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LOOSENING THE WORLD KNOT

         David Bennet

“How it is that anything so remarkable as a state of consciousness comes about as a result of initiating nerve tissue, is just as unaccountable as the appearance of the Djin, where Aladdin rubbed his lamp in the story…”

---Thomas Huxley

Introduction 


This paper explores current research that seeks to answer what may be considered one of the most famous, and possibly the most important, problem in philosophy since Descartes:  The mind-body problem and its major challenge – explaining consciousness.  As Guzeldere notes in the introductory chapter of The Nature of Consciousness, “There is possibly no other subject matter in the history of philosophy and science with as fascinating a historical record as consciousness.”  (Block, Flanagan, and Guzeldere, 1997, p. 11)  


Surprisingly, the Greeks had no term that reflects the Cartesian or Lockian conception of consciousness.  There was nothing like the contemporary debates on the mind-body problem and Wilkes claims that Aristotle paid no attention to consciousness.  (Wilkes, p. 109-127, quoted in Block, Flanagan, and Guzeldere, 1997, p. 50) 


The modern formulation of the problem originated from Descartes, who understood the core of the problem to be the interface between the world of matter and our individual, internal experiences of that world. Descartes himself had many doubts.  In his Mediations on First Philosophy he wrote:  “So serious are the doubts into which I have been thrown…that I can neither put them out of my mind nor see any way of resolving them.  It feels as if I have fallen unexpectedly into a deep whirlpool which tumbles me around so that I can neither stand on the bottom nor swim up to the top.”  (Descartes, 1985, p. 24)


When Arthur Schopenhauer wrote his doctoral thesis in 1813 (Schopenhauer, 1974), he discussed the intellectual nature of perceptions and concluded that the mind creates “immediately and automatically” a mental picture of the external world, a picture that is a re-presentation of the data of the senses.  When any one of us looks at the night sky, or even another person, these objects, and everything else in the world exist for us only as part of our consciousness, and in no other way.  How does this happen?  How does subjective experience relate to external objects such that man can walk and talk and survive for a short time in this world?  How do the mind we know from our experience and the brain we know from our scientific investigations work together to produce our embodied existence?  How can we see, smell and touch a rose and at the same time uniquely experience its beauty and the feelings that may arise within us.  This “chasm” between the external, objective world and our own special, subjective experience has been referred to by Arthur Schopenhauer as “the world knot” and by the modern philosopher David Chalmers as the “hard problem.” Chalmers considers the scientific explanation of how the individual parts of the brain work as the “soft problem.”      


 It is this conceptual and categorical gap between the physical (the brain) and the mental (the mind) that has defied any satisfactory explanation for over two millennia.  In other words, how do we relate the world of the mind (thoughts, feelings, images, emotions, and beliefs) and the world of the brain (neurons, neurotransmitters, synapses, evoked potentials and electromagnetic fields)?  This unmet challenge is to explain how, why and to what end the dependence of the nonphysical mind on the physical brain has come about.  Nicholas Humphrey describes it as a “…problem that has over the centuries filled philosophers with frustration, desperation, almost panic.” (Humphrey, 1992, p. 26)


This paper does not address the multitude of theories of consciousness that have been proffered over the past two millennia.  The intention is to focus on what is arguably one of the latest and most complete theories that offers a neuroscientific basis for an explanation of consciousness.  In addition, there is no intent to provide an in-depth evaluation of Edelman and Tononi’s theory.  Rather the objective is to provide an outline of the basic ideas and assumptions that make up the core concepts behind their theory and consider possible implications for ontology and epistemology.  While the details of the theory will undoubtedly prove incomplete, their framework for perceiving, cognizing and making sense of the world, and of our place in that world, provide significant insights and understanding.

What is consciousness?


We all know what consciousness is, but find it very difficult to talk about it in an objective way. We give up consciousness every time we go to sleep. Yet in the morning we pick it up as if nothing happened in between.  We see consciousness as a march of sequential events that arise either from the environment getting our attention or from our own internal ruminations.  The difficulty of defining consciousness has historically caused great confusion among thinkers who have tried to sort out the phenomenon of consciousness remains today, although recent work over the past several decades has narrowed the limits of reasonable interpretation. 

“Conscious experience is at once the most familiar thing in the world and the most mysterious.  There is nothing we know about more directly than consciousness, but it is extraordinarily hard to reconcile it with everything else we know.” (Chalmers, 1999, p. 287)  


Perhaps the most lucid description comes from John Searle in a paper entitled “Consciousness, Free Action and the Brain.”  He states that, 


Consciousness is a real biological phenomenon.  It consists of inner, qualitative, subjective, unified states of sentience, awareness, thoughts and feelings.  These states begin when we awake in the morning from a dreamless sleep, and they continue throughout the day until we become unconscious again.  Dreams are a form of consciousness on this account, though they are in many respects different from normal waking consciousness.  Some of the defining features of consciousness, on this conception, are that it is qualitative, subjective and unified.  (Searle, 2000, p. 4)


From this brief sampling of experts, it seems clear that there is not a good, simple well-defined meaning for consciousness.  It is hard enough just to describe the concept so that it is useful.  The difficulty of defining consciousness that has historically caused great confusion among thinkers who have tried to sort out the phenomenon of consciousness remains today, although recent work over the past several decades is at least narrowing the limits of reasonable interpretation.  If we can’t nail down a definition of consciousness, perhaps we can at least agree on its importance.   

 Why is consciousness important?


If understanding consciousness is so difficult and frustrating, why have so many people spent so much time trying to comprehend it?  Was the problem really that important throughout history?  And even if it was, is it still important today?  Consider the following possibilities:  

· The solution is important because the connection between the mind and the body is the connection between the physical world (via the brain and its sensors) and our individual mental world of thought (feelings, images, and dreams).  Put another way, consciousness is the window between our own unique ontology and epistemology and the external universe.  An understanding of this window and its limits and potentialities must shed light on our understanding of who we are, what the universe is like and how we fit into our social and cultural milieus.  Whether we like it or not, a great deal of our knowledge and experience passes through this window, and is thereby to some extent distorted.

· The solution will impact our own self-image and how we view our place in the world and in the universe.

· The solution may yield insights into areas such as intuition and the relationship between the conscious, the unconscious and the non-conscious.

· Understanding consciousness may provide a clearer knowledge of the relationships among the mind, the body, the soul and the spirit.

· A clear understanding of consciousness could be the basis for understanding other life forms and how life relates to non-life, i.e., matter, energy and fields.

· The answer to questions of free will, purpose, and immortality may depend on what consciousness is and how it relates to the body, i.e., to the atoms, molecules, electromagnetic fields and their emergent properties that make up the body.  Examples of emergent properties of organisms are DNA, cells, the immune system, and consciousness!

· The possibility of building a conscious computer or other technological artifacts would be better understood, and if it is possible, a knowledge of consciousness may even suggest what approach would be most successful.  At present there is strong disagreement over whether even in theory it is possible to build a machine that is conscious.  

· The relationship between consciousness and the brain, if understood from a scientific viewpoint (not necessarily through reductionism, but from a reliable, systemic theory backed by empirical evidence, falsifiable tests and predictability), could greatly improve our present ability to help brain damaged patients.  

· Understanding the mind-brain relationship may lead to better use of the unconscious part of our minds, resulting in improved intuition, creativity, imagination, innovation and a greater potential for pleasure and human contribution in this world.

· Understanding consciousness would bring better knowledge of the phenomena of the collective unconscious.  This may yield improved ways to use the collective unconscious to share knowledge, improve understanding and make better decisions. 

· Finally, if we understood consciousness, mankind as a species may be able to successfully design and implement what Hubbard calls “Conscious Evolution,” a plan to carry homo sapien sapiens through the dangerous threshold of self-destruction by using a new social architecture that spawns a more effective worldview, thereby moving humanity toward a more positive future.  (Hubbard, 1999)

Where are we today?


We arrive at the 21st century with an age-old conundrum lying at the center of our ability to understand ourselves, our species, and perhaps even our ontology.  The answer may shed light on what we know and how we know it, that is, our epistemology.  


Until recently little progress has been made in understanding consciousness since Descartes’ clear formulation of the problem in the 17th century.  Over the past two decades there has been a strong revival of interest from such diverse disciplines as psychology, computer science, physics, philosophy and biology and, more specifically, neuroscience.  For example, at the first international meeting on consciousness held in Arizona in 1994, there were over 350 participants from many specialized fields of research.  A second interdisciplinary conference held in Tucson in April 1996 had over 1000 “consciousness scientists.”  (Hameroff et al., 1998, p. 2)  The conference was divided into the five areas of philosophy, cognitive science, neuroscience, mathematics and physics, and phenomenology and culture. The diversity of beliefs and proffered views on “what consciousness is” was wide ranging, with both speakers and attendees having strong beliefs that ran from consciousness completely determined by neural activities to consciousness being an irreducible property of the universe.  


For example, the philosopher Colin McGinn felt that it was not possible to solve the mystery of consciousness. (Warner and Szubka, 1994, p. 99)  In explaining his position he says,  “The approach I favor is naturalistic but not constructive:  I do not believe we can ever specify what it is about the brain that is responsible for consciousness, but I am sure that whatever it is it is not inherently miraculous.”  (Block, Flanagan, and Guzeldere, 1997, p. 529)   Some participants were dualists, agreeing with Descartes who believed that there was an existence of thought, “I think, therefore I am” and also an existence of extension or matter. (Rodis-Lewis, 1995, p. 130)  A third position, held by Dennett concludes that consciousness does not exist. Critics of his book Consciousness Explained, (Dennett, 1991) have complained that Dennett has explained consciousness by explaining it away.  Dennett’s response was:  


“My theory of consciousness certainly doesn’t explain everything about consciousness that needs explaining, but at least it has the right overall shape:  it undertakes to show how each feature that people have taken consciousness to exhibit is either the effect of some mechanism or mechanisms the operation of which can be understood without any tincture of consciousness, or else is the figment of an inflated or otherwise mistaken claim.” (Gazzaniga, 1997, p. 183)


Since the two Arizona conferences, the field of consciousness has exploded and our understanding of the brain and the mind continues to improve daily.  There are several reasons for this progress.  Psychology, notably cognitive psychology, has broken free from the constraints of behaviorism and, together with advances in medical research on neurological disorders, researchers are creating a knowledge base of how the brain and the mind work.  For many years scientists believed that consciousness research was non-science and that work in the field would ruin careers.  This attitude has changed as the knowledge base has matured and the rapid increase in brain scanning technology such as Magnetic Resonance Imaging (MRI), functional MRI, Positron Emission Topography (PET), and Magneto-encephalography (MEG) has brought the scientific method closer to the consciousness conundrum.  This technology allows visual observation of regions of groups of neurons firing, which can then sometimes be correlated with mental thoughts, feelings, etc.  (Carter, 1998, p. 10-33)  


With this changed attitude, physics, biology and particularly neuroscience have progressed through the use of tools, technology and continued research, thereby paving the ground for a scientific approach to understanding the brain and the mind.  The 1990s have been popularly referred to as the “decade of the brain.”  While this new base of theory and empirical results is far from complete, it has greatly increased our understanding of both the brain and the mind, and of their relationship.  The clear advantage of the scientific method is that it establishes what may be called “qualified facts” and builds on them, developing theories, testing those theories and iterating the process of theory, test, change, theory, test, etc.  While this is a nonlinear, non-monotonic process filled with errors and significant limitations, in those areas where the scientific method can be implemented great progress often results from its methodology and grounding in the most objective reality possible at that time.  The question of the scientific method’s applicability to the phenomena of subjective experiences will be addressed later in this paper.  


Despite this progress, even today the key question still remains unanswered.  How does a single brain with its approximately 100 billion nerve cells (or neurons) and more potential connections than all of the particles in the universe (Edelman & Tononi, p. 38), packed into a three pound mass of jelly, take incoming sensory data from the external, world and transform it into subjective awareness and consciousness?   Although Schopenhauer’s world knot has not been solved, I suggest that recent progress in multidisciplinary research is “loosening” the knot.

Who has developed a good model of consciousness?


A scan of recent works by consciousness researchers to see if there was any focusing or convergence of their results turned up negative.  (See for example: Dennett, 1991; McGinn, 1997; Baars, 1997; Searle, 1997; Cornwell, 1998; Siewert, 1998; Weiskrantz, 1997; Solso, 1997; Taylor, 1999;and Walker, 2000.)  While each author offers many good insights into the problem, they tend to be either without evidence for their validity or so narrow that, although they may support some theory of consciousness, they do not offer one that has a sound foundation and can be tested.  The most likely place to find explanations of consciousness that are consistent with the known facts and can be tested, at least at some future date, appeared to be neuroscience.  While each of the above authors has contributed significantly to the knowledge base, the neuroscientists seem to be the ones that are making the most progress.  


Arguably, the leading neuroscientists who are trying to understand consciousness are Susan Greenfield (Greenfield, 1995, 1996, 2000), Antonio Damasio, (Damasio, 1994, 1999), J. Allan Hobson, (Hobson, 1989, 1994, 1999)] and Gerald Edelman, (Edelman, 1987, 1988, 1989, 1992), (Edelman and Tononi, 2000).  Each of these researchers looks at the brain from a different perspective, perhaps explaining why there seems to be few, if any, disagreements among them. However, Gerald Edelman stands out because of his integrative thinking, depth of research and willingness to develop theories (albeit tentative in some cases) to explain consciousness. Edelman has tried to bring together several theories into a cohesive whole, while recognizing and admitting that his work is still very much work in progress, and in several areas more speculative than scientific.  


Edelman received the Nobel Prize for Physiology or Medicine in 1972 for explaining the immune system in terms of selectionism.  He is currently Director of the Neurosciences Institute and President of the Neurosciences Research Foundation.  His latest book, coauthored with Tononi, A Universe of Consciousness, is a review and summary of more than two decades of research.  This book is the foundation for the rest of this paper and offers the best available answers to the following questions:  

· How does consciousness arise from neural processes within the brain?  

· How do neural processes account for the properties of consciousness?  

· How can we understand subjective states in physical terms?  (This is the problem of qualia, or qualitative experience.)

· How can we connect the physical understanding of consciousness to human knowledge and experience, that is, epistemology?

· How will understanding consciousness help us to understand ourselves, and our place in the universe, that is, ontology?


Although the detailed answers to these questions are well beyond the scope of this paper, I will outline Edelman’s approach, briefly describe his theory of consciousness, and investigate the implications and limitations of his research.  If his theory is anywhere close to being right, and only much further research and testing will make that determination, his results have a lot to say about reality and the nature and limitations of intelligent life forms. 

Major assumptions in Edelman’s theory:  Edelman makes three major assumptions that underlie his work in developing a biological theory of consciousness.  The first relates to physical processes, the second emphasizes the role of evolution and the third makes a statement about the limits of science.  These three assumptions then provide a framework, using empirical data and current knowledge, for constructing a set of theories that collectively offer an explanation of consciousness and the problem of “qualia.”  The first two assumptions serve to limit the research focus while the third prevents trying to do something that is not in the realm of scientific inquiry.


Physical Processes:  The first assumption is that only conventional physical processes are needed for a good explanation of consciousness.  The scope of this assumption includes those processes arising from the physical laws, that is, emergent phenomena and other higher-level processes of biology and psychology, so long as they are consistent with the laws of physics.  What it excludes are processes and phenomena that are contrary to or beyond the laws of physics and chemistry.  For example, élan vital or pantheism would not be considered physical processes.  To the extent that this assumption is true, it excludes a number of theories of consciousness such as dualism, epiphenomenalism and idealism.  Edelman also excludes the speculative ideas of some physicists who suggest that consciousness is due to quantum mechanical phenomena in the brain on the basis that although the quantum phenomena may be legitimate, they are not necessary to explain consciousness. (Edelman, 1992, p. 158-160).  


Edelman sees consciousness as a special process that emerges from the structure and dynamics of certain brains, recognizing that these brain processes are heavily influenced throughout their early development and life experiences by interactions with an external environment. The task of explaining consciousness then becomes one of identifying the general properties of consciousness and finding those processes that are necessary and sufficient for consciousness to exist.  As all good science dictates, those processes must be testable, falsifiable, predictive, and should improve our understanding of consciousness.  The degree that each of these verification processes can be applied to physical processes depends upon the domain of inquiry.  Thus most laws of physics are predictive in a specific sense while many laws of biology are predictive only in a general sense. 


Evolution:  The second assumption is that consciousness came into existence through the evolutionary process of natural selection in the animal kingdom.  This means it is a result of biological processes that include variation and selection of the fittest.  A further implication is that because consciousness is from an evolutionary perspective a recent development, not all animals have the same level of consciousness, and in fact many may not be conscious at all.  A key aspect of this assumption is the strong role that genetics, development, morphology and social relationships play in the development of consciousness.  The laws of physics and chemistry are different from the laws of biology, psychology and sociology.  While the laws of physics hold for biological systems, these systems have many properties and obey laws that operate only at levels higher than physics.  Emergent properties obey their own rules and require new forms of thinking and understanding.  Complexity, indeterminism, variation, non-linearity, self-production, awareness, and learning are just a few examples of these properties.  Early man, along with many animals, possessed only primary consciousness, i.e., the ability to perceive categories, have some memory and take action.  As evolution proceeded, man developed higher order consciousness through the use of language and social interaction.  

From an evolutionary perspective language, logic and mathematics are very recent developments and as such could not have been necessary for primary consciousness.



The basic tenants of Darwin’s theory of evolution are assumed to apply to the evolution and development of the brain.  These tenants are:  a) there is variation or diversity among individuals that provide a basis for competition; b) selection events in the environment then find certain of these individuals better suited for survival and, c) amplification of these selected individuals via propagation removes the others from the species.  (Edelman and Tononi, 2000, p.79-82)  Edelman, in studying how the structure and function of groups of brain cells form during early development and life experiences finds close parallels with Darwin’s theory. 


Limits of Science:  The third assumption states that the subjective, intra-personal aspects of consciousness cannot be translated into scientific descriptions, because scientific descriptions, by their basic nature are public, objective and repeatable.  Even if every necessary and sufficient condition for conscious experience were described, that description would not be the same thing as the actual experience.  Thus the problem of finding the connections between the physical processes of the brain and the phenomenology of experience – the world knot - may be solvable, but whatever that description is, it cannot replace the experience itself.  Given the laws of physics and the necessary parameters, one can describe a free falling elevator full of people with great mathematical detail. However, no such scientific description will replace the experience of being in that elevator, even if every detail of the function of the brain were described.  In other words, the description is not the experience. 

Major properties of consciousness



Process:  There are three empirical properties of consciousness that proposed theories of consciousness should explain.  These are general properties that all conscious states possess.  The first is that consciousness is a process and not a state.  It is private, continuous, always changing and felt to be a sequential set of ideas, thoughts, images, feelings and perceptions. Although we often refer to states of mind, in fact the neurons in the brain are always firing at different rates and changing their activity and interconnection strengths.  This can easily be seen from measurements such as electroencephalography (EEG), magneto-encephalography (MEG), positron emission tomography (PET), and functional magnetic resonance imaging (fMRI).  Since Edelman’s theory postulates that consciousness is a subset of coherently connected neuron patterns, then he believes, along with William James, that consciousness must be a process.


Unity:  A second high-level property of consciousness is its unity. The mind is continually integrating the incoming signals from the environment as well as connecting many different processing areas within the brain and combining them into a coherent flow of conscious thinking or feeling.  When we see a snapshot of the visible world, it appears as a coherent, unified whole.  The brain insists on this result.  For example, the need for conscious states to be coherent is seen in a number of visual pictures where two interpretations are possible, yet it is impossible for anyone to see them both at the same time.  Even though alternating perceptions are easy, the incongruent superposition of two objects or pictures cannot happen.  Without this property survival would not be possible because the mind’s perception of external reality would be confusing and incomprehensible.  Edelman and Tononi note, “Many neuropsychological disorders demonstrate that consciousness can bend or shrink and, at times, even split, but it does not tolerate breaks of coherence.”  This unity and coherence requirement also explains the so-called capacity limitations of the human brain.  Examples include Miller’s rule of seven to nine numbers and the fact that we cannot keep in mind more that a few things at one time, usually no more than four to seven objects.  As Albert Einstein once stated, “the hardest thing to understand is why we can understand anything at all.”  (Kaku, 1997, p. 338)  Separate from the universe’s objective order, man’s brain also assists in its comprehensibility. 


Informativeness:  The mind is continually filtering and selecting from an extremely wide range of external signals entering through the body’s sensory systems.  This ability to discriminate among billions of continuously incoming patterns or states of affairs in the environment is one of the minds dominant characteristics and is known as informativeness.  The richness of the mind is not in how many states it can store or work with, but in its ability to discriminate among a large number of possible states, created in part by external impinging sensory information and in part from the multitude of possible internal states.  The ability to tell the difference among these states is the reduction of uncertainty.  This creates information.  Because artificial intelligence has been unable to replicate this discriminatory capability of the mind, artifacts cannot understand context not derive meaning.  What they can do (that brains cannot), is process large chunks of data and information.  (Edelman and Tononi, 2000, p. 126)  

The physical brain


Over the past century science has made significant progress in understanding the brain.  While there is still very much work to be completed, the basic physics and chemistry are understood, but only at their own levels, i.e. the levels of atoms and molecules and to some extent cells.  The present and future challenge lies in explaining the complex relationships among the neuronal connections and firing patterns, connection weights, neurochemistry, and other emergent characteristics.  


The nominal brain is a three-pound, 1,200 cubic centimeter volume of a jelly-like substance that contains well over 100 billion neurons, each connected to as many as one thousand others.  The connections, know as synapses, are complicated chemical sites that exhibit connection strengths determined by the incoming flow of voltage pulses from all neurons connected to the junction, and the past history of these flows.  These connection strengths influence how the neurons affect each other.  Although the brain can be categorized into a number of regions or local areas, each with certain properties, it is also extremely robust in its ability to find alternate ways of operating around local failures.  There are roughly 250 different types of neurons (special types of cells), each with different characteristics.  Experiments show that the neurons tend to fire in localized regions of the brain, often with widely separated regions firing at the same time.  There are many neurons connecting these separated regions and as the patterns change, the regions continuously change in size and shape.  


The human brain exhibits a morphology that conforms to evolution as exhibited by other vertebrate animals.  It contains a brain stem and midbrain, together known as the reticular activation system.  This older brain is involved in the level of arousal of the organism and primitive drives such as sex, rituals, hunting and playing.  This is about the extent of the crocodile’s brain.  The next addition is the limbic system, which influences basic affects such as hunger, thirst, and other strong emotions and feelings.  This stage in brain evolution is symbolized by the horse, whose brain includes both a reticular activating system and a limbic system.  The final addition, and highest level of brain development is the neo-cortex, found in man and a number of other higher mammals.  The neo-cortex deals with higher level thinking, planning, detailed voluntary movements, and assessing external events.  Morphologically, the limbic system is a physical addition to the reticular activation system and the neo-cortex is an addition that physically wraps around the limbic system, clearly indicating the sequence of evolution.  (Hampden-Turner, 1981, pp. 80-85)  While this is an oversimplified description, it highlights the strong role evolution has played in the development of the modern human brain.  

Major tenants of Edelman’s theory


In this section I will briefly outline the main elements of Edelman’s theory of consciousness.  My purpose is to communicate the essence of his approach, to describe his three theories, and bring them together to provide an understanding of consciousness, to explain qualia and consider its possible impact on epistemology.

Neuronal Group Selection:  

In 1987 Edelman published Neural Darwinism and proposed the “Theory of Neuronal Group Selection” as a fundamental hypothesis of his theory of consciousness.  Neuronal Group Selection explains how perceptual categorization could occur without assuming that the external world was prearranged in some informational or instructional fashion.  Edelman proposed that neurons fire in localized groups or patterns, with many of these groups having been formed during development, and others formed through experience and learning.  The resulting repertoire of structural neuronal groups is unique to each individual organism.  During evolution of the species through genetic mixing and early development, a Neo-Darwinian selection process operates to promulgate those group patterns that support human behavior that optimizes the chance for survival, and therefore reproduction.  In other words, selection occurs of those neuron groups (with their intra-group connections and strengths and their inter-group coordination) that provide adaptive perceptual categorization, concept formation and behavior that best ensures survival in an unlabeled, non-informational external world. 

The result is a brain that is capable of providing an adequate interpretation of its external environment coupled with effective decision-making and behavior.  During early brain development about one-half of all brain cells that are created die to make room for those that are better able to make connections with other neurons.  In other words, those patterns are selected that make a difference to a brain trying to make sense out of its incoming sensory signals.  Those neuron groups that lead to fitness are then amplified through improved reproduction of the individual. Many degenerate groups are also formed, providing different patterns that represent the same thing or perform similar functions. This capacity of structurally different patterns to yield similar results creates a robustness to minimize the effect of harmful mutations and physical injuries and an improved ability to adapt to changing environments. 

In summary, through Darwinian evolution from variation, natural selection, and amplification, populations of neuronal groups in the brain are created that are coherent and tightly connected.  These groups continue to change and adapt as new connections are created through learning, as cells die, or when brain trauma occurs.  (Edelman, 1987, pp. 4-22) (Edelman and Tononi, 2000, pp. 79-101)

The Dynamic Core Hypothesis:

The second of Edelman’s theories postulates that, at any given time, there is a functional cluster of neuronal groups in the brain that contributes directly to (or represents) conscious experience.  Referred to as the dynamic core, the neuron groups within this cluster have stronger connections with each other than with other groups throughout the brain.  The membership of this cluster is dynamic and continually changing with time as various neuronal groups located elsewhere throughout the brain move in and out of the cluster. The members of the cluster are not collocated but rather scattered throughout the brain.  Each instantaneous cluster (composed of a specific set of neuron groups) represents a thought, an image or a feeling, i.e., an instantiation of a state of consciousness.  Since consciousness is a process, the continual change in make-up of the cluster represents the flow of consciousness through time.  While neuron groups throughout the brain may continuously interact with each other to some degree, they have little or no interaction with neuron groups that make up the cluster.  At any given time only a subset of all possible groups of neurons are members of this dynamic core. It is this changing membership of neuron patterns within the dynamic core that represent thoughts, feelings, images, memories, etc.  These dynamic core patterns changing over time represent an objective description of the flow of consciousness.  

Integration of Neuron Groups:

Those neuron groups that make up the dynamic core at any given time are spatially scattered throughout the brain.  They are coordinated and integrated through multiple communication channels, what Edelman calls reentrant interactions.  (Edelman, 2000, p. 44)  Specific regions of the brain such as the thalamus and the cerebellum control this integration process.  These communication channels create coherence among incoming sensory signals being processed by various regions of the brain and hence give rise to the unity of perception of external stimuli discussed above.  

Consciousness:

From the external signals coming into the body, the brain selects those that it pays attention to.  This dynamic core of neuronal patterns, changing constantly over time but correlated in a way that yields a unified, coherent and meaningful understanding of the environment, creates consciousness.  This ebb and flow of neuron patterns bound together, yet changing over time, creates our individual, personal experience that each of us knows so well, yet cannot fully share with any other being.  These patterns in the dynamic core “create” consciousness, while those patterns not in the dynamic core represent the unconscious or non-conscious part of the brain.  Our brains, as they develop and through our sensors interact with the external world, create unique and constantly changing sets of neuron patterns and group connections that, through selection and learning, help us survive and procreate. The dynamic core subset of these groups of internal patterns is unique, making our own consciousness both private and incapable of being shared.  Even though language, symbols and social interactions have greatly accelerated the creation and sharing of information among individuals and added to the brain/mind’s mental repertoire of patterns and meanings, the uniqueness of each of us remains.  

Although we are conscious of only a small fraction of these neuron groups (the dynamic core), the rest of the brain’s neurons continue to process information.  Some of this processing (unconscious and non-conscious) occurs automatically and without our ever becoming aware of it.  Examples are the autonomic systems that regulate blood pressure, body temperature and balance.  The unconscious part of the brain is composed of those neuronal groups that are interacting and processing continually but are not members of the dynamic core cluster.  These patterns are also continuously changing and interacting and provide support to conscious behavior.  For example, speech is mostly an unconscious process supporting a conscious intention to communicate certain thoughts or ideas.  Many external signals are also processed without conscious awareness, some of these influence behavior without awareness of the individual.  Note that use of the word processing is not meant to imply linear, sequential calculations like those in a modern computer.  Processing as used here describes the flow and movement of neuronal patterns through changes in their interconnections with other groups and within each individual neuron group.

Memory:  

For years memory was thought to be stored somewhere in the brain.  It is now widely agreed that there is no “grandmother” cell that “represents” a grandmother, no separate center in the brain where memories about grandmother are permanently stored.  Instead we have:

“…a long line of evidence shows that information storage follows a principle that is conserved across both vertebrates and invertebrates. Memory appears to be stored in the same distributed assembly of brain structures that are engaged in initially perceiving and processing what is to be remembered.”  (Squire and Kandel, 1999, p. 72)  

Edelman’s third theory postulates that memory is nonrepresentational.  That is, a memory is not stored in the sense that a computer stores data.  Rather, memory is the ability to repeat, recreate, or suppress a mental or physical act or past experience.  These acts, being sequences of flows of interconnecting neuronal patterns, are internally experienced as thoughts, feelings, etc.  These patterns may also cause muscles to change shape and therefore influence physical actions.  Memory is seen as the capability of the brain to change its internal patterns and sequences of patterns to create the repetition of performance.  


“In a complex brain, memory results from the selective matching that 

occurs between ongoing, distributed neural activity and various 

signals coming from the world, the body, and the brain itself.  The 

synaptic alterations that ensue affect the future responses of the individual brain to similar or different signals.  These changes are reflected in the ability to repeat a mental or physical act after some time despite a changing context, for example in ‘recalling’ an image.  It is important to indicate that by the word act we mean any ordered sequence of brain activities in a domain of perception, movement, or speech that, in time, leads to a particular neural output.  We stress repetition after some time in this definition because it is the ability to re-create an act separated by a certain duration from the original signal set that is characteristic of memory.  And in mentioning a changing context, we pay heed to a key property of memory in the brain: that it is, in some sense, a form of constructive recategorization during ongoing experience, rather than a precise replication of a previous sequence of events.”  (Edelman and Tononi, 2000, p. 95)  

In summary, memory is not a fixed rule that pulls up a past representation. It is recreated each time by the dynamic links and patterns between neuronal groups.  This explains why memory is often unreliable and rarely recreated exactly.

The Remembered Present:  


Primary consciousness is the ability to construct a mental scene, but with limited semantic or symbolic capability and no true language.  An incoming scene, say an image, is immediately (within fractions of a second) evaluated by the brain’s value systems and, through the interaction of the memory system with its previous experiences and the incoming signal, a meaning is associated with the perception.  This new perception may be put into memory, depending on its importance to the individual.  Edelman calls this perception the remembered present because it is a combination of past memories, individual values and incoming signals.  (Edelman and Tononi, 2000, p. 78)  We never just see some “thing,” the brain automatically mixes the external scenes with our own history, feelings and goals to give context and meaning.  In other words, information and meaning are created out of external events and signals.  


“The ability of an animal to connect events and signals in the world, whether they are causally related or merely contemporaneous, and, then, through reentry with its value-category memory system, to construct a scene that is related to its own learned history is the basis for the emergence of primary consciousness.”  (Edelman and Tononi, 2000, p. 109).

Higher-order consciousness, as seen in humans, includes primary consciousness together with a sense of self and an ability to build past and future scenarios.  In its highest form it includes a language capability.  It emerges from the creation of new communication networks that connect and coordinate the multiple neuronal groups that gave rise to primary consciousness.  With the emergence of language and social interaction came the emergence of higher-order consciousness found in humans.  These communication circuits provide for functional integration between perception and memory, resulting in a stable sense of unity and personal identity. (Edelman and Tononi, 2000, p. 110)

The problem of Qualia:  


We are now able to address the problem of explaining the relationship between the physical brain and the personal experience each individual has relative to both external signals and internal neuronal group patterns.  Put another way, why would an objective fact correspond to a conscious sensation or subjective feeling?  Why does the firing of neuron patterns in the visual system create the internal feeling that there is a scene?  Why is there a color red?  And why does red feel like red, or why does it feel like anything at all?  Is the simple sensation of red irreducible, and if I see red do you see the same red?


Recall that the brain consists of billions of neurons connected together through synapses, with small voltage signals being sent to each other.  Also recall that groups of neurons are formed during development that tend to fire together and represent complex patterns composed of both structure and dynamic, small voltage signals.  It would be tempting to assign one neuron group to each specific quale or subjective experience.  This does not work because when we see red, we feel redness and we associate a meaning to this redness, a meaning very different than what we associate with the color blue.  We have noted above that our perceptions are a combination of incoming signals and the memories, experiences, and feelings that come forth when the external signals are detected.  Perception is a construction made up of many things (neuron groups and patterns) brought together by the brain to make “sense” out of a phenomenon. 


To explain qualia recall the dynamic core hypothesis with its functional cluster made up of a large number of neuronal groups temporarily bound together by relatively strong connections.  This dynamic core represents (is) conscious experience, and the specific groups that make up the core at that time determine the specific memories, feelings, images and goals that the individual experiences.  Any specific qualia, such as “seeing the color red”, is the result of an external signal, a specific “red sky” and the internal value system which represents the desire to look at the sky, and other memories and experiences associated with the color red and the sky. 

Each quale is really the discrimination among many possible states.  If we have studied clouds and colors of the sky we will be able to identify many different “skys” and to appreciate each in a special way.  Other examples would be a wine connoisseur’s ability to discriminate among a large number of possible flavors of wine or an artist’s precise use of colors.  Each experience has its own personal meaning and context that is the result of years of experience in developing an ability to discriminate.  This discrimination comes from learning by developing many closely related, but distinct, neural groups together with a value system’s ability to select a precise set of neuron groups for the dynamic core, allowing detailed matching between the external signal and the internal interpretation of it through the self-generated dynamic core.  Through years of study, experience, and practice, each individual may then build their own ability to discriminate among wines, paintings, ideas, sounds, etc.  Experiencing a specific quale brings many neuronal patterns together into the dynamic core to provide context and meaning and allows refined selection from nearby quale. The relevant context is provided by the concurrent activity of all of the other neuronal groups in the dynamic core.  Meaning comes from this context and the intentionality or value system of the individual.  

The above description represents my own interpretation of Edelman’s answer to the problem of qualia.  Although he does not directly address the issue, an extrapolation of his theories leads to looking at the mind and brain as being different, but in a very special way.  We interpret the physical material in the brain and the patterns generated by the neuronal groups as the mind.  The patterns are not identical to the physical material. Those same patterns may possibly be generated by other material such as electrons or even non-material such as photons.  While this is speculative, the key idea is that it is the pattern that is fundamental and not the entities that are used to generate those patterns.  As the neurons interact with each other and form groups that then interact with other groups, dynamic patterns of relationships are created that represent the ideas, thoughts, feelings, images etc that each of us experience directly.  For example, when, from a subjective viewpoint, an individual experiences a thought, the objective viewpoint looks at the brain and observes a specific pattern of neuron groups that at that instant are the dynamic core, which is consciousness.  While Edelman does not elaborate on the role of patterns, I suggest that the proposed connection between the atoms and molecules of the brain and the phenomenology of direct experience is the relationship between the atoms and molecules of the neurons and the patterns these neurons make with each other through small voltage pulses and the strength of their connections.  

When we observe the mind in operation, we are witness to the brains emergent properties (dynamic patterns) showing themselves through our thoughts, creativity and emotions.  These emergent phenomena manifest themselves through our internal self-awareness and our external behavior.  They are of a higher level than the neurons, which themselves are emergent phenomena of atoms and molecules.  Each level of emergence has properties and laws of its own, and the laws of each level cannot be derived from the lower level.  What appears to happen is that the patterns and interactions that dynamically change inside our skulls are the source behind our consciousness and our mental operations.  In other words, these interacting patterns “are” our internal world.  These patterns, created and changed by electromagnetic forces among atoms and molecules, working within the next higher level we call neurons (or cells), move us from the laws of physics to cells to patterns that represent our awareness, our experience and our resource for understanding the universe.  

This interpretation in no way denigrates or minimizes the wonderfully creative, beautiful and magnificent World and Universe that we live in.  The characteristics that we as humans enjoy, and perhaps in some small way help create, are just as awe inspiring whether they are the emergent phenomenon of quarks and gluons, the intelligent design of a beneficent being, or a part of a spiritual self-integration or collective consciousness of the Universe.  

How valid is the theory?

If we consider the totality of Edelman and Tononi’s work to be a theory, then it is at best incomplete.  The student is left with many unanswered questions.  For example, how, when and why do the value systems take control of the dynamic core to determine its neuronal group content and how are the related neuron groups made to connect and form a different core?  What is the mechanism that brings an unconscious neuronal group into the dynamic core, thus making it part of consciousness?  How does the theory of non-representational memory work in detail?  Exactly how does the concept of the self arise from Edelman’s theory?  Where does intentionality or free will come from?  If perception and mental activity are the result only of the interplay of multiple neuron groups and their interaction with external signals, how can free will exist, if it does exist? 


Despite its incompleteness from a scientific perspective Edelman’s theory may be a giant step forward in building a framework for the field. For example, the astronomer Trinh Thuan, in the opening of his book Chaos and Harmony, after describing in detail the physiological and physical processes involved when a man notices an attractive woman sitting at a nearby table in a sidewalk café in Paris, concludes:  “All these processes are quite well understood.  Neurobiology unveils more and more secrets of the brain each passing day.  What remains a complete mystery is what causes the lightning-quick thought that crosses the man’s mind: ‘She is so beautiful!”  (Thuan, 2001, p. 4)  From our above discussion of the remembered present, the dynamic core and qualia it seems that there is at least one plausible explanation for the man’s lightening-quick thought.  His genetic urge to propagate his genes, his past appreciation of attractive women, his experiences in life when mixed with his current attention being drawn to that particular woman create in his dynamic core the immediate thought that “she is so beautiful.”  

Edelman recognizes that many parts of his overall understanding of consciousness need to be reinforced by additional evidence, much of which will not be available until better technology allows more precise experimental findings and more is understood about emergent phenomena.  I suggest that the major challenge lies in three areas.  First is the problem of finding the laws that govern the interaction among groups of neurons.  Although we know the laws of atoms and molecules well, and the laws of cells fairly well, we know very little about the laws that govern complex pattern interactions at the neuronal group level.  It is interesting to recognize that neuronal groups can impact individual neurons, which in turn impact atoms and molecules, and that this chain of action occurs when we “decide” to move our body.  Yet when we decide to raise our hand, we have no idea how we do it, we just do it!  

A second open question is how individual neurons work together to create intelligible processes through neuron group interactions.  Artifacts such as neural networks have been around for over 15 years and can learn and perform some degree of pattern recognition.  They are also very useful in simulation of specific localized phenomenon as a research tool for neuroscientists.  Unfortunately, they are still very simplistic compared to the human brain and cannot contribute much to the study of complex pattern interactions on the scale that occurs in the brain. 

Still another challenge is to understand the translation from specific neuron patterns, or sets of patterns, to our personal interpretation of them as thoughts, images or feelings.  The simple and possibly correct answer, is that they are identical, i.e., the same thing seen from two perspectives—the objective and the subjective.  A specific pattern or set of patterns in the dynamic core at a given time may be scientifically observed as the patterns firing and exchanging energy through their synapses and concomitantly, the individual will experience an instantaneous thought, image or feeling.  If it is true then the philosopher David Chalmer’s belief in identity theory may be vindicated.  (Chalmers, 1998, p. 85-86)

Clearly the above challenges are closely connected, otherwise our perception of the world and the flow of consciousness would be incoherent.  Throughout his books, Edelman occasionally admits to being more speculative that confident.  And as every good researcher knows, there is always the danger of being wrong, even when everyone believes it.  James Peeples, in addressing the state of modern cosmology, recently said it nicely: 

“How might one judge reports in the media on the progress of cosmology?  I feel uneasy about articles based on an interview with just one person.  Research is a complex and messy business.  Even the most experienced scientist finds it hard to keep everything in perspective…an entire community of scientists can head off in the wrong direction…”  (Peebles, 2001, p. 54)

However, although Edelman and Tononi offer a well researched and state-of-the-art-explanation of consciousness, it is still not a solid theory, and neither Edelman nor Tononi imply that it is.  While the postulates and their implications are in agreement with current scientific experiments, many more tests need to be done before it can be considered a validated body of knowledge.  As test instruments become more advanced, more data is sure to become available.  However, the complexity of the human brain is enormous and detailed analysis and understanding will be a significant challenge to all researchers.

One final observation relates to the nominal criteria for judging theories: beauty and elegance.  A beautiful theory often has an air of inevitability and simplicity.  An elegant theory is one where every part of the theory is necessary and no one part could be left out.  While Edelman’s theory certainly does not meet either of these criteria, there is a sense of consistency and coherence to its many parts.  The postulates in his work support his theories and the major ideas – (neuronal groups selection, dynamic core, integration and value systems) work together nicely to offer an explanation of many observed properties of consciousness.  While Edelman’s theory is not simple, all theories cannot be.  As Einstein once remarked, a theory should be as simple as possible and no simpler.  Since there are no competing theories of comparable scope no judgment can be made.  

A theory is elegant if it can be derived from a minimum number of steps.  That is, if the link between hypotheses and conclusions is short and direct.  Edelman’s theory also falls short on this criterion.  It is probably unfair to apply any of these criteria to a theory still in its birth canal, and it may be aborted by a single critical test result.  From a more positive perspective, one can see traces and sparks within the overall approach that may well portend of a beautiful and elegant final result.  While my literature search was not exhaustive, it was complete enough to indicate that Edelman’s theory is probably the only comprehensive, empirically based explanation for consciousness to date and it makes good sense and  good science, and represents an excellent, but difficult, place to begin understanding what consciousness is all about.  

Based on an incomplete review of the field, although Edelman’s books had over 200 citations in the literature, his work seems to have received neither widespread support nor strong criticism from other consciousness researchers.  Edelman does not seem to participate in many conferences nor write chapters for the survey books.  The current environment could best be described as mixed and perhaps his work may even be ignored.  From my review of the various philosophers, psychologists, physicists, and biologists working in the field, I find that most already have their opinions and positions and are focusing on validating their own theories.  [To get a feel for the thinking of philosophers see: Dennett, Searle, Churchland, McGinn, Chalmers, Baars, Humphrey, Putman, and Siewert in the bibliography.  For the psychologists see: Solso, Pinker, Kosslyn and Koenig, Plotkin, Weiskrantz, Cummins and Cornwell.  For the physicists see:  Taylor, Scott, Walker, Penrose, and Stapp.  For the biological or neuroscientist perspective see Greenfield, Damasio, Hobson, Cotterill, Changeux and Ricoeur, Allman, Eccles, LeDoux, and Bownds.]  The biologists seem to be more interested and supportive of Edelman’s theory, but they are still cautious.  It would be misleading to say that there was a community of researchers who were backing Edelman’s work.  On the other hand, as noted below, I found no critics that offered substantial backing for their criticism and most reviews were positive.  

[For the interested reader, the following texts provide a wide range of author’s views and approaches:  Hameroff, Kaszniak and Scott, Parasuraman, Conlan, Gazzaniga, Cummins and Allen, Cornwell, Solso and Massaro, Shanor, Jasper et. al., Rose, Block, Flanagan, and Guzeldere, and Baumgartner and Payr.]

Consequences of the theory

If Edelman’s theory turns out to be even close to the final explanation of consciousness it will have significant impact on many facets of our lives.  We now consider several consequences of the theory, namely, qualified reality, and the biological basis of epistemology.

Qualified reality:  

Knowledge acquired from the external world comes through our senses, usually the result of physical, psychological and social interactions of our minds and bodies with that external world.  Consciousness, because of its central role in our ontology, also plays a crucial part in shaping and filtering our epistemology.  The physical characteristics of our brains, together with the emergence of language and higher-order consciousness, act as both filters and interpreters of the external world.  However, no matter how much we know or think we know, the best we as evolutionary products of that world can know is a qualified reality, a reality limited by both our individual embodiment and our space-time location.  Further limited by our genetic heritage, our developmental morphology, chance events and our external environment, the best we can hope for is a qualified understanding of ourselves and of our reality.  Nevertheless, consciousness, supported by our unconscious mind/brain and bootstrapped through social collaboration, is the only resource available to observe, create and comprehend our existence.  It is also the lens through which we must look to interact with other beings and with the physical world.  This lens is reminiscent of Plato’s allegory of shadows in the cave.  

“According to Plato, all living beings in the sensible world are but imperfect copies of eternal forms residing in the world of Ideas…the world accessible to our senses is akin to the world of shadows experienced by the men in the cave.  It is merely an imperfect manifestation of a perfect world—the world of Ideas, ‘illuminated by the Sun of intelligibility.”  (Thuan, 2001, p. 300-301)

Another interpretation of a perfect world would be one in which everything in the Universe is exactly as it should be.  What else could it be if we eliminate personal morality and accept the sentence as meaning that nature and the Universe work as they do, independent of, but consistent with rocks and beetles and humans.  Perhaps as Plato opined, it is only man that separates himself from nature and thereby creates the fuzziness and imperfections he then perceives.  Does a true world of eternal and immutable ideas exist where mathematical relations and perfect geometrical structures reign supreme?  T
The doctrine of physical realism states that reality exists independent of our own existence and that we can have knowledge of this reality through scientific research, at least in principle.  (Omnes, 1999, p. 216)  While some of the mathematical laws of physics have the same form throughout space, there is no theory of everything, (in spite of book titles and some hype), and modern science continues to create more questions than answers where epistemology is concerned.  As Omnes describes so well, the evolution of scientific investigation has been one of increasing use of formalism, in both mathematics and physics.  (Omnes, 1999, p. 84-155)  Recognizing that mathematics is often referred to as the science of patterns, it is interesting to speculate that scientific progress and the growth of our individual understanding of qualified reality may end up recognizing that reality is made up of patterns.  Patterns are defined as relationships and structures in time, space or both.  

Recent work in fundamental physics of space-time opens the door for space to be made of relationships or what Roger Penrose called spin networks.  (Smolin, 1997, pp. 276-293)  The point of this slight diversion is to recognize the potential impact if Edelman’s theory is correct and if our ideas, thoughts and feelings are made up, in the final analysis, of patterns of neuron firings, connections and weights.  Many feel that everything in the universe is connected to everything else, and the laws of physics support that through the mathematical formulation of gravity and electromagnetism.  If the connectivity is supported by science and intelligence exists via patterns of forces, what possibilities are there for the existence of the collective unconscious, souls, spiritualism, and other widely held phenomena?  Perhaps science, religion and spirituality are not so far apart as was commonly believed.  Neither the Universe nor Nature come in bits and pieces.  It seems that we humans are the only ones that chop them up for our own convenience.

By being aware of the above limitations and potentialities, we may find ways of breaking through the barriers and taking advantage of potential possibilities.  Since we are each unique and create our own version of the world through thinking, learning, growing and social exchange, we may be able to reach far beyond our present capabilities and minimize the qualified part of our qualified reality.  We may eventually be able to make our reach far overshadow our embodied capability.

Biologically based epistemology

Epistemology has historically been based on meta-thinking and normative issues.  Philosophers have been concerned with the sources and certainty of our knowledge.  Typically they have defined knowledge as justified true belief, that is, – is the claim of knowing reasonable or not?  This justification has been a continuing 2,500-year struggle from Socrates to Kant to modern times.  The result has been two approaches that in their extremes are represented by rationalism – (knowledge can come only through the mind), and empiricism – (knowledge coming only through the senses).  Plotkin, in his book on evolutionary epistemology considers that both rationalism and empiricism are correct and incorrect.  

“…Both have a part of the answer to the problem of knowledge but lacking the historical perspective of evolution and the notion of adaptation, neither could ever have been an adequate account.  They simply lacked the conceptual firepower needed to crack the problem.  The answers only begin to come when one considers creatures other than humans.”  (Plotkin, 1994, p. 11-13, 236)

With the benefit of Darwin’s theory of evolution, Neo-Darwinism and recent scientific results of the studies of consciousness, a somewhat different perspective on epistemology makes more sense in recognizing that both rationalism and empiricism have a role to play.  How we gain, justify and use knowledge may now be seen as dependent upon our genes, our development, our senses, our consciousness, and our environment.  Each of these plays a part in creating our individual world of feelings, thoughts, and images, and in understanding ourselves and our world-knowledge.  A biologically based epistemology recognizes that the ideal objective scientific observer is just that, an idealization.  At the same time, if every individual creates whatever reality their imagination fantasizes there will be no grounding for sharing that knowledge, and perhaps no grounding for living.  Knowledge as a product of the mind/brain is sensitive to genes and development, for they set the limits and directions for the growth and capacity of the brain.  Consciousness integrates, remembers, sets values and directs attention to what is important to the individual.  If consciousness is biologically based, so must the knowledge gained through it also be biologically based.  Several consequences flow from this insight:  (1) Being before describing;  (2) Doing before understanding, and (3) Selection before logic.

Being before describing:  

Although perception and memory existed in primary consciousness well before the development of language, most researchers agree that social interaction was essential for achieving our current level of understanding of the world.  Our descriptions of that world are at least partially dependent upon our embodied existence, including our evolution and experience.  Our physical needs and limitations, genetic drive for survival, emotions and mental processing limitations all filter, shape and narrow our ability to observe, interpret and understand the meaning of the world around us.  If the brain operates through Darwinian selectionism rather than Lamarkian instructionism, then logic and modern analytical and rational thought may be recognized and accepted as an added advantage, but not the source of our adaptation and survival in the world. However, since primary consciousness existed before logic and rational thought, they cannot be necessary for the existence of consciousness.  The first step in breaking through barriers is to be aware of them.  The second step is to understand what the barriers are and how they work.  Consciousness researchers are getting close to the second step.  When consciousness is fully understood, it may be possible to use our imagination to create multiple descriptions that go far beyond our evolutionary limitations.  We have already been doing this to some extent through art, science, religion, philosophy, music and literature.  As we learn more about these embodiment barriers, perhaps we can focus our imagination to consciously leap beyond them.  Such new descriptions may remove some of the limitations of our qualified reality.  

Doing before understanding:  

Early man and animals emoted, perceived and acted before understanding and language came into being.  Their perceptions, feelings and reactions had to be those that allowed them to survive and procreate in a volatile, incomprehensible and dangerous world.  They took right actions without knowing past or future, or a logical reason why.  They depended on genes, instinct and gut reaction since they had nothing else.  They just “did,” and those that did not take the right actions did not survive.  In our world individuals usually assume that logic, facts, information and rational thought are both necessary and sufficient to operate effectively in present day society.  Intuition, gut feel, instinct and emotion are often shunned and considered unreliable and dangerous while nevertheless frequently used for difficult decisions and actions.  In fact, early man made decisions on just those bases, and even today more people rely on these than is commonly recognized.  Perhaps we should give these sources more credibility than they have had in our recent past and learn to use them to our advantage.  

The work of Damasio indicates that emotions play a much greater role in our decision-making and our actions than is generally realized.  (Damasio, 1994, p. 245-247)  We frequently act and then seek to understand our actions.  Our decisions are often influenced by our emotions, without our awareness of that influence.  

“… Such decisions cannot be made well through sheer rationality; they require gut feeling, and the emotional wisdom garnered through past experiences … The intuitive signals that guide us in these moments come in the form of limbic-driven surges from the viscera that Damasio calls ‘somatic markers’ – literally, gut feelings.  The somatic marker is a kind of automatic alarm, typically calling attention to a potential danger from a given course of action.”  (Goleman, 1995, p. 52-55)  

Another useful example of the doing before understanding idea is shown in adult learning.  Based on 12 years of teaching adults I discovered that many adults learn best when they can immediately apply the material directly to their own projects or needs.  The application of what they have learned reinforces their understanding and a concrete, useful result provides a reward and grounding for their experience.  Knowles reinforces this phenomenon when he says  “Experience is the richest resource for adults’ learning; therefore, the core methodology of adult education is the analysis of experience.”  (Knowles, Holton & Swanson, 1998, p. 40)  Putting it another way, in explaining the basic principles of andragogy, Knowles notes that adults use their existing knowledge about the world to understand new information and that the learning environment should reflect the complexity of the anticipated environment in which adult learners will need to function.  (Knowles, Holton & Swanson, 1998, p141-142)  Note the consistency of Knowles views with Edelman’s concept of “the remembered present” discussed above. 

A final consequence of Edelman’s theory that he does not address is the possibility of higher levels of consciousness.  If we make the leap from groups of neurons firing together to create patterns that represent thoughts, images and feelings, then what about the possibility of meta-patterns representing a form of even higher intelligence?  The philosopher Karl Popper suggests that there are three worlds:  World I is the material world; World II is the world of mental states and World III is the world of collective consciousness that comes from society.  Patterns of social behavior, (or economic cycles) could then represent a form of collective intelligence. (Popper, 1956, p. 113-130)  The potential extrapolation of interacting patterns to even higher levels such as the cosmos may not be out of the question from a scientific viewpoint since, in theory, several of the fundamental forces extend their influence to infinity. 

Reviews of Edelman’s theory:


Edelman’s latest book (Edelman and Tononi, 2000) has not been out long enough for many reviews.  One review by R. K. Dhanda was very positive, stating:  

“The authors aptly term their theory of mind the ‘Dynamic Core Hypothesis,’ observing in this name the integration of complex neural interactions and their constantly changing activity patterns.  The evidence to support their theories and conclusions is striking and convincing.  …Their evidence and ideas, however, are clearly powerful tools for all students of consciousness, and they are not ready to relinquish authority to competing disciplines.  They have compelling evidence for privileging the exponential progress of science in studying the brain over the slow mediation of philosophy over the past millennia, and their resulting text contributes to both.”  (Boston Book Review, 2000)

Dhanda goes on to note that despite the rigorous methodology there are still open issues and questions.  

In general, the 16 reviews of Edelman’s four books relating to his theory of consciousness were positive.  The general theme of the critical reviews was the difficulty of reading his works due to the complexity of the ideas and his writing style.  The range of comments of reviewers of the theory cover the ground from strong appreciation of the work to snide remarks and criticism of writing techniques.  For example, George Johnson, in reviewing an earlier book (Edelman, 1992), accuses Edelman of trying to goad his rivals and make his theory stranger than it is.  (N Y Times Book Review, 1992)  The highly regarded philosopher, Daniel Dennett disagrees with Edelman, citing his lack of understanding of the terms and issues,  “… When he turns to consciousness, he misunderstands the philosophical issues he addresses at an elementary level.”  (New Scientist, 1992)  Recognize that Dennett does not believe that qualia exist.  His entire book Consciousness Explained, is an exposition of why it does not exist. (Dennett, 1991)

Oliver Sack, in concluding his review of Bright Air, Brilliant Fire summed up his observations nicely in saying, 

“Such then is the sweep of Bright Air, Brilliant Fire, and its central ambition of ‘replacing the mind in nature.’  It is a book of astonishing variety and range, which runs from philosophy to biology to psychology to neural modeling, and attempts to synthesize them into a unified whole….Edelman’s theory proposes a way of grounding all this in known facts about the nervous system and testable hypotheses about its operations.  Any theory, even a wrong theory, is better than no theory: and this theory—the first truly global theory of mind and consciousness, the first biological theory of individuality and autonomy—should at least stimulate a storm of experiment and discussion.”  (Sacks, 1993, p. 42)

What does this all mean? 
Stepping out of the details may allow us to put Edelman’s theory into current context.  Recall that Edelman first assumed that physics and chemistry were valid, with no need for other forces.  His second assumption was that consciousness evolved through Darwinian evolution.  With these postulates he then reviewed the major properties of consciousness and developed a theory to explain those properties.  In fact, his theory is really a set of three theories:  The theory of neuronal group selection; the dynamic core hypothesis and the system level communication networks that ensure cohesiveness of consciousness.  These are all system level theories that work together to provide an understanding of how the process of consciousness can evolve to ensure survival of the human species.

In my opinion, Edelman has made much greater strides than other researchers in the field, but he has only loosened Schopenhaeur’s knot, not untied it.  What he has done is put consciousness research on a scientific foundation with formal postulates, proposed theories and some anticipated consequences that are subject to empirical verification.  Many parts of his theories have been tested and met the rigor of empiricism, but not all!  His theories offer a framework and perspective that lead to new questions, always an indicator of potentially good research. He and Tononi admit that there are still many unanswered questions and open areas.  Considerable speculation abounds in his five books.  

Only time will tell which of the many positions and interpretations of consciousness and qualia will prove to be right – that is, which will evolve to a mature theory that satisfies relevant empirical results, offers testable predictions and raises more questions.  At the present time, Edelman’s theory is the most comprehensive one around considering its broad scope of explanation, consistency with current tests and solid foundational assumptions.  However, a thorough understanding of consciousness lies somewhere in the future, possibly far into the future.  The history of science has repeatedly demonstrated that surprises are a frequent source of enlightment and dismay and they may quickly change the direction of science and perhaps our understanding of ourselves.  

A final speculation addressed earlier is the possibility that consciousness, and hence everything we as humans know, everything we believe, feel, experience, dream, desire, and remember, takes the form of patterns and relationships among atoms, molecules and electromagnetic fields.  If true, this is an astounding – but perhaps not inconceivable – result.  Physics has concluded that atoms and fundamental particles can be understood as fields, which are patterns of relationships.  As we scale up to higher levels we find new, emergent characteristics, but no new fundamental entities.  These emergent phenomena, such as consciousness or the dynamic core, may appear different because of our level of observation and interpretation.  But are they really?  My guess is that aggregation, scaling, or even non-linear interactions cannot change the fundamental make-up of the entities.  But these processes can certainly change the resulting patterns and their perceived characterizations that our own observational and contemplative powers give to them.  This hypothesis needs much more research, but if true, the consequences may be significant. 
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