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The question before us is whether quantum mechanics can help solve the problems of philosophy of mind. 
I believe it can, and my talk will explain how.

What are these problems? They are tied to the ideas of classical physics that prevailed in science during the eighteenth and nineteenth centuries, and were eloquently described by the great 19th century physicist John Tyndall: 

“We can trace the development of a nervous system and correlate it with the parallel phenomena of sensation and thought. We see with undoubting certainty that they go hand in hand. But we try to soar in a vacuum the moment we seek to comprehend the connection between them…Man as object is separated by an impassable gulf from man as subject. There is no motor energy in intellect to carry it without logical rupture from one to the other.” [1].
If there is, indeed, such an impassable gulf, then a primary question is: On which side do we lie?
The belief of most contemporary neuroscientists, and philosophers of mind, is that we lie on the physical side: and that our conscious experiences must therefore be built out of the material stuff of our bodies, and, more specifically, of our brains or nervous systems.
That conclusion draws its scientific support from the principles of classical mechanics, which claimed that the behavior of our bodies could be completely explained without ever mentioning or considering our conscious thoughts, ideas, and feelings. 
Huge efforts have been made to understand, rationally, how “man as subject” can arise from the material stuff of classical mechanics – how something like the motions of bouncing billiard balls could be, or produce, a conscious thought. But many scientists and philosophers now agree that no progress at all has been made in resolving that classical-physics-based mystery. 
Sir Karl Popper described the current mainline view in neuroscience as “promissory materialism”: with the “promise” being that dogged adherence to the principles of classical mechanics will eventually lead to an understanding of consciousness.
Classical mechanics was, however, found during the twentieth century to be incompatible with a growing host of empirical findings, and was replaced at the fundamental level by quantum mechanics. A key innovation of the new theory was to bring our conscious thoughts into the theory as logically essential parts of the basic underlying dynamics. This quantum approach leads, via the “orthodox” formulation of John von Neumann [2] to a clean ontological separation between our mental and physical aspects, which, however, become tied together by a dynamical connection. John Tyndall’s nineteenth century “impassible gulf” has thus been bridged, during the twentieth century, by replacing an empirically invalid classical physics by empirically valid quantum physics!
But how did such a radical change in the foundations of physics come about?
The original “Copenhagen” version of quantum mechanics.
Early in the twentieth century a series of theoretical and experimental findings showed that the classical principles that work so well for large astronomical and terrestrial objects, fail to work for their atomic constituents!  A new set of laws was found to hold for the atoms. But if we try to apply these atomic laws to the atomic constituents of us human observers, then we usually find that what we experience is altogether different from what the atomic theory predicts!
Specifically, the atomic laws generally entail that the brain of an observer will naturally evolve into a mixture of many different quantum components, each of which corresponds to a different perceptual experience. Yet only one of these perceptions occurs in any actual empirical instance. Consequently, the atomic theory, understood in the ordinary traditional way, fails to agree with experience.
The founders of quantum mechanics resolved this conflict between the atomic laws and human experience by abandoning the conceptual framework that Isaac Newton had created in the seventeenth century. That “classical” way of thinking had, for more than two centuries, been accepted by scientists as the proper foundation of science. But that approach excluded, as a matter of basic principle, any irreducible effect of our conscious thoughts on the behavior of the physically described aspects of the universe.   
Orthodox quantum theory revokes that exclusion! It converts our conscious experiences from passive spectators to active participants in the creation of our future experiences.  
The rational foundation of the new approach was the demand by the creators of quantum mechanics that science be anchored in what we know. But everything we know resides in our experiences. Hence the founders backed away from the idea that the aim of science is to comprehend the reality that lies behind our experiences. They focused instead on the structure of our experience itself. 
In the words of Niels Bohr:
“In our description of nature the purpose is not to disclose the real essence of phenomena but only to track down as far as possible relations between the multifold aspects of our experience.” [3] 
Quantum theory was, therefore, originally offered not as theory of “reality”, as defined in some abstract classical sense. It was presented, rather, as a practical tool for making predictions about our future experiences on the basis of information derived from our past experiences. Thus human experiences became the basic realities of the theory: the basic realities were shifted from the objective to the subjective side of Tyndall’s “impassable gulf”. 

In this pragmatic approach, we observers are -- in order to make the theory useful to us --  represented within the theory in the way that we intuitively conceived ourselves, namely as psycho-physical agents that can form intentions based on our own reasons, emotions, and values, and can then physically act to implement those intentions.  Von Neumann’s orthodox formulation of the theory integrates these features into a rationally coherent understanding of nature itself, and our place within it.
In quantum theory our mental intentions are “freely chosen”, in the sense that they are not determined within the theory by prior physical properties. Thus these intentions are allowed by the theory, in its orthodox realistic version, to depend irreducibly on consciously felt values that are described in psychological rather than in physical terms! That means that quantum theory violates a core idea of classical mechanics: it allows our mental “free choices” to influence our physical actions, yet not be fully determined by prior physically describable properties. Thus the philosophy-of-mind concept of “physicalism” fails: the demand that “all is physical” is not only not entailed be contemporary basic physics; it is also strictly incompatible with the orthodox realistic formulation of it. 
The general logical form of the empirically validated quantum mechanical dynamics is this. Before each perception, the observer must choose and perform a probing action. That action effectively asks Nature whether or not the system being observed has a specified physical property. The existence of this physical property will be communicated to the observer by a specified-by-the-observer response from nature. This possible positive (“Yes”) response is chosen by the observer, not by Nature. If Nature’s answer is “Yes”, then two things immediately happen: the observer will experience the observer-selected response, and the system that is being observed will immediately acquire the specified physical property. If Nature’s answer is “No”, then the observer will experience nothing, in connection with this negative answer, but the physical possibilities will be reduced by the exclusion of the “Yes” possibility.
Nature’s choice between the two possible responses, “Yes” or “No” is asserted to conform to a certain quantum statistical rule. But the observer’s choices are, in the both the pragmatic and orthodox realistic versions, supposed to arise from the observer’s motives and values! Thus the conception of “the user” conforms, in both versions, to the user’s life-experience-based idea of himself or herself. 
Whereas classical physics renders life meaningless, by asserting that we are, effectively, mindless mechanical puppets, acting out a pre-choreographed script, quantum mechanics restores meaning by allowing, and indeed causing, one’s own experienced future to be directly influenced by one’s own value-based consciously felt efforts!   
A key feature of this quantum observation process is that the property chosen by the observer is something that the observed system possesses after the process is completed, but may not have possessed before the process was initiated. 
For example, the quantum state of an observed system before the probing action might  correspond to a “wave” that is spread out over a large spatial region, whereas after the response, the state might correspond to the system’s being confined to a particular atom-sized region. Such a “collapse of the quantum state” provides an immediate resolution of the wave-particle duality problem.
We see here the beginnings of the quantum bridge over Tyndall’s “impassable gulf” between “man as subject” and “man as object”. For the observer’s conscious choice, which lies on the subjective side of the gulf is causally affecting the objective physically described world, which lies on the other side. 
John von Neumann’s orthodox version of quantum mechanics.
The founders dodged various puzzling metaphysical issues by claiming to be providing merely a practical tool that works in practice. But philosophy of mind cannot evade basic metaphysical questions. 

The eminent mathematician John von Neumann faced the difficulties head-on, by converting the original Copenhagen pragmatic version of quantum mechanics into a form that can be regarded as an empirically validated putative theory of an interactive psycho-physical reality. 
But what changes did he institute?

The original “Copenhagen” way of describing the collapse process was tied to a mysterious thing called the “Heisenberg cut”. Everything lying “below” this cut was supposed to be described in the mathematical language of quantum mechanics, whereas everything lying “above” the cut was described either in the language of classical physics, or in psychological or mental terms. The idea was that a practical account must accommodate our possible mental intentions and free choices, and also our descriptions of – in Bohr’s words --“what we have done and what we have learnt” [4]. Those things were described in mental and classical terms, whereas their atomic underpinnings were described in terms of the quantum mathematics.
This Heisenberg cut was “movable”: its placement depended on what practical use was to be made of the theory. But that “movability” meant that the same physical thing could be described in two logically incompatible ways – either classically or quantum mechanically -- depending on the practical application. 
Such an inconsistency might be all right for a purely practical theory, but it is not acceptable for a putative description of reality itself.
A principal move made by von Neumann was to show that the Heisenberg cut could be moved all the way up, so that reality was unambiguously separated into a purely mental part, and a part described in terms of the mathematical language of quantum mechanics. The external measuring devices became parts of that latter world, while the “classical descriptions” of these devices became unambiguously identified as aspects of the perceptions of observers 

The mentally described experiences were kept fixed, while the Heisenberg cut was shifted up, step-by-step, until all atomically constituted things, including our physical bodies and brains, lie below the cut, and hence are described in the mathematical language of quantum mechanics. The observer’s mental aspects are preserved during this shift of the cut, and they are eventually pushed completely out of the physically described universe: mind-matter separation is achieved within a theory that dynamically encompasses both. 
These preserved mental aspects were called abstract “egos” by von Neumann. They are mental in character, and are ontologically separated from the physical world. Yet each such ego retains a quantum dynamical linkage to an associated physical brain. Thus Tyndall’s “impassible gulf” between “man as subject” and “man as object” has been bridged by rigorous quantum mathematics: Von Neumann converted what had originally been offered as a mere practical tool into a rationally coherent putative description of a dynamically integrated psycho-physical reality!
Von Neumann’s formulation eliminates the notion that mere “bigness” can somehow cause a collapse. After all, how big is big? Von Neumann’s formulation ties the collapse not to something as nebulous as “big”, but to something that, according to the theory, is separate from the physical world -- namely consciousness! And his theory specifies the place where consciousness acts – namely on the brain of the observer.
Our egos are thus ontologically separated from our bodies. But then how can they control our bodily movements? 
The causal effectiveness of our minds.
It might seem that a mere capacity to pose questions and register answers would leave our mental egos just as helpless and impotent as before. But the quantum mechanical process of posing questions and receiving responses is not like the classical mechanical process, in which our observations have no physical effects. In QM, the observer’s free choices of which question to ask play a critical role in determining which potential atom-based property will become actualized. 

In QM, the observer asks Nature a yes/no question about the state of a system. If Nature’s response is “Yes”, then after this response is delivered the system will definitely have the property that the observer freely picked. 
Normally, this dependence of the post-observation properties of the system that is being probed upon the observer’s choice of question does not give the observer any effective control over the observed system. That is because Nature’s response can be “No”. 
However, there is an important situation in which, according to the quantum rules, the “No” answers will be strongly suppressed. In that case, the free choices made by the observer can exert effective control over the system being probed – which, in von Neumann’s theory, is the brain of the observer.

Suppression of the “No” responses is predicted if an initial “Yes” response is followed by a sufficiently rapid sequence of posings of the same question. In that case the observer becomes empowered, by his own free choices, to hold stably in place a chosen brain activity that normally would quickly fade away. 
This effect is the celebrated “Quantum Zeno Effect”, which was linked by Sudarshan and Misra to the paradox of the arrow in flight posed by the Greek philosopher Zeno of Elea: at each instant the arrow is at rest, so how can it move? 
This “paradox” is no longer puzzling to scientists. But the quantum dynamics brings it back into play, by claiming that if the quantum observations – which affect the system being observed – become increasingly rapid, then the motion of the system being observed becomes increasingly slowed. In the limit of infinitely rapid observations the observed system becomes frozen in place, like Zeno’s arrow.
The important dynamical change in the role of us observers was repeatedly emphasized by Bohr and the other founders, in statements such as:
“..in the drama of existence we are ourselves both actors and spectators.” [5]
This change in our role in the unfolding of reality vindicates William James’s commitment to rationality:
“It is to my mind utterly inconceivable that consciousness should have nothing to do with a business which it so faithfully attends.” [6].
The essential point.
The purpose of the above account of the twentieth-century replacement of classical physics by quantum physics is to make it clear that the foundation within science for both the philosophy-of-mind concept of “physicalism” and the neuroscience idea of “promissory materialism” has now evaporated: Quantum physics constitutes a refutation of the idea that the motions of the atoms in our brains are, like the motions of planets in our solar system, independent of our mental intentions. Quantum physics elevates our conscious intentions from physically impotent side effects, of a physically predetermined evolutionary process, to dynamically essential instigators of our physical actions! The intensive twentieth century efforts by some influential scientists and philosophers to curtail the rational advance of basic science by clinging to simple nineteenth century ways of understanding nature has borne no fruit. It is time, now, to accept the quantum advance in our understanding of nature not only in technology but also in neuroscience and philosophy of mind. 
Impact on philosophy of mind.
Quantum mechanics contains, in addition to a mathematically describe physical part, also our psychologically described mental parts, with these two parts rationally tied together by a specified dynamical process. That achievement is precisely what philosophy of mind, and philosophy in general, has been seeking ever since their inceptions: a rationally coherent understanding of a reality that is inclusive -- that rationally encompasses simultaneously both the mental and physical parts of nature, and that, building on a science-based empirical foundation, explains how a person’s mental intentions and physical behaviors are related to each other!
Some physicists have tried to eliminate the causal effects of the mental, and thereby to revert to the seventeenth century classical ideal. That endeavor may have some practical utility in the pragmatic treatment of purely physical experiments involving external measuring devices, with no effort to account for “our knowledge” of what is physically happening. But from a deep philosophical perspective those efforts are retrograde because they leave out of the ontology the only thing that we really know exists, namely our conscious experiences. The deeper philosophically important endeavor is not to exclude the known-to-exist mental part of reality from science. It is rather to bring mental realities into science in a rationally coherent way! That deeper endeavor is an important part of what von Neumann’s orthodox theory is all about!
Appearances are deceiving. 
The question naturally arises why most neuroscientists and philosophers interested in the mind-brain connection choose to ignore the very pertinent replacement of classical physics by quantum physics.
One reason, of course, is the power of inertia and authority. Another is the unfamiliar mathematics and logic. More important is the fact that physics textbooks follow the pragmatic Copenhagen tack, in which the quantum collapses are imagined to occur at external measuring devices, rather than in our brains. Physicists, in general, prefer not to mix their physics with psychology, and hence to push aside, as much as possible, the complications associated with our knowledge, and hence to remain content with a purely pragmatic stance.
But probably the most important inhibitor of the embrace of quantum mechanics is the fact that the orthodox theory entails that the seeming validity of classical ideas at the level of visible-sized properties is illusory:  According to orthodox quantum mechanics “Appearances are deceiving!” They are profoundly deceiving! 
In orthodox quantum theory, the world of tables and chairs and other atomically constituted parts is considered to be fully quantum mechanical. But that means that, in spite of its classical material appearance, the macroscopic physical world is “really” bundle of potentialities pertaining to what will appear to us observers if someone actually looks. Perceivable properties become actual only insofar as actual perceptions actualize them.
The normally observed “classical” appearance of the visible world is, according to the orthodox theory, created by all of the observations that have been made over the course of the history of the universe. Those conditions are very restrictive. But they still allow a lot of quantum mechanical uncertainty for the status of perceivable-sized things that are not actually perceived. 
Our brains, for example, are highly quantum mechanical. Large amounts of quantum uncertainty are introduced by the passages of ions through ion channels. The small spatial diameters of these channels entail large uncertainties in the velocities of the ions emerging from them. A living person’s brain is therefore a generator of huge amounts of quantum uncertainty. This uncertainty can percolate up to the macroscopic level without being perceived either by the person himself or by anyone else. Brains must therefore be treated quantum mechanically: That is what permits the behavior of a person’s brain to be significantly influenced by 
the free choices made by that person’s own conscious mind.
Weird as this quantum feature might seem to scientists steeped in Newtonian physics, it is where quantum mechanics rationally leads. It is in complete accord with all human experience, including our experience-based understanding of ourselves. And it is in line with a certain idea of parsimony that would not allow Nature to encumber itself with a highly developed conscious aspect that can make no difference in what actually happens.
Nonlocality and the nonmaterial character of nature.

In spite of the accuracy of the quantum predictions pertaining to our normal everyday experiences with ordinary objects, it is not easy to accept the idea that perceivable things that are unperceived differ greatly from actually perceived things… Why should anyone believe such an anti-intuitive idea?  

A fundamental feature of quantum mechanics is its inescapable need for faster-than-light transfer of information. Einstein believed this feature to be just a peculiar property of the statistical mathematical formalism; not a property of a putative yet-to-be-discovered underlying reality However, it has been rigorously proved, by arguments that make no reference at all to any microscopic property, that quantum mechanics is incompatible with the general assumption that information about choices made by human agents in various experimental regions cannot be transmitted faster than light to distant experimental regions. [7, 8, 9] 
These proofs rule out the validity of a conception of reality that conforms, at the macroscopic level, to the classical principles of special relativity theory 
Retro-causal determination of records of the past. 

Quite apart from logical proofs of the failure of the classical-physics-based notion of materialism, there are also directly observable phenomena, involving the “appearances” of backward-in-time actions. The quantum collapses have a certain sort of “effective” retro-causal action. The “quantum collapses” not only pick out what actually happens from a set of potentialities for what might happen. They also eliminate from the records of the past all traces of properties that led to the possibilities that were eliminated by Nature’s choice. Thus the surviving records of the physical processes leading up to the collapse event exhibit only those parts of the past that lead up to what actually did happen: the other parts of the stored records of what was happening prior to the collapse disappear without a trace.  As Stephen Hawking and Leonard Mlodinow succinctly put it in their recent book The Grand Design: 
“We create history by our observations, rather than history creating us.” (p.140)
A large number of experiments have revealed the existence various retro-actions directly at the macro-level of perceivable-sized effects. One kind of example consists of a change in the size pupil of the eyes of human subjects slightly before a random-number-generator-timed shocking stimulus is applied! Another kind of example is a sudden increase in skin-conductance slightly before a shocking visual stimulus is shown to a human subject. 
These retro-effects are incompatible with a material world governed by the principles of classical physics. The precepts of “Promissory Materialism” are thus   --- directly at the level of visible phenomena, and without reference to quantum theory -- irreconcilable with apparently mounting scientific evidence. 
But the retro-causal effects can be consequences, within a strictly forward-in-time evolving universe, of selections of which records of what was happening in the past survive the collapse. This collapse creates not only the reality existing at the present global instant “now”, but also, via the Schroedinger equation, a new set of potentialities for the future, and also a revised record of the past. 
The point, restated, is that, according to orthodox quantum mechanics, the evolving reality is created by a strictly forward-in-time indeterministic process that produces records of the past that exclude the records of the processes that led to the possibilities that were eliminated by the collapse.   
Conclusion
The failure of classical mechanics at the level of the atoms led to its replacement by quantum mechanics. The basic change wrought by that move was to separate our minds ontologically from our brains, and to convert our minds from puppets controlled by our brains to bona fide players in the game of “Creation of our joint experienced future”. 
We in the West live in a society that rests heavily on the idea of our own human nature that was fabricated by classical mechanics. Our teacher’s teach it; our pundits proclaim it; our courts uphold it; our institutions and governmental agencies base their decisions upon it. And we ourselves can be disheartened and inhibited by meaningless of our lives that this incessant message implies. That pernicious fable falsely attributes to science the fiction that we cannot by our mind-driven actions create a better world for ourselves and our progeny.
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