People who are unraveling how one of our most definitive and amazing abilities – empathy – is created in a small, dispersed group of neurons.

While researchers undertake their academic exercises, the conversion of scientific knowledge into business enterprises is taking place elsewhere. The advertising world is working on how to market commodities directly to our receptive nervous system and eager entrepreneurs are trying to market brain-scanning technologies as the infallible lie detectors of the future.

All this raises questions and scientists have begun in their small way to speak out. In 2004, a team of highly esteemed brain researchers headed by Nobel prize winner Eric Kandel banded together to warn against a possible future in which healthy people are forced to take drugs to increase or optimize normal brain functions. Such doping, they believe, may be the end result of putting the brain center stage. In his book The Ethical Brain, respected neuroscientist Michael Gazzaniga says that knowledge about the brain must lead to nothing less than a universal ethics. And as he concludes, “Our species wants to believe in something, some natural order, and it is the job of modern science to help figure out how that order should be characterized.”

There is a growing awareness that neuroscience is no longer just about understanding and curing brain diseases but is on its way to having far more sweeping effects. As editors Jean Decety and Julian Paul Keenan put it, when the journal Social Neuroscience hit the streets in 2006: “As social neuroscience develops, it will certainly challenge our ways of thinking about responsibility and blame, and have an impact on social policies.”

It is time to bring the discussion out of the specialists’ domain, and to acknowledge that we are all tumbling headlong into the age of the brain.

INTRODUCING THE BRAIN

The ultracondensed overview

“The most complex object in the universe” weighs about 1300 grams, and contains a hundred billion brain cells – neurons – that are all connected by hundreds of trillions of communication links. Its general anatomical organization reflects the process of evolution. You can look at the human brain as a sort of Lego kit in which ever more advanced structures have been laid down on top of each other over the course of evolutionary history.

At the base are the most primitive parts – the cerebellum and the brain stem. They control, respectively, basic movement and heart and lung functions. Together, they correspond roughly to the reptile brain. In the evolution from reptile to mammal, other additional structures evolved, which are today packed around the brain stem. Innermost are the basal ganglia, which help regulate and modulate movement; then comes the limbic system, which is often characterized as the foundation of our emotional life. This system consists of specialized structures such as the cingulate gyrus, the hippocampus and the amygdala, as well as the thalamus and hypothalamus. The latter two receive information from the rest of the central nervous system and, through hormones, regulate basic drives such as hunger, thirst, sleep and sexual drive. The hippocampus does a number of jobs involving memory, while the amygdala is involved with our emotional repertoire in various ways.

On the outside of these tightly-packed structures is the cerebral cortex – the characteristically coiled surface – and it is this that is particularly distinctive in humans. The cortex makes up eighty percent of our brain’s overall mass; in rats, for example, it constitutes only thirty percent. Roughly speaking, the cerebral cortex is divided into four lobes – the occipital lobe in the back, the parietal lobe on top of the head, the temporal lobe around the temples and ears, and the frontal lobe up front. The division reflects a certain division of labor and specialization: the occipital lobes deal with the sense of sight, while the other senses are processed in the parietal and temporal lobes, which also process language. Much of what we call higher cognition takes place in the frontal lobes, that is, processes that have to do with conscious thinking, understanding and planning. It is here in the “CEO of the brain,” as the frontal lobes are sometimes called, that conscious decisions are formed, and any action that has an element of choice emanates from here.

The basal ganglia and cerebral cortex are divided into two halves or hemispheres, which mirror each other anatomically. Pretty much every region has a left and a right version, and the two brain halves are engaged in intense communication through three massive nerve bundles, the largest of which is the corpus callosum. As for movement, each hemisphere controls the opposite side of the body, and there is also a certain hemispheric specialization with respect to mental functions. For example, grammatical language processing and linear mathematical reasoning take place primarily in the left hemisphere, while more abstract mathematics, spatial manipulation and language functions such as intonation, primarily take place in the right hemisphere.

The knowledge we have about what areas of the brain take care of what types of tasks comes from countless studies over time. Studies of people with specific brain injuries and experiments on animals have indicated a number of functional areas, particularly in the cerebral cortex, and have mapped connections between them. Nevertheless, our understanding of how the brain functions is still very rudimentary. With modern scanning techniques and experiments on the living brain, there has been an explosion in the ways we can gain deeper insight into how these functions arise through the interplay of systems of neurons and areas of the brain. Researchers are facing a gigantic task, and the work has only just begun.

[image: image]

The brain


Measuring brain activity


The various technologies for quantifying brain activity use either indirect imaging techniques or direct electrical measurements. At present, the key technologies are:

PET (Positron emission tomography) A scanning method that measures radiation from injected radioactive materials. Can, for example, measure the brain’s use of glucose as an indirect measure of activity.

fMRI (Functional magnetic resonance imaging) Measures, via radio waves, the blood flow and thereby activity in different areas of the brain.

SPECT (Single photon emission computed tomography) Measures blood flow and activity by way of gamma rays emitted from a radiotracer.

EEG (Electroencephalography) Measures electrical charges from major groups of brain cells or areas of the brain using electrodes outside the cranium.
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FINDING GOD IN THE SYNAPSES: YOUR OWN PERSONAL JESUS

I have never understood religion. Even as a child I was baffled by the fact that so many people believed in the existence of something for which I could not see the slightest evidence.

When I was young I would ask “Have you ever seen God?” And otherwise perfectly rational adults would reply “No, but I believe in him.” “Have you ever spoken to him?” “No, but I know he exists.” “OK, so he must answer when you pray to him for something?” “No, it’s not that simple, sweetie” – and here there was often a little pat on the head – “God is not a vending machine. He has a greater plan for us about which we know nothing. That’s just the way it is. We have to accept it.”

Yes, well. That’s hard for the average six-year-old intellect to digest. Particularly as the same grown-ups clearly didn’t believe in Santa Claus or the Tooth Fairy. And I had already worked out that when those two appeared to grant my wishes in the form of presents or coins under my pillow there was a much more mundane hand at work.

“Denmark’s most fervent atheist,” my father calls me these days, when we touch on the subject of religion; less good-natured interlocutors have used the label “scientific fundamentalist.” Now I’m on a pilgrimage worthy of a fervent atheist. I’ve journeyed to the distant and not particularly charming Canadian mining town of Sudbury to have a religious experience produced with the help of modern neuroscience. I have an appointment with Professor Michael Persinger, who is affiliated with the local Laurentian University. The professor has developed a technique to stimulate certain parts of the brain and thereby create a sort of mystical experience that some people have likened to a religious revelation or an encounter with higher powers.

His unique contraption has been dubbed the God Helmet. It looks like a souped-up version of an ordinary yellow crash helmet. On the inside, it has been equipped with magnetic coils, which Persinger and his people program to emit a complicated pattern of weak magnetic pulses directed at strategically selected areas of the cerebral cortex. Over the last two decades, Persinger has had more than a thousand people participate in his experiments with the special helmet, and almost eight out of ten report what the professor calls a “sensed presence.”

The research subjects have a clear and undeniable sensation of being in the presence of “someone or something else,” even though they are completely alone in a hermetically-sealed, soundproof room. For most, the experience is no more detailed than that, but some come out of the chamber claiming to have been in the company of a well-known religious figure. Typically, a figure from a religion they are familiar with: good Catholics see flickering visions of the Virgin Mary; Muslims have met the Prophet Muhammad; and Canadian Native Americans have been visited by certain “spirits.” There is even a report of a man who was convinced that he had come into the presence of the Christian God.

But why poke and prod religion? Why not just leave it be? Religious feelings should be respected, people say, and religion is a matter between an individual and their God. But that old cliché doesn’t hold water and never did. Religion is a battleground, and today it is the battleground. We hear it in the battle cries of fundamentalist Muslims and the rhetoric of America’s politically-powerful Christian right. And of course the religiously-flavored confrontations whether they take place in Europe, the Middle East or the Midwest all have political elements in them. But, underneath there is a basic difference that has nothing to do with East and West, Islam and Christianity, Israelis and Palestinians or liberals and pro-lifers, but with two fundamentally different ways of explaining the world and living one’s life.

It is the religious approach as opposed to the scientific. These two approaches are essentially different and in mutual opposition. One value system encourages faith, acceptance without question, obedience to traditional dogmas; while the other is based on chronic curiosity and the need to verify, to produce evidence for the claims you make. Two so apparently opposing value systems cannot live in peace, side by side. A collision is inevitable, such as when religious dogmas are contradicted by scientific discoveries, or when the latitude for scientific research is constrained by attitudes based on interpretations of Holy Scripture.

In other words, we are dealing with colliding worldviews. Intelligent Design is the label for a doctrine that has its source in a Christian vision that the world was created by God. However, its proponents present ID as a scientific alternative to the theory of evolution and Darwin’s theories of natural selection. The theory of evolution lacks explanatory power, they claim, because there are phenomena and observations that cannot be explained through random mutations and natural selection. They are too complex.

The movement’s favorite example is the bacterial flagellum, a tail that uses a nano-sized protein motor nestling at its base to move it and propel the microbe around. It is claimed that this mechanical wonder has exactly the parts it needs to function, no more, no less – and cannot possibly have arisen by itself through blind evolutionary processes – so there must have been an intelligent designer behind it.

The designer with which the ID proponents operate apparently got the ball rolling at some point in the distant past, when he invented some extremely clever fundamental structures of life, including these fantastic flagella. And only thereafter was creation left to what we call evolution – to a certain degree.

They are not so enthusiastic about putting a name on this grand intelligence. They would prefer not to speak directly about the Christian God but stick to a discussion of some higher executive power. The truth, however, is something else. As Barbara Forrest, a philosopher at Southeastern Louisiana University, documents in her book Creationism’s Trojan Horse, the ID movement grew directly out of good, old-fashioned Creationism; people with Bible in hand who assert that the Earth was created 10,000 years ago by a God who took six working days to put together all living creatures in their present form.

The Central Command for disseminating the idea of intelligent design is the conservative think tank Discovery Institute in Seattle. The institute is led by evangelical Christians and its considerable economic support comes primarily from patrons and foundations belonging to the same camp. Its affiliations also appear very clearly in the now notorious Wedge Document, a relatively brief, secret manifesto that was leaked in 1999 and placed on the Internet.

“The proposition that human beings are created in the image of God is one of the bedrock principles on which Western civilization is built,” they write in the opening sentence of the manifesto. In the second part, they lament the prevalence of scientific materialism and declare war against it. “[T]hinkers such as Charles Darwin, Karl Marx, and Sigmund Freud portrayed humans not as moral and spiritual beings, but as animals or machines … whose behavior and very thoughts were dictated by the unbending forces of biology, chemistry, and environment …. The cultural consequences of this triumph of materialism were devastating …. Discovery Institute’s Center for the Renewal of Science and Culture seeks nothing less than the overthrow of materialism and its cultural legacies.”

A “wedge” must be driven into the tree trunk of rationality, the document further states. And an attempt would be made to force intelligent design onto the curriculum of the American education system. Public schools are the preferred battleground – and, in the State of Kansas, it is well known, the combatants regularly wind up in court.

We have grown used to linking this conflict with the US but even secular countries like the UK, Denmark, and Holland have had proponents of the movement suggesting that ID be taught in schools.

In response to the attacks, science has begun to fight back. Researchers defend their fields and their methods in public debates and, as something entirely new, they have begun to write books that look like calls to arms. In 2004, a young American philosopher, Sam Harris, published The End of Faith, which wound up as an astonishing bestseller. Originally, he had difficulty finding a publisher, because it was unprecedented in its aggressive critique of religion as a phenomenon. All religion is in direct conflict with reason, says Harris. He deals blows to a range of faiths but in most of the book he rips Christianity apart and bemoans a United States paralyzed by powerful fundamentalist currents.

The year after Harris’ bombshell, another American philosopher, Daniel Dennett, published his Breaking the Spell. It is a somewhat more temperate contribution to the debate and, according to Dennett himself, it is an attempt to reach religious believers and raise questions about their faith. It does this by examining religion as a natural phenomenon, opening with a very telling illustration of an ant in a field of grass. The little insect toils his way to the top of a grass blade only to fall to the ground again and begin all over. Again and again, it does this. A passer-by observing this behavior would say to himself that there must be some point to it, that the ant is trying to accomplish something or other.

But that would be wrong. You are just seeing the result of a parasite that has burrowed itself in the ant’s brain and taken control. The worm-like Dicrocelium dendriticum has its own purpose – it wants to find its way into the stomach of a cow or a sheep in order to proceed along its life cycle. To that end, it has taken over an ant and is making it do something that will increase the chances of being eaten by grass-eating cud-chewers. Definitely not in the interest of the ant but quite useful for the parasite.

If you think about it, suggests Dennett, don’t religious ideas function in the same way? The idea of eternal life – perhaps even accompanied by harps or willing virgins – can make its carrier blow himself up. Certainly not to the advantage of the martyr but perhaps for the benefit of the idea hitching a ride in his brain?

The British evolutionary theorist Richard Dawkins of Oxford University undertakes the same sort of exposé of religion as a natural phenomenon in The God Delusion. The book often takes a biting, sarcastic tone. At one point, Dawkins describes Yahweh, the God of the Old Testament as “arguably the most unpleasant character in all of fiction” and he argues that religion is a delusion that is not considered a sign of insanity simply because it is shared by a sufficient number of people.

Dawkins has been called the world’s most famous out-of-the-closet atheist, and he has long “proselytized” openly for the end of religious faith. In a slightly more organized effort some years ago, Daniel Dennett tried to become the catalyst for a true atheist movement, when he introduced the concept of Bright. Dennett pointed out that the only factor that definitively blocked someone from being elected to public office in the United States was godlessness. If you are a politician in God’s own land, you have to use rhetoric that includes religion, and you have to have standing in some church. For who could have confidence in a person without faith? In recent years, various opinion polls have made it clear that Americans consider atheism the worst cultural “handicap”. People claim that they would rather vote for a gay man or a black man or even a woman before they would vote for an atheist for president.

Even though, today, there are 20,000 members of the Bright movement, it must be said that they have not had much impact and are not much heard in the mainstream. Nor can American Atheists, which fights with legislators and pursues lawsuits for the rights of non-believers, be said to have much more power with its 2500 members and a budget of a million dollars a year. But it looks as though we are seeing the germ of a more aggressive and powerful variant called the New Atheism – with people like Dennett, Dawkins and Harris as standard bearers – which directly and vociferously confronts religion. “It is time to stop pussyfooting around. Time to get angry,” says Dawkins in one of his essays. And for Harris, one of the most important points is to come to terms with the taboo of criticizing religion.

Meanwhile, science has begun putting the phenomenon of religion itself under the microscope. This after science has long kept a safe distance from the religious. Science has, one could say, rendered unto Caesar what is Caesar’s and unto God what is God’s. Religion and science were considered two essentially different domains that did not overlap, and neither had jurisdiction to make pronouncements about the other. There has been a sort of ceasefire in which people on both sides, politely shying away from conflict, turned their gaze away and more or less tried to pretend the other side did not exist.

But now the shit has hit the fan, and theoreticians and lab scientists are taking up positions on the field of battle. One school consists of Darwinists who claim the existence of religion is based directly on the mechanisms of evolution. In their view, the reason religious conceptions and religious practices exist among human beings and have spread throughout all known cultures is that they provided an evolutionary advantage for our early development. It is an idea that has been elaborated in David Sloan Wilson’s Darwin’s Cathedral. As a biologist, he places weight on the fact that members of the genus Homo lived for millions of years, almost up to our own time, in small groups, and religion provided cohesion for these groups.

If individuals are on the same page with respect to a particular view of the world, they are able to feel a kinship with one another and a common opposition to “the others” – that is, groups that have a different view of how the world works. The theory suggests that this clear identification might provide an advantage in battles with hostile groups with a less close-knit community. And it further claims that groups without the capacity for religion would not have a corresponding cohesiveness.

Not everybody buys this idea. There are those who believe it more likely that religion sprung up as a pure side effect of other achievements of evolution. One of them is Dawkins, whose hypothesis is that what in its time provided an evolutionary advantage is a brain with the built-in capacity for creating something so far-reaching and complex as religious conceptions. In other words, religion arose as an evolutionary “by-product” of a well-developed human intelligence. Actually, good old Darwin was on the same track. In The Descent of Man, he very briefly examined religion and described it as an excrescence of consciousness itself. Of blood rituals and other superstitions, he wrote that “[t]hese miserable and indirect consequences of our highest faculties may be compared with the incidental and occasional mistakes of the instincts of the lower animals.”1

One of those who have attempted to formulate a coherent explanation of how religion arises as a “by-product” is the anthropologist and psychologist Pascal Boyer of Washington University. Boyer is one of the stars in a new field known as cognitive religious studies, and his great contribution is a theory that considers religion as an opportunistic mental infection. He lays out his theory in Religion Explained, in which he builds on a broad panoply of observations from religious studies, anthropology and psychology. Taken together, they indicate that the way our brains and psychology function makes it terribly easy for religious conceptions to move in. And it is not just about religion in the narrow sense. For the cognitive researchers, Jesus and Santa Claus have the same source, and all ideas about the supernatural are viruses that, so to speak, hack their way into the mental systems we use to understand the world.

You see this, for example, in our apparently inherent tendency to assume that things around us have a purpose. We walk around with a sort of mental purpose detector, which has the effect that we automatically choose to put the world in an explanatory framework that ascribes a purpose to events and figures. The American developmental psychologist Deborah Kelemen has dubbed this “promiscuous teleology.” She has observed it in both small and somewhat older children. For example, Kelemen asked four and five-year-old children what various objects – living and non-living – “were for.” They accepted the question and answered readily. Thus, a lion is “made to be seen in a zoo,” and a cloud is “made to give rain.” And if children find a tree suitable for climbing, they don’t think it’s just an accident that it’s in the yard. No, it was created by someone and was put there to be climbed in. Young children actively prefer this sort of explanation to “grown-up” explanations about chance occurrences and physical circumstances and, despite influences from the adult world, the tendency continues, according to Kelemen, until the age of nine or ten.

Apart from their promiscuous teleology, children also have an inherent tendency to construct notions of invisible friends who follow them around, says Kelemen. She concludes that from the age of five, they are intuitive theists.2 They are disposed to ascribe supernatural causes to natural phenomena. It turns out that even the idea of gods and magical creatures comes quite naturally to a two to four-year-old. And anthropologist Jesse Bering of Queens University in Belfast has shown that small children intuitively feel that other people know when they have done something forbidden, even if they did it in a closed room without witnesses.

Yes, but they are only children, you might say. They get over it, once they have acquired reason and maturity. And they do to a certain degree, but the point of cognitive religious research is that, even in our most rational incarnation, we are still hopelessly characterized by psychological tendencies that stem to a great degree from what you could call our social antennae. As a social species, we are adapted to look for causes in the form of social interactions. At the same time, our brains have a fantastically well-developed ability to understand other individuals, to see the world from their point of view and attribute motives and intentions to them. This ability can very quickly create beliefs that there are also motives, intentions and individuals – invisible agents with causal force – behind all the effects for which we cannot immediately see the cause. Religious conceptions fit, hand in glove, with the way we think. Or as Boyer so beautifully phrased it: “Religion is a parasite on our cognitive apparatus.”

Now brain researchers are eagerly probing and prodding this cognitive apparatus. With their electrodes and scanners, they have begun to measure the brain in an attempt to understand faith in general, and mystical, supernatural and religious experiences in particular. To understand them in relation to what actually goes on in people’s heads. People are speaking of neurotheology as a field of research. And neurotheologists talk about the fact that there are areas in the brain or a network of nerve cells that produce various types of religious experiences.
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