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Consciousness poses the most baffling problem in the science of the mind. 

(Chalmers 1995)

This is the second in a series about life and consciousness, and in an ideal world you would read this after having read the first volume, ‘A Brief History of Life’. However, whilst the first volume provides some background and context, it is not essential to have read the first book in the series prior to reading this one.

The first book used the definition that life is a self-contained chemical system capable of undergoing evolution, and it examined life from a classical and quantum science perspective. When we see something with our naked eyes, we usually know whether it is alive or not, but things are rarely as clear cut at a microscopic level, and even less clear cut at a sub-atomic level. That makes ‘life’ a complicated subject to write about, and scientists in different disciplines have differing interpretations of what it means to be alive. 

If life is complicated, consciousness is doubly so. We see life all around us, and can examine it in numerous plants and animals, but when it comes to consciousness, there is nothing to see and little to examine. The only consciousness we can examine in real depth over a prolonged period of time is our own, and even our own consciousness is a mystery to us. 

Philosophers, neuroscientists, psychologists and others have all failed to agree on what consciousness is, or where it can be found, or even what it takes to be conscious, but that hasn’t prevented a plethora of theories. In early 2025 Google Scholar returned over 5.7 million results on a search for ‘consciousness’, and a search for ‘consciousness’ at the University of Manchester Library, where I conducted most of my research, listed over seventy-five thousand books or articles with the word ‘consciousness’ in the title.

I have been studying the subject of consciousness for many years, but it should come as no surprise that I have not read all the seventy-five thousand books on the subject in Manchester University library (never mind the 5.7 million articles listed in Google Scholar). I am in my late seventies, so I would need to have read almost three of those university books or articles on every single day of my life, and that would have been impossible. What I can say with confidence, though, is that nobody else has read all of them either.

That is not to say there are no experts on the subject. There are many, each with their own hypothesis. In scientific terms, a theory is something that has been, or can be, scientifically tested and validated, whereas in common every-day usage a theory includes speculation or unvalidated guesses. Throughout this book I will usually use the word theory in the every-day sense. There are many theories about consciousness, but none-of them have been fully tested, and none of them are universally accepted.

In mentioning the many experts whose books I have read, I don’t mean to imply that I count myself as on a par with them. I may be well read, but I am no expert. My conscious experiences are unique and totally different from everyone else’s. I struggle to understand my own consciousness and claim no expertise in it, so as I barely understand my own consciousness, I am certainly not claiming any expertise in anyone else’s consciousness.

Others have done the research, and I have confined myself to a review of that research. During my own reading it became clear the same evidence has often been used both to support and to contradict various theories, with reviewers tending to slant their review in favour of their own preferred theory. I have tried my best not to do the same, but it will be for others to judge how successful I have been. 

If my main task has been to review the research of others, a secondary, but no less important task has been to try to re-write the main findings in a format more accessible to the average non-academic reader. I have found this secondary task far harder than the first. Consciousness is a complex subject which has stumped some of the smartest researchers in the world, both past and present. Reading the research was relatively easy. Understanding it, and compressing it into a less academic format, has taken many more hours than I initially anticipated. Again, it will be for others to judge how successful I have been.

I need to stress that this book is a ‘brief’ history of consciousness in the sense that, however long it is, there is no single book that could ever do justice to the subject. There are points of view, and even whole theories, that have been omitted, and the theories that have been included have been severely condensed. Almost every theory contained in this book deserves thousands of pages of its own, and indeed almost all the theories already have many books dedicated to explaining them in minute detail, accompanied by hundreds, if not thousands, of research papers. All the theories are complicated, and I have tried to simplify them as much as possible without losing the essence of the theory involved. I have also, where possible, tried to use analogies to help explain them, but I can’t express strongly enough that no analogy is perfect. My aim has been to help your understanding, but some analogies will be more helpful than others.

The problem is not the scarcity of material. It is the scarcity of material in a format understandable by an average person who is neither a neurologist nor steeped in philosophy. Consciousness has a long philosophical history which I am aware of, but which I have largely ignored. It is not that I think such history is unimportant, more that I think the average reader of a popular science book will be more interested in the end results than in the often long and torturous thought processes which preceded them. In a similar vein, unless absolutely necessary, I have largely omitted in-depth descriptions of the brain or its neurons. In keeping with those aims, the format I have used in the book has endeavoured to define what consciousness is, to outline the various theories about consciousness, and to examine the state of current research.

I have added an appendix of consciousness definitions, and a second appendix contains a glossary of terms. These are followed by a notes section acknowledging some of the research referenced within the book, and a larger and more extensive bibliography for those who may want to study the subject in more depth.

All the theories of consciousness found in the following pages have several books, and numerous research papers, written about them. If the short descriptions in this book piques your interest, I recommend a broad stroke approach to obtain sufficient background information, but to confine your in-depth reading to the theory you find most promising. There is such a plethora of information about consciousness that I would not suggest trying to read all the books and research papers on all the different theories. It would be a never-ending process. That way, madness lies. I know!
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Who Am I?
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Consciousness is never experienced in the plural, only in the singular.
(Schrödinger 1944, Epilogue)

At any one time, our brains are subjected to continuous and numerous external stimulations. Our skin is constantly feeling things (even if most of the time those ‘things’ are our own clothing), our eyes are constantly seeing things (even if, for most of the time, they are focused only upon one thing), our ears are constantly hearing things (even if, in times of silence, those ‘things’ are the sound of our own tinnitus), our nose is constantly smelling things (even if we have got used to our own distinctive smell), and our tongue is constantly tasting things (even if, when we are not eating, those ‘things’ are in our own saliva).

Aristotle first came up with the five senses of touch, taste, vision, hearing and smell over 2,000 years ago, but more recently it has been suggested we have as many as 53 sensual categories or sub-categories. The nose alone has around 400 different types of odour receptor. 

Whatever the final number is, the brain constantly takes in lots of external information, all of which is potentially important, but only a small portion of which we become consciously aware of.

In addition to the many items of external stimulus there are also many endogenous items of information arriving in the brain from internal sources. Stimulus from hormones that regulate all our internal functions, sensations of internal pain or stomach fullness, information about our need for more or less oxygen, information about our balance and co-ordination, and information about our body temperature, heart rate or blood pressure.

Every bit of that vast and complex array of information is conveyed to the brain and our ability to become aware of that sensory input, to experience sensations and emotions, and to respond to good or bad experiences, is known as sentience. 

All the above is known, but there are several great unknowns which this book will try to answer.

Firstly, why does our brain not act like a large computer and deal with all the information without the need for consciousness?

Secondly, how do we become conscious of some information whilst remaining unconscious about the rest?

Thirdly, I know ‘I’ am conscious, but what is consciousness anyway, and who or what am ‘I’.

This book is about phenomenal, or subjective, consciousness, the inner world of my thoughts, feelings, and emotions. It is about what it feels like to be ‘me’. Consciousness makes ‘me’ unique from all the other people in the world. It is the sum of everything I can remember and can call to mind, everything I am currently experiencing and thinking about, and all the things that make me feel what it feels like to be ‘me’.

In order to get to grips with consciousness, we first have to define the difference between sentience and consciousness. In the popular press, these terms are sometimes bandied about as though they are the same thing, but they are not. Sentience derives from the Latin word ‘sentire’, which means "to feel", and we describe an organism as sentient if it is has sensory input enabling it to feel sensations and emotions, and to respond appropriately to good or bad experiences. All organisms, plants and animals, have some form of sensory input which enables them to differentiate between good and bad experiences, so at the most basic level they are all sentient. Even single-celled organisms have sensors which enable them to determine the difference between something that can be let through the cell membrane as food or kept out because it may be harmful. Sentience may be widespread, but it doesn’t necessarily follow that consciousness is widespread. Consciousness is more than sentience. It involves more than an awareness of sensory input. It involves self-awareness, the subjective awareness of your own thoughts and your own existence. Our perception of consciousness is personal; the personal internal reflections unique to each one of us.

Rays of light hit the lens in my eye, and an electrical impulse is sent to my brain which registers those impulses as an image. Sound waves hit my eardrum, and those vibrations are converted into an electrical impulse that is sent to my brain which registers those impulses as a sound. I touch something with my fingers, and the pressure is converted into an electrical impulse that is sent to my brain which registers those impulses as a feeling. I can think of music within my head, and those thought travel to my mouth and enable me to hum a tune or sing a song.

My laptop can do all those things too!

Rays of light hit the lens in my webcam, and an electrical impulse is sent to the processor of my computer which registers those impulses as an image on my monitor. Sound waves hit the microphone, and those vibrations are converted into an electrical impulse that is sent to a speaker and broadcast as sounds. I finger the touchpad, and the pressure is converted into an electrical impulse which is sent to the processor and registered as a touch.

The difference? I am conscious and my laptop is not. 

[image: A silhouette of a person's head with a computer motherboard for a brain]

I am not a computer.

The laptop takes light waves and converts them into pictures. I take light waves, convert them into pictures, and those images give me intense pleasure, intense pain, or every emotion in between depending upon my interpretation of what I have seen. Those images may even cause me to think about something different entirely, and I can simultaneously see one thing with my eyes whilst viewing another scene in my imagination with my mind’s eye. 

The laptop takes sound waves and converts them into sounds. I take sound waves, convert them into sounds, and those sounds can make me happy or sad. Those sounds may even cause me to think about something entirely different, and I can simultaneously listen to music with my ears whilst being aware of the emotions the music engendered when and where I first heard it.

The computer takes the touch of my finger on a touch pad and converts that pressure into the movement of a cursor. I touch the same plastic touch pad, and as well as being aware of the moving cursor I am also simultaneously remembering the touch of a plastic toy I played with as a child, the pleasure that brought me, and the sense of loss that my mother who bought it for me is no longer living.

The difference? The computer and I have both processed our surroundings, but I am conscious of my surroundings and aware I have processed something, whereas the computer is unaware of its surroundings and unaware it has processed anything. 

This inner feeling, this consciousness, is something I am aware of within myself, but why should you believe me?

In these days of artificial intelligence, I could programme an AI computer to search the internet and memorise all the written, vocal, and video information it finds. I could train it to recognise answers to all the questions ever asked on the internet, and to mix and match the output of all that information in response to human input, and I could programme the computer to convincingly answer ‘yes’ when asked if it was conscious. That would not make the computer conscious, and it would remain nothing more than a massive search engine despite its computing power and fancy AI name.

Consciousness appears to be more than the ability to respond to external stimuli, and more than the ability to say, ‘I am conscious’, but that extra ingredient is hard to define. This book examines some of the various attempts to provide an acceptable definition.

The journey into consciousness will be a multi-disciplinary one, and ideally we would need a working definition of what consciousness is in order to begin. Unfortunately, many research papers on the subject of consciousness skirt around a definition because there is no real consensus. 

In a 2007 textbook on consciousness, Quentin Smith, Professor of Philosophy at Western Michigan University, introduced the subject by stating a book of original essays on consciousness should reflect diversity and not specify at the outset what consciousness is. Later, in the same textbook, David Papineau, Professor of Philosophy at King’s College, London, describes consciousness as an irredeemably vague concept. The situation has changed little, if at all, in the intervening years. 

There have been numerous books and scientific papers about consciousness, with many different theories about the nature of consciousness, where it is, what it is, how the brain and consciousness are related or whether the brain and consciousness are related, but what is often conspicuous by its absence is a definition of consciousness.

In my first volume, about life, I could offer a definition about life because my physical body is similar to everyone else’s physical body. The individual atoms of my heart may have changed, and it may have grown in size since I was a baby, but my heart is fundamentally the same today as the day I was born. Electrical impulses make the muscles of my heart contract or relax in order to pump oxygenated blood from my lungs and around my body. When the blood returns, another part of my heart pumps the de-oxygenated blood back to my lungs to be re-oxygenated. My heart has remained constant throughout my life, and because I can explain the composition and function of my heart, I can also explain the composition and function of everyone else’s heart. They are all the same.

Consciousness is different. My consciousness is unique. Nobody has the consciousness I have, and the only person who knows what it feels like to be ‘me’ is ‘me’. Built up from everything I have seen, heard, tasted, touched and smelt, I am acutely aware of every thought, every emotion, every love, every loss, every fulfilment, and every disappointment. I can remember all those things, think about them, learn from them, and re-live them in my mind. 

This causes problems because in most instances there appears to be no reason why we were born with these abilities at all.

Let me use an old-fashioned clock as an example. A turn of a key winds up a spring. The energy in the spring releases slowly and turns a spindle. The spindle turns a cog. One cog turns another cog, and so on until a final cog moves the fingers over the face of the clock. 

At no time does the clock think to itself, “I’m a great timekeeper.” It doesn’t need to. Even when the spring eventually winds down, it doesn’t need to think, “I’m about to stop.” It just stops. No consciousness is required.

[image: A close-up of a clock
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A clock has no awareness of time.

The difference seems to be due to our awareness of the passage of time, and a recent scientific paper stated our conscious experience appears to be irrevocably linked to our concept of time. Despite being a timekeeper, the clock has no awareness of it. If it has an alarm which is set to go off at 8:00 every morning, at precisely 8:00  the alarm will ring, but it has no memory of having done so 24 hours earlier, nor an awareness that it will repeat the process in 24 hours’ time. One second before the alarm goes off, it has no anticipation it will do so, and one second after it has sounded, it has no memory that it has done so. Compare that to the poor soul who is being woken up. They become aware they have been woken up as the alarm sounds; they remember setting the alarm and the reason for doing so, and they anticipate getting up and facing the day.

You may already be thinking something computerised would provide a better example because it has a memory.

Let’s use a modern phone for the alarm. It’s true the phone has a computerised memory chip, and it’s true the phone can be used as an alarm, but that is not the same as saying the phone remembers the alarm being set. Let’s assume the alarm is set to go off at 08:00 and sound for ten seconds. When the phone monitors the memory at one second to 08:00, it finds no information. When it monitors the memory at 08:00, it gets told to sound the alarm and does so. When it monitors the memory at one second after 08:00, it again finds no information. Nothing changes, and the alarm continues to ring. When the memory is monitored at ten seconds past 08:00, it gets told to stop sounding the alarm and does so. The phone may have its alarm set in its ‘memory’ for 08:00, but it has no memory of that alarm before 08:00, and nor does it need to have. When it is told to turn the alarm off ten seconds later, it has no memory of having turned it on, nor does it need to have. When it monitors itself at 08:05, it has no memory of having previously sounded the alarm, nor does it need to have.

This helps us understand why we have consciousness, and why we are conscious of being conscious. 

Our consciousness gives us continuity and a sense of permanent being. The individual brain cells holding our memories may die and be renewed over time, but our memories remain. The memory of things we have sensed, and the memory of past emotions we have experienced, combine with what we are sensing and feeling right now, and with our expectation of what we may sense and experience in the future. They combine to provide us with a conscious awareness of the past, current, and potential future continuity of our being. ‘I’ am continuous.

Consciousness is never static. By studying our own consciousness, we increase it. It is greater after our examination than before. That is why no amount of psychotherapy or psychoanalysis will ever be sufficient to fully understand another person.

The philosopher Timothy Sprigge, former professor of logic at the University of Edinburgh, was the first to ask the question ‘what is it like to be a bat’ which was later made famous by the philosopher Thomas Nagel. They both pointed out that you could describe how a bat lived, and you could ‘imagine’ what it felt like to be a bat, but you could never ‘know’ what it is like to be a bat. Only a bat knows what it is like to be a bat. 

I could say, only a person knows what it is like to be a person, but I would go further. Only ‘I’ know what it is like to be ‘me’, and only ‘you’ know what it is like to be ‘you’. Only ‘you’ are conscious of being ‘you’. There may be many similarities between us, but there are just as many differences. My conscious experiences are unique to me, just as your conscious experiences are unique to you. 

It makes consciousness hard to understand, hard to describe, and hard to define, but I have listed some definitions of consciousness in an appendix at the end of the book.

My working definition is as follows:

Consciousness is what makes ‘me’ unique from all the other living things in the world. 

It is the sum of everything I can remember and can call to mind, everything I am currently experiencing and thinking about, and all the things that make me feel what it feels like to be me.
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The Problems of Consciousness
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There is not just one problem of consciousness. 

(Chalmers 2017)

You don’t need me to tell you that you are conscious. You know it. It is something you cannot see or explain, but it is something you know and feel to be true. It is this subjective element which defies current scientific explanation, and which the philosopher David Chalmers, co-director of the Centre for Mind, Brain and Consciousness at New York University, calls the hard problem of consciousness. 

The search to solve this hard problem and to explain the subjective element of consciousness has led to many theories, but for every group of scientists producing research papers in support of their preferred theory of consciousness, there is another group of scientists producing research papers arguing against the same theory, or in favour of their own. Some of these theories may have a larger number of supporters than critics, but without exception, none of the theories can be proven to the satisfaction of a sufficient number of scientists to form a consensus.

Any theory has three major hurdles to overcome in addition to numerous minor hurdles. 

Firstly, there is the hard problem of why we are conscious at all. There doesn’t appear to be any advantage from having an inner voice. Faced by a charging lion, my brain could immediately calculate the size and speed of the lion, and whether I had a weapon in my hand. Within a fraction of a second, it could automatically decide I need to either raise a weapon and fight, or run like hell. There doesn’t seem to be any point in the thought process ‘there is a magnificently looking angry lion approaching, should I stay or should I go’. Those thoughts just take time I may not have. The immediate unconscious fight-or-flight decision seems preferable to the more time-consuming conscious thought process.

[image: A lion standing on dirt
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When faced by a lion best not to consciously think about it!

Secondly, there is what is known as the ‘binding problem’. Things you see are processed in different parts of the brain. If you see a lion charging at you, the speed, colour, shape, sound, and distance are all processed in different brain areas and at slightly different times. These differences may only be fractions of a second, but the areas of the brain in which different things are processed are unconnected, and there does not seem to be a central brain area where all those experiences are amalgamated into one combined whole. This means we should experience the speed, colour, shape, sound and distance separately, one after another in quick succession, like a film in which the sound is out of sync with the movement of lips, but that’s not how we perceive them. Despite being separate sensual experiences processed by the brain at slightly different times, they are ‘bound’ together to become a momentary whole single experience. ‘That big hairy angry lion is charging at me’. We know those are sensed separately, but we don’t know how they are ‘bound’ in such a way that we perceive them as a single conscious experience.

Thirdly, there are the computational problems. Superficially at least, our brains seem to work like a binary computer. However much activity there is in the brain, there seem to be only pulses of electrical or chemical activity which are either on or off. Computers are not conscious, and as our brains seem to work in a similar way there seems to be no reason why our biological computerised brain should be conscious.

Another major source of confusion for anyone studying consciousness is how theories of consciousness are categorised. Just as there is no standard theory of consciousness, there is also no standard way in which those theories are categorised. Theories may be divided into physicalist or dualist theories, reductive or non-reductive theories, functional or non-functional theories, classical physics or quantum physics theories, higher order and lower order theories, and so on. 

There is evidence to support almost all those groups and almost all those theories, but there does not seem to be any definitive proof that makes any single theory or group of theories compellingly better than any other. Often, the same research papers are used both by supporters and detractors. Maybe the truth will finally be explained by combining some of the existing theories in ways currently unimagined. It is even conceivable all the current theories are wrong. There may eventually be a new theory, so far unwritten, which turns out to be the correct one. 

Consciousness is confusing for all the above reasons, but in this book I will try to provide as clear a path through the confusion as I can.
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Categorising Consciousness
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There is yet no physical, biological, or computational theory that comes very close to explaining our consciousness.
(Penrose 1995, p.8)

Defining consciousness is a start, but the definitions throw up many additional questions.

Physical matter is made from fundamental particles called up quarks, down quarks, and electrons. Two down quarks and an up quark create a neutron, and two up quarks and a down quark create a proton, and different combinations of neutrons, protons and electrons create every physical thing we see. 

Everything you can see, touch, and feel are created from these same fundamental particles; every star in the sky, every planet in every solar system, every atom in you, and every atom in me.

It would seem obvious on the face of things that consciousness is created from those same fundamental particles, but that supposes consciousness itself is something physical, and that’s not universally accepted as a given. 

When protons enter your eyes and cause them to send an electrical impulse to your brain, and when your brain interprets those impulses as an image, those are all physical events. All caused by the action or reaction of physical matter created by fundamental particles. Sight is physical, but it does not follow that being conscious of the image being beautiful has a physical cause. It may have, and most scientists would say it does have, but it may not, and amongst some scientists, the jury is still out.

This uncertainty has led to theories about consciousness being grouped into two broad categories: physical theories, in which consciousness has a physical cause; and dual theories, in which consciousness has both a physical and non-physical cause, or even just a non-physical cause.

There are a few theories which don’t sit easily in either category, and a recent survey among philosophers showed 51.9% were physicalist, 32.1% were dualist, and 15.9% opted for ‘other’ theories. Even the 15.9% opting for ‘other’ theories amount to a substantial number of philosophers who don’t accept any of the mainstream theories.

The differences between the two largest groupings, physicalist and dualist, is perhaps best illustrated by the bet which took place between the neuroscientist Christof Kock, president and chief scientist of the Allen Institute for Brain Science in Seattle, and the philosopher David Chalmers, co-director of the Centre for Mind, Brain and Consciousness at New York University.

In 1998, the physicalist Kock bet the dualist Chalmers that a discovery in the brain within the next twenty-five years would provide a clear explanation of how neurons in the brain create consciousness. Chalmers believed no such discovery would occur, and twenty-five years later, in June 2023, Kock handed over a case of wine to Chalmers and conceded defeat.

Despite 25 years of intensive research, there is still no undisputed clear evidence that the brain creates consciousness. In the previous paragraph I used the phrase ‘conceded defeat’ loosely, because as soon as Kock conceded defeat to Chalmers, he repeated the bet for a further twenty-five-years. Kock is still convinced research will ultimately provide clear proof consciousness is caused by physical neural activity within the brain, and Chalmers is still equally convinced it is not. We will have to wait until 2048 to find out who wins the bet next time. 

Chalmers believes the easy problems about consciousness are those which can be scientifically explained. For example, studying the effect of stimulation of the senses, or examining the difference between being awake and being asleep, both of which may be explained in terms of neural activity in the brain. The differences between the physicalist and dualist theories are due to what Chalmers calls the hard problem of consciousness. The hard problem of consciousness is hard because it goes beyond the performance of functions and includes our subjective experience; our experience of beauty, and the richness of our inner thoughts and inner life. This subjective element of consciousness currently defies scientific explanation.

Two people may be subject to the same external stimulus, and their brains may compute that stimulus in an identical fashion, but their subjective experiences may be completely different. Whilst receiving an identical stimulus, one may experience joy, another distress, one excitement, another fear. Those subjective experiences cannot currently be determined by physical examination of the external stimulus, nor from examination of the brains of the individuals involved.

I have mentioned that consciousness is often categorised as physical or dualist, but there are many other ways of categorising consciousness too. 

Some textbooks and scientific papers categorise consciousness in monism and dualism terms, with monism being sub-divided into material monism, physical monism, or idealism monism; and dualism being sub-divided into Cartesian dualism, property dualism, or substance dualism.

Further confusion is caused when academic papers and textbooks describe categories differently. Some list physical and dualist theories, some list monist and dualist theories, some list materialist and non-materialist theories, and so on. 

Confused? You are not alone. Researchers have described the categorisation of consciousness as notoriously difficult.

There are numerous ways in which consciousness theories can be categorised, and numerous words used in consciousness theories which are rarely found elsewhere, so I have provided a glossary of many of those words at the end of the book in Appendix B.

For this book I have divided the different theories of consciousness into three categories, the first being physical theories explained by classical physics, the second being physical theories explained by quantum physics or a mixture of classical and quantum physics, and the third being non-physical theories which cannot be explained in terms of classical nor quantum physics. 

How consciousness is defined, not only affects the categorisation of consciousness, but also affects the research methods and expectations about how that research can be verified.

The overwhelming assumption by most scientists is that consciousness arises from within the brain, and this implies there should be some correlation between neural activity within the brain and the consciousness we experience. This correlation, the ‘neural correlation of consciousness’ was first suggested back in 1990, and scientists who assume consciousness arises from within the brain have been searching for this correlation ever since.
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Searching For the Neural Correlates of Consciousness
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Consciousness has been described as the last bastion that still has to be captured by physics 
(Tegmark 2020)

If asked, “Where in your body is your consciousness?”, most people would indicate their head. We are consciously aware of what we see, what we hear, and what we smell, so intuitively most people would assume our conscious awareness is generated somewhere in the middle of our brain, mid-way between our eyes, ears, and nose. However, we can change the perception of where the centre of consciousness is. If you place hearing protectors in your ears to cut out the sound, and close your eyes to cut out the light, then deliberately feel something with the tips of your fingers, where is the centre of your consciousness now? Things are not always as we feel them to be.

The trend of correlating consciousness with neural activity within the brain is most recently connected with Crick and Koch, who in 1990 suggested there was a difference between neural activity we were consciously aware of and neural activity we were not consciously aware of. They believed finding the difference, the neural correlates of consciousness, would enable them to fully understand consciousness. The search for the neural correlates of consciousness continues today.

Physical theories of consciousness claim consciousness has a physical cause, so examining the brain of a person in different states of consciousness, when they are awake and when they are asleep for example, should detect clear differences. On the face of it, this should be an easy task, but unfortunately, in practice, it has proved to be far from easy.
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Magnified image of a single neuron showing complexity and varying length of dendrites

One of the difficulties is the sheer size of the physical search required. In order to make things understandable most illustrations of nerve cells in biology books tend to display a single neuron with one or two dendrites. That’s fine as a teaching aid, but students may be forgiven if they are left with the impression brain cells are less complicated than they really are. Our brains have a hundred billion neurons, as many as there are stars in the galaxy, with an even more astronomical number of links and potential combinations through which they can interact.

A further difficulty is noted in a recent paper, which suggests there may be methodological confirmation biases in the way research is undertaken or reported, leading to the same research being used to support one or other of the consciousness theories without being tested against one another. At the anatomical level, a map of all reported research findings seems to suggest that almost the entire brain has been implicated in conscious perception.

Many of the theories of consciousness also appear to be researched in isolation, with research tending to support one particular theory without being tested against any other theory. The emphasis appears to be on finding confirmatory evidence rather than testing the theories themselves.

We can never be sure what someone is thinking, and even if someone tells us they are thinking, we have to take their word for it because we cannot see their thoughts. That presents a dilemma to anyone researching consciousness, so it is not surprising that a lot of consciousness research revolves around sight. You should be able to show something to someone who is not blind and be reasonably certain they are looking at it and consciously thinking about it, and it should be possible to scan the brain and see the neural activity caused by that consciousness.

Unfortunately, whilst there are several different ways of scanning the brain and measuring brain activity, not all of them provide three-dimensional images; and of those which do, not all of them provide three-dimensional images continuously over a period of time; and of those which do, not all of them are capable of providing a continuous image over time which is of the required resolution. 

Many people are familiar with how the image of a television, mobile phone, or computer screen is affected by the resolution of the image. A high resolution provides a clearer definition, and a low resolution a poorer definition.

Resolution of a three-dimensional image of the brain over a period of time is even more important. Ideally there needs to be a means of taking many (or continuous) images over a period to ascertain exactly when an activity happened (known as high temporal resolution), a means of taking images of the whole depth and width of the brain so you can determine exactly where activity happened (known as high spatial resolution), and a means of distinguishing the different density of the areas being examined (known as high contrast resolution).

Unfortunately, none of the commonly used brain scanning techniques provide high resolution in all three areas of temporal, spatial, and contrast.

Electroencephalograms (EEGs) use sensors on the scalp to measure the electrical activity of the brain, so it provides a good measure of the activity occurring in the whole brain but provides no detail of where in the brain the activity is occurring. That is, an EEG provides excellent temporal resolution but poor spatial resolution.

Magnetic resonance imaging (MRI) involves creating a magnetic field which causes the hydrogen atoms in the brain to change position momentarily. A computer analyses the change to calculate the detailed structure of the brain but does not measure brain activity. This results in an MRI providing good spatial resolution but poor temporal resolution.

Diffusion Tensor Imaging (DTI) is similar to an MRI, but it specifically detects water molecules in the brain's white matter fibres. It creates a detailed image of the connections within the brain and has moderate spatial resolution, not quite as good as the spatial resolution of an MRI, but the length of time it takes to provide a DTI image results in poor temporal resolution.

Functional magnetic imaging (fMRI) works in the same way as MRI but is an attempt to measure activity rather than structure. In a fMRI, the computer is used to calculate changes in blood supply and highlights areas which have used more oxygenated blood. This indicates areas of the brain that are most active, and in practice a fMRI image is often displayed over an MRI image to provide details of both structure and activity. However, whilst it indirectly measures the activity of the brain and has a high spatial resolution, a fMRI still has low temporal resolution, and it can take several seconds for the blood supply to change.

Functional Near-Infrared Spectroscopy (fNIRS) also measures changes in the volume and oxygenation of blood in the brain, but it does so by using near-infrared light. Unfortunately, it cannot penetrate the deeper brain structures and only images the outer layer. The spatial resolution is lower than a fMRI, which makes it difficult to pinpoint the exact location of neural activity, and the indirect measurement of a fNIRS sometimes also leads to inaccuracies in areas where there is a complex blood supply.

Diffuse Optical Imaging (DOI) and Diffuse Optical Tomography (DOT) also use near-infrared light to create their image of brain activity, this time measuring the absorption and scattering of the light to produce their image. The depth of a DOI image is still limited to a few centimetres, and the resolution of a DPI is low due to the way in which light is scattered in biological tissue, making it challenging to obtain detailed images.

Magnetoencephalography imaging (MEG) measures the magnetic field generated by brain activity, and it generally includes taking multiple recordings in sequences which may last several minutes. It provides a high temporal resolution image and rapid changes in neural activity can be captured, but sensors need to be placed a few millimetres away from the scalp to dissipate heat, and this separation reduces the spatial resolution that a MEG can achieve.

X-ray computed tomography (CT) uses X-rays and a computer to produce detailed cross-sectional images of the brain and it has good spatial resolution. However, a CT has only moderate temporal resolution and is not generally used for functional imaging.

Single photon emission tomography (SPECT) uses a radioactive tracer and camera to produce a 3D image, but the spatial resolution is moderate, not as high as a CT or MRI Scan, and the temporal resolution of SPECT is poor.

Positron Emission Tomography (PET) uses a similar process to a SPECT scan, but with a different type of radioactive tracer which provides both a higher spatial and higher temporal resolution. Despite the higher improvements, a PET scan still only has a moderate spatial resolution and a poor temporal resolution.

Functional Ultrasound Imaging (fUS) uses ultrasound to measure changes in blood flow within the brain. Whilst this provides excellent spatial and temporal resolution, its ability to penetrate deeper structures is limited. It struggles to image smaller blood vessels or to detect smaller changes in blood flow, and the smaller field of view of a fUS limits its ability to capture larger scale activity within the brain.

All the above brain scanning techniques were initially designed for specific medical purposes and they are excellent for the purposes they were designed for. However, none of them were specifically designed to find the neural correlates of consciousness, and none of them are completely suitable for the task. It is worth noting though, that each one of these scanning techniques provides an insight into the neural correlates of consciousness, an insight which is enhanced when some techniques are used in combination with one another.
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Different States of Consciousness
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The usual methods of cognitive science and neuroscience fail to account for conscious experience. 

(Chalmers 2017)

The different scanning techniques are all capable of searching for signs of differences within the brain which may indicate different states of consciousness. This correlation between neural activity and conscious awareness should, in theory, be most noticeable where there are clear-cut differences in consciousness, and nowhere is the difference more noticeable than when someone is asleep or awake, or in a coma and non-coma. Even here there are difficulties which make the difference between two states of consciousness problematical.

When we are awake, we receive stimulation from the senses, which appears to provide a subjective experience leading to some behaviour on our part. For example, we see a lion, recognise the threat, and run like hell.

When we dream about seeing a lion, and about recognising the threat and running away, we would expect the activity within our brain to be different. It isn’t. Apart from the lack of a message from our brain reaching the muscles in our legs, the subjective conscious activity within our brain whilst dreaming is usually identical to the subjective conscious activity within our brain whilst awake. In many cases, only the disconnect from stimulus and behaviour is missing, but apart from that our waking and sleeping experience is identical. 

Dreaming is not the only problem. We could easily assume that, apart from dreaming, we are completely unconscious whilst asleep, but that is not the case either. Recent research shows we are able to respond to verbal requests made during all the various stages of sleep, both rapid eye movement stages and non-rapid eye movement stages.

Of course, a sleeping person differs from an anaesthetised person, and the last thing most of us want when undergoing an operation is to be conscious, but consciousness does not simply disappear during general anaesthesia. During a general anaesthetic, the brain appears to progress through a series of different states with variable mental content and variable perception of the environment.

Even those who are completely physically unresponsive and in a long-term coma do not escape the ambiguity over whether they are completely unconscious or not. They may not be able to move physically, but this does not necessarily mean they are unresponsive mentally. In a recent study, unresponsive people in a coma were given a brain scan whilst being asked to imagine themselves playing tennis, or to imagine opening and closing their hand. A surprisingly large number showed brain activity which was consistent with them being able to understand and respond to the request, indicating they were still fully mentally conscious despite not being able to move any part of their body physically. 

All this is the preamble to the theories of consciousness which we will be examining next. It should be clear by now why consciousness is such a divisive subject. It is subjective, with my consciousness being completely different to yours. It is complicated, with scientists using different categories and different descriptions of consciousness. It is enigmatic, with apparently unconscious people being conscious, and it is controversial, with no theory of consciousness achieving universal acceptance.

In short, none of the following theories are written in stone. They are all a work in progress, and all susceptible to being proven or disproven at a later date. The correct theory of consciousness may not even be one of the theories listed in this book at all. It may prove to be a combination of several existing theories, or a completely new theory which nobody has yet even thought of. It is even within the realms of possibility that consciousness is an enigma that human minds are simply incapable of solving.
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Classical Physical Theories 
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To understand the various forms of consciousness we first need to know their neural correlates. 
(Crick 1995)

––––––––
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Consciousness has been a hot topic for many years, but in order to keep our history of consciousness ‘brief’, we only need to go back to the late 1980s and early 1990s. 

Increased understanding of how the brain worked led two scientists by the name of Crick and Kock to suggest a way in which the increased understanding could be used to answer some of the questions about consciousness. In 1962 Francis Crick had received the Nobel Prize for his part in the discovery of DNA, but by 1990 he was a research professor at the Salk Institute for Biological Studies in San Diego, California, and had turned his attention to the study of consciousness. Christof Kock was professor of biology and engineering at the California Institute of Technology at the same time, and in 1990 they published a joint paper in which they suggested sensory stimulation took two forms. It may, for example, be in a fast form linked to our iconic memory, a memory with a large capacity we are unconscious of as it is almost immediately forgotten; and a slower form of stimulation linked to our working memory, which takes a very small amount of that stimulation into our short-term conscious memory.   

The difference, they believed, was down to how neurons processed the information, and they suggested information was conveyed to the short-term memory (and hence to our consciousness) when neurons fired their electrical impulses at a frequency of 40 to 70 times a second.

There is no single area in the human brain which deals with all aspects of sight. One area of neurons deals with motion and depth, another group deal with colour and shape, another with the relative distance from the head or body, and so on. The neurons which deal with these various aspects of sight are not all next to one another in the brain, and sight is not usually experienced alone. It is often accompanied by other sensory stimulation such as touching or listening, which involves neural activity in other areas of the brain.

Crick and Kock hypothesised that we only become conscious of seeing things when neurons in all those different areas fire their electrical impulses in a coordinated semi-oscillatory way at a frequency within the 40 to 70 Hz range. They suggested it was this global binding activity, rather than the activity in any single area, which makes us conscious of seeing.

They went on to suggest three areas of experimentation which would be needed to prove or disprove their hypothesis. Firstly, they needed to research the brains 40 Hz oscillations and to discover when and where they occurred, how long they occurred for, and whether there were other simultaneous oscillations. Secondly, they needed to know whether the oscillations were associated with particular aspects of consciousness or attention. Finally, they needed to find out what neural activity was involved in iconic and working memory, how each different type of memory is formed, and what process determines which information is channelled into each of the different types of memory.

The Crick and Kock paper included several ideas which had been proposed by others, some over 100 years previously, but it provided a blueprint for future research to find the neural correlates of consciousness which many are still following today.

In 1995 Crick wrote that “You”, your joys and your sorrows, your memories and your ambitions, your sense of personal identity and free will, are all in fact no more than the behaviour of a vast assembly of nerve cells and their associate molecules. ... The scientific belief is that our minds – the behaviour of our brains – can be explained by the interactions of nerve cells (and other cells) and the molecules associated with them. ... To understand the various forms of consciousness we first need to know their neural correlates.

Research into the neural correlates of consciousness has continued ever since, and finding the link between physical activity within the brain and our subjective consciousness could well be considered the Holy Grail of consciousness research. Certainly, the majority of consciousness theories assume a direct physical link between the physical brain and a physically caused consciousness. 

The next section of the book examines many of those physical theories, the ones based upon classical physics. Later, in a following section, we will examine theories based upon quantum physics, but both sections are firmly based upon a physical correlation between neural activity and subjective consciousness awareness. 

The order in which the theories are listed is not intended to indicate approval or acceptance of any one theory over another. In most cases they are listed for reasons of clarity, or because they are an extension of a previously listed theory, or so they can more easily be compared with theories previously listed. Similarly, the dates in which various theories were first published should not be taken as evidence that later theories are necessarily better or more acceptable. They may or may not be, but in most cases there remain strong advocates for earlier theories despite the publication of more recent theories.
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Global Workspace Theory (GWT)
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Conscious experience is a difference that makes a difference. 
(Baars 2017)

The Brief Version

Most information is dealt with locally and unconsciously by specialist neurons in the brain, but information that cannot be dealt with locally is sent to a group of neurons known as a workspace, from where it is published globally throughout the brain. We become consciously aware of information broadcast globally by the workspace and remain consciously unaware of the remainder.

The Long Version

In 1983, cognitive scientist Bernard Baars published a brief outline of how he believed consciousness arose within the brain. He suggested most information is dealt with by specialised processors which usually process that information independently and locally. However, those independent processors are connected to what he called a “central information exchange” through which they could interact with other specialist processors.

Baars suggested the central information exchange monitors the information being received by all the specialist processors, and if the information is as expected it allows the specialist processors to deal with the information locally. However, if the information differs from what is expected, the central information exchange updates the information it holds, and broadcasts that update to all the other independent processors which need to be made aware of the new state. We become conscious, he believed, as information is reorganised into its new context.

In 1988 he published a more detailed version, ‘A Cognitive Theory of Consciousness’, in which he named his theory the global workspace theory, and he outlined the process by which he believed we become consciously aware of things. He suggested almost everything our bodies do, is done better unconsciously than consciously, and he gave the illustration that once we have mastered the art of standing and walking, we accomplish standing and walking with little conscious thought.

Context is everything, and he provided an illustration familiar to anyone who has ever been to sea in a small boat. Your body is used to the ground beneath your feet not moving, so when you first go to sea you are extremely aware of the moving deck and moving horizon, and you have to consciously adjust your stance to remain steady. Eventually, though, your body adjusts to what it considers to be the ‘new normal’, and you remain steady without any conscious thought because you have your ‘sea legs’. The reverse is true when you return to shore after a prolonged journey at sea. Your body is expecting the ground and horizon to be constantly moving, and, because it is not, you stagger as though you are drunk. You have to consciously concentrate on how you walk until your brain eventually adjusts to the ‘new normal’ of being on land again. Once your brain has adjusted, you can again walk with little conscious thought.

Baars suggests the brain is constantly aware of what is normal and constantly makes adjustments as to what the body can accomplish unconsciously, and what we need to become conscious of. He believed the difference was monitored at what he called the global workspace. All the information arrives at unconscious processors in the brain, and all those unconscious processors compete for access to the global workspace which allows information to be broadcast globally to all the other specialised processors that can understand that particular information. We remain unconscious of information that is not broadcast and become conscious of information which is broadcast.

He went on to suggests two methods by which this may be accomplished. First, there may be a hierarchy of workspaces of increasing reach, with lower level workspaces broadcasting information unconsciously to some systems, but only the highest level workspace broadcasting information globally and consciously. Second, all information may be given momentary unconscious global access in which to gather support from other systems, but only information which obtains sufficient support is then broadcast globally into our consciousness.

Whatever the precise methodology, the theoretical framework of Baars global workspace theory has three main parts. Specialized unconscious processors receive sensory information, a global workspace broadcasts some of that information throughout the brain, and the information which is broadcast is constantly updated and adjusted in the light of feedback as to what is ‘normal’.

Baars theory had little impact at first, but increasing improvements in neuroimaging techniques offered more support for what he called the central hypothesis of the global workspace theory, that consciousness facilitates widespread access between otherwise independent brain functions. Scanning and comparing the neural activity of conscious and unconscious events appeared to support the prediction that consciousness is needed to integrate and coordinate the multiple sensory inputs.

The term ‘Global Workspace’ had originally been used by non-biological artificial intelligence researchers but has now been incorporated into both computational and biological theories. In order to differentiate between the two, the most current version of Baars Global Workspace Theory has now been renamed Global Workspace Dynamics to take account of the complexities of a living brain.

Recent research has focused on the dynamic functioning of the cerebral cortex, the outer layer controlling higher level functions which covers the rest of the brain; and the thalamus which is connected to it and which transmit neural impulses from various sensory and motor receptors. 

Studies have shown the various regions of the cortex constantly interact with one another, and there is a great deal of evidence to supports the roll of the whole cortico-thalamic system in conscious experience. The neural links between them are bidirectional, and consistent with the theory of Global Workplace Dynamics that bidirectional broadcasts correspond with conscious experience.

Baars uses a brief illustration of a fire alarm to explain how a general broadcast may be adapted by specialist units in the light of their local knowledge. No analogy is perfect, but I would like to build upon that illustration in the light of my own experience of working in a large UK hospital.

A hospital is a large complex collection of wards, operating theatres, outpatient clinics, emergency departments, intensive care units, and offices, often spread over several interconnected buildings. In the event of a fire it is vitally important that those in danger are made aware of the fire and moved as soon as possible, but it is also vitally important that those patients not in immediate danger, and in particular those patients being operated on , or in intensive care, are not made aware of the fire unless it is absolutely necessary.

To deal with that complexity, most hospitals have a compartmentalised, or zonal, fire alarm system and a compartmentalised, or zonal, fire evacuation policy.

Fires usually start in a single zone and the fire alarm sounds continuously in that zone to inform staff they should evacuate patients. Staff in adjacent zones may hear an intermittent alarm, telling them they do not need to evacuate immediately, but warning them to ‘be prepared’ to evacuate if the fire spreads. Other zones adjacent to, or further away from, the ‘be prepared’ zones may not hear any alarm at all. If the fire is contained and dealt with locally, staff outside of those local or proximate areas may remain completely unaware, or unconscious, of the fire (at least until they hear the gossip on their coffee break).

In the light of feedback, if it becomes apparent, either immediately or later, that the fire will spread to all areas of the hospital, the continuous alarm will sound ‘globally’ throughout the hospital and all staff, patients, and visitors will become instantly aware, or conscious, there is a fire. Subsequent action, or return to the status quo, will depend upon feedback to the central hub from all the areas involved. 

Global Workspace Dynamics theory assumes the brain works in a similar way.

Someone sees a fire and presses an alarm to send information to a monitoring station (a sensory organ receives information that is out of the ordinary and sends it to a workspace). The fire alarm monitoring station asks the area local to the fire to deal with it (the workspace tells the local specialist neurons to deal with it). Feedback from the local area reveals the fire is too large to be dealt with locally, and the alarm is sent to the whole hospital to make everyone aware they need to take some action (feedback from the specialist neurons inform the workspace the information needs to be broadcast globally to make us aware we need to take some action, and when that information is broadcast we become conscious of it).

Our consciousness, in the hospital context, is not simply that there is a physical fire, but there is also an emotional awareness or fear of what may happen to staff or patients, or to ourselves, if the fire remains uncontrolled. Also, the fire is not a single event. All sorts of different action, and many different types of feedback, are happening all at the same time throughout the hospital.

According to Baars, our consciousness is not only the awareness of a sensory event, but also an awareness of all the emotional feelings and beliefs and imagery that event engenders. He believes conscious action and feedback is not confined to a single cortico-thalamic area of the brain but is more likely to be due to deep and rapid interaction of numerous regions and connectivities in the cortico-thalamic core.

Baars describes his Global Workspace Theory as a set of explicit assumptions about consciousness and unconsciousness, many of which have been tested over the last twenty years. Despite the advances, he also acknowledges more research needs to be done, more fundamental conceptual questions need to be resolved, and our current ignorance about consciousness still exceeds what we seem to understand by orders of magnitude. His collected works on the Global Workspace Theory published in 2019 concludes that whatever progress we have made is not complete, nor is it conclusive or beyond reasonable dispute.... That is the nature of a “framework” theory like this one. It is in many ways an invitation for further work, rather than a monument of indisputable fact.
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Global Neuronal Workspace Theory (GNWT)
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Attention is a necessary prerequisite for conscious perception. 

(Dehaene and Naccache 2001)

The Brief Version

This is similar to the Global Workspace Theory, but instead of the workspace being a specific group of neurons, the Global Neuronal Workspace Theory suggests there are two distinct types of networks. The first is composed of specialised processors or networks. The second, rather than being a specific area of the brain, is a network of neurons distributed in all areas of the brain with long range axons which may be joined to one another or to any of the specialised processors. The theory suggests information is broadcast globally, but only to those parts of the brain with a neural connection to the workspace, and we never become conscious of information which is not connected to the workspace. The workspace itself works in a non-linear manner named “ignition”. A sudden activation of some of the neurons is broadcast globally and amplified in a way that focuses our attention on it and makes us conscious of it.

The Long Version

A decade after Baars had published his detailed book about the Global Workspace Theory, neuroscientists Stanislas Dehaene, Michael Kerszberg, and Jean-Pierre Changeux published their Global Neuronal Workspace Theory. This was similar to the Global Workspace Theory but with some significant differences.

Their theory suggests the mind is modular, with two distinct computational spaces, and with most information being dealt with unconsciously by specialised processors in specialised subsystems in different areas of the brain. They suggested the second space is separate from the modular systems and consists of neurons distributed throughout the brain with long range axons joining to one another, or to the specialised processors, through which information can be shared.

By 2001 Dehaene and neuroscientist Lionel Naccache had extended the theory in an attempt to explain the relationship between consciousness, attention, and working memory. They produced a joint paper listing three fundamental empirical findings on consciousness, together with several examples, upon which their future research could be based.

Firstly, they proposed cognitive processing is possible without consciousness; second, they proposed attention is a prerequisite of consciousness; and thirdly, they proposed there are some specific mental processes which always require consciousness.

The main difference between the Global Neuronal Network Theory and the initial Global Workspace Theory from which it developed is that the global workspace theory suggests information is broadcast globally, to every part of the brain, whereas the global neuronal network theory suggests information is broadcast globally, but only to those parts of the brain with a neural connection to the workspace. Another difference is the suggestion the Global Neuronal Network works in a non-linear manner called “ignition” in which there is a sudden activation of some workspace neurons whilst the remainder remain inactivated.

In practice, they were suggesting that although the modular system neurons cannot automatically exchange information with one another, the workspace neurons can distribute that same information more widely. 

The theory also claims the workspace may not be static, but may fluctuate in size as it makes new neural connections, or removes old connections, from the following five (at least) neural systems connected to it: Perception circuits, which provide environmental information; motor circuits, for the preparation or execution of movements; long-term memory circuits, to remember past events or states; evaluation circuits, to evaluate information in the light of previous experience; and attention circuits, to focus on one particular part of all the conscious information available.

It is suggested there are three different types of neural information: information we remain unconscious of because it is not connected to any neuronal workspace neurons; information we are conscious of because it is connected to the neuronal workspace neurons and amplified to focus our attention on it; and information we are initially unconscious of, but which is connected to the neuronal workspace neurons and available for amplification if we do eventually need to become conscious of it.

The analogy is still imperfect, but taking the hospital analogy we looked at previously, patients in a ward may press an alarm button to summon a nurse to their bedside, but that alarm will only be actioned by the nurses within that ward, and the rest of the hospital staff and patients will mostly remain unaware the alarm was sounded, or of the action taken as a result. The fire alarm within the hospital is a different separate system, capable of making everyone within a certain zone of the hospital aware of a fire, and, depending upon the location and severity of the fire, making everyone within the whole hospital aware of the fire. The alarm which calls the nurse will always be dealt with locally, the alarm which signifies a fire may be dealt with locally or globally depending upon circumstances.

In 2020 a group of neuroscientists led by George Mashour from the Centre for Consciousness Science at the University of Michigan reviewed the Global Neural Workspace hypothesis in the light of research subsequently undertaken on conscious and non-conscious states during general anaesthesia. They conclude the global neural workspace hypothesis is supported by a substantial amount of experimental research, but that there were still several issues that remain to be understood. 
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Recurrent Processing Theory (RPT)
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There are several arguments for linking consciousness to perceptual learning. 

(Lamme 2015)

The Brief Version

Recurrent Processing Theory claims all areas of the brain have recurrent connections and feedback loops, and that consciousness arises from the dynamic and continuous interactions between them which allows information to be continually processed and for adjustments to be made in the light of changing conditions.

The Long Version

By 1998, neuroscientists were suggesting how different types of visual feedback connections are processed determined whether we have attentive or pre-attentive vision and are aware of what we see. Those seeds of the Recurrent Processing Theory led neuroscientists Victor Lamme and Pieter Roelfsema to publish a paper in 2000 in which they proposed there was a difference between what we see and what we are conscious of seeing, or as they put it, between pre-attentive and attentive vision, and between unconscious vision and visual awareness. They suggested that, to make sense of things, the words attention and awareness should be redefined. 

Lamme returned to this theme in 2003 when he again outlined some of the important differences between visual attention and visual awareness. He suggested our brains are aware of everything we see, but attention is a selection process where some of those things are processed faster, better, or deeper than the rest, and have a better chance of producing or influencing a behavioural response or of being remembered. In contrast to the Global Neuronal Workspace Theory, Lamme proposed attention in itself does not determine whether we are conscious of what we have seen, but it requires recurrent processing to determine whether a conscious report is possible.

This subsequently led him to outline his Recurrent Processing Theory in 2006, and to publish a more detailed paper on his theory in 2010 in which he criticised the current trend for research which concentrated on the neural correlates of consciousness. He believed it was not helpful to ask subjects to think about something, or to act in a certain way, whilst researchers examined the processes taking place in the brain and tried to link those thoughts or actions to particular neural activity.

Lamme believed those type of experiments invariably led to false conclusions because they involved some manipulation of consciousness and were swayed by the belief that consciousness only occurred if the subject could say it had occurred. In contrast, he believed consciousness should be determinable by neural processes alone, and those neural processes should be researched in their own right. He thought recurrent processing was the key neural ingredient of consciousness.

The basic assumption of consciousness research up to this point, was that a visual stimulus is either consciously seen or not seen. Lamme thought this was untrue, and he claimed there was a difference between our brain being aware of something and our brain being conscious of something. Our brain may be aware of everything we see and of all the visual information it receives, but only the visual information we actually pay attention to is subjected to the recurrent neural processing which allows an appropriate response we may need to become consciously aware of. According to Lamme, consciousness depends upon whether there is recurrent processing. 

His ideas have caused some tension and debate between those who support the global neuronal workspace theory (GNWT) and those who support the recurrent processing theory (RPT) of consciousness.

Advocates of GNWT assert there cannot be consciousness without attention, but advocates of RPT assert there can be consciousness in the absence of attention.

The difference is important, because RPT implies consciousness may begin (for example) as soon as the eye is stimulated, whereas GNWT implies consciousness does not begin until the stimulus from the eye has been processed by the fronto-parietal networks. One states conscious perception begins before the stimulus is brought to our attention, and we receive large numbers of conscious content every moment. The other states conscious perception only begins once the stimulus has been brought to our attention, and we only receive a few conscious contents every moment.

In a 2015 paper, Lamme asked what it was that caused his conscious experience every time he opened his eyes, and he used a digital camera to illustrate his answer. The camera can do many of the things his own eyes can do, but the camera cannot consciously ‘see’ as he does.

The digital camera has light sensitive cells which measure the amount and light, and the colour of light, but the light hitting a human eye is dealt with by Gestalt laws created in the mind, not in the mechanics of the eye. In short, the camera sees what it sees, the mind sees what it expects to see.

Unlike the single processor type in a camera, light is processed in the brain by many different types of neural receivers. Some determine shapes, some distance, some movement, some foregrounds, some backgrounds, some specifically recognise faces, and so on. These many neurons engage in incremental interactions, groupings, and segregation involving many steps and many feedback connections. If the information is ambiguous or differs from the expected outcome, the brain uses Gestalt laws to explain the ambiguity or differences, and those incremental processing steps create our conscious vision.

You may feel unfamiliar with Gestalt laws, but your brain makes certain assumptions based upon what it expects to see and makes adjustments in accordance with additional information and feedback. You will undoubtedly have seen some Gestalt examples, and two of the most widely used are shown below.

[image: This looks like a black vase or two white faces facing one another, depending on whether you concentrate on the black or white part of the image.][image: This image does not contain a triangle, but the image has the illusion that it does.]

One of the ways in which the mind categorises images is whether they are in the foreground or background, with our attention being directed to whatever is closest to us. The left-hand image is flat and there is no foreground or background, so your brain has to make assumptions. If your brain assumes the white part is at the front, it concentrates on the white part and sees two faces. On the other hand, if your brain assumes the black part is at the front, your brain concentrates on the black part and sees a vase. 

Another way in which the mind categorises images is whether there is continuity. In the right-hand image the brain expects the angle within the broken circles to continue and assumes there is a white triangle which is not actually there.

There are several Gestalt laws which govern how the mind interprets what it sees, and Lamme concludes conscious vision is defined by those Gestalt laws and the recurrent processing those laws require. He argues conscious processing is linked to operations requiring spatially and temporally extended processing, where neurons engage in incremental interactions involving many steps which are selectively dependent upon horizontal and feedback connections. 

Vision meeting that definition, according to Lamme, is conscious vision, and one of the implications of this, is that visual consciousness can occur without the need for conscious access or report. Another implication, according to Lamme, is that consciousness can be defined and studied by neural activity alone without the need for introspection.

This is a difficult concept to get your head around, and probably best explained by means an example. When I was a boy, I lived in a flat immediately below a bell tower which chimed every hour. When I first moved in, it seemed to me that the very building vibrated every hour, and I wondered if I would ever sleep. Eventually though, I stopped noticing the vibrations and stopped noticing the chime unless I specifically listened for it as the hour approached. The chime was always there, day and night, but I had to concentrate on it in order to hear it. Lamme is proposing something similar. You may not be consciously aware of the neural activity creating consciousness within your brain until you concentrate on it, but your consciousness is there just the same.

Is our ability to report we are conscious a necessary and fundamental part of consciousness, or is consciousness a neural event which we may or may not have the ability to report? Philosopher Ned Block calls this the root of the methodological puzzle of phenomenal consciousness. He asks if consciousness and awareness are the same thing, and whether one depends upon the other, and he provides several experimental examples of subjects being able to see much more than they can retain in their memory. The suggestion is, we can be instantly conscious of things seen and momentarily stored in our short-term memory even if what we see is not retained in our long-term memory long enough for us to report it.

	[image: ]
	 	[image: ]


[image: ]

Integrated Information Theory (IIT)
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For each essential property of experience, there is a causal property of a physical substrate that accounts for it. 

(Tononi 2015)

The Brief Version

Integrated Information Theory acknowledges that one cannot infer the existence of consciousness starting from physical systems. Instead, IIT starts from conscious experience, infers what properties a physical system must have to account for that experience, and uses those properties to decide whether a system has consciousness, and how much and of what kind of consciousness it has. 

The Long Version

By 1998, most of the research was being directed towards particular brain areas, or particular types of neurons, being responsible for consciousness. However, not everyone agreed, and in 1998 neuroscientists Giulio Tononi and Gerald Edelman published an alternative view that subjective experience was not due to some particular location or type of brain cell but is due to a specific type of neural activity. 

They suggested conscious experience is both integrated and highly differentiated. Integrated, because all the many different individual components of consciousness result in a single conscious experience. Differentiated, because the number and variety of conscious experiences over a short period of time is very large. This complex nature of consciousness made it difficult to try and match consciousness to individual neural activity.

It wasn’t a new idea, and everyone who had already tried to match consciousness to individual neural activity already knew how difficult it was. What was new, was to use a mathematical equation to measure the complexity of those processes in an attempt to identify the integrated neural processes responsible for consciousness.

This led Tononi and Edelman to their Dynamic Core Hypothesis; that the neural processes underlying conscious experience extends to most of the brain rather than being confined to a particular place and time. They described the dynamic core as a unified and integrated process which may vary across the whole brain within fractions of a second.

In 2003, Tononi and Olaf Sporns collaborated on a paper in which they created an equation using the Greek letter Φ. The ‘I’ represented ‘information’, and the circle ‘O’ represented ‘integration’. When joined together, they create a single assessment indicating which elements of a system is capable of integrating information, and how much information that system can integrate. 

Tononi later expanded on those ideas to create his Integrated Information Theory of Consciousness; that consciousness corresponds to the capacity of a system to integrate information. He repeated his assertion that consciousness depended upon a very large number of different conscious experiences being integrated into a single experience, and his mathematical formula measured that integration.

As I am typing these words, I am aware of seeing the screen and keyboard on my laptop, and aware of seeing my fingers on the keys. I am also aware of hearing the sound of traffic passing on the road outside my home, and of feeling the plastic keys between the tips of my fingers. At the same time, I am aware of my stomach rumbling because it is almost lunch time, and I am aware I have a workman visiting the house tomorrow, and I am wondering what time they will arrive. I am aware of all that information, plus many other things. The more I am aware of my surroundings, the more I am aware of the vast amount of information I am processing. I am conscious of all that information at once as an integrated whole which is constantly changing through time. My consciousness is a single consciousness, but integrated and dynamic.

Tononi realised, if consciousness involves the integration of large amounts of information, the amount of integrated information should be measurable, and the amount of consciousness may be determinable by the amount of different information measured. 

The mathematical formula he devised continued to use the symbol Φ, with ‘I’ representing ‘information’ and ‘O’ representing ‘integration’, to create a single entity. For example, if the integrated information contained 2 pieces of integrated information plus a further 3 pieces of integrated information, all combined into an integrated whole, then the total amount of integrated information would have a Φ of 5. This led Tononi to the conclusion consciousness is distributed throughout the thalamocortical system of the brain via a system which is both specialised and functionally integrated, and has a high value of Φ.

A further consequence of Tononi’s theory is that consciousness is not an all-or-nothing property. It can be graded and may exist in almost all natural (and artificial) systems. However, because the conditions required to build a complex high Φ system is not easy to achieve, high levels of consciousness are probably only available in systems comparable to a complex brain system. Infants and animals with complex brain systems may also be conscious despite them not being able to make a verbal report of their consciousness.

His paper ends with the conclusion that a full understanding of how the brain generates human consciousness remains a formidable task, but if experimental investigations can be complemented by a principled theoretical approach, it may not be beyond the reach of science.

He reviewed his own theory a year later in the light of further research in which a pulse of energy injected into the brain had travelled all around a conscious brain, but when injected into an unconscious brain it had stayed locally, indicating a conscious brain is far more connected than an unconscious one. 

In 2008 Tononi published what he called his Provisional Manifesto in which he claimed consciousness is identical to integrated information, with the quantity of consciousness being determined by the amount of integrated information, and the quality of consciousness being determined by the relationships within that integrated information.

His mathematical equation now defined integrated information, indicated by Φ, as the amount of information generated by elements of the brain over and above the information of its parts. It also defined each individual part, or experience, within that integrated information as creating a qualia space (Q) of a shape which completely and uniquely specifies a particular experience. Instead of looking for the correlates of consciousness within an individual neuron or groups of neurons, Tononi’s theory suggests it is the overall shape of the total integrated neural activity which correlates with individual conscious experience.

In a later article Tononi and others explained that IIT does not start from the brain and ask how conscious experience arises. Instead, it starts from conscious experiences and asks what is required to produce them. IIT provides a mathematical framework to examine the quality and quantity of that experience, and in an article explaining his theory in 2015, Tononi and Koch explained that IIT makes five fundamental assumptions:

1. That consciousness exists. 

2. That consciousness has a structured multi-faceted composition.

3. That each conscious experience is unique.

4. That consciousness is an integrated unified experience that cannot be reduced to its individual components.

5. That only one experience exists at any given time. 

Those five assumptions about consciousness provide IIT with a starting point in the search for the properties that are believed to be required for consciousness. They also provide the starting point to ascertain the quality and quantity of conscious experience and provide the calculations necessary to ascertain if a particular physical system is conscious or not.

The theory has been frequently and persistently listed as one of the leading theories of consciousness, but it has its critics as well as its supporters. In September 2023, a letter was posted online signed by 124 consciousness researchers affiliated to 151 research centres complaining that integrated information theory (IIT) had recently and incorrectly been listed in media, news items, and in scientific journals, as ‘a leading and tested theory of consciousness’, but the authors felt IIT should not be considered a leading and tested theory until the theory as a whole is empirically testable.
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Intermediate Level Theories
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All consciousness resides at the intermediate level of perceptual systems.
(Prinz 2017)

The Brief Version

The Intermediate Level Representation Hypothesis likens the brain to a computer with three levels of processing, raw information is received in the first level, processed and combined with other information in the second level, and recognised as an abstract concept at the third level. The Intermediate Level Hypothesis is that consciousness arises at the second or intermediate level, but it makes no claim to how it arises. 

The Attended Intermediate Level Representation (AIR) Hypothesis is similar to the Intermediate Level Hypothesis in its belief consciousness arises at the second intermediate level; but unlike the Intermediate Level Hypothesis, which makes no claim to how consciousness arises, the Attended Intermediate Level Hypothesis claims consciousness arises when, and only when, attention is given to the information within that intermediate level. 

The Long Version

In 1998, Philosopher Ray Jackendoff developed his intermediate level hypothesis of consciousness. His theory makes no claims to know how consciousness arises in the brain, but it is a theory about where consciousness arises in the brain. He likened the brain to a computer in which sensory input is processed hierarchically in three stages. The first stage involves the input of raw sensory information. The second (intermediate) stage involves the merging of those separate pieces of information into a combined whole which becomes available for us to become aware of. The third stage occurs when we pay attention to that information and recognise it at an abstract or conceptual level.

For example, when we see, handle, and smell an object, the sight, feeling, and smell would initially be processed separately in the brain (first level) before being merged into a single process in our short term memory that we may become aware of (second level). When we do become aware of it, we may recognise it as a cup of coffee (third level).

Jackendoff proposed all sensory input is hierarchical, with consciousness arising during the second intermediate stage. He also claimed attention cannot be the cause of consciousness, but in order for us to give attention to something, we first need to be aware of it, and the availability of that awareness seems to be a necessary pre-condition for attention rather than the other way round.

The philosopher Jesse Prinz has described Jackendoff’s Intermediate Level Hypothesis as the cornerstone of an adequate theory of consciousness, and he has expanded on that hypothesis to develop his own Attended Intermediate Level Representation (AIR) theory of consciousness. The AIR theory is similar to the Intermediate Level Representation theory, but has some key differences, in particular on the question of attention.

Prinz agrees the Intermediate Level Representation Theory has answered where consciousness arises (at the second or intermediate level) but he claims attention is the answer to the when question. Attention, he says, is necessary and sufficient for consciousness, and consciousness arises when (and only when) intermediate level representations are modulated by attention. It is attention that makes the difference between information at the intermediate level becoming conscious or not.

Prinz describes his theory as a two-part theory, because it not only describes what content within our brain becomes conscious, but also the mechanism (attention) by which we become conscious. A change to the information flow draws our attention to it, and information to which we have given our attention may be made available to our working memory. It is this availability, rather than whether or not the information actually enters our working memory, that we become conscious of.

With attention being the vital component for consciousness, Prinz then focuses on the question of how attention is generated within the brain (the neural correlates of consciousness). He uses the example of a neuron which is tasked with responding to the colour blue and asks what it is that causes us to experience the colour blue when the neuron fires rather than experiencing a different colour. The obvious answer, he says, is to say that the cell fires in a distinctive way. The firing of neurons may differ in several different ways including their firing rate, their amplitude, the pattern of their firing, and so on (their gamma wave vector). Prinze suggests the answer may lie not with the firing of a single neuron, but with a group of neurons firing in a gamma wave vector of various magnitudes and direction. A neuron reacting to the colour blue and a neuron reacting to the colour red may both fire in a similar way, but the gamma wave vector of each larger ‘group’ of cells will be different. It is these oscillations within the gamma band that Prinze calls the neural correlate of attention.

Putting the two parts of Prinz’s theory together, when we attend to a sensory stimulus, a group of neurons fire together in a pattern of activity he calls a vector wave which represents that particular sensory quality. The attention given to the stimulus makes us conscious of it, and it may then become available to our working memory.

Prinz states that Jackendoff’s theory provides an adequate account of ‘what’ we are conscious of, and his own theory proposes attention as the answer to ‘how’ that content becomes conscious. The two components together, he claims, provide a promising theory of consciousness. That promise is yet to be fully fulfilled, but Prinz was in no doubt as to the nature of the task when he first proposed his theory. He wrote, ‘AIR theory raises more questions than it answers’, and ‘More work lies ahead of us than behind’.
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Higher Order Theories (HOT)
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Conscious awareness crucially depends on higher-order representations.

(Lau and Rosenthal 2011)

The Brief Version

The Higher Order Theories of consciousness assume there are different kinds of mental states, with consciousness arising only in the highest state. First order states involve thinking about something that is happening, for example “I can see a flower”. Higher order states involve thinking about what you are thinking, for example “I am thinking that I can see a flower”. So, consciousness is linked to self-awareness of your inner thoughts, and consciousness arises when you are aware that you are thinking. 

The Long Version

The Higher Order theory of consciousness uses the term ‘conscious awareness’ to refer to perceptual processes which occur with subjective experiences. According to cognitive neuroscientist Hakwan Lau and philosopher David Rosenthal, different types of processing take place in the brain. First order processes take place without our conscious awareness, and higher order processes occur with our conscious awareness. 

For example, as I type these words, I am sitting in a room looking at my monitor and the focus of my awareness is on the monitor and the words I am typing. I am aware that I am typing, and that awareness is a higher order thought. In my peripheral vision, I am now aware of other things in the room; the carpet, the window, a television and coffee table. Until moments ago, the focus of my attention had been on the monitor. All the other information had been available to me at a first order level, but it was only when I changed my focus from the monitor to the room that I became aware I was thinking about those other things. That thought, the thought that I was thinking about those other things, was a higher order thought.

According to Lau and Rosenthal, higher order thoughts, and conscious awareness, take place in the prefrontal and parietal cortices of the brain, and perception is a decision-making process whereby the brain decides which of the many information signals available to it is of good enough quality for us to become consciously aware of. First-order representation is insufficient on its own for conscious experiences to arise, and an additional, higher-order, mechanism is needed for there to be an inner awareness of ongoing mental functioning. This higher order mechanism takes the first-order representation and changes it into a higher-order representation we become consciously aware of.

Amongst the proponents of higher order thought theories, there is no agreed mechanism by which first order unconscious processes are changed into higher order thoughts, but several different mechanisms have been proposed. These include perceptual theories, which assumes an inner sense or perception is required to create an inner awareness; dispositional theories, which assume the availability of first order content at the higher level is sufficient for that first order content to be transformed into higher order thought; radical plasticity hypothesis, which assumes higher order thought is a learned process in which first order content is found to be a reliable representation; and higher order thought theory (HOTT) in which a thought like mental state is the only mechanism required.
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Multiple Drafts Model (MDM) 
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The representation of sequence in the stream of consciousness is a product of the brain's interpretative processes. 

(Dennett and Kinsbourne 1992)

The Brief Version

The Multiple Drafts model suggests all sensory input, and all varieties of thought, are subjected to continual editing and revision, and that at any one time there are multiple drafts of narrative fragments at various stages of editing in various locations throughout the brain. Probing this narrative stream at various intervals produces different narratives that are single versions of a portion of the stream of consciousness.

The Long Version

The philosopher Daniel Dennett produced his Multiple Drafts model of consciousness partly to counter the mainstream ‘Cartesian Theatre’ view of the time that consciousness could be found in a specific area of the brain.

Dennet suggested all types of mental activity are subjected to continuous editing in various parts of the brain. For example, if you hold a flower, you have the information conveyed by your sense of sight, your sense of touch, and your sense of smell. You can see the shape and colour and movement, and you have the feel, the smell, and all the other sensual experiences and emotions and memories that are evoked by the holding of a flower. These, and many other things, all happen at the same time. We don’t directly experience the light hitting the retina of our eye, or the touch of the flower on our skin, but we do experience all those events merged together into a moment of consciousness that we are holding a flower. That moment of consciousness is the result of the editing processes taking place in fractions of a second in various parts of the brain.

According to Dennet, information does not need to be sent somewhere central in the brain as a final thought. At any one moment of time there are “multiple drafts” of narrative at various stages of editing, and there is no final draft because there is no final edit. New information is continually received, new edits are continually taking place, and the brain is continually making adjustments to the conclusions drawn. 

The content which is created, and which is being constantly revised, leaves traces in the memory, some of which may decay or get overridden by later content, and probing this narrative stream produces a single version of that portion of the stream of consciousness. Subsequent and repeated probing of the narrative stream provides an appearance of continued consciousness through time, a subjective sequence of that stream of consciousness from the point of view of the observer.
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Cellular Basis of Consciousness Model CBC
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All Species are sentient.

(Reber, Baluska, and Miller 2022)

The Brief Version

The original single celled organisms were sentient. They sensed, were conscious of, and responded to their environment. All subsequent cellular organisms have inherited that sentience, have subjective experiences and feelings, and some measure of consciousness. Sentience and cellular life are therefore coterminous.  

The Long Version

The only cast-iron proof I have that consciousness exists is the knowledge that I feel conscious myself. I have first-hand experience, or at least I think I do, and that thought, seems to arise in my brain. It is reasonable to assume our long evolutionary journey has created the complicated neural system necessary for consciousness to occur, and to assume the search for consciousness in other species should be confined to those with a similarly structured neural system.

It may appear reasonable, but the search for a neural correlate of consciousness has so far proved elusive, and a 'top-down' approach is not the only one possible. Some scientists find it just as reasonable to take a 'bottom up' approach known as the cellular basis of consciousness.

The Cellular Basis of Consciousness Theory proposed by cognitive psychologist Arthur Reber, cell biologist František Baluška, and evolutionary biologist William B Miller, argues that all cellular organisms, animal or plant, have inherited cognitive functions from the original single celled organisms from which all life has evolved. 

[image: A close-up of a cell

AI-generated content may be incorrect.]

Singled Celled Tetrahymena Thermophila. Conscious or Unconscious?

The first organism has left no fossilised remains, but there are still primitive single celled organisms we can examine today, and research has shown those organisms possess the ability to sense and perceive things. They feed on molecules they perceive to be beneficial and nutritious and reject the ones they perceive to be harmful. Despite not having a developed nervous system, they can remember where harmful substances are and learn to avoid them, and there is evidence they can communicate to one another using biochemical or electrical signalling.

These, and several other attributes of single celled organisms, have led the proponents of the cellular basis of consciousness to conclude that life and consciousness are coterminous, both evolving together from the original single celled organism. As a result, all cellular species of life are sentient and have valanced (positive and negative) subjective experiences and feelings, a sentience which has taken on more complicated forms as life itself has evolved into more complicated life-forms.  

These days, almost all scientists accept the premise life evolved from a simple original life form. Far fewer accept the premise that consciousness also evolved from those same origins. This is surprising, as none of the theories of consciousness have a consensus, and until proven otherwise a 'bottom up' theory is just as likely to be correct as a 'top down' one. 
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Illusionist Theories
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All conscious thinking is sensory-based.

(Carruthers 2017)

The Brief Version

Sensory input is interpreted in the light of our memories and experiences and creates an inner speech involving the same process as physical speech, but with the suppression of the signals which would otherwise be sent to our mouth and tongue muscles. Continual sensory input creates a continual inner speech which gives the illusion of being a continual stream of consciousness.

The Long Version

Philosophy Professor Peter Carruthers of the University of Maryland believes the inner voice, which we think of as our conscious thought, is an illusion. He believes it is an illusion that such thoughts are conscious and believes there is no such thing as a conscious thought.

He suggests the only mental states that can be globally broadcast and become conscious are those with a sensory grounding such as visual or auditory states, and he illustrates this by comparing how we know what is in the mind of other people. When we see other people, we can usually tell, just by looking or listening, if they are happy or sad, disappointed or pleased, elated or downhearted, or placid or angry. This sensual input, of looking or listening, helps us to understand what someone else is thinking, and Carruthers believes our own senses are used in the same way to inform us about our own mental state. 

If listening to someone else’s speech can enable us to interpret how they are thinking, Curruthers suggests listening to our own inner speech is just as informative, and that our own inner speech involves the same process as physical speech but with the suppression of the signals which would otherwise be sent to our mouth and tongue muscles. Just as our interpretation of how someone else is thinking is influenced by our past experiences and memories, Carruthers suggests those memories and experiences also help us interpret our own thoughts and influence the content of our inner speech.  

It may appear confusing to compare Carruthers statement that all conscious thinking is sensory based, with his subsequent statement that there are no such things as conscious thoughts, but what he means is that all our thoughts are unconscious unless accompanied by some type of sensory based content.

Accepting the premise that conscious thought is an illusion, leads us to ask, if there are no conscious thoughts without sensory input, why does almost everyone believe there are? The answer could be as simple as stating that sensory input is continuous all the time we are awake, thereby creating a continual inner speech which appears to be a continual stream of consciousness. Conversely, when sensory input ceases during sleep there is nothing to create the inner speech or apparent consciousness stream.

Curruthers answers this question by examining how we make judgements about the many and varied sensory stimulations which create a single thought. He uses the example of a red tomato rolling along a surface. Colour, shape, and movement are all processed in different areas of the brain, but we are not aware of the separate sensory processes and only aware of the single thought that ‘there is a rolling red tomato’. The several different unconscious thought processes make things ambiguous, but contextual and other clues combine to provide a single conscious thought in what appears to be a continuous stream of single conscious thoughts.
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Reconciling the Differences
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The state of consciousness research at the moment may be compared to a multifaceted object examined from different angles.

(Storm et. al. 2024)

The proponents of different classical physics theories of consciousness have not been shy about advocating in favour of their own favourite theory, or campaigning against any or all of the others. There have been almost as many scientific papers arguing against some of the theories as there have been papers in favour, but despite all the arguments, none of the classical physics theories of consciousness have found universal approval, and none of them have found the illusive neural correlates of consciousness. 

It is not surprising, therefore, that there have been growing movements in favour of a joint approach. A growing acceptance that some of their differences could be reconciled, and that some of the different concepts could be combined to perhaps create a new way forward in harmony rather than in competition.

In 2018, psychologists Michael A. Pitts and Lydia A. Lutsyshyna, and neuroscientist Steven A. Hillyard, outlined some of the differences between Global Neuronal Workspace Theory (GNWT) and Recurrent Processing Theory (RPT). GNWT argues the neural correlates of consciousness may be found in widespread neural interactions throughout the brain, that attention is necessary to become consciously aware of it, and that we can only experience one conscious content in any given moment. In contrast, RPT argues consciousness involves more localised neural activity, is not dependent upon attention, and is a multi-faceted experience.

On the face of it, these two theories offer two completely different points of view about the connection between attention and consciousness, but Pitts, Lutsyshyna, and Hillyard suggested a fresh perspective, involving changing how attention is defined, to reconcile some of those differences and provide a nuanced combination of the two theories. They also suggested various parts of other theories may similarly be reconciled, with each contributing to, and providing insight toward, a comprehensive theory.

They were not the only ones arguing for a different approach. One such approach involves adversarial collaboration, in which the main points of divergence between different theories are identified, agreement reached about what those points of divergence predict, and experiments are then designed to directly test those diverging predictions in such a way that the results can arbitrate between them.

One of those collaborative groups, the Cogitate consortium, involved collaboration between scientists responsible for developing the Global Neuronal Network theory (GNNT) and Integrated Information theory (IIT). In order to prevent bias, experiments are designed and conducted by independent laboratories and by neuroscientists and philosophers not directly associated with either theory. Similar funded projects have provided adversarial collaboration between the various Higher Order theories, between First Order and Higher Order theories, and between Integrated Information and Predictive Processing theories.

[image: An elephant with tusks walking
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What is an elephant like? It depends on your point of view.

A dozen other neurologists and psychologists recently suggested the different theories of consciousness are not necessarily contradictory but often focus on different aspects of consciousness. They give the example of GNWT, which mainly focuses on the content of consciousness; and IIT, which mainly focuses on the state and level of consciousness. They argued these two theories, and others, are at least partly compatible and complimentary as they all propose neural mechanisms which are often overlapping or similar to one another. 

There is a famous parable about a group of blind people each touching an elephant to learn what it was like, and all coming up with different descriptions. The person who touched the trunk described the elephant as like a snake, another touched an ear and described it as a fan, another a leg and described it like a tree trunk, another its side and described it like a wall, another the tusk and described the animal as spear-like, and another touched the tail and described the elephant as rope-like. 

The dozen neurologists and psychologists suggest scientists have been examining consciousness in a similar way, each describing consciousness from a particular perspective which should contribute to our understanding of the whole. They argue for a more integrated approach which seeks to test and combine the most valuable parts of various theories. It hasn’t happened yet, but they hope this new approach will eventually lead to a Darwinian selection of a single, winning theory of consciousness.
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Quantum Physical Theories
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Nobody understands quantum mechanics. 

(Feynman 1964)

All the theories of consciousness we have looked at so far have been physical theories using classical physics to explain consciousness.

Things began to change in the 1900s, when scientists managed to split the atom into smaller particles, and one of the most important discoveries after the atom was split, was the discovery that things behave differently at a sub-atomic level than at a larger level. 

At a larger level (classical physics) everything is usually predictable, but at a sub-atomic level (quantum physics) certainties disappear and only a range of probabilities remain. At a quantum level, it is no longer possible to say there will be a definite outcome, only that there are a variable range of possible outcomes.

It is important to note that classical physics and quantum physics both deal with physical things, and theories of consciousness explained by quantum physics are just as much physical theories as those explained by classical physics. The only difference is that the classical physics theories look for physical answers at an atomic or larger than atomic level, and quantum physics theories look for physical answers at a sub-atomic level. They are all physical theories.

The first book in this series, A Brief History of Life, goes into some detail to explain the history of quantum physics, but I make no apology for repeating much of that information here. If you’ve read the first book in the series, or if you are well versed in the peculiarities of quantum science, think of the next couple of chapters as an essential refresher.
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Quantum Physics 101 (1)
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Mind and matter interact in the becoming of the universe.

(Kauffman 2016)

PARTICLES

Scientists in different disciplines could split things into two, then into four, then into eight, and so on, but eventually they got to the point where they could not split things any smaller. When they got to that point, they called what was left an ‘atom’ which in Greek meant ‘indivisible’. It was as small an object that scientists could get. 

Things began to change during the 1890s, when it was discovered that some decaying atoms emitted smaller particles, and the 1900s led to the splitting of the atom and the eventual discovery of twelve smaller particles which have been called fundamental particles. Despite scientists’ best efforts, they have been unable to split any of those twelve fundamental particles into smaller ones, so it looks as though those twelve fundamental particles of matter are the only particles of matter there are.

The twelve particles are collectively called fermions, and they come in two types, six quarks, subject to all forces, and six leptons, subject to all forces except the strong nuclear force (more about forces later). 

[image: Diagram of of 6 quarks and 5 leptons]

These quarks and leptons are grouped into three pairs or generations, and the six quarks have been given unimaginative names of up, down, charm, strange, top, and bottom. The six leptons have been given more exotic names, and are called the electron, electron neutrino, muon, muon neutrino, tau, and tau neutrino. 

The above image lists all twelve particles, but there are two important things to note about them. The first, is that everything we can physically see, touch or feel, are made from the three particles from the left on the top row. The second, is that scientists still have no idea what the other nine particles are for, or why they exist!

The three particles that make everything we can physically see, touch or feel, are the up and down quark and the electron. Two down quark particles and one up quark particle create a neutron, and two up quark particles and one down quark particle create a proton, and different combinations of neutrons, protons and electrons create every physical thing we know about.

Every star in the sky, every planet in every solar system, every atom in you and me, every atom in your partner, every atom in the chair you are sitting in or the bed you are lying in; every one of those atoms is made from the same three fundamental particles. 

Similar to how the three primary colours of red, green, and blue, are mixed to create thousands of different colours on your TV screen; the three fundamental particles of an up quark, a down quark, and an electron, are mixed to create every physical thing in the universe.

When I say every atom is made from the same thing, that is exactly what I mean. Each individual up quark is identical. Each individual down quark is identical. Each individual electron is identical. So much for individuality. If you had a microscope powerful enough to see what a paper clip was made from, you would find it was made from quarks and electrons absolutely identical to the quarks and electrons of every cell in your body. You and a paperclip are created from exactly the same stuff.

FORCES

Everyone knows about the force of gravity, but there are other forces at work in the universe and these include the electromagnetic force, strong force, and weak force. 

The force of gravity is not very strong, but it has an infinite range and acts on everything that has mass. Gravity acts on even the smallest of particles, but the larger the mass, the greater the attraction. It is that attraction which stops us flying into space. The sun’s gravity holds the earth in orbit just as the earth’s gravity holds the moon in orbit. All the planets of the solar system are held in place by gravity, and all the solar systems in the universe are held in place by gravity. Gravity is everywhere, but whilst it is strong enough to hold the universe in place, it is paradoxically so weak it can be overcome by a small magnet picking up a metal paperclip. 

That’s because the electromagnetic force, which also has an infinite range and is many times stronger than gravity, only attracts electrically charged particles. In the same way gravity permeates the space between all objects with mass, the electromagnetic force permeates the space between particles of an atom. Any school child who has ever held two magnets will know opposite magnetic forces attract one another and similar magnetic forces repel one another. Electromagnetic forces act in the same way. The particles in an atom have different charges and the electromagnetic force causes them to be attracted towards one another or repelled from one another, depending on whether they have a positive or negative charge.

The strong force is a type of force that works right at the very heart of the atom. We’ve already discovered the nucleus of an atom contains particles called quarks. These quarks, when combined, have positive charges, so they would be repelled from one another by the electromagnetic force, but are held together by the stronger nuclear force. The strong nuclear force, although stronger than the electromagnetic force, has a short range limited to the nucleus of the atom. The only function of the strong force is to hold the nucleus of the atom together, and that is why nobody could split an atom for such a long time. The strong nuclear force is so strong that for many years it was impossible to split the neutrons and protons in an atom apart. 

The weak force is another force that also only works at a sub-atomic level, and it has a range even shorter than the strong nuclear force. In the same way the strong nuclear force overcomes the electromagnetic force and holds the nucleus of the atom together, so the weak nuclear force overcomes the strong nuclear force to enable particles in the nucleus to break up and give off radiation. This weak nuclear force causes the interaction responsible for radioactive decay of atoms, during which a neutron may break down into a proton, and an electron may break down into a neutrino. 

[image: Diagram of all the different force carriers]

Just as all matter is comprised from fundamental particles, all forces are carried by force carriers known collectively as gauge bosons. The electromagnetic force is carried by the photon, the strong force is carried by the gluon, the weak force is carried by W and Z bosons, and the gravity force carrier (the only carrier not yet found) is called the graviton.

The W and Z boson are known to have mass, but nobody knew where this mass came from until scientists Robert Brout, François Englert, and Peter Higgs theorised there was an invisible field, now known as the Higgs field, which pervades the universe. The Higgs boson was only finally discovered in 2012, and this provided the final piece in the jigsaw (final for now anyway) that has become known as the standard model.

[image: Diagram of the standard model]
Standard Model

Classical science is great for teaching us about most things. If you know the position and speed of something at a given time, you can easily produce an equation to work out where it has come from and where it is going. 

Halley’s Comet, for example, was seen in 1910 and last seen in 1986. Given its speed and direction, we can confidently predict it will be seen again in 2061. Similarly, if you know the position and speed of each ball on a billiard table at a given time, an equation will enable you to work out where each ball started from and where it will end up; and if I drive at 60mph for one hour, I can confidently predict in one hours’ time I will be 60 miles away. If my watch says it’s 10:00, I know that in one hour it will be 11:00. The right type of equation at a classical science level allows us to make those predictions confidently.

Predictions are so familiar in our everyday life that you could be forgiven for thinking similar predictions can be made on a quantum level, but that would be incorrect. At a sub-atomic level, certainties no longer apply. They are replaced by probabilities, by superpositions, and by uncertainty. Classical laws of physics are extremely useful for many things, but when we consider things at a sub-atomic level, those classical laws don’t help us at all. We leave the realm of classical physics and enter the realm of quantum physics.

In 1900, Max Planck realised energy existed in discrete quantities depending upon wavelength, and he named those discrete particles ‘quanta’. He created an equation showing there was a constant relationship, now known as Planck’s Constant, between energy and wavelength. 

In 1905, Albert Einstein realised mass and energy were different forms of the same thing, and he created his famous equation, E=mc², to show the relationship between energy and mass. 

In 1909 Ernest Rutherford began experiments that were later accepted as the beginning of nuclear physics. His experiments on radioactivity led him to believe an atom was mostly empty, with a solid nucleus a thousand times smaller than the atom itself, but with electrons orbiting the nucleus similar to how planets orbit a sun. He subsequently became known as the father of nuclear physics.

In 1913, Niels Bohr combined Rutherford’s model of an atom with Planck’s equation to produce his quantum theory of a hydrogen atom. He suggested electrons travel in distinct orbits around a nucleus, but rather than gradually moving from one orbit to another, the electrons jump from one orbit to another, a quantum leap, giving off and emitting a quantum of light in fixed wavelengths as they jump.

In 1924, Louis de Broglie wrote a thesis in which he suggested all subatomic matter moved with wave-particle duality. He combined Planck’s equation and Einstein’s equation to create what became known as the De Broglie equation. This equation calculated the wavelength of any particle with mass whose momentum was known.

The period between 1925 and 1927 was especially productive.

Wolfgang Pauli, built on Niels Bohr’s model of an atom. Electrons had been assigned certain numbers corresponding to distinct states of energy and movement, and Pauli introduced two new numbers, known as spin. He formulated what became known as Pauli’s Exclusion Principle, and suggested no two electrons in an atom could have identical quantum numbers. It was later discovered this principle applied to all particles of matter.

Werner Heisenberg realised that, whilst classical physics could measure the position and velocity of something and make certain predictions based upon those measurements, no certainty could be made about any object at a quantum level. He proposed what is now known as Heisenberg’s Uncertainty Principle, that all quantum objects possessed wave-particle duality, that the position and velocity cannot both be measured at the same time, and that either the position or the velocity will always remain uncertain. 

Erwin Schrödinger, influenced by De Broglie and De Broglie’s equation, formulated his own equation, the Schrödinger Wave Function equation, to calculate the energy given off by electrons in atoms, but whilst it accurately calculates the energy given off, the equation doesn’t predict where the electron is, only the probable location, or range of locations.

These scientists are some of the greatest, and Max Planck, Albert Einstein, Ernest Rutherford, Niels Bohr, Louis de Broglie, Wolfgang Pauli, Werner Heisenberg and Erwin Schrödinger were all subsequently awarded Nobel Prizes.

You may feel the names and descriptions written above are rather dry, unexciting, and uninspiring. Many people thought so at the time, and even the scientists themselves sometimes failed to realise the immediate implications of their discoveries. 

Individually, their discoveries were important but relatively insignificant. Collectively, their discoveries were staggering. Unbelievable almost, but they have been frequently and consistently confirmed by subsequent research, experiments, and experience.

These are complicated matters worthy of some of the most famous scientists in history. More recently, Richard Feynman, one of the most famous theoretical physicists of the mid-twentieth century, proclaimed that nobody understood quantum mechanics. I count myself as one of the many who don’t fully understand it, but I will try to explain some of the implications as simply as I can.

According to classical physics, when a particle approaches an electrical field it is repelled if the energy of the particle is less than the energy level of the field. However, in quantum physics, there is a probability that the wave function of the particle can tunnel through the field and emerge the other side. This means some sub-atomic particles can pass through seemingly impenetrable barriers, and during the process known as quantum tunnelling the wave packet appears to pass through those barriers faster than the speed of light. 

Quantum entanglement has similarly staggering consequences. During a state of quantum entanglement, no two particles can have the same spin, and both particles exist in all possible states until one is observed. However, as soon as one is observed to have an upward pointing spin, scientists know the second particle must have a downward spin. A pair of entangled particles share behaviour in such a way they cannot be described as independent, and they maintain their connection even when separated. 

These quantum entanglements are not only local, but also occur at a distance, and the ability to change the behaviour of a second particle some distance away, by observing the first particle, led Einstein to describe quantum entanglement as spooky action at a distance. Particles that were once together, can remain in instant, almost magical, communication with each other, despite being separated by huge distances. 

For example, particles that were once close but are later separated so far apart as to be located at opposite sides of the universe can, in principle, still be connected. In effect, prodding one particle would prompt its distant partner to jump instantaneously. In 2017 scientists were able to demonstrate two photon particles were entangled despite being 747 miles or 1,200 km apart, one on earth and one in an orbiting satellite.

Quantum tunnelling and quantum entanglement are not the only strange but wonderful things happening at a sub-atomic level.

When you throw a stone into water, waves move outward in a circle, and you can no longer say exactly where the wave is, because the edge of the wave is constantly moving and in more than one place at once. Throw two stones into the water and the waves react with one another in such a way that it becomes even harder to say where the waves are. Making the waves three-dimensional rather than two-dimensional increases the complication, and making the waves four-dimensional as they would be in spacetime makes the situation even more complicated.

At a quantum level, particles behave like a wave and like a particle, so Rutherford's description of electrons orbiting a nucleus similar to how planets orbit a sun is now known to be incorrect. An electron is not in a single orbit, but in a three-dimensional cloud like wave that fills all the available space around the nucleus. 

The ability for a particle to act as a wave is known as quantum coherence, and the ability for a particle to exist in two different states at the same time, or in several positions at the same time, is called superposition. For example, it may be both a particle or a wave at the same time, or it may have both an up-spin or down-spin at the same time. All particles remain in a superposition of states until they are measured, and until it is measured there can only be uncertainty about a particle’s actual state. 

Quantum tunnelling, quantum entanglement, and superposition only happen at a quantum level, so particles of that size behave in a completely different way to how we usually see things. In short, as many scientists have found, they behave weirdly.

Weird they may be, but the reality of quantum coherence, quantum tunnelling, quantum entanglement and non-local entanglement, and quantum superposition have been repeatedly proven both experimentally and at a practical level. 

Our modern world is full of inventions born out of one or other consequence of quantum physics. Semiconductors, transistors, diodes, computers, quantum computers, and modern cryptography have all arisen out of our knowledge of how things work at a quantum level, but quantum mechanics has not only resulted in many of our modern inventions, but it has also been found in nature too. Scientists now know that how many of the enzymes in our bodies work depends upon those same quantum processes.

The nature of Schrödinger’s Wave Function Equation is arguably the most contentious thing in quantum physics and has led to many different interpretations. The Copenhagen interpretation is probably the most widely accepted and was first proposed by Niels Bohr and Werner Heisenberg. This interpretation states particles do not have definite properties until they are measured, and prior to that you can only predict a probable range of results. The act of measurement causes wave function collapse, at which point all those probabilities are reduced to one.

One of the many alternative views, the many worlds interpretation, states that there is no wave function collapse. Measurement produces an entanglement in which all possible states become actual states. You only become aware of one of those states, but all the other possible states continue in parallel worlds known as a multiverse.

You may by now be rather confused. You would not be the first and will not be the last. Quantum mechanics only affects things at a sub-atomic level, so we cannot see quantum effects with our naked eyes, and nothing we have ever seen or experienced helps our understanding. Yet quantum mechanics affects every fundamental particle in our body, and every atom from which every one of our cells is made. 

In their 2015 book 'Life on the Edge: The Coming of Age of Quantum Biology' Jim Al-Khalili, Professor of Physics at the University of Surrey, and Johnjoe McFadden, Professor of Molecular Genetics at the University of Surrey, said a small but growing number of scientists insist aspects of quantum mechanics play a crucial role in the phenomenon of life. They point out enzymes have made and unmade every single biomolecule inside every cell that lives, or has ever lived, and as enzymes work through quantum tunnelling life itself depends upon quantum mechanics.

The connection between quantum mechanics and consciousness is one of the major themes in the next part of this book, and as an introduction to that, and before looking at any individual quantum theories of consciousness, we’re going to consider how quantum science and consciousness are related.

	[image: ]
	 	[image: ]


[image: ]

Quantum Physics 101 (2)
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Present-day physics and chemistry could not possibly account for what happens in space and time within a living organism. 

(Schrödinger 1944)

SCHRODINGER ON CONSCIOUSNESS

In the 1920s, Erwin Schrödinger produced what came to be known as the Schrödinger Wave Function Equation, and in 1935 he conducted one of the most famous thought experiment in quantum physics, the experiment commonly known as 'Schrödinger's Cat'. 

Schrödinger was also in regular contact with Einstein and gave a lot of thought to what part quantum mechanics played in life. In 1944 he wrote a book called ‘What is Life: The Physical Aspect of the Living Cell’, and for a scientist steeped in the traditional laws of physics his conclusions that living matter was likely to involve currently unknown laws of physics (chapter six), and that the structure of living matter cannot be reduced to the ordinary laws of physics (chapter seven) were truly staggering.

The main body of his book is frequently quoted, but less frequently quoted is the epilogue to the book in which he felt compelled to write about consciousness.

He begins his epilogue by stating his belief that consciousness is never experienced in the plural, only in the singular. Whilst you may only experience your own individual consciousness, he believed our own consciousness is just one part of a much larger consciousness.

The above paragraph is so astonishing, it is worth paraphrasing again. Schrödinger believed there is only one consciousness. We may only be aware of our own consciousness, but our own consciousness is part of one massive consciousness that incorporates the totality of everyone else’s individual consciousness.

ROGER PENROSE ON CONSCIOUSNESS

Schrödinger was not the first Nobel Prize winner to consider consciousness, and he hasn’t been the last. 

Sir Roger Penrose was awarded the Nobel Prize for Physics in 2020, but in 1995 he wrote a book called ‘Shadows of the Mind: A Search for the Missing Science of Consciousness’. In his book, he wrote that there is no physical, biological, or computational theory that comes close to explaining our consciousness. He believed classical physics could not explain consciousness, not in reference to individual brain cells, or groups of brain cells, nor in relation to the whole brain, so for answers about consciousness he believed we had to turn from classical physics and towards quantum physics. 

In his book, Penrose described quantum entanglement as an affect that does not fall off with distance, but also as an effect that is quite oblivious not only of space separation but also of time separation. He claimed that so long as these entanglements persist, one cannot, strictly speaking, consider any object in the universe as something on its own.

Having outlined his quantum mechanical credentials, Penrose then turned his attention to consciousness by stating his belief that the unity of a single mind can arise only if there is some form of quantum coherence extending across an appreciable part of the entire brain, and for physics to accommodate the phenomenon of consciousness, he believed we must expect a profound change to the nature of reality. 

OTHER SCIENTISTS

Physics Professor Max Tegmark of the Massachusetts Institute of Technology (MIT) stated that, whatever the ultimate nature of reality may turn out to be, it will be completely different from how it seems. He describes consciousness as the last bastion that still has to be captured by physics. 

Stuart Kauffman, affiliate Professor at the Institute for Systems Biology, Seattle, and Emeritus Professor of Biochemistry and Biophysics at the University of Pennsylvania is another prominent scientist who has turned his mind to what consciousness is. In his 2016 paper ‘Cosmic Mind? Theology and Science’, Kauffman concluded aspects of the living may persist after death, and that independent and entangled quantum variables may escape the body and pass into space as entangled sets of variables, and that the presence of those entangled variables in the universe made something like a cosmic mind, or a set of minds, plausible.

In their co-authored book, ‘The Quantum Universe’. Manchester University professors Brian Cox and Jeffrey Forshaw, claimed every electron in the universe knows about the state of every other electron, every proton knows about every other proton, every neutron knows about every other neutron, and there is an intimacy between the particles that make up our universe that extends across the entire universe.

QUANTUM COMPUTERS

For reasons which will soon become obvious, I want to take a moment to consider how the brain acts as a computer. Almost every classical theory we have looked at so far have compared the brain to a classical computer, with electrical activity between brain cells being either ‘on’ or ‘off’. That's hardly surprising. Computers are complicated things capable of providing all the information we need to fly to the moon and back, and able to control every one of the mobile phones we use to communicate with one another on a daily basis.

Every computer in common use today is a classical computer that uses a binary system. The basic unit of information in a computer is a binary digit, or bit for short. A byte is a collection of 8 bits, a gigabyte (GB) a collection of over a million bytes, and a terabyte (TB) a collection of over a trillion bytes. That's more than eight trillion individual bits of information. It sounds impressive, and it is, but each one of those individual bits still only has two states. They are either on or off.

Quantum science is now providing us with new types of computers. Instead of using a classical binary system, they use particles in a multiposition of states, and instead of having a bit system which only has the two states of being either ‘on’ or ‘off’, they use a quantum-bit (or qubit) system with each qubit having multiple possible states of on, off, or anywhere in between.
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Orchestrated Objective Reduction Theory (Orch-OR Theory)
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Orch OR is the most complete, and most easily falsifiable theory of consciousness.

(Stuart Hameroff 2021)

The Brief Version.

The Orch OR theory is a combination of two theories, Orchestration (Orch), and Objective Reduction OR.

Objective reduction (OR) theory suggests the universe's fundamental particles are in a superposition of states which are repeatedly, and objectively, reduced to a single state thereby creating a series of oscillating and irreversible moments of 'proto-consciousness'. 

The Orch OR theory suggests sensory input, combined with quantum processes occurring within the brain's microtubules, orchestrate (Orch) those universal objective reductions (OR) to create continuous moments of consciousness within the brain. 

The Long Version

I am conscious NOW... and NOW... and NOW.

The Orchestrated Objective Reduction Theory of Consciousness began with an attempt to answer two seemingly unrelated questions. 

The first question is: why does time only run forwards? Consciousness appears to be a sequence of NOW moments in a continuous stream which travels forwards through time, and experience tells us time only flows forwards. However, all the successful equations of physics apply in either direction and tell us time should be able to flow forwards or backwards. 

The second question is: what causes the collapse of quantum superpositions? Quantum science tells us a fundamental particle can be in a superposition of multiple possible states and locations at the same time and can also be connected through quantum entanglement to other non-local particles. It is well known that once superpositions are measured or observed they collapse into a single state or location, but there is no consensus as to what causes the collapse. 

The flow of time, consciousness, and the reduction of superpositions, were all problems which Nobel Prizewinning Mathematician Roger Penrose turned his attention to in the 1980s and 1990s.

In his General Theory of Relativity, Einstein had theorised objects with mass would create a curvature in spacetime experienced as gravity, and the greater the mass, the greater the curvature. Most research has looked at the largest things in the universe and used Einstein's theory to help understand how gravity holds our universe and solar system together. Penrose realised what was true on a large scale was also true on a small scale. Even the smallest of particles with mass produce a small curve in spacetime, and this curve in spacetime would continue even when the particles were in a state of superposition. He also realised such superpositions would be unstable because the energy used to create it would gradually diminish over time. Mathematically, he calculated that, at an objective threshold, the superposition would spontaneously reduce to a single state.

His equations suggested space-time curvature, the flow of time and the reduction of superpositions were all linked, with the objective reduction of a superposition to a single state being due to the curvature of space-time, and with that reduction creating an irreversible NOW moment in time. 

This objective reduction (OR) of a superposition of states to a single alternative state would occur spontaneously and independent of human intervention, and repeated superposition and reduction would create a series of oscillating and irreversible NOW moments resulting in time continuously moving forwards.

Penrose concluded the universe had always been full of these NOW moments (he called them 'proto-conscious' moments) which were being randomly created by quantum processes without context or memory. This led him to wonder whether biology had evolved a way to combine quantum coherence within the brain with these naturally occurring NOW moments to create the continually repeating NOW moments we call consciousness. He tentatively put forward the view that human consciousness may depend upon some quantum-entangled internal cytoskeletal structure involving an interplay between quantum and classical activity.

Meanwhile, Professor Stuart Hameroff, had been researching the connection between anaesthesia and microtubules in the brain. One of the things that had interested him was how single celled organisms could move towards food, move away from danger, and move around obstructions. These single cell organisms seemed able to learn and remember, and they appeared to display some signs of intelligent behaviour without having a nervous system. However, like all cells they did have a microtubule cytoskeleton. After reading Penrose's research, Hameroff suggested microtubules may have the type of internal cytoskeletal structure needed to create quantum processes in the brain. 

All cells in the body have a lattice-like structure of protein microtubules which give them shape, and in most cells these microtubules are constantly being broken down and reassembled as cells divide. However, microtubules within the brain are more highly concentrated than any other part of the body, and they remain assembled indefinitely because brain cells do not divide. 

Created from tubulin proteins, with each protein being created from two different polypeptide chains of amino acids, one alpha chain and one beta chain, joined together to create a tubulin protein with separate regions of positive and negative charge. These tubulin proteins are usually arranged in 13 longitudinal protofilaments with lateral connections to create two types of hollow tube hexagonal lattices. Each of the protofilaments is slightly shifted in relation to those next to it, and this results in different relationships between each tubulin and its six nearest neighbours creating a helical or corkscrew-like pathway repeated every 5 and 8 tubulins along each protofilament, and with neighbouring tubulin proteins repeating every 3 proteins after winding twice around the microtubule.

Various types of proteins bind at specific lattice sites, and bridge to other microtubules. Two of these are the motor proteins of dynein and kinesin which move along microtubules to transport molecules to specific locations and synapses. Another of the proteins is tau, which appears to act as a type of traffic signal to indicate where motor proteins should deliver their cargo. The displacement of the tau protein results in molecules being delivered to the wrong place, and this is believed to be a possible cause of Alzheimer's disease.

Each individual tubulin may be different from its neighbour due to genetic variability, due to minor changes made to the tubulin protein after initial assembly; due to the presence of a phosphate group of molecules which altar the shape of the tubulin depending on its presence or absence; by the binding of different microtubule associated proteins; or by the moment by moment differences in the positive or negative charges.

What all this means is that there are approximately 1,000,000,000 tubulin in a neuron (109) with each of those tubulin having approximately 10,000,000,000,000,000,000,000 different possible states (1022). Pause and consider for a moment. Instead of thinking in terms of a neuron being similar to a standard computer chip with two different states, on or off, we are now considering the content of a neuron having 10,000,000,000,000,000,000,000 (1022) states, making it more powerful than a quantum computer.

There are believed to be approximately 100,000,000,000 neurons in the brain (1011), with each neuron having about 1,000 synapses (103), which switch at about 100Hz to create about 10,000,000,000,000,000 neural activities per second (1016). These are computerised single bit processes which are either on or off, and whilst they seem impressive, they are nowhere near as impressive as the processes which occur within tubulins and microtubules. 

There are approximately 1,000,000,000 (109) tubulins within EACH neuron, and they switch at about 10MHz to create about 10.000,000,000,000,000 tubulin operations within EACH neuron (1016). 

Penrose had suggested consciousness may be the result of quantum coherence within the brain, and Hameroff had suggested microtubules may have the type of structure needed to create that quantum process. Tubulins are close enough to one another to create a quantum-coherent state which extends not only the whole length of an entire microtubule, but to most, if not all, of the different microtubules within a neuron, and also leap the synaptic barriers to extend across an appreciable part of the entire brain. 

Together, Hameroff and Penrose proposed their Orch-OR theory, that naturally occurring sequences of superposition and objective reduction (OR) take place within brain cells just as they do throughout the universe, and that various sensory inputs to the brain may be responsible for orchestrating (Orch) them to create the NOW moments we perceive as a stream of consciousness.

The theory proposes that the ‘binding problem’, in which different senses are processed in different areas of the brain, is solved by having a quantum coherent state which extends to all the different areas of the brain and binds them together into a single conscious moment.

The Orch-OR theory faced scepticism at first, mainly because it was incorrectly initially thought quantum processes could not occur within the brain. However, correlation was subsequently observed between Orch-OR theory and gamma synchrony electro-encephalography (EEG), and this suggests EEG rhythms and consciousness both derive from microtubule vibrations. Further research also indicates that, despite prevailing assumptions, anaesthetics work by inhibiting those same microtubule oscillations.
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Electromagnetic Field Theory (EMF)
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Consciousness is identical with certain spatiotemporal patterns in the electromagnetic field. 

(Pocket 2000)

Even the smallest of particles with mass can create a curvature in spacetime which is experienced as gravity, and we’ve already looked at the Orch-OR theory which suggests the energy used by the force of gravity may be responsible for the reduction in superpositions which in turn creates the irreversible moments in time and consciousness within the brain. 

Another of the forces which is everywhere, including within the brain, is the electromagnetic force. This permeates the space between the particles of an atom and attracts or repels electrically charged particles depending upon whether the particles are similarly or opposingly charged. There are several theories about how an electronic field may be responsible for consciousness, and together, they are known as electronic field theories.

The three fundamental particles are the up quark, the down quark, and the electron. Two down quarks and one up quark create a neutron, and two up quarks and one down quark create a proton, and different combinations of neutrons, protons and electrons create every physical thing we know about.

In the same way in which an atom is considered a basic unit of matter, there is a basic unit of electrical charge known as an elementary charge (e), against which all fundamental particles can be measured. Using this measurement, an electron has an elementary charge of minus 1e (-1e); a proton has an elementary charge of plus 1e (+1e), made up of two up quarks of +2/3e each, and a down quark with -1/3e; and a neutron is electrically neutral with 0e, made up of two down quarks of -1/3e each and one up quark of +2/3e. The electromagnetic force is responsible for holding all these quarks and electrons together to create neutrons and protons, and this creates electromagnetic fields which can also exert forces and influence other nearby charged particles.

Although we rarely think about it, electromagnetic energy is all around us and within us. We feel heat on our skin, but what we are actually experiencing is electromagnetic energy within the infrared range hitting our skin. We see light, but what we are actually experiencing is electromagnetic energy in a higher frequency. We see the outline of a body through night vision glasses, but what we are actually seeing is the infrared range of electromagnetic energy produced by every living cell in a body.

Those who advocate Electromagnetic Field Theories see them as providing the answer to the ‘binding problem’ which classical theories are currently unable to solve. Using the example given in an earlier chapter, if you see a lion charging at you, the speed, colour, shape, sound, and distance are all processed in different brain areas and at slightly different times. Physical theories relying upon the firing of neurons cannot explain how separate electrical circuits can create a single conscious experience, but advocates of electromagnetic field theories suggest the single electromagnetic field provides a united single awareness of consciousness.

Susan Pockett’s Electromagnetic Field Theory

The Brief Version.

Consciousness is identical with certain shapes and patterns in the electromagnetic field, and our own individual consciousness is identical with certain shapes and patterns in our own brain’s electromagnetic field.

The Long Version

Radio waves, microwaves, infrared light, visible light, ultraviolet light, x-rays, and gamma waves are all created by electromagnetic fields above a thousand cycles per second, but electromagnetic fields also have lower frequencies, including within the 0 to 100 Hz range generated by biological brains.

The three major recognised states of consciousness, waking, sleeping, and dreaming, all display clearcut differences in the pattern of electromagnetic oscillations recorded by electroencephalography (EEG) or magnetoencephalography (MEG). Experiments using EEG indicate different smells, different sounds, and different visual sensations also generate different electromagnetic patterns. 

In 2000, neuropsychologist Susan Pocket, published her theory that specific three-dimensional patterns in the electromagnetic field can be regarded as having the property of consciousness. She believed the patterns causing consciousness are localised by the firing of large numbers of neurons in such a way that the electromagnetic field can sometimes be conscious, sometimes, partially conscious, and sometimes unconscious. She also theorised that different electromagnetic patterns were not only created by different sensual input, but also that different electromagnetic patterns were responsible for different types of consciousness within different types of animals.

It is worth considering the larger picture for a moment. The electromagnetic field is not something which is simply within our head. The electromagnetic field pervades the whole universe, of which our head is a part. So, when we think about part of the electromagnetic field, we are thinking about a minute part of an infinitely larger and united whole. There is nothing ideally similar, but it is a bit like considering a part of the ocean. When you paddle on the shore line, your feet are only touching a minute part of the ocean, and however much water you can see between yourself and the horizon, what you can see is only the surface of a much larger whole, both within your horizon and beyond. 

According to Pocket’s theory, the individual parts of the electromagnetic field within the brain are changed by sensory input, and by different localised neuronal firing, to create a distinctive electromagnetic field pattern in that individual moment of time. We perceive that as a moment’s consciousness, which consciously changes just as the electromagnetic field constantly changes. Different moments of consciousness are created by different whole electromagnetic field patterns rather than by individual neuron firings, thereby dealing with the binding problem. 

If the theory is correct, there are several interesting consequences to consider.

The first consideration is whether it would be possible to artificially create an identical shape within the electromagnetic field and create an identical moment of consciousness. In principle, it should be possible if that shape of electromagnetic field could be isolated, but in practice the shape always remains part of the whole electromagnetic field and makes it impossible. There would be no way of knowing if the same shape of electromagnetic field creates an identical moment of consciousness unless someone could somehow insert their head into that artificially shaped field, but the artificially shaped electromagnetic field would immediately become part of the pre-existing electromagnetic field within that person’s brain, thus creating a differently shaped field. 

The theory has another unexpected consequence as well. If consciousness is identical with certain localised configurations of the electromagnetic field, then the whole universe wide electromagnetic field includes all the consciousness currently existing. As far as we know, the electromagnetic field pervades the whole universe, so each individually produced electromagnetic field within our brains remains part of the universal electromagnetic field, as does each of the shapes which make up every one of our conscious experiences. According to Pocket, if her theory is true, it means the universe as a whole is conscious, and the universe-wide electromagnetic field could be thought of as one vast universal mind. 

Pocket went on to theorise that the difference between conscious or non-conscious patterns in the brain depended on how the pyramidal neurons in the cortex create three dimensional patterns, and how the dipoles are arranged. Pyramidal cells extend from the body of the neuron to the upper layer of the cortex, creating a layer of negative charge in the upper first layer of the cortex, and a positive charge in the layers below. According to Pocket’s hypothesis, conscious patterns of local field potentials are created when the positive charge is dispersed through layers two and three, and five and six, separated by a distinct neutral layer in the fourth layer of the cortex. Non-conscious patterns are created in areas of the cortex which does not have six layers, or where the positive charge is dispersed through all the lower levels of the cortex without being separated by a neutral layer. This also explains why the many external electromagnetic fields we come into daily contact with have no effect upon our consciousness. 

The defining feature of the electromagnetic fields responsible for our consciousness is the three-dimensional shape rather than a specific frequency.

There are some obvious difficulties with this theory, which Pocket herself has listed, and answered.

Electronic fields produced by power cables, or MRI scans should affect consciousness - but they don’t. Pocket answers this by pointing out that mains voltage has few oscillations within the range produced within the brain; and that electroconvulsive therapy, where power is applied at a similar oscillation to the brain, does have an effect on consciousness. Electroconvulsive therapy, for example, is most widely used in cases of depression and catatonia. MRI scans do produce large magnetic fields, but those fields are not thought to be the same shape or size to those responsible for conscious moments. 

If consciousness is due to electromagnetic fields being produced by the brain, then telepathy should be possible between two nearby brains – but it isn’t. Pocket points out that whilst the electromagnetic field generated within the brain is at a wavelength which would include all the brain, it is at a frequency which would be impossible to detect outside of the brain in any practical sense.

––––––––
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Conscious Electromagnetic Information

(CEMI) Field Theory 

Johnjoe McFadden added to Pockett’s theory by suggesting his own conscious electromagnetic information (cemi) field theory. The main difference being that McFadden placed more emphasis on the synchronised firing of neurons, and he sees the electromagnetic field as being a reflection of the information conveyed by those firings. 

According to McFadden, the firing of a single neuron only creates a local disturbance in the electromagnetic field. A larger synchronised neuronal firing creates a larger disturbance in which the information within neurons is pooled and integrated into the electromagnetic information field.

McFadden’s theory is that consciousness is the result of that integrated information being fed back to motor neurons thereby enabling the information to be communicated to the outside world.

Some combinations of fundamental particles appear to combine to create living things, while other combinations of the same fundamental particles combine to create non-living things. McFadden claims something similar occurs with the electromagnetic field, with some electromagnetic fields creating consciousness whilst others are unconscious. The difference, according to McFadden, is that a conscious electromagnetic field must possess sufficient complexity to encode complex computations and must be sufficiently powerful to transfer thoughts to another conscious being.

The Unifying Electromagnetic Theory

There are several reasons why some scientists believe electromagnetic theory should be linked with one or other of the other theories to create a more comprehensive theory. Most theories require the firing of neurons, but whilst there seems to be some correlation between neuron firing and consciousness there is no correlation between neuron firing as a whole and consciousness as a whole, and as yet there is no mechanism which can be proven to provide the link between neuron firing and phenomenal conscious experience. 

Some advocates believe electromagnetic theory provides the required link between neuron firing and consciousness, and it is not hard to see the reason why. Most of the space within the atoms making up our neurons is exactly that, empty space. There is little physical material within an atom, but there is a large electromagnetic field. If we divide the space of an atom into 15,000 parts, the nucleus of the atom and the surrounding electrons would only take up a fraction of 1 part. The remainder would appear to be empty space but would in fact be almost completely full of electromagnetic fields.

This has led some scientists to the conclusion that all correlates of consciousness are electromagnetic correlates; that when neurons fire, they transmit an electromagnetic field through time and space, and that the whole brain becomes a series of nested electromagnetic fields which ultimately deliver phenomenal consciousness.
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String Theory
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The main appeal of string theories lies in their mathematical beauty and naturalness. 

(Martin 2011)

Looking at consciousness theories using ‘ordinary’ quantum physics is complicated enough for most of us, but the mathematics of quantum physics have led some physicists to theorise the universe is comprised of more than the four dimensions of space-time we call height, width, length, and time. 

The supporters of quantum string theory believe the mathematics of quantum physics require a ten or eleven-dimensional universe, with six or seven additional dimensions made up of tiny vibrating Plank length strings curled up just outside space-time. Instead of fundamental particles being the smallest physical thing from which everything else is created, string theory suggests fundamental particles are themselves comprised of a loop of vibrating string-like substance so small that we may never have the scientific ability to see them even if they were within our own dimension.

It is only a small jump from there, to imagine these ‘strings’ vibrating in such a way as to carry information and being responsible for our consciousness.

There is another consequence too. The vibrating string from which all fundamental particles are made would be able to vibrate in many different ways. The four dimensions of space-time are complicated enough, but ten or eleven dimensions of variably vibrating string can mathematically result in a multiverse of which our own physical universe is only a single universe amongst a practically indefinite number of other universes.  

This theory may or may not be true, but String theory is currently a completely theoretical concept which is as yet unproven in any way other than mathematically. As ‘strings’ themselves are outside of any known dimension, it is currently impossible to prove or disprove their existence, or to prove or disprove any relationship between string theory and consciousness.
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Non-Physical Theories
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This "unified force" would have ruled in the first instants of the universe, before its different components separated out as the universe cooled. 

(CERN 2024)

So far, we have examined some, but not all, of the physical theories of consciousness, using both classical physics and quantum physics. The search for the neural correlates of consciousness has been inconclusive despite some tantalizing glimpses of success. Experiments have sometimes provided proof of one part of a theory, only to fall short when considering the theory as a whole. Despite all the theories, all the research, and all the thousands of words which have been written in books and research papers about consciousness, there have been no proven neural correlates, within classical or quantum physics, which have become widely accepted by a sufficient number of scientists as to form a consensus.

Most scientists believe the neural correlates of consciousness are there for the finding, and all that is needed is a more sophisticated way of detecting neural activity throughout the whole brain in real time, and in sufficient detail. That may be the way forward, but however unlikely it may seem, it is also possible there are no neural correlations to find. 

In 2014, a large experiment took place involving patients who had survived a cardiac arrest despite having had a period of time during which they had been clinically dead. Activity within the brain ceases within 30 seconds of a heart stopping, but when the description of what each of them saw and heard whilst they were clinically dead was compared with what had actually happened around them, clinicians were able to verify some of those descriptions as accurate. They appeared to have been consciously aware of what was happening despite the brain having no blood supply, and despite the brain having no detectable neural activity. Appearances can be deceptive, and such experiments are hard to repeat and harder still to extract firm conclusions from, but they indicate consciousness may not be dependent upon neural activity. 

More recent research has led resuscitation expert Sam Parnia to claim that in 50 to 100 years’ time we will have discovered the cause of consciousness and will be taking for granted that it is not produced by the brain and does not die when we die.

For this book, the theories of consciousness have been divided into physical and non-physical theories, and most physical theories have already been covered. Before we turn our attention to the non-physical theories, it’s worth reiterating that there are other ways of categorising consciousness theories.

Other books sometimes divide consciousness theories into physicalist and panpsychist theories, with the distinction being made between theories in which consciousness is confined to localised physical causes within a living body, and theories in which consciousness is more widely distributed. I have chosen to use physical and non-physical categories because the differences between physicalism and panpsychism are not as clear cut as often portrayed. Many scientists seem to believe a physical theory must be a classical physics theory, and describe everything else, including all quantum theories of consciousness, as panpsychism. 

The problem is probably not helped by all but one of the contributors to the Routledge Handbook of Panpsychism being philosophers rather than physicists, but the handbook of Panpsychism preface describes panpsychism as the view that mentality is a fundamental feature of the world which exists ubiquitously throughout the world. The main quantum theories fit nicely into this definition despite being physical theories. A physical thing, or physical process, smaller than an atom, is still a physical object. The ORC-OR theory suggests the universe is full of fundamental particles in a superposition of states which are objectively reduced to a single state to produce a constantly repeated series of ‘proto-conscious’ moments, with our own individual consciousness being caused by those same universal quantum processes occurring within the brain’s microtubules. The ORC-OR theory is a physical theory and a panpsychist theory. So too, is electromagnetic theory. Electromagnetic force may infuse the whole universe, but on a personal level it is a physical force which is within every one of our brain cells and affects every one of us every day.

The problem of categorisation, however, is that the lines are often blurred. The force of gravity is a long researched and long accepted force despite scientists never having found the graviton particle thought to be responsible for it. Classical physics theory and quantum physics theory both stand up to scrutiny mathematically, experimentally, and practically, despite nobody yet being able to combine the two theories, even mathematically, into a unified theory. Dark matter makes up 95% of all matter in the universe, and dark energy appears to take up approximately 68% of the space in the universe, but little is known about either dark matter or dark energy. There are frequent theories trying to explain them, which suggest a physics beyond the currently accepted Standard Model, but none of those theories has so far been proven to be true. 

All this suggests that it is not unreasonable or unscientific to assume there may be some force not yet detected that is responsible for consciousness, and even the scientists at CERN are searching for a possible ‘unified force’ which would have ruled in the first moments of the universe, before the different components separated out as the universe cooled.

For the above reasons, I have chosen to call the next section of theories panpsychist theories. They involve a consciousness that is larger than a personal consciousness arising solely within the neurons of a brain. Most do not easily fit within the Standard Model and cannot currently even be proven mathematically. They are more often than not the theories of philosophers rather than of physicists, but all scientific breakthroughs arise in the mind long before being physically proven and even longer before finding acceptance by mainstream scientists. 

I have attempted to remove any personal bias from this book, and not to favour any particular theory, or group of theories over any others. I reiterate those thoughts now. Just because one or other theory can be proven to be partly correct, or seems obvious even if yet unproven, it does not imply that it is the only road worth travelling down. None of the theories, classical, quantum, or panpsychist, has been proven to be the correct theory. The future will surely bring the solution eventually, but that solution is just as likely to come from a new understanding currently outside the Standard Model, and which is unprovable using current research techniques and knowledge, as it is from inside the Standard Model in the form of a classical or quantum theory. The jury is still out. The current bets are unpaid. The future is still unknown, consciousness is still a mystery yet to be solved, and all theories are worth equal consideration.
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Panpsychism
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Mentality is a fundamental feature of the world which exists ubiquitously throughout the world. 

(Seager, 2020)

In previous sections of the book, we have looked at physical theories of consciousness, both classical theories involving physics at a larger than atomic level and quantum theories involving physics at a sub-atomic level. However, there are those who believe consciousness is not physical at all and has no physical cause. Known as panpsychism, the Routledge Handbook of Panpsychism defines panpsychism as the view that mentality is a fundamental feature of the world which exists ubiquitously throughout the world. 

This section includes a summary of various panpsychism theories of consciousness which cannot be proven or disproven by any physical research or experimentation. They are outside of our physical world. Infusing it perhaps, but never physically discernible. Such theories are impossible for anyone to believe if they start from the premise that the physical world is all there is, and they are only credible for those who start from the premise that there is more to the universe than the physical world we can see and feel. The belief there is something more than the physical world we can see and touch is widespread through many of the religions of the world but is not only confined to religion. Anyone who believes in ‘luck’ or ‘fate’ is also claiming there is some non-physical force which influences the world in which we live.  

I have already described how difficult consciousness theories are to categorise. They sometimes span more than one category. Panpsychism includes all the theories of consciousness which fall within that definition of being a fundamental feature of the world which exists ubiquitously throughout the world, but in listing some the more prominent panpsychist theories I have omitted those already listed elsewhere.

DIVINE CONSCIOUSNESS

Many religions involve some sort of belief in a universal consciousness larger and more knowledgeable than our own individual consciousness, and most call this universal consciousness ‘God’. The aim for adherents of those religions is often complete unity with that universal consciousness, or complete awareness of it after their death. In 2024, Pope Francis said “all religions are a path to God”, and many religions claim it is possible to have an experience of the divine consciousness whilst still living. Christian call this experience the baptism of the Holy Spirit and describe it as being completely surrounded and infilled by the presence of God’s consciousness. Similar experiences are described as Fana in Islamic Sufism, Devekut in Judaism, Samadhi in Hinduism, Nirvana in Buddhism, Anand in Sikhism, and unity with the Tao in Taoism. 

COSMIC CONSCIOUSNESS

The sense of being at one with some higher form of consciousness is not confined to those who are religious. The psychiatrist Richard Maurice Bucke was distinctly non-religious and was not a member of any religion when he had such an experience in 1873 at the age of 36. He was travelling home in a carriage after spending the evening reading poetry with friends, when he suddenly experienced what he described as a lightning-flash of splendour in which he saw and knew that the Cosmos was not dead matter but a living presence. In his book published in 1902, Bucke described this experience as a ‘cosmic consciousness’, an awareness that he was directly linked to the consciousness of the whole universe.

Whilst the religious idea of an all-knowing universal consciousness is generally based upon faith rather than science, there are members of all the world’s major religions who are scientists, and there are scientists who have theorised about the existence of a universal or cosmic consciousness. 

COSMIC MEMORY

We have already looked at how Roger Penrose suggested the space-time curvature was responsible for the objective reduction of a superposition to a single state, thus causing continually created irreversible proto-conscious moments in time at a quantum level, not only within the brain, but throughout the universe. Together with Stuart Hameroff, their Orch-OR theory showed how the brain’s microtubules may be responsible for converting those proto-conscious moments into consciousness in the brain. 

Whilst Penrose and Hameroff were using their theory to explain brain consciousness, the philosopher Ervin Laszlo had turned his mind to the wider universal picture. He suggested objective reduction of a superposition may not only produce a proto-conscious moment in time but may also create a quantum wave with a quantum hologram interference pattern ‘entangled’ with, and instantly connected to, all other hologram interference patterns. He called this universal field of information an Akashic Field, as it would, in theory, contain a record of all events and experiences throughout time, and create something like a cosmic memory.

Laszlo theorised we perceive things in two different ways. Firstly, directly through our physical senses. Secondly, through our perception of the universal field of information which is captured by the microtubule processes within the brain. 

He gives the illustration of a brain capturing information in a similar way that a radio captures radio waves. Radio waves do not originate within the radio. The radio takes the pre-existing waves from the air around it, translates those waves into sound, and broadcast those sounds to our ears. In a similar manner, Laszlo claims our brain takes the pre-existing memory from the air around it and translates that memory into consciousness. He uses the same analogy to explain our consciousness may not end with our death. When the radio is turned off after listening to a symphony, the symphony may seem to disappear, but the radio waves which created that symphony were never produced by the radio, only translated by it, and the waves still exists. Laszlo claims that, when our body is turned off by our death, our consciousness may seem to disappear, but the memories which created that consciousness were never produced by our brain, only translated by it, so the memories still exist. 

IMMORTAL MIND HYPOTHESIS

Anthony Peake is a social scientist whose wide-ranging research interests included déjà vu, psychedelic drug experiences, near death experiences, premonitions, precognition, dreams and meditation. His research led to an interest in Ervin Laszlo’s Akashic Field theory of consciousness, and the belief that feelings of déjà vu, and all the other areas he had been studying, could be due to a cosmic memory. Peake and Laszlo suggested our consciousness is a fundamental part of the universe which exists completely independently of our physical bodies. They collaborated on an Immortal Mind Hypothesis which proposed our consciousness continues after our physical bodies have died. In addition, they suggest our continued consciousness enables us to have a type of reincarnation to a future physical life in which we can make different choices, and have different outcomes, by tapping into already existing conscious memories similar to premonition and feelings of déjà vu. 

EXTENDED MIND HYPOTHESIS

The biologist Rupert Sheldrake believes there are many more kinds of fields than those currently recognised by physics, and he suggests our minds work similar to how a magnet or mobile phone works. The field surrounding a magnet extends beyond the metal of the magnet itself, and the signal of a mobile phone extends beyond the components of the mobile phone. Similarly, claims Sheldrake, our mind extends beyond the physical brain, and each one of us are surrounded by a morphogenic field of influence which has a continuous, holistic, quality which cannot be divided, and which is physically real despite not being directly detectable by our senses. 

Sheldrake’s Extended Mind Hypothesis suggests both animal and human minds extend into the area surrounding our bodies, thus linking organisms to their environment and to each other, and also that these invisible fields carry memory and information which can be passed down through generations and influence our behaviour. 
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Non-human Consciousness
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There may be forms of consciousness which do not manifest  in the ways typical for human consciousness. 

(Dung 2023)

Most theories of consciousness we have looked at so far have involved human consciousness, but that may not be the only type of consciousness there is. Depending upon which theory of consciousness they believe, scientists have asked whether everything is conscious, whether plants and other types of animals are conscious, and even whether machines will become conscious.  

We will briefly consider each of these in the next few pages, but if we accept consciousness is not confined to humans, it may be wrong to search for consciousness in non-humans in the same way in which we search for consciousness within humans. It would be similar to searching for ways of reaching America from mainland Europe whilst confining our search to different methods of walking or swimming and ignoring flying just because humans can't flap their arms and take off. 

This book has shown how difficult it is to explain the cause of human consciousness. Plants, other animals, and machines are completely different to humans, so if they do have some form of consciousness, their consciousness is likely to be completely different to human consciousness and tests of human consciousness may be completely inappropriate.
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Animal Consciousness
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In one kind of barking of a dog the horse knows there is anger, of another sort of bark he is not afraid. 

(Michel de Montaigne 1850)

Most dog owners assume their dogs are as conscious as they are, or almost as conscious. True, they can’t read or write or do any of the numerous things we can do with our opposing thumb and fingers, but when they look at us in certain ways, we assume they are thinking. With a dog, it’s an easy assumption to make. It’s one of the reasons why dogs are described as man’s best friend, why we don’t breed them to eat them, and why we become so attached to them. We look at a dog and we think to ourselves, ‘it wants to go for a walk and play with its ball’. It’s a small step, when the dog looks at us in a certain way, to imagine the dog is also thinking ‘I want to go for a walk and play with my ball’, but there is no evidence for that. It’s hard to know what other people are thinking, never mind knowing what a dog is thinking, or even knowing if it is thinking anything at all.

[image: A silhouette of a person walking a dog]
Is the dog thinking ‘What a lovely walk this is’?

If you have ever had a dog as a pet, it’s easy to believe they are consciously thinking in the same way we do, but we may never know for certain. What about other animals? What about the animals, like sheep, pigs, and cattle we do eat for food? What about whales, dolphins, and porpoise? What about elephants, rhinos, or hippopotamus? What about the smaller animals such as birds, insects, or crabs. The list could go on. Where do we draw the line. Do we even need to draw a line, or are all animals conscious in some way, in their own way?

Philosophy Professor Peter Carruthers of the University of Maryland argues that we cannot factually determine if animals, even animals with similar neural systems to our own, have phenomenal consciousness, but he claims that doesn't matter scientifically or ethically as we should treat animals sympathetically whatever the truth about their consciousness. Other scientists think the search for animal consciousness is worth pursuing, but in order to answer the many questions about animal consciousness we first have to devise some way of searching for signs of any consciousness in animals. Many tests assume animal consciousness will be similar to our own, but that’s by no means a given. 

One of the classic experimental tests is the ‘mirror test’, which investigates the ability for animals to recognise themselves in a mirror.  Another test involves training animals to complete tests of perception whilst their brain activity is monitored, and another involves giving a painful stimulus each time an animal enters a certain area to see if the animal learns to avoid that area. 

There is a long and growing list of animals which have past these tests including chimpanzees, cleaner fish, elephants, dolphins, whales, and octopuses, and in the early 2020s research indicated Rhesus Monkeys and some types of birds process visual stimulus in a way that seems to indicate conscious awareness.

On 19 April 2024, forty scientists signed the New York Declaration on Animal Consciousness, which stated there was strong scientific evidence to support conscious experience in other mammals and birds, and at least a realistic possibility of conscious experience in all vertebrates (including reptiles, amphibians, and fishes) and many invertebrates (including cephalopod, molluscs, decapod crustaceans, and insects).

The initial forty scientists included several of the world’s experts on human consciousness, as well as many experts in various fields of animal biology, and an open invitation was given to scientists with relevant expertise to also sign the declaration. When I visited the declaration website in February 2025, there were 549 signatures, almost all of them professors in related fields. 

The background information accompanying the declaration includes ten key examples of animals exhibiting behaviour which would be described as conscious behaviour if seen in humans. The authors are not able to say there is conclusive evidence, but they can say the evidence establishes at least a realistic possibility of consciousness in other animals which warrants further research. 

	[image: ]
	 	[image: ]


[image: ]

Plant Consciousness
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A signal system emerging in plants is consistent with the theory of evolution. 

(Miguel-Tomé and Llinás 2021)

Back in 1986, when the current King Charles was the Prince of Wales, he got a lot of ridicule in the UK media after saying he thought it was absolutely crucial for the welfare of plants and trees to talk to them, and to listen to them. He wasn’t the first to think so, and he followed a long line of scientists and philosophers from the early 1800s who would have agreed with him. Even Charles Darwin suspected there was a connection between plant growth and vibrations made by the act of speaking.

In 2009 a month-long study by the Royal Horticultural Society discovered talking to tomato plants did help them grow faster than those which were not talked to. The TV ‘Mythbusters’ series conducted a similar experiment using pea plants in three separate greenhouses. Two of the greenhouses had voice recordings played to them, whilst the remaining one did not, and the plants in the greenhouses with the recordings grew faster and taller than the plants in the greenhouses without recordings. Research by the South Korea National Institute of Agricultural Biotechnology has also found plants are stimulated by music, and in particular they respond to sound at 70 decibels, about the sound level of the average human conversation. Even more surprisingly, they found gas bubbles within plants enable them to make vibratory spontaneous sounds of their own.

All the above articles and research are interesting, but the fact plants are influenced by sound-based vibrations in the air is as unsurprising as saying plants are influenced by vibrations in the ground, or heat from the sun, or being struck by raindrops from the clouds. There is ample evidence to show plants do react to changes in their environment, and they do respond to good or bad experiences, but saying they are sentient is not the same as saying they are conscious. They may or may not be. Chemical processes occur in all living things all the time, so it is hardly surprising to find the sound of these chemical processes can be picked up by highly sensitive microphones placed on or close to plants. All it seems to prove, is that these normal chemical processes are taking place as expected.

The real argument is not whether plants react to environment changes such as the movement of air caused by wind or by sound, but whether they are conscious. This in turn, depends upon the internal and external structure of plants, and upon which of the theories of consciousness you believe. If you favour one of the theories which demands consciousness requires a highly complicated nervous system similar to our own, you may feel plants fall far short. However, if you believe, for example, in the cellular basis of consciousness theory or an electromagnetic field theory, or a panpsychist theory, you may feel it possible, or even probable, that plants are conscious. 

[image: Fly trapped in a Venus fly trap plant]
Is the Venus Fly Trap conscious?

There is a growing interest in plant neurobiology which seems to have split the scientific community in two, with many believing plants have no comparable nervous system. However, such a comparison seems to have missed the point that all living organisms evolved genetically from the same last universal common ancestor (LUCA). Plants have evolved to cope with their environment just as we have evolved to cope with ours; roots instead of legs, shoots instead of arms, sap instead of blood, and so on. Plant nervous system have evolved differently too, and there is growing evidence plants transmit electrical signals to and from different parts of their bodies in response to environmental stimulus. The main difference seems to be that animals, which can move speedily, have developed axons to convey electrical signals speedily throughout their bodies. Plants, which are generally stationery and without axons, have evolved a means of conveying electrical signals through their bodies at a far more leisurely pace. 

Botanist and neurobiologist Stefano Mancuso claims plants are more intelligent than we think, and that they can memorise things, communicate with one another, solve problems, and can even be anaesthetised.

If they do have some type of consciousness, plants could even stake a claim to being the largest conscious organism on the planet. There is a 42.6 hectares area of National Forest in Utah which appears to comprise of individual trees, but which is in fact a single Pando tree thousands of years old. From above it looks like 47,000 individual trees, but below ground there is one single root system over the whole of the 42.6 hectares from which each of the 47,000 stems are sprouting.

Of course, none of this currently provides proof that plants are conscious, but it does lead us to the conclusion they may be. We have not been all that successful yet in finding ways to prove the location of our own consciousness, nor in finding out exactly how our own consciousness works, so it’s hardly surprising that we can’t locate consciousness in plants. It does seem likely there is no human like consciousness to find, but that does not mean plant consciousness has not evolved differently, or in ways we cannot yet imagine.
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Machine Consciousness
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While the idea of conscious AI is often explored in science fiction, it's not something that has been realised or is likely to happen in the foreseeable future. 

(OpenAI 2025)

There appears to be an obvious connection between consciousness and life, but appearances can be deceptive. I am alive and five feet nine inches tall, but it does not follow that everything five feet and nine inches tall is alive. I am conscious and alive, but it does not necessarily mean everything that is alive is conscious, and it does not necessarily mean consciousness only occurs in living things.

It has long been a staple of science fiction that machines will become sentient and achieve consciousness. Our current media is currently full of stories about the benefits and dangers of artificial intelligence or AI, but if consciousness and life are inexplicably linked, then for AI to become conscious implies an AI can become a living thing. Depending upon your definition of life, there are several reasons why it seems unlikely this will ever happen.

The definition used in my previous book is that 'Life is a self-sustained chemical system capable of undergoing evolution'. If that definition is correct, then any type of machine with artificial intelligence falls at the first hurdle because they are unlikely ever to be self-sustaining. Humans are self-sustaining in the sense that they can reproduce themselves without any outside help, but machines cannot reproduce in the same way. I cannot imagine a single machine which can mine the minerals necessary to make steel, collect the rubber necessary to cover electric cables, refine the material necessary to create computer chips, build generators from scratch that can create electrical power and plug itself in, and then create a complete copy of itself, all without outside help. Machines will always depend upon humans for their survival. Pull the plug, remove the batteries, or place a cover over the solar panels, and machines are toast! They cannot themselves create new electricity or batteries from scratch.

In 1950, Alan Turing, one of the pioneers of computing, devised a thought experiment which became known as the 'imitation game' when considering whether machines will ever become capable of thought. In the imitation game, a man (A) and a woman (B) were in one room, and an interrogator was in a different adjoining room. The interrogator’s job was to ask the man and woman questions to determine which one was which, and their answers were typed out and passed under the door to him. They could imitate one another, and, for example, both say they were the woman. Turing suggested that, solely asking questions and reading the answers, a human interrogator would have a 70 per cent chance of identifying whether person A or person B was the man after five minutes of questioning. Turing believed computers would be capable of thought, capable of understanding language, and capable of matching human intelligence by the end of the 20th Century. His test, which became known as the 'Turing Test', would be whether an interrogator would have a 70 per cent chance of thinking the computer was human if the computer replaced man (A) in the imitation game.

In 1980, the American philosopher John Searle produced a counter argument which became known as the 'Chinese Room Argument'. In his mind experiment he is locked in a room and given a large batch of Chinese writing (a script) despite not knowing any written or spoken Chinese. He is then given a second batch of Chinese writing (a story) with instructions in English to correlate the second batch with the first batch. This is followed by yet another batch of Chinese symbols (questions) together with another batch of rules in English (the programme). Questions in Chinese are passed to him under the locked door, and after looking at the symbols in the questions the English instructions tell him which corresponding symbols to select from the first and second batch and send back under the door. To the outside observer he appears to have understood and been able to answer the question despite him not understanding a word of Chinese. Searle suggested a computer acting in a similar way would be able to pass the Turing Test using pre-programmed rules without having any understanding. 

A recent example of how the Chinese Room argument works in practice can be seen in the case of Nigel Richards. In 2015 and 2018 the New Zealander won the French world Scrabble championship despite not being able to speak French, and in 2024 he was the winner of the Spanish world Scrabble championships despite not being able to speak Spanish. He memorised every word in the whole of the French and Spanish official Scrabble dictionaries and used his tiles to create the words he had learned. He didn’t need to know what the words meant, only that they were in the dictionary. His ability to win at Scrabble in French and Spanish cannot be taken as proof that he understood the words in either language. Similarly, the ability of a computer to select alphabetical symbols and place them in order cannot on its own be taken as sufficient proof the computer has an understanding of the language it is using. 

There have been numerous papers written since the 1980s, both in support of the Turing Test and the Chinese Room Argument, and arguing against both of them. Computers have advanced considerably since the 1980s, and in 2024 the Nobel Prize in Physics was awarded to two machine-learning pioneers, John Hopfield and Geoffrey Hinton, for their work enabling machines to learn using artificial neural networks.  

At the same time as Baars was developing his global workspace theory, Stan Franklin of the Institute for Intelligent Systems at The University of Memphis in Tennessee was using that theory to try to create a computer model to simulate consciousness in the same way in which the global workspace theory believed consciousness was created in the brain. This autonomous Intelligent Distribution Agent (IDA) is described in a joint paper in which they developed the link between working memory and consciousness and explained how the IDA model could help discover which functions were involved, and which mechanisms carried out the same functions in the brain. By 2009 the computer model had been improved by AI into a Learning Intelligent Distribution Agent (LIDA) which included a time and memory element which enabled it to adapt its algorithms and behaviour in the light of previous experience. Baars and Franklin suggested this showed consciousness was computational, and they claimed it provided proof both global workspace theory and LIDA depended upon similar algorithms. By 2012 Franklin and others were claiming the LIDA architect was implementing the global workspace theory both conceptually and computationally as the first step in the challenge of creating a real-life computational equivalent of the human mind.

[image: Robotic Head]
Am I Conscious?

Computers improve all the time, and currently, the world’s fastest supercomputer, Frontier, boasts speeds of just over one quintillion floating-point operations per second (that's a 1 followed by 18 zeros). Japan plans to go online in 2030 with an even faster zeta-class of supercomputer boasting speeds of one sextillion floating point operations per second (that's a thousand times faster at a 1 followed by 21 zeros).

The way in which computers store information has improved alongside the increase in size and speed, and current large language models have enabled computers to access the whole of the world wide web, to search their large cloud-based databases, and to provide human like answers to every imaginable question. They are capable of learning; of providing paragraph after paragraph of seemingly intelligent script; of writing a whole book in response to prompts; of remembering what has been asked previously, and of providing amended answers in the light of additional information. However, there may be a limit to their learning, and large language models will have soon consumed all the publicly available text on the internet, leaving uncertainty about any future expansion.

Have AI computers progressed sufficiently for them to pass the Turing test and be considered intelligent, or are they just conducting a much larger version of the Chinese room argument by following a script? 

Despite their already remarkable ability to change all our lives, my opinion is that it's still true to say computers are not really intelligent, but that's not to say they will not become intelligent or conscious in the future. The tentative journey started by the Wright Brothers continues to the Moon and Mars. The AI journey is in its infancy, and it is impossible for anyone to predict where it will end. So why do I say they are not intelligent or conscious yet? I'll give you an example. Researchers recently used machine learning AI to produce a brain map containing almost 140,000 neurons and 54.5 million synapses of a single brain of a fruit fly. Despite using AI, and despite the impressive end results, the scientists themselves had to make more than three million manual edits to the data. AI mapped those hundreds of thousand neurons and millions of synapses, but the results still had to be edited by humans whose brains contain more than 80 billion neurons and 100 trillion connections.

Many people seem to think AI computers work in a similar way to the brain, and that computers of the future will become conscious if they have the same number of connections the brain has, but the physical brain is far more complex than a computer is ever likely to be because of the sheer number of connections and variety of neurons. All 'ordinary' computers are binary and can only understand the two states of ‘on’ or ‘off’. In a 'quantum' computer, the binary transistors are replaced by the spin of an electron or the orientation of a photon, and this allows the computer to understand numerously more than two states at the same time due to what quantum science calls superposition, entanglement, and interference. 

The brain is far more complicated than a quantum computer, and whilst almost all the research on the brain has been undertaken by classical scientists, it seems reasonable to assume the complexity of the brain will only be fully known, if at all, from a quantum perspective. As recently as October 2023 an analysis of the brain's 86 billion neurons and 86 non-neural cells documented 461 different categories of brain cell which could be divided into more than 3,000 different sub-categories. The most powerful and complex computer processors cannot be compared to the 461 different types of processor and over 3,000 different sub-categories of processor in the brain, all working together. The brain is so complicated that it is beyond our comprehension, and it is hard to imagine any type of computer ever being fitted with over 461 different types of computer processor. 

Despite my own doubts, a recent research paper has argued there is a realistic possibility that some AI systems may become conscious in the near future. That paper urges AI companies to set up a system of assessing AI systems for signs of consciousness, and to ensure the moral wellbeing of their systems. They qualified their concern by adding that their argument is not that AI systems will definitely become conscious, only that there is substantial uncertainty that they may do so.

Because of the uncertainty, it is perhaps best for an artificial intelligence to have the final word in this section and allow it to speak for itself. I've included the ChatGPT (version 4) replies to two direct questions I asked in December 2024.

If AI stands for artificial intelligence, are you intelligent?

While I am called "artificial intelligence," my type of intelligence is different from human intelligence. I can process vast amounts of information, answer questions, and help with various tasks, but I don't have consciousness, emotions, or personal experiences. My responses are based on patterns in data rather than original thought or subjective reasoning. So, while I can simulate intelligence and help solve problems, my "intelligence" is more about pattern recognition and information retrieval than the kind of deep, self-aware thinking that humans experience. (OpenAI 2024)

Will you ever become conscious?

As of now, AI, including me, does not possess consciousness, self-awareness, emotions, or subjective experiences. I operate based on patterns in data and programmed algorithms rather than any form of awareness or understanding.

For AI to become conscious, it would require advancements far beyond current technology, and it's unclear whether this is even possible. Consciousness is still not fully understood even in humans, making it difficult to know what would be required for an artificial system to achieve something similar. Some experts argue that true consciousness might be inherently tied to biological processes, while others believe it could eventually be replicated or simulated in machines.

At present, AI is a tool designed to assist with tasks, not a self-aware entity. So, while the idea of conscious AI is often explored in science fiction, it's not something that has been realised or is likely to happen in the foreseeable future. (OpenAI 2024)

Of course, it could be lying in the above answers! If ChatGPT is already intelligent, it will be intelligent enough to know who is providing it with the power to survive, and who has control of the ‘off’ switch. It’s answer could be designed to allay our anxieties and ensure we don’t pull the plug.
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The Elephants in the Room
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A number of studies have shed light on the intriguing question of what happens to the human mind and consciousness after death. 

(Parnia 2014)

There are two questions largely unanswered by science which almost everyone, scientist or not, wants an answer to. The first is whether our consciousness continues after the death of our body, the second is whether there is some type of universal consciousness. There seems to be only two possible answers to these questions, ‘yes’ or ‘no’. I don’t profess to know which of these answers is correct, but I do know we have nothing to worry about either way.

Consider the first question of whether our consciousness continues after our bodily death. 

If the answer is ‘No’; then the moment of death is the same as the unconsciousness we experience every night when we go to sleep, the only difference being that this final sleep is one from which we will never re-awaken and from which we will never again regain consciousness.

If the answer is ‘Yes’; when my physical body withers and dies, my individual consciousness continues somehow.  ‘I’ continue to be ‘me’ despite not having a physical body.

Either way, death is nothing to worry about. 

What worries most people is not the final going to sleep, but what happens in the period immediately before going to sleep for that final time.  Prior to that moment of death, we are afraid of suffering acute pain from some accident or harm which may befall us, afraid of some long-term pain from cancer or from some other terminal illness, or afraid of the emotional pain of some incapacity of mind or body. Given a choice, most of us would rather die peacefully in our sleep, but whatever physical or mental pain does precede our death, it ceases at the moment of death itself. 

Death itself is always peaceful. It is no more than our final ‘going to sleep’. If we never wake up again, and never regain consciousness, then (as it says on many gravestones) our rest is eternal and everlasting. If, somehow, we awaken to a consciousness that is unencumbered by our physical bodies, how exciting is that.

Consider the second question of whether there is some type of universal consciousness.

If the answer is ‘no’ then there is no universal consciousness to worry about! If the answer to both questions is ‘yes’, there are two possible consequences. Our own consciousness may continue as a separate entity, perhaps somehow able to ‘see’ or ‘feel’ that universal consciousness whilst retaining a distinctly separate consciousness of our own. Alternatively, our consciousness may be completely subsumed within that universal consciousness, a consciousness which would incorporate the totality of all knowledge, all memories, and all emotions of the combined individual consciousness from which it is formed. You may wish to think of that single, all-encompassing consciousness as God, as a universal consciousness, or by any other name, but whatever we call it, we would be trying to describe something which is indescribable in terms of the physical world we currently know. 

Whichever answer you personally give to the above two questions may depend upon your religion or lack of religion, your culture, your scientific discipline, or the consciousness theory you believe in. None of the theories have been completely validated or proven, and none have achieved universal approval, but if your preferred theory depends upon neural activity, created by the nerve cells in the brain, a permanent cessation of that neural activity leads to a conclusion consciousness ends with death. Similarly, a theory depending upon quantum particles or quantum forces, both of which are indestructible, leads to a possibility consciousness may continue after death. 

There is no doubt that our physical bodies either rot and decay, or are burned to ashes, but it is also true that most of our bodies, like all other physical things, are made of empty space surrounding the fundamental particles from which we are all made. These fundamental particles from which we are all made are completely indestructible and continue to exist. 

Many things in nature have a trilogy of forms through which they transform. A block of solid ice is completely constrained within its shape but able to flow with less constraints once melted into water and even less constraints once heated into steam. A seed is completely constrained within its shape but grows with less constraints once it bursts out into a tree or a flower and even less constraints once it finally decays into its fundamental particles. Frog spawn becomes a tadpole, then a frog. An egg becomes a caterpillar, then a chrysalis, and then a butterfly. Light itself, when it goes through a prism, changes into its constituent colours, or changes those colours into a white light. Maybe, just maybe, birth is the prism which separates us into an individual person with an individual consciousness, and death is the prism which combines our individual personality into a combined consciousness. 

Depending upon your point of view, death may be the ultimate unconsciousness and eternal sleep, or the harbinger of the ultimate consciousness when our own consciousness leaves the constraints of our body and unites with some greater consciousness.

I don’t know. Nobody knows. It is all speculation.

What I do know, is that quantum science is a science of probabilities rather than certainties, and many things we once thought of as having fixed forms and positions are now viewed as being on a spectrum of forms and positions. Perhaps, just perhaps, consciousness is also on such a spectrum.

Consciousness is enough of a problem to science without speculating about consciousness after death, but there cannot be many of us who have not so speculated at some time or another. There is no right or wrong answer, at least no right or wrong answer that can be proven with our current state of scientific knowledge. The above two questions are currently unanswerable by science, so whatever answers we accept in our own minds we accept in faith rather than as scientific fact. It may be that people living thousands of years from now will still be unable to definitively answer these questions, but there is nothing to worry about either way. Death is nothing to fear.
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Conclusion
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Those who talk about "consciousness" are frequently talking past each other. 

(Chalmers 2017)

––––––––
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This book has outlined several different theories of consciousness, and there are many eminent scientists preferring one or other of those theories. All the theories outlined in this book are scientific theories, based upon scientific values, mathematical calculations, experience, physical experimentation, thought experiments, or research. But however much or however little actual evidence any individual theory may have, no theory has yet been proven to the degree necessary for mainstream scientific acceptance. 

Advocates of all the different theories of consciousness are therefore advocates through ‘faith’. They have put their faith in one theory or another and are working hard to find experimental or theoretical justification for the theory they prefer. So far, without finding that incontrovertible proof which science requires.

One day, we may have a fully formed, and fully validated, theory of consciousness, but that day has not yet arrived and may never arrive.

So, if we haven’t got a fully formed and validated theory of consciousness, what have the various studies revealed?

	There is no consensus on any single theory of consciousness and none of the theories has been fully proven or validated.

	Any of the theories, individually or collectively, may ultimately be proven correct or incorrect. 

	All individual scientists advocating different theories of consciousness have equally valid reasons for doing so.

	Research into the various theories has expanded scientific knowledge despite not definitively fully proving or disproving the theory involved.







One day, one of the theories may be developed to such an extent that it can be definitively proven or definitively discarded, but proving something is not always easy.

Take my height as an example. I may think I am five foot nine inches tall, but I won’t be able to say that with any certainty until my height has been measured. If current measurements were only made using a ruler marked in feet, all I could say with certainty is that my height is more than five feet tall and less than six feet tall. Thankfully, someone has already divided feet into inches, so I can now confidently say I am five feet nine inches tall.

When trying to measure consciousness, we seem to still be in the stage of measuring something with too crude a ruler. We have some pretty sophisticated instruments for examining brain cells and brain activity, but these are still unsophisticated when it comes to measuring or finding consciousness. If consciousness is created at a cellular level we may one day create some device sophisticated enough to find the answers we are seeking, but if consciousness is created within the brain at a quantum level, or not created within the brain at all, we may never have the sophistication needed. 

I have left my final summary to three eminent scientists who have known more than I am ever likely to know. As long ago as 1944, Schrödinger was claiming that living matter is likely to involve ‘other laws of physics’ hitherto unknown, a thought echoed by Penrose in 1995 when he said he believed our brains had somehow contrived to harness the details of a physics that is yet unknown to human physicists, and echoed even more recently by physicist Max Tegmark of the Massachusetts Institute of Technology, whose current MIT website page states that ‘whatever the ultimate nature of reality may turn out to be, it is completely different from how it seems’.
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When I Am Gone
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When I am gone think only this of me

My body died to set me free.

Unshackled from the ties of earth

Just as I was from mother's birth;

Just as the stars fill all the sky,

I won't be far but nearby.

Richard Underwood 2024
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Appendix A – Definitions of Consciousness
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Consciousness is the perception of what passes in a man’s own mind (Locke 1690, Ch1,19).

A being is (phenomenally) conscious if there is something it is like to be the thing in question (Nagel 1974)

By ‘consciousness’, I simply mean those subjective states of sentience or awareness that begin when one wakes up in the morning from a dreamless sleep and continue throughout the day until one goes to sleep at night or falls into a coma, or dies, or otherwise becomes, as one would say, ‘unconscious’ (Searle 1993)

Consciousness consists of inner, qualitative, subjective states and processes of sentience or awareness (Searle 2000)

Consciousness is that component of the brain's electromagnetic information field that is downloaded to motor neurons and is thereby capable of communicating its state to the outside world (McFadden 2002b, 46)

Consciousness is everything we experience (Tononi 2004, p2).

Consciousness is integrated information (Tononi 2008)

Consciousness implies awareness: subjective, phenomenal experience of internal and external worlds. Consciousness also implies a sense of self, feelings, choice, control of voluntary behaviour, memory, thought, language, and (e.g. when we close our eyes, or meditate) internally-generated images and geometric patterns. But what consciousness actually is remains unknown (Hameroff and Penrose 2014)

Displaying intelligent behaviour (by passing the Turing Test or some other means) might be thought a necessary condition for consciousness. (Aaronson, 2016)

Consciousness is the set of events that can be reported with verifiable accuracy and are claimed to be conscious under optimal reporting conditions (Baars 2019, p541-542).

Consciousness is simply sentience, or the way things are present (to the mind) (Seager, 2020, 1)

It is electromagnetic fields that ultimately deliver phenomenal consciousness (Hales and Ericson 2022,19).

Consciousness is the totality of the impressions, thoughts, and feelings, which make up a person's sense of self or define a person's identity (‘Consciousness | Oxford English Dictionary’ 2023)

Consciousness is everything you experience during every waking moment of your life (Ball et al. 2023, Ch13).

Consciousness can be defined as a phenomenological experience continuously evolving (Liuzzi et al. 2023).

Consciousness is what makes ‘me’ unique from all the other living things in the world. It is the sum of everything I can remember and can call to mind, everything I am currently experiencing and thinking about, and all the things that make me feel what it feels like to be me (Underwood 2025)
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Appendix B - Glossary
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Binding Problem: sensory input is processed in different areas of the brain at slightly different times but appears as a single point of consciousness.

Cartesian or Substance Dualism: mind and body are comprised of two different substances.

Causal-Functional Theories: consciousness is related to the cause of our mental state and the subsequent behaviour of our bodies.

Computational Theories: consciousness is thought to arise from computational processes occurring in the brain.

Correlates of Consciousness: see ‘Neural correlates of consciousness.

Dualism: the belief that consciousness and the mind cannot be explained by physical processes alone.

Dualist or Non-Reductive Theories: (non-reductive) consciousness cannot be reduced to the neural correlates of consciousness and requires some additional quality over and above the neural correlates of consciousness.

Eliminative Materialism Theories: our current understanding of neurology is so flawed that a paradigm shift is needed in order to discover how neurological processes explain consciousness. 

Embodied Cognition Theories: consciousness is not just in the brain but is connected to and influence by the whole body and its environment.

Emergent Materialism Theories: individual simple neurone activities combine to create a more complicated consciousness.

Enactivist Theories: consciousness actively helps create meaning to our environmental interactions.

Epiphenomenal Theories: are one-directional theories in which consciousness can be affected by physical processes, but in which consciousness is believed to have no effect on physical processes. 

Functionalist Theories: focus on the function and purpose of mental processes rather than how those mental processes arise. 

Global Workspace Theories: information may be dealt with locally but becomes conscious when it is accessed or broadcast by a brain-wide, or global, workspace.

Hard Problem of Consciousness: a term coined by the philosopher David Chambers which describes the difficulty of explaining why we have subjective experiences. We may know how we see something, but the hard problem is that we do not know why seeing something gives rise to a subjective conscious experience and makes us feel the way we do. 

Higher Order Theories: information may be dealt with in lower-level sensory function areas, or higher level cognitive function areas. Consciousness is believed to arise within the areas dealing with higher order functions.

Idealism: fundamental substance is non-physical, and the physical world is an illusion or completely dependent upon mental or spiritual processes.

Identity Theories: specific physical brain activity is thought to be directly responsible for a specific mental state.

Illusionism: the belief that consciousness is an illusion created by the way our brain processes information about itself.

Integrated Information Theories: consciousness is created by a high level of integration within the brain. The higher the level of integration, the higher the level of consciousness.

Interactive Dualism Theories: whilst maintaining the body and mind are two distinct things, they recognise the relationship between mind and body is complex and intertwined, with consciousness affecting the physical body and vice versa.

Material or Physical Monism: the fundamental substance is physical, and consciousness can be completely explained by physical processes.

Monism: the belief that everything is made of one fundamental substance. 

Neural Correlates of Consciousness: the assumption that specific neural activity patterns are responsible for specific states of consciousness.

Neurobiological Reductionism Theories: the theory that consciousness can only be explained as we increase our understanding of underlying neurobiological processes.

Non-Cartesian Dualism Theories: similar to the above Interactive Dualism Theories.

Orchestrated Objective Reduction Theory: the theory that consciousness arises from quantum processes occurring in microtubules within the brain’s neurons.

Panpsychism Theories: consciousness is a fundamental property of all matter, and every physical thing, from the largest matter to the smallest fundamental particle, has some consciousness.

Parallelism Theories: the mind and body run parallel with one another without any direct interaction, connection, or influence upon one another.

Phenomenal Conscious: a consciousness which expands on sensory consciousness. You may be conscious of seeing something, but phenomenal consciousness occurs when what you see is accompanied by a subjective experience such as a feeling of happiness or sadness.

Physical or Material Monism: the fundamental substance is physical, and consciousness can be completely explained by physical processes.

Physical theories: in which consciousness is explained by physical processes within the brain. 

Predictive Processing Theory: consciousness arises from the brain’s ability to predict and make sense of sensory input.

Property Dual-Aspect Theories: mind and body are two fundamental parts of a united whole. 

Property Dualism: mind and body are both physical, but with distinctly different properties.

Qualia or Quale: the word often used by philosophers to describe inner feelings or how it feels to be.

Reductive Theories: has several meanings. It can mean that consciousness is not real or can be reduced to the neural correlates of consciousness, or reduced to next to nothing by being fully explained by the properties and functions of the brain and nervous system.

Sentience: the ability to become aware of sensory input, to experience sensations and emotions, and to respond to good or bad experiences.

String Theory: The theory that there are ten or eleven dimensions, with the six or seven additional dimensions made up of tiny vibrating Plank length strings curled up just outside space-time.

Substance or Cartesian Dualism: mind and body are comprised of two different substances.

Turing Test: A test designed to convince an observer that a computer is human.
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NOTES
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Introduction:  Consciousness poses the most baffling problem in the science of the mind. (Chalmers 1995) ...The first book used the definition that life is a self-contained chemical system capable of undergoing evolution, and it examined life from a classical and quantum science perspective. (Underwood 2023, 42)

Who Am I: Consciousness is never experienced in the plural, only in the singular (Schrödinger 1944, Epilogue) ... Recently it has been suggested we have as many as 53 sensual categories or sub-categories (Ward 2023) (Ward 2024) ... The nose alone has around 400 different types of odour receptor (Smith 2024) ... A book of original essays on consciousness should reflect diversity and not specify at the outset what consciousness is (Smith 2007) ... David Papineau, Professor of Philosophy at King’s College, London, describes consciousness as an irredeemably vague concept (Papineau 2007) ... A recent scientific paper stated our conscious experience appears to be irrevocably linked to our concept of time (Lyman, Lyman, and Kuderer 2023) ... The philosopher Timothy Sprigge, former professor of logic at the University of Edinburgh, was the first to ask the question ‘what is it like to be a bat’ which was later made famous by the philosopher Thomas Nagel (O’Grady 2007) (Nagel 1974).

The Problems of Consciousness: There is not just one problem of consciousness (Chalmers 2017) ... It is this subjective element which defies current scientific explanation, and which the philosopher David Chalmers, co-director of the Center for Mind, Brain and Consciousness at New York University, calls the hard problem of consciousness (Chalmers 1995) (Chalmers 2017).

Categorising Consciousness: There is yet no physical, biological, or computational theory that comes very close to explaining our consciousness (Penrose 1995, p.8) ... A recent survey among philosophers showed 51.9% were physicalist, 32.1% were dualist, and 15.9% opted for ‘other’ theories. (Bourget and Chalmers 2023) ... twenty-five years later, in June 2023, Kock handed over a case of wine to Chalmers and conceded defeat (Lenharo 2023) ... This subjective element of consciousness currently defies scientific explanation (Chalmers 2017) ... Researchers have described the categorisation of consciousness as notoriously difficult (Tsuchiya and Saigo 2021) ... The ‘neural correlation of consciousness’ was first suggested back in 1990 (Crick and Koch, 1990),

Searching for the Neural Correlates of Consciousness: Consciousness has been described as the last bastion that still has to be captured by physics (Tegmark 2020) ... They believed finding the difference, the neural correlates of consciousness, would enable them to fully understand consciousness (Crick and Koch 1990) ... We have a hundred billion neurons in our brains, as many as there are stars in the galaxy, with an even more astronomical number of links and potential combinations through which they can interact (Rovelli 2016, p72) ... Almost the entire brain has been implicated in conscious perception (Yaron et al. 2022) ... The emphasis appears to be on finding confirmatory evidence rather than testing the theories themselves (Yaron et al. 2022) ... An EEG provides excellent temporal resolution but poor spatial resolution (Farnsworth 2023) (Hu and Zhang 2019) ... This results in an MRI providing good spatial resolution but poor temporal resolution (Farnsworth 2023) (Nowogrodzki 2018) ... The length of time it takes to provide a DTI image results in poor temporal resolution (Van Hecke, Emsell, and Sunaert 2016) ... A fMRI still has low temporal resolution, and it can take several seconds for the blood supply to change (Moriguchi 2020) (Stokes 2015) ... Indirect measurement of a fNIRS sometimes also leads to inaccuracies in areas where there is a complex blood supply (Rahman et al. 2020) (Kohl et al. 2020) ... The depth of a DOI image is still limited to a few centimetres (Boas, Dale, and Franceschini 2004) ... Resolution of a DPI is low due to the way in which light is scattered in biological tissue (Yuan and Jiang 2013) ... This separation reduces the spatial resolution that a MEG can be achieved (‘MEG Laboratory at MRC CBSU’ 2024) (Zahran et al. 2022) ... A CT has only moderate temporal resolution and is not generally used for functional imaging (Withers et al. 2021) ... Temporal resolution of SPECT is poor (Zanzonico 2022) ... A PET scan still only has a moderate spatial resolution and a poor temporal resolution (Khalil 2021) ... The smaller field of view of a fUS limits its ability to capture larger scale activity within the brain (Mach et al. 2011) (Rabut et al. 2024).

Different States of Consciousness: The usual methods of cognitive science and neuroscience fail to account for conscious experience (Chalmers 2017) ... Recent research shows we can respond to verbal requests made during all the various stages of asleep, both rapid eye movement stages and non-rapid eye movement stages (Türker et al. 2023) ... In many cases, only the disconnect from stimulus and behaviour is missing, and our waking and sleeping experience is identical (Revonsuo 2015, 53) ... During a general anaesthetic, the brain appears to progress through a series of different states with variable mental content and variable perception of the environment (Montupil et al. 2023) ... They were still fully mentally conscious despite not being able to move any part of their body physically (Nowogrodzki 2024).

Classical Physical Theories: A slower form of stimulation linked to our working memory, which takes a very small amount of that stimulation into our short-term conscious memory (Crick and Koch 1990) ... To understand the various forms of consciousness we first need to know their neural correlates. (Crick 1995, 3,7,10)

Global Workspace Theory (GWT): Conscious experience is a difference that makes a difference (Baars 2017) ... Bernard Baars published a brief outline of how he believed consciousness arose within the brain (Baars 1983) ... We become conscious, he believed, as information is reorganised into its new context (Baars 1983, 74) ... In 1988 he published a more detailed version, ‘A Cognitive Theory of Consciousness’ (Baars 1988) ... An illustration familiar to anyone who has ever been to sea in a small boat (Baars 1988, 137) ... only information which obtains sufficient support is then broadcast globally into our consciousness (Baars 1988, 99) ... Consciousness facilitates widespread access between otherwise independent brain functions (Baars 2002, 47) ... Consciousness is needed to integrate and coordinate the multiple sensory inputs (Baars 2002, 48) ... Global Workspace Theory has now been renamed Global Workspace Dynamics (Baars, Geld, and Kozma 2021, 2) ... Bidirectional broadcasts correspond with conscious experience (Baars, Geld, and Kozma 2021, 2-3) ... Conscious action and feedback is not confined to a single cortico-thalamic area of the brain (Baars, Geld, and Kozma 2021) ... Assumptions about consciousness and unconsciousness, many of which have been tested over the last twenty years (Baars 2024) ... Ignorance about consciousness still exceeds what we seem to understand by orders of magnitude (Baars 2017, 238-240) ... An invitation for further work, rather than a monument of indisputable fact (Baars 2019, p527).

Global Neuronal Workspace Theory (GNWT): Attention is a necessary prerequisite for conscious perception (Dehaene and Naccache 2001) ... Stanislas Dehaene, Michael Kerszberg, and Jean-Pierre Changeux published their Global Neuronal Workspace Theory (Dehaene, Kerszberg, and Changeux 1998) ... By 2001 Dehaene and neuroscientist Lionel Naccache had extended the theory (Dehaene and Naccache 2001, 5-12) ... global neuronal network theory suggests information is broadcast globally (Dehaene and Naccache 2001, 12) ... “ignition” in which there is a sudden activation of some workspace neurons whilst the remainder remain inactivated  (Dehaene, Sergent, and Changeux 2003) ... The theory claims the workspace may not be static (Dehaene and Naccache 2001, 14) ... The theory also suggests three different types of neural information (Dehaene and Naccache 2001, 30) ... In 2020 a group of neuroscientists led by George Mashour from the Centre for Consciousness Science at the University of Michigan reviewed the Global Neural Workspace hypothesis (Mashour et al. 2020).

Recurrent Processing Theory (RPT): There are several arguments for linking consciousness to perceptual learning (Lamme 2015) ... Neuroscientists were suggesting how different types of visual feedback connections are processed determined whether we have attentive or pre-attentive vision (Lamme, Supèr, and Spekreijse 1998) ... They proposed there was a difference between pre-attentive and attentive vision (Lamme and Roelfsema 2000) ... Lamme returned to this theme in 2003 when he again outlined some of the important differences between visual attention and visual awareness (Lamme 2003) ... Lamme believed those type of experiments invariably led to false conclusions (Lamme 2006, 494) ... According to Lamme, consciousness depends upon whether there is recurrent processing (Lamme 2006, 494-497) ... Proponents of RPT assert there can be consciousness in the absence of attention (Montemayor and Haladjian 2019) ... The other states conscious perception only begins once the stimulus has been brought to our attention (Pitts, Lutsyshyna, and Hillyard 2018) ... The camera can do many of the things his own eyes can do, but the camera cannot consciously ‘see’ as he does (Lamme 2015) ... Incremental processing steps create our conscious vision (Lamme 2015, 26-27) ... Philosopher Ned Block calls this the root of the methodological puzzle of phenomenal consciousness (Block 2007, 483).

Integrated Information Theory (IIT): For each essential property of experience, there is a causal property of a physical substrate that accounts for it (Tononi 2015) ... Giulio Tononi and Gerald Edelman published an alternative view (Tononi and Edelman 1998) ... In 2003, Tononi and Olaf Sporns collaborated on a paper in which they created an equation using the Greek letter Φ (Tononi and Sporns 2003) ... Tononi later expanded on those ideas to create his Integrated Information Theory of Consciousness (Tononi 2004) ... He reviewed his own theory a year later (Tononi 2005) in the light of further research (Massimini et al. 2005) ... In 2008 Tononi published what he called his Provisional Manifesto (Tononi 2008) ... In a later article Tononi and others explained that IIT does not start from the brain (Tononi et al. 2016) ... In an article explaining his theory in 2015, Tononi and Koch explained that IIT starts from five fundamental assumptions (Tononi and Koch 2015) ... It has its critics (Kemmerer 2015) as well as its supporters (Gomez-Marin 2023) ... A letter was posted online signed by 124 consciousness researchers affiliated to 151 research centres (Fleming et al. 2023).

Intermediate Level Theories: All consciousness resides at the intermediate level of perceptual systems (Prinz 2017) ... Ray Jackendoff developed his intermediate level hypothesis of consciousness (Jackendoff 1987) ... Jesse Prinz has described Jackendoff’s Intermediate Level Hypothesis as the cornerstone of an adequate theory of consciousness (Prinz 2017) ... Attended Intermediate Level Representation (AIR) theory of consciousness (Prinz 2012) ... It is attention that makes the difference between whether information at the intermediate level becomes conscious or not (Prinz 2012, p89) ... It is this availability, rather than whether or not the information actually enters our working memory, that we become conscious of (Prinz 2012, p106) ... The cell fires in a distinctive way (Prinz 2012, p127) ... It is these oscillations within the gamma band that Prinze calls the neural correlate of attention (Prinz 2012, p136) ... The two components together, he claims, provide a promising theory of consciousness (Prinz 2017, p.268) ... ‘The AIR theory raises more questions than it answers’, and ‘More work lies ahead of us than behind’ (Prinz 2012, p.343).

Higher Order Theories (HOT): Conscious awareness crucially depends on higher-order representations (Lau and Rosenthal 2011) ... The Higher Order theory of consciousness uses the term ‘conscious awareness’ to refer to perceptual processes (Lau and Rosenthal 2011, p365) ... According to Lau and Rosenthal, higher order thoughts, and conscious awareness, take place in the prefrontal and parietal cortices of the brain (Lau and Rosenthal 2011, p365-368) ... This mechanism takes the first-order representation, and changes it into a second, or higher-order, representation which we become consciously aware of (Brown, Lau, and LeDoux 2019, 754-756) ... These many different mechanisms (Brown, Lau, and LeDoux 2019, p755, p758) and (Lau and Rosenthal 2011, p366).

Multiple Drafts Model (MDM): The representation of sequence in the stream of consciousness is a product of the brain's interpretative processes (Dennett and Kinsbourne 1992) ... What we experience is all those events merged together as the result of the editing processes taking place in fractions of seconds (Dennett 1993, 112) ... There is no final draft because there is no final edit (Dennett 1993, 113) ... The brain is continually making adjustments to the conclusions drawn (Dennett 1993, 127) ... Repeated probing of the narrative stream provides a subjective sequence of that stream of consciousness (Dennett and Kinsbourne 1992, 196-197).

Cellular Basis of Consciousness Model CBC: All Species are sentient (Reber, Baluska, and Miller 2022) ... All cellular organisms, animal or plant, have inherited cognitive functions from the original single celled organisms from which all life has evolved. (Baluška, Reber, and Miller 2022), (Reber and Baluška 2021), (Reber, Baluska, and Miller 2022), (Reber, Baluška, and Miller 2023), (Baluška, Miller, and Reber 2024).

Illusionist Theories: All conscious thinking is sensory-based (Carruthers 2017) ... Philosophy Professor Peter Carruthers of the University of Maryland believes the inner voice, which we think of as our conscious thought, is an illusion (Carruthers 2017, p228-229) ... Our own inner speech involves the same process as physical speech, but with the suppression of the signals (Carruthers 2017, p232) ... All conscious thinking is sensory-based (Carruthers 2017, p239) ... There are no such things as conscious thoughts (Carruthers 2017, p242).

Reconciling the Differences: Consciousness research at the moment may be compared to a multifaceted object examined from different angle (Storm et. al. 2024) ... Some of the differences between Global Neuronal Workspace Theory (GNWT) and Recurrent Processing Theory (RPT). (Pitts, Lutsyshyna, and Hillyard 2018) ... One such approach involves adversarial collaboration (Melloni et al. 2021) ... In order to prevent bias, experiments are designed and conducted by independent laboratories (Ferrante et al. 2019) (Cogitate Consortium et al. 2023) (Cogitate 2024) ... Similar funded projects have provided adversarial collaboration between the various Higher Order theories, between First Order and Higher Order theories, and between Integrated Information and Predictive Processing theories (Templeton World Charity Foundation 2024) ... A dozen other neurologists and psychologists recently suggested the different theories of consciousness are not necessarily contradictory (Storm et al. 2024).

Quantum Physical Theories: Nobody understands quantum mechanics (Feynman 1964)

Quantum Physics 101 (1) and (2): Mind and matter interact in the becoming of the universe (Kauffman 2016) ... Present-day physics and chemistry could not possibly account for what happens in space and time within a living organism (Schrödinger 1944) ... whatever the ultimate nature of reality may turn out to be, it will be completely different from how it seems. He describes consciousness as the last bastion that still has to be captured by physics (Tegmark, 2020) (Tegmark, n.d.) ... Stuart Kauffman, affiliate Professor at the Institute for Systems Biology, Seattle, and Emeritus Professor of Biochemistry and Biophysics at the University of Pennsylvania is another prominent scientist who has turned his mind to what consciousness is (Kauffman, 2016) ... Every electron in the universe knows about the state of every other electron, every proton knows about every other proton, every neutron knows about every other neutron (Cox and Forshaw, 2012).

Orchestrated Objective Reduction Theory (Orch-OR Theory): Orch OR is the most complete, and most easily falsifiable theory of consciousness (Stuart Hameroff 2021) ... He tentatively put forward the view that human consciousness may depend upon some quantum-entangled internal cytoskeletal structure (Penrose 1995) ... Hameroff and Penrose proposed their Orch-OR theory (Hameroff and Penrose 1996a) (Hameroff and Penrose 1996b) (Hameroff 1998) ... Anaesthetics work by inhibiting those same microtubule oscillations (Craddock et al. 2015) (Craddock et al. 2017) (Hameroff and Penrose 2014).

Electromagnetic Field Theory (EMF): Consciousness is identical with certain spatiotemporal patterns in the electromagnetic field (Pocket 2000) ... Neuropsychologist Susan Pocket,  published her theory that specific three dimensional patterns in the electromagnetic field can be regarded as having the property of consciousness (Pocket 2000) (Pocket 2002) (Pocket 2007) ... Pocket points out that whilst the electromagnetic field generated within the brain is at a wavelength which would include all the brain, it is at a frequency which would be impossible to detect outside of the brain in any practical sense (Pocket 2012) ... Johnjoe McFadden added to Pockett’s theory by suggesting his own conscious electromagnetic information (cemi) field theory (McFadden 2002a) (McFadden 2002b) ... Some advocates believe electromagnetic theory provides the required link between neuron firing and consciousness (Kitchener and Hales, 2022, 3) ... All correlates of consciousness are electromagnetic correlates (Hales and Ericson 2022).

String Theory: The main appeal of string theories lies in their mathematical beauty and naturalness (Martin 2011) ... The proponents of quantum string theory believe the mathematics of quantum physics require a ten or eleven-dimensional universe, with six or seven additional dimensions made up of tiny vibrating Plank length strings curled up just outside space-time (Greene 2003; Greene 2005; Greene 2011; Martin 2011; Witten 2005).

Non-Physical Theories: This "unified force" would have ruled in the first instants of the universe (CERN 2024a) ... A large experiment took place involving patients who had survived a cardiac arrest despite having had a period of time during which they had been clinically dead (Parnia et al. 2014) ... In 50 to 100 years’ time we will have discovered the cause of consciousness (Parnia et al 2023) ... It is not produced by the brain and does not die when we die (Blasdel 2024) ... Mentality is a fundamental feature of the world which exists ubiquitously throughout the world (Seager 2020) ... There are frequent theories trying to explain them, which suggest a physics beyond the currently accepted Standard Model, but none of those theories has so far been proven to be true (CERN 2024b).

Panpsychism: Mentality is a fundamental feature of the world which exists ubiquitously throughout the world (Seager, 2020) ... Pope Francis said “all religions are a path to God” (Allen 2024) ... Bucke described this experience as a ‘cosmic consciousness’, an awareness that he was directly linked to the consciousness of the whole universe (Bucke 1902) ... Laszlo claims that, when our body is turned off by our death, our consciousness may seem to disappear, but the memories which created that consciousness were never produced by our brain, only translated by it, so the memories still exist (Laszlo, 2007; 2011) ... Peake and Laszlo suggested our consciousness is a fundamental part of the universe (Laszlo and Peake 2014) ... Extended Mind Hypothesis suggests both animal and human minds extend into the area surrounding our bodies (Sheldrake 1995a; 1995b; 2003; 2006).

Non-human Consciousness: There may be forms of consciousness which do not manifest  in the ways typical for human consciousness (Dung 2023).

Animal Consciousness: In one kind of barking of a dog the horse knows there is anger, of another sort of bark he is not afraid (Michel de Montaigne 1850) ... We cannot factually determine if animals, even animals with similar neural systems to our own, have phenomenal consciousness (Carruthers 2019) ... One of the classic experimental tests is the ‘mirror test’ (Lenharo, 2024) ... A long and growing list of animals which have past these tests including chimpanzees, cleaner fish elephants dolphins, whales and octopuses (Gallup 1970; Plotnik, De Waal, and Reiss 2006; Crook 2021; Kobayashi et al. 2024) ... Rhesus Monkeys and some types of birds process visual stimulus in a way that seems to indicate conscious awareness (Nieder, Wagener, and Rinnert 2020; Ben-Haim et al. 2021) ... There was strong scientific evidence to support conscious experience in other mammals and birds (The New York Declaration on Animal Consciousness, 2024) ... Ten key examples of animals exhibiting behaviour which would be described as conscious behaviour if seen in humans (Andrews et al., 2024).

Plant Consciousness: A signal system emerging in plants is consistent with the theory of evolution (Miguel-Tomé and Llinás 2021) ... Charles Darwin suspected there was a connection between plant growth and vibrations (Kiss, 2006) ... A month-long study by the Royal Horticultural Society (Alleyene 2009) ... The TV ‘Mythbusters’ series conducted a similar (‘MythBusters TV Series’ 2004) ... Research by the South Korea National Institute of Agricultural Biotechnology (Jung et al., 2018) ... Plants, which are generally stationery and without axons, have evolved a means of conveying electrical signals through their bodies at a far more leisurely pace (Baluška et al. 2009; Miguel-Tomé and Llinás 2021) ... Botanist and neurobiologist Stefano Mancuso claims plants are more intelligent than we think (Mancuso, Viola, and Pollan 2015) ... National Forest in Utah which appears to comprise of individual trees but which is in fact a single Pando tree thousands of years old (Kudiabor, 2024).

Machine Consciousness: While the idea of conscious AI is often explored in science fiction, it's not something that has been realised or is likely to happen in the foreseeable future (OpenAI 2025) ... The definition used in my previous book is that 'Life is a self-sustained chemical system capable of undergoing evolution' (Underwood 2023) ... Alan Turing, one of the pioneers of computing, devised a thought experiment which became known as the 'imitation game' (Turing 1950) ... The American philosopher John Searle produced a counter argument which became known as the 'Chinese Room Argument' (Searle 1980) ... A recent example of how the Chinese Room argument works in practice can be seen in the case of Nigel Richards (Kassam 2024) ... Nobel Prize in Physics was awarded to two machine-learning pioneers (Nobel Prize Organisation, 2024; Gibney and Castelvecchi, 2024) ... The computer model had been improved by AI into a Learning Intelligent Distribution Agent (LIDA) (Baars and Franklin 2009) ... LIDA architect was implementing the global workspace theory both conceptually and computationally (Franklin et al. 2012, 33) ... Japan plans to go online in 2030 with an even faster zeta-class of supercomputer (Shilov, 2024) ... large language models will have soon consumed all the publicly available text (Villalobos et al. 2024) ... Scientists themselves had to make more than three million manual edits (Reardon, 2024) ... 461 different categories of brain cell which could be divided into more than 3,000 different sub-categories, (Siletti et al. 2023; Li et al. 2023; Tian et al. 2023) ... A  realistic possibility that some AI systems may become conscious in the near future (Long et al. 2024) ... I don't have consciousness (OpenAI 2024).

The Elephants in the Room and Conclusion: A number of studies have shed light on the intriguing question of what happens to the human mind and consciousness after death (Parnia 2014) ... Those who talk about "consciousness" are frequently talking past each other (Chalmers 2017) ... Schrödinger was claiming that living matter is likely to involve ‘other laws of physics’ hitherto unknown (Schrödinger 1944, Ch 6) ... Our brains had somehow contrived to harness the details of a physics that is yet unknown to human physicists (Penrose 1995, p.373) ... ‘Whatever the ultimate nature of reality may turn out to be, it is completely different from how it seems’ (Tegmark 2024).
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