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Introduction


Of all the mysteries of human existence these have to be the biggest: What is consciousness? Is it real or just an illusion? And either way, how does it work?


People have been pondering these kinds of questions since long before we knew that the brain was the place where thinking happens. Not until the 5th century BC, when Hippocrates noticed that people with brain injuries lost aspects of their consciousness, did anybody realize that it had anything to do with the brain.


But the questions didn’t stop there. How can the squishy, tofu-like matter of the brain give us such richness of experience? How can we tell whether my experience is anything like yours? Or indeed if either of us are experiencing consciousness in the first place? What happens in the unconscious and how does it affect our notions of free will?


We do not yet have all the answers, and these questions will keep scientists and philosophers busy for a few more centuries yet.


What there are, though, are some fascinating ideas – many of them stranger than fiction. To navigate through the deep waters of philosophy and neuroscience we have brought together the ideas of the greatest minds in consciousness research and combined them with the expertise of New Scientist writers. We admit that the following pages do not hold all the answers to the mysteries of our minds, but they will certainly raise some fascinating new questions. They may even make you rethink everything you thought you knew about reality.


Caroline Williams, Editor
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An introduction to the hard problem of consciousness


There are a lot of hard problems in the world, but only one of them gets to call itself ‘the hard problem’. And that is the problem of consciousness – how a kilogram or so of nerve cells conjures up the seamless kaleidoscope of sensations, thoughts, memories and emotions that occupy every waking moment.


 


The enigma of consciousness


Ask yourself this: Do you feel conscious? The fact that you are even able to consider such a question suggests that the answer is probably ‘yes’. Our own consciousness seems to be such an obvious feature of our lives that most of the time we never even stop to ponder it.


Now take a look into the eyes of the nearest human being. Are they conscious too? This time it’s much more difficult to be sure. It doesn’t matter whether you are gazing into the eyes of your beloved or a complete stranger; there is no way of truly knowing whether they are conscious, too. And even if they are, it’s impossible to know whether their experience of consciousness is anything like yours. Start trying to ask the same sorts of questions of animals and even machines and things start to get even more complicated.


These basic features of understanding consciousness have had philosophers scratching their heads for centuries. Back in the 17th century, René Descartes set the tone for the modern debate about the problem by proclaiming that the body and conscious mind are cut from very different kinds of cloth. In Descartes’ view, the body and the brain are made of matter in the same way as other physical objects such as tables and chairs, and rocks and plants. The mind, however, with our thoughts, beliefs, mental lives and memories, is immaterial – something that can neither be seen nor touched nor directly observed. This observation has set the tone for much of the debate about consciousness since.


The hard problem


In 1995 philosopher David Chalmers, at New York University, updated Descartes’ point of view, dubbing it ‘the hard problem’. Chalmers argued that understanding how the brain works doesn’t tell you anything about consciousness because while the brain physically exists, the contents of the conscious mind cannot be observed or measured.


Understanding the brain, in Chalmers’s view, is ‘the easy problem’. We can tell, for example, that the brain is made up of a kilogram or so of highly connected nerve cells, some of which are specialized for certain functions. We can also tell that the currency of communication between nerve cells is both electrical and chemical. But while we can explain, for example, how our eyes inform our brains about the wavelength of light that relates to a colour, this doesn’t tell you anything about what it is like to see the colour red. In this view, even understanding every detail about the brain’s functioning doesn’t help us understand consciousness because it tells you nothing about what it is ‘like’ to experience red. Or, as Thomas Nagel, also at New York University, put it in the 1970s: you could know every detail of the physical workings of a bat’s brain, but still not know what it is like to be a bat (see box: Qualia).


Another example. Take this book in front of your eyes. Right now you are presumably having a conscious experience of seeing the paper (or screen), the words and the pictures. The way you see the page is unique to you, and no one else can know exactly what it is like for you. This is how consciousness is defined: it is your own private, personal and highly subjective experience and there is no way to explain the sense of what it is like for you to anyone else.




Qualia


In philosophical terms the ‘what it’s like’ of our experiences are called qualia. These are the subjective, personal qualities of an experience: the coolness of water, the redness of red, the feeling of happiness. Proponents of the hard problem argue that no amount of understanding of the brain’s physiology will properly describe qualia because there are as many versions as there are people in the world and no way of comparing them. Indeed, some have suggested that the qualia of conscious experience might be impossible to understand within our current understanding of the laws of physics.





So, if consciousness isn’t a physical thing, what is it? The extreme version of this view is that consciousness is a fundamental component of the universe, one that exists alongside matter and has properties which, perhaps conveniently, cannot be explained by our present understanding of physics. If taken to the extreme, says Chalmers, this idea can lead to pan-psychism, the view that all matter – even inanimate objects like rocks – is imbued with some degree of consciousness.




Zombies


Another challenge is that it is impossible to know whether another being is experiencing qualia at all. It is possible that everyone else is a ‘zombie’. Not in the horror movie meaning of the word – zombies, of the kind found in philosophical thought experiments, are people who behave almost exactly like everybody else except for one crucial difference: they are not conscious. Stick this zombie with a pin and it will say ‘ouch’ and recoil. But that’s just a reflex – it feels no pain. In fact, this zombie has no subjective sensory experiences, or ‘qualia’, at all. No one has yet found a way to tell for sure that the people around us aren’t zombies.





The not-so-hard problem


At the other end of the scale, ‘materialists’ like philosopher Daniel Dennett, of Tufts University in Medford, Massachusetts insist that there is no such thing as the hard problem, and that ultimately we’ll be able to understand consciousness – and perhaps find a way to measure qualia and spot zombies – when we understand enough about the way the brain works.


For Dennett, there is no mysterious process required for the brain’s information-processing capabilities to become conscious. In fact, he calls Descartes’ ideas ‘one of the greatest mistakes in the history of thinking’.


Dennett argues that consciousness is a direct result of the workings of the brain. In this view, the brain is a kind of hypothesis-making machine, constantly throwing up new ‘drafts’ of what is going on in the world and updating them on the fly. The resulting consciousness, then, isn’t some mysterious out-of-body experience, but a by-product of the flow of information in the body and brain. In other words, a very convincing illusion.
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FIGURE 1.1   Only you can know exactly what your mind is experiencing


What’s more, the brain doesn’t just create the illusion of consciousness but also the feeling that there is a separate, immaterial ‘I’ having a conscious experience. This, too, can be viewed as either a mysterious ‘other’ state that defies explanation or another illusion, stitched together from our life experiences and our relationships with others.


While there are no simple answers to any of these hard questions of consciousness, from a scientific point of view the materialists’ theory has two advantages.


First, there is no need to explain strange interactions between material and immaterial things because in the materialist point of view what seems to be immaterial is nothing more than smoke and mirrors. And, second, it makes the hard problem disappear in favour of a drive to explain how the brain accomplishes this trickery.


Over the past two decades this has brought the problem into the realms of neuroscience. Read on to find out what this line of enquiry has taught us so far.
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The biological basis of consciousness


Neuroscientists have made incredible progress in understanding the biological basis of consciousness, and thanks to technological advances can now even watch it in action in the brain. Here is a primer.


 


The raw material of consciousness


The basis of consciousness in the brain is mysterious, but at least it’s an accessible mystery. As the author Mark Haddon put it recently, the raw material of consciousness is not on the other side of the universe, it didn’t happen 14 billion years ago and it’s not squirrelled away deep inside an atom. It’s right here, inside your head.


In fact, if we put aside the philosophical question of why consciousness exists at all, we can begin to probe the brain for its tell-tale physical and electrical signatures, the so-called neural correlates of consciousness.


Unfortunately, the brain doesn’t give up its secrets easily. The brain contains, at last count, nearly 90 billion neurons with so many connections between them that if you counted one every second it would take you three million years to complete the task. But even this doesn’t do justice to the complexity of the brain. What’s truly extraordinary is not the structure itself, but the patterns of connectivity that flow through it which, somehow, underlie everything that makes you, you.


How these patterns of connectivity add up to consciousness is a huge question. So where should we begin in our attempts to understand how it all works? One approach is to break the problem down into manageable chunks, and to explore the biological basis of the different aspects of consciousness, one at a time.


We can, for example, differentiate between the level of consciousness (the difference between being vividly awake and aware or under general anaesthesia), the content of the experience (what it is that we are sensing and responding to) and the conscious sense of self (the mysterious but at the same time completely familiar feeling that everything is being experienced by a unified ‘me’).
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FIGURE 2.1   In theory, we could look inside the brain and measure consciousness in action


Level of consciousness


What in the brain determines whether we are conscious or not? At the simplest level the brain does seem to have at least one on/off switch. The intralaminar thalamic nuclei are part of the thalamus, which sits in the very centre of the brain, at the top of the brainstem. If this part of the brain is damaged, it will shut off consciousness entirely. The claustrum, a thin sheet of tissue deep inside the brain, also seems to have an important role in whether we are conscious, or awake but unconscious (see box).




A sweet spot for consciousness?


One moment you’re conscious, the next you’re not. Can there really be such a thing as an on/off switch for consciousness in the brain? It seems so. In 2014 researchers were able to switch a woman’s consciousness on and off by stimulating one small region of her brain.


The woman, who was undergoing exploratory surgery to localize the source of her epileptic seizures, had an electrode inserted next to a thin sheet of brain tissue called the claustrum, hidden deep within the brain. This was a region that had never been stimulated before.


When the team zapped the area with high-frequency electrical impulses, the woman lost consciousness. She stopped reading and stared blankly into space, she didn’t respond to auditory or visual commands and her breathing slowed. As soon as the stimulation stopped, she immediately regained consciousness with no memory of the event.


Although still only tested in one person, the discovery provides evidence for the idea that the claustrum is important for making consciousness out of the maelstrom of information in the brain. Christof Koch of the Allen Institute for Brain Science in Seattle, a proponent of this idea, believes that the claustrum acts as a kind of conductor of consciousness, which integrates information across distinct regions of the brain and binds together information arriving at different times. In 2017 this theory gained further support with the discovery of three long neurons that emanate from the claustrum and encircle the mouse brain, taking in many important areas along the way.
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FIGURE 2.2   Located deep in the brain, the claustrum could bind our perceptions into a cohesive whole


Everyone agrees, though, that there is more to consciousness than a simple distinction between on and off. We know, for example, that a person can be asleep yet still be having a similar experience in a dream to normal, waking consciousness. On the other hand, someone in a persistent vegetative state may be physiologically awake, yet lacking any signs of consciousness.


The emerging picture is that while there are several important brain areas and cell types that are involved in consciousness, the overall experience depends on the ways that activity is coordinated across the brain and the timescale on which it happens.


So how do we quantify the level of consciousness? One very promising method comes from Marcello Massimini at the University of Milan, Italy. He and his colleagues have developed a method that involves stimulating brains with an electromagnetic pulse (using so-called ‘transcranial magnetic stimulation’ or TMS) and then measuring how waves of activity propagate across the brain. This is measured using EEG – a measure of the brain’s electrical activity that is recorded via electrodes on the surface of the skull. The pulse acts like striking a bell, and neurons across the entire brain continue to ‘ring’ in a specific wave pattern, depending on how active the connections between individual brain cells are.


By analysing the complexity of these wave patterns of the brain’s response, Massimini and his team came up with a number between zero and one, which they called the Perturbational Complexity Index (PCI). People in a vegetative state who are unresponsive and probably unconscious have a PCI closer to zero. According to one study there appears to be a cut-off at about 0.3, which seems to distinguish conscious states from unconscious states.


Subsequent studies have used EEG measurements alone – without the pulse of electromagnetic stimulation – to see if complexity measures can still be used to determine the level of consciousness. Put very simply, these measures quantify how ‘diverse’ or ‘unpredictable’ the brain signals are. And, indeed, it turns out that these measures of spontaneous complexity also reduce from that seen in wakeful rest, through mild sedation, to full general anaesthesia. Similarly, studies in people who have electrodes implanted in their brains to help localize their epileptic seizures have shown a general decrease in complexity as people fall asleep. Interestingly in REM sleep, when people are dreaming, the complexity of their brain dynamics is much the same as it is during normal conscious wakefulness – which tells us that these measures of complexity are reflecting levels of consciousness specifically, not simply physiological changes in states of wakefulness.


As for ‘higher’ states of consciousness, some recent research has used a method called MEG (magnetoencephalography, which measures the tiny magnetic fields generated during brain activity) to study the brain dynamics of people under psychedelic drugs such as LSD, psilocybin and ketamine. Compared to a baseline state, these drugs seem to do the opposite of anaesthesia or falling asleep. They seem to increase the level of brain complexity – the first time this has been observed. Could this be a sign of having reached ‘higher ground’?, an elevated level of consciousness? It’s too early to say for sure, but it is an intriguing avenue for future research.


These ways of measuring consciousness level are related to an increasingly popular theory of consciousness called integrated information theory, or IIT for short, developed by the neuroscientist Giulio Tononi at the University of Wisconsin (see box: Integration breeds awareness?). However, existing measures like those mentioned above provide only crude approximations to the theory. The full version of integrated information remains virtually impossible to measure for any real system.




Integration breeds awareness?


We don’t experience colours, shapes and sounds separately, but as a fully integrated whole. Giulio Tononi, a neuroscientist in Madison, Wisconsin, has put forward a theory that describes this process. He says that for a system to be conscious, it must integrate information in such a way that the whole generates more information than the sum of its parts. In conscious minds, integrated information cannot be reduced into smaller components. When you perceive a red triangle, the brain cannot register the object as a colourless triangle plus a shapeless patch of red.


Tononi calls the measure of how a system does this, phi. According to his theory, the ability to integrate information is a key property of consciousness. A digital camera has a prodigious memory capacity but its millions of pixels never ‘see’ a photo. Your mind can because your brain actively integrates information to make sense of the data.


One way of calculating phi involves dividing a system into two and calculating how the parts predict their future state, compared to the whole system. One cut would be the ‘cruellest’, creating two parts that are the most independent. If the parts of the cruellest cut are completely independent, so that the ‘whole’ is no greater than their sum, then phi is zero, and the system is not conscious. The greater their dependency, the greater the value of phi and the greater the degree of consciousness of the system.


Tononi’s approach can explain some curious aspects of consciousness. Why do we lose consciousness when we go to sleep? He would say that this is a time when information from the brain’s specialized circuits is no longer integrated. Why are brain seizures associated with a loss of consciousness? It might be because seizures overload the circuits, blocking complex informational exchange.
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FIGURE 2.3   Consciousness might arise from the integration of information in the brain


In terms of which brain regions are involved in maintaining conscious level, attention has recently been drawn to a posterior ‘hot zone’ in the cortex – centred on the parietal and occipital cortex. Activity in this area seems to distinguish very reliably between conscious and unconscious states. A study by Francesca Siclari, of the University of Wisconsin– Madison, and colleagues provides probably the best evidence for this to date. Instead of simply comparing waking with sleeping – a comparison which involves many changes in the brain and body besides the loss of consciousness – they looked only at the brain during sleep. By waking people up many times during each night and asking them whether they had been dreaming of anything, they were able to compare brain activity when people had been dreaming, with that when they had not been having any conscious experiences at all. This way, the overall state of the brain and the body was the same, so that any differences they found could be tied more closely to consciousness itself. In this comparison, the posterior ‘hot zone’ appears very prominently as strongly associated with conscious experience. So prominently, in fact, that these researchers were able to accurately predict whether a person would report dreaming before waking them up, based only on the activity in this area.




Are babies conscious?


In adults, conscious awareness of having seen, felt or heard something is linked to a two-stage pattern of brain activity. Immediately after a visual stimulus is presented, for example, areas of the visual cortex fire. About 200 to 300 milliseconds later other areas light up, including the prefrontal cortex which deals with higher-level cognition. Some researchers think that conscious awareness kicks in only after the second stage of neural activity reaches a specific threshold.


This is easy enough to study in adults because they are able to report when they are aware, but it has been impossible to ask the same questions of babies to find out if, and how, they become conscious of something in the environment.


Sid Kouider, at the École Normale Supérieure in Paris, and his colleagues tackled this question by putting EEG caps on groups of babies aged 5, 12 and 15 months, and recording brain activity while they were shown a series of rapidly changing images. As with the adults, all of the babies in the group responded to the face with the expected two-stage pattern. But in the second stage – the activity linked to conscious awareness – the response was much slower.


The slowest and least distinct reaction was in the five-month-old babies, where there was a delay of more than one second before the second pattern appeared. At 12 months, the second stage of activity arrived 800 to 900 milliseconds after the image was displayed. The 15-month-old group showed a very similar response.


It seems that babies may have the same mechanism for consciously registering things in the world around them. It just takes a little longer for the penny to drop.
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