               The Mind Is Not What The Brain Does!

                                                      Abstract
This paper summarizes my contributions to a talk with the above title given together with Jeffrey Schwartz at UCSF Cole Hall, May 5, 2009 to an audience of research post- doctoral fellows. A video of the full actual presentation is available at URL saa49.ucsf.edu/psa/ 

Introduction.  

The topic of this talk is part of the so-called mind-body problem. This problem arises from the fact that we human beings have two very dissimilar aspects. One aspect is labeled by the words “mind”, “consciousness”, “experience”, and “mental”. It is what we study in psychology courses, and pertains to things such as our “our pains”, “our joys”, “our sorrows” “our intentions”, and “our conscious efforts”. The other aspect is labeled by words such as “body”, “brain”, “matter”, and “physical”. It is studied in physiology courses, and pertains to things such as “tissues”, “cells”, “neurons”, “muscles”, and “ions”. 
To lay the framework for this talk I begin by reminding you of some contrasting ideas about mind and matter advanced by three towering intellectual figures, Rene Descartes (1596-1650), Isaac Newton (1642-1727), and William James (1842-1910).
Descartes embarked on a search for certainty that lead to his famous “Cogito” (Cogito ergo sum). His conclusion was that of one thing we can be certain: Thinking Exists! The moon may or may not be there when nobody looks, and the physical world may be naught but a dream, but experiencing certainly does occur. This conclusion emphasizes the importance of the experiential aspects of nature as the foundation of our knowledge.
Descartes also invented analytic geometry. This mathematicalization of space laid the foundation for the mathematicalization of all of the physical aspects of nature. 
Descartes also suggested that the experiential aspects and the physical aspects of nature interact with each other only in human brains. That restriction paved the way for the work of Isaac Newton.
Newton’s “Principia” (1687) laid the foundation for what is now called “Classical Physics”. A central feature of classical physics is that the causal structure is carried by the physical aspects of nature alone: consciousness is completely left out; it plays no role.
Newton’s successors (e.g., Laplace) included the human body and brain in the domain covered by classical physics.  This leads to the conclusion that the initial physical conditions of the universe determine for all times all of the physical aspects of nature. But that would mean that our conscious efforts could have no effects at all on how our brains and bodies behave. Consciousness would be rendered “epiphenomenal”! This consequence of classical physics is called “The causal closure of the physical”. It is often taken to be a fact of nature, whereas it is, actually, merely a consequence of classical physical theory. 
William James put forth an opposing idea. His “Radical Empiricism” argued that our theory of nature should be based upon empirical realities alone, and that our separate discrete thoughts need no “extraneous transempirical connective support”. (The Meaning of Truth, 1909, p. xxxvii) 
What does he mean by those words?

Recall that “empirical” means: “Based on knowledge derived from observation”, whereas “knowledge” means: “That which has been perceived or grasped mentally.”  

What James is claiming is that the connections between our distinct and separate experiences should be understood as being, like the thoughts that they connect, experiential in character, rather than “transempirical”.
To tie this strange claim to science one should recall a seminal earlier statement by James, in which he said, referring to the scientists who would one day illuminate the mind-body problem:

“The best way in which we can facilitate their advent is to understand how great is the darkness in which we grope, and never forget that the natural-science assumptions with which we started are provisional and revisable things.” (W. James: Psychology: The Briefer Course, 1892, last page)

How is this earlier statement linked to the later “connective support” claim of Radical Empiricism?

It is obvious that our successive distinct thoughts are connected together in some way. If one bases one’s understanding of consciousness upon the conception of nature put forth in classical physical theory, then the “connective support” that links our successive thoughts together is just the deterministically evolving material world. This evolving mechanical universe is supposed to grind along, deterministically, but every now and then suddenly spit out a conscious experience. Yet there is no reason within classical physical theory for this event to happen! The classical precepts make no reference at all to consciousness, and they are causally and logically closed within themselves. Moreover, the theory strictly precludes the possibility that these pop-up conscious experiences can ever affect in any way the physically predetermined evolution of the physical universe.
This mechanical conception of the “connective support” arises, in James’s words, from “the natural-science assumptions with which we started”.  These assumptions were, in James’s time, precisely the assumptions that underlie classical physics. A principal one of these presumptions is this:
The world at the microscopic invisible scale is built out of particles that are essentially miniature versions of what scientists have imagined the observed planets of the solar system to be like. 
This assumption is the core foundational idea upon which classical physics is erected.
The tool of analytic geometry allows scientists to represent the position and velocity of the center-of-mass of a planet as being precisely defined at each instant of time. This idea about the nature of the planets was extrapolated down to the atomic particles.
But we have known for almost a century that this theoretical creation of the human mind called “classical physics” is a fiction of our imagination.  At the fundamental level it is incorrect: it cannot be reconciled with the empirical facts. The fundamental departure of the new “quantum” physics from old classical physics is its rejection of this extrapolation to the atomic domain of a flawed conception of the nature of the planets. 
The presumption that a successful theory of consciousness can be erected upon the concepts of classical physics faces, therefore, four serious difficulties: 
1) Those concepts are now known to be fundamentally incorrect, 

2) Those concepts make no reference at all to consciousness; 
3) Those concepts are logically and causally closed, and hence provide no logical need for consciousness to exist, and no conditions linking the thing we want to explain, namely consciousness, to the properties occurring in that theory.
4) Those concepts require us to label as “delusional” the foundation upon which we base our productive lives, namely the vividly and incessantly reconfirmed idea that our conscious efforts can influence our physical actions.
But how does quantum theory differ?
Quantum theory is empirical. It is directly about events in our streams of consciousness, and the connective support that links these events together. This connective support is not described in terms of a transempirical classically conceived mechanical material process. It is described rather in terms of a mathematical representation of expectations about future experiences deduced from knowledge gleaned from prior observations.  This “connective support”, being based on prior empirical knowledge, and representing expectations pertaining to experiences, and undergoing sudden reductions to new forms when new information appears, is not like the abstract mindless “matter” of classical physical theory. The connective structure that occurs in quantum theory is essentially thought-like in character, precisely as demanded by James’s radical empiricism. 
Quantum theory is built, therefore, upon empirical foundations, whereas classical theory is erected upon the failed idea that the world is built out of mindless particles that are tiny versions of a theoretical guess about what planets are like. But building a theory of consciousness out of things that are all of one basic kind is certainly a more rational and promising endeavor than trying to connect mind to a mindless and empirically invalidated fiction that is inherently antithetical to consciousness.
The first main point, then, is that quantum mechanics is basically about consciousness, whereas classical mechanics leaves consciousness out. 
The second main point is that quantum mechanics is correct, as far as we know, whereas classical mechanics is known to be fundamentally wrong: it is incompatible with the empirical facts. 
In view of these first two points, a serious researcher needs to ask: Which physical theory, classical or quantum, should a rational scientist use when trying to construct a satisfactory science-based theory of consciousness? An empirically validated theory that is explicitly about consciousness, and that rests on empirical concepts that are all of one basic kind; or an  invalidated theory that leaves consciousness completely out, and is built out of fictional elements completely antithetical to consciousness ?
The third main point is that, whereas classical mechanics renders our conscious efforts causally inert, the mathematical structure of quantum mechanics provides a completely natural and rationally understandable mechanism for making our conscious efforts causally efficacious.  Quantum mechanics allows the scientist to rationally explain how conscious effort really does do what it seems to us to be doing. It does not resort to the dodge of characterizing as illusory that which it is constitutionally unable to explain.
As the first step in describing how quantum theory produces this rationally coherent understanding of causally efficacious consciousness, I next describe its connection to “attention”.
Voluntary and Involuntary Selective Attention (William James)
The manner in which quantum theory allows conscious effort to affect physical behavior is exactly the manner that William James described during the nineteenth century. 
I have spoken as if our attention were wholly determined by neural conditions. I believe that the array of things we can attend to is so determined. No object can catch our attention except by the neural machinery. But the amount of the attention which an object receives after it has caught our attention is another question. It often takes effort to keep mind upon it. We feel that we can make more or less of the effort as we choose. If this feeling be not deceptive, if our effort be a spiritual force, and an indeterminate one, then of course it contributes coequally with the cerebral conditions to the result. Though it introduce no new idea, it will deepen and prolong the stay in consciousness of innumerable ideas which else would fade more quickly away. The delay thus gained might not be more than a second in duration---but that second may be critical; for in the rising and falling considerations in the mind, where two associated systems of them are nearly in equilibrium it is often a matter of but a second more or less of attention at the outset, whether one system shall gain force to occupy the field and develop itself and exclude the other, or be excluded itself by the other. When developed it may make us act, and that act may seal our doom. When we come to the chapter on the Will we shall see that the whole drama of the voluntary life hinges on the attention, slightly more or slightly less, which rival motor ideas may receive. ...  

In the chapter on Will, in the section entitled “Volitional effort is effort of attention” James writes:

Thus we find that we reach the heart of our inquiry into volition when we ask by what process is it that the thought of any given action comes to prevail stably in the mind. 

and later

The essential achievement of the will, in short, when it is most `voluntary,' is to attend to a difficult object and hold it fast before the mind.   ...  Effort of attention is thus the essential phenomenon of will.

Still later, James says:

Consent to the idea's undivided presence, this is effort's sole achievement.”...“Everywhere, then, the function of effort is the same: to keep affirming and adopting the thought which, if left to itself, would slip away.

The laws of quantum mechanics, which were most clearly formulated by the logician and mathematician John von Neumann, naturally accommodate this causal scenario. These dynamical laws are basically psychophysical. Involuntary selective attention brings the thought of a particular action to mind, and then a voluntary effort can hold this thought in place. This holding-in-place of an intentional thought (and its neural correlate!) by a conscious effort tends to cause, in essentially the manner described by James, the intended action to occur, even in the face of strong countervailing physical tendencies. 
This key “holding-in-place effect” is a straightforward consequence of a well-known psycho-dynamical feature of orthodox quantum theory that its discoverers, Misra and Sudarshan, named the Quantum Zeno Effect.
The absolutely central point here is that although the mental effort itself has, within the theory, a well defined effect upon the physical aspects of nature, the choice of whether or not this conscious effort will be exerted is not determined by any known law, statistical or otherwise. This choice (of whether or not to exert effort) is, in this very specific sense, a “free choice”.  Quantum mechanics, in its present orthodox form, has this causal gap, which provides a perfect place for the entry of choices that are not determined by the physically described aspects of the world, but that can nevertheless influence the physically described aspects of the world.  The fixing of these choices that are not completely specified by the physical aspects of nature can be influenced by voluntary attention. It is important that this causal gap is a gap completely different from the causal gap that is partially filled by the statistical rules of quantum mechanics. The choices driven by conscious effort enter orthodox quantum dynamics in a logical place completely different from the place where “nature’s random choices” enter. The quantum mechanical conscious choices are not the quantum mechanical stochastic choices. The conscious choices, unlike the stochastic choices are not subject to any known statistical rule. 
I now begin to fill in the technical details of how quantum mechanics achieves these things.
The Uncertainty Principle. 
The key underlying difference between classical mechanics and quantum mechanics is the Heisenberg Uncertainty Principle. In the present context this principle asserts that, at the basic irreducible level, one must replace the classically conceived precisely defined trajectory of (the center-of-mass of) any object, large or small, by essentially the statistical distribution of classical statistical mechanics, constrained by the condition (in each of the three dimensions) that the product of the uncertainty in the velocity times the uncertainty in the position can be no smaller than a certain number, namely Planck’s constant, divided by the mass of the object. As in classical mechanics, one treats planets and atomic particles in essentially the same way. But in quantum mechanics one uses in all cases the measured value of Planck’s constant (~6.6 x 10-27 in CGS units), instead of the value zero that one uses in classical mechanics . The value “zero” allows the position and the velocity of the object to be simultaneously well defined, whereas the true (measured) value does not allow this. 
There is a huge difference in principle between 6.6 x 10-27 and zero.  Yet because in the dynamics of the solar system no observable difference is generated by the difference between these two numbers, scientists built classical physics on the (then-reasonable) idea of well-defined trajectories.  But extrapolating this invented idea of well defined trajectories from the planets in the solar system to the ions in a neural system leads to a dynamics very different from what is obtained by extrapolating from planets to ions by using of the measured non-zero true value of Planck’s constant.  The uncertainty conditions on the tiny ions can have a major impact on neural dynamics. 
The basic structure of orthodox (Heisenberg, von Neumann) quantum mechanics is very simple. The primary reality is a sequence of psychophysical events. Each such event has a psychological aspect and an associated physical aspect. The connective support that links these events together is a field of potentialities that determines the objective tendencies (expressed in terms of probabilities) for specified psychophysical events to occur. This field of potentialities is represented, like the physical properties of classical physics, by mathematical properties attached to space-time points, and, except at the times of the events, it evolves continuously in accordance with a deterministic equation, of motion, called the Schroedinger equation, that is a natural generalization of the deterministic classical equations of motion. 
But the key point is this: before an event can occur, a specific question with a ‘Yes’ or ‘No’ answer must be posed. Yet there is in contemporary orthodox quantum theory no rule, statistical or otherwise, that determines either the content or the timing of the next query. These lacunae are important because they allow the dynamics to be influenced by things other than the prior physical state of the universe. Once a specific query is posed, nature responds with a definite ‘Yes’ or a definite ‘No’, in accordance with definite statistical rules. But the form and timing of the next pre-experience question is left open.      
The standard ideas of neuroscience assert that what we experience is determined

by selective attention. As stated already by James, involuntary selective attention picks out an initial experience. But then voluntary attention, associated with conscious effort, can hold this thought in place.  Holding the idea of an action in place can cause the occurrence of that action to become more likely than it would have been if the conscious effort had not been made. 
These relationships can be described within the classical physics conception of nature, but they cannot be explained. They cannot be explained because the classical theory leaves consciousness out. Setting Planck’s constant equal to zero in quantum theory reduces quantum mechanics to classical mechanics, but this reduction reduces to zero the range of uncertainty within which the physical effects of our conscious efforts act, and this eliminates from the reduced theory all traces of consciousness. Thus from the perspective of the more adequate quantum theory the idea of erecting a theory of consciousness on classical physics is an absurdity, because it would mean building a theory of consciousness on an approximation that removes all traces of consciousness. 
Template for Action and the Quantum Zeno Effect.
Any action takes time, and depends on a timed sequence of neural signals being generated. It is therefore reasonable to assume that for each planned and executed action there is some pattern of brain activity which will, if held in place for a sufficiently long period of time, tend to generate that action. It is also reasonable to suppose that involuntary selective attention, responding to informational clues, and acting within a brain honed by prior experience, will tend to activate the template for an “appropriate” action.  However, the stochastic activities in a warm living brain have a strong tendency to disrupt any highly structured pattern of brain activity. So there may be a large probability that an appropriate template for action would dissolve before it can produce the needed action. It would therefore be evolutionarily advantageous if a high-level evaluative process could activate a process that could hold a highly valued template for action in place for an extended period of time, in the face of strong disruptive physical tendencies.
The quantum Zeno effect is a well-known and well-understood quantum effect. If

a ‘Yes’ response to a query occurs, and this query is immediately followed by a sufficiently rapid sequence of very similar questions, then the probability is nearly

one (unity) that nature will continue to answer ‘Yes’. Under these conditions the dynamics of the physical system becomes controlled more by the questions being ‘freely’ posed, than by the physically determined aspects acting alone.  
It has been repeatedly emphasized here that, within contemporary orthodox quantum theory, the needed pre-experience queries are, in principle, not determined by the physical aspects of nature alone. The fact that the queries instigated by voluntary attention appear to us to be controlled by our consciousness, and to have the effect of holding an idea in place, prompts us postulate that a person’s voluntary attention actually is influenced by that person’s conscious thoughts, and that the person’s conscious effort to produce an action increases the rate at which the associated queries are posed. These assumptions, which merely remove some of the indefiniteness in quantum mechanics, allow consciousness to be rescued from the causal limbo to which was prematurely  consigned by classical mechanics, and to be installed within quantum theory as essentially the causally effective player that it appears to us to be: conscious effort to produce an action influences behavior by activating the quantum Zeno effect, which holds in place a template for action, whose persisting physical existence tends to cause that action to occur.
Ion Channels and Brain Dynamics.

I have mentioned the fact that while the quantum uncertainties have only negligible observable effects on the dynamics of the solar system, they have large effects on brain dynamics. One such large effect stems from the geometric structure of the ion channels. These channels provide the pathways through which ions flow through cell walls and into nerve terminals. The channels are large molecules (atomic weight ~200,000) with a narrow passageway through which flow some kind of ions, say calcium ions. The diameter of the passageway is less than nanometer. This diameter is small enough to produce, in the motion of a calcium ion, by virtue of the uncertainty principle, a large departure from a well defined trajectory, during its passage from the exit to the ion channel to the vicinity of the triggering site where it participates in the release of neurotransmitter molecules into the synaptic cleft that separates the neuron from a neighboring neuron. This quantum smearing of the pertinent positions of the calcium ions injects a quantum uncertainty into the release of the vesicle of neurotransmitter.  
In a highly nonlinear system such as a brain, which contains a lot of releasable free energy, small differences at the microlevel quickly evolve into gross macroscopic differences. Thus one must expect, in the absence of any quantum collapses, that the macroscopic state of the brain should generally evolve into a state that is a quantum mechanical mixture of macroscopic components containing more than one (macroscopic) template for action. For example, if you are walking in a dark forest and a shadowy form jumps out of the darkness, your brain could quickly evolve into a state that could include both a template for “fight” and also a template for “flight”. But you can do only one action or the other, not both. 
The quantum resolution of the conflict involves first an involuntary attentional selection of one of the two templates, and of its associated thought, “fight” or “flight”,  followed, perhaps, by a conscious effort to “actualize” that action. If this consciously directed effort does occur, and activates a rapid sequence of similar queries, then that template could be held in place for an extended period, which can cause that action to occur. In this case the conscious effort will then have actually caused, by its activation of the quantum Zeno effect, the intended physical action to occur.   
This general quantum theoretical model provides a rationally coherent science-based understanding of how our consciousness intentional efforts themselves can tend to cause the intended bodily effects to occur.
Jeffrey Schwartz presented slides of empirical results showing the brain areas that are activated in situations in which conscious intent influences brain behaviour.
Questions from the audience.

These two talks were followed by a question and answer period. The answers to some of the questions will serve to clarify certain points. The talk was also televised to several other sites at UCSF. One question was sent from a viewer at one of those sites.

It was this: 
How does Quantum Physics support the concept of free will? I followed how 
quantum physics can address consciousness, whereas classical physics cannot.  And, how choosing to think differently about a topic can have different effects on the brain. I also agree that it is silly to think that consciousness is an illusion, when my simple definition of consciousness is: ‘the awareness of being aware.’ However,  I just do not see how any of this supports free will and I would appreciate to hear your thoughts on this or recommendations of books I could check out.
Thank you very much!

Bryan Burke <bpburke2001@yahoo.com>

Stem Cell Research
Answer. In my reference to “free choice” I emphasized that my use of that phrase referred explicitly to the fact that the choice of the query was not determined by the prior physically described aspects of reality. I also stressed that this choice was not determined (or conditioned) by the statistical rules of quantum mechanics. But that does not mean that these choices are not determined by anything at all. Indeed, a choice that simply ‘pops out of the blue’ would conflict with a principle that I accept, namely the principle of sufficient reason: nothing occurs without a reason! Because the choices of these queries, or at least the voluntary ones, are not determined by either the physical or the statistical conditions, and they feel like they are influenced by evaluative feelings and reasons, I take these choices to be in fact determined primarily by supra-physical (but certainly not supernatural) aspects of nature.  I call such choices “free will”. For references I refer you to chapters 9, 10, and 11 of my 2007 book Mindful Universe: Quantum Mechanics and the Participating Observer, and to my paper  A model of the quantum-classical and mind-brain connections, and the role of the quantum Zeno effect in the physical implementation of conscious intent. http://arXiv.org/0803.1633
Question: “How does your approach relate to the ‘microtubules’ of Penrose and Hameroff.”

Answer: That approach rests on the idea that the brain supports quantum “superpositions” that extend over macroscopic regions. That idea is questionable, both theoretically and empirically. The brain is a warm, wet system whose small parts are strongly interacting with their environments. Those features tend to eradicate almost completely the quantum-superposition aspects of the quantum mechanical brain. They tend reduce the quantum state of the brain essentially to the representation of that state used in classical statistical mechanics, with, however, the uncertainty principle limitations imposed. That is how I am treating the warm, wet quantum brain. Incidentally, Klaus Hepp and Christoph Koch wrote an article in Nature criticizing the idea of using quantum mechanics to understand the brain. Their criticism pertains to the Penrose-Hameroff use of superpositions: it does not apply to the approach described here. [http://www-physics.lbl.gov/~stapp/koch-hepp.doc]
Question: “Why are many physicists rejecting the original formulation of quantum theory, which brings human consciousness into the picture, and trying to devise versions of quantum theory that leave consciousness out?”
Answer: Physicists begin their training by absorbing the ideas of classical physics, which leave consciousness out. This training appears often to leave an indelible imprint: a belief that true science must leave consciousness out. But a physical theory must tie into human experience to be relevant to science, and there is no rational scientific advantage in insisting that the essentially universal experience of strong empirical correlations 
between conscious effort and bodily action must be explained as a mysterious “illusion”, instead of as a rationally understandable causal consequence of the laws of physics. 
It has often been remarked that the classical physicist uses one conception of the world when thinking as a physicist, but a quite different one when he removes his physicist hat and returns to the real world, in which he takes for granted that his conscious efforts can influence his physical behavior. But his physical activity as a scientist, which involves setting up experiments etc., is part of his real-world aspect. A rational scientist should have no difficulty choosing between, on the one hand, an empirically validated theory that covers in a rationally understandable way both his real life and his theoretical computations, and, on the other hand, an empirically invalidated theory that forces him to conclude that he is an automaton whose belief that his conscious efforts can affect his physical behavior is a complete delusion.   
It is, again, the old question of a conflict between reason and faith, but with a new twist. It is a choice between reason, based on science, and faith, based on an indoctrinated belief in what Sir Karl Popper calls “promissory materialism”: the promise that, in spite what appears to be logically insurmountable difficulties, materialism will “some day”, if we doggedly pursue it, lead to a rational understanding of the conscious aspect of our being.  Such a faith, no matter how illogical, can never be conclusively refuted because it is about an imagined unreachable future. But for scientific purposes it cannot be favorably compared to a theory that provides causal explanations rooted in validated physical theory.
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