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Abstract

This paper reviews the literature on the debate about the relationship between
the quantum realm and human consciousness. It starts with a brief look at
quantum physics, then moves on to look at the key quantum interpretations,
covering the Copenhagen Interpretation, Von Neumann’s views, the neo-
realists, and the ‘many worlds’ and ‘many minds’ views. Key authors in the
literature on the quantum-consciousness debate are then reviewed within a
framework of three levels of explanation: neurological, psychological and
philosophical. The various analyses are brought together by consideration of
the key issues that arose during the review, where these were seen as the
quantum-neuron interaction, neurons and consciousness, consciousness and the
wave equation, Copenhagen versus the rest, ‘many worlds’ versus ‘many
minds’, the Cartesian dichotomy, and Chalmers’ hard problem. Finally, the
paper finds the ‘many minds’ view the most viable of the views examined.
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Quantum Physics and Human Consciousness:
The Status of the Current Debate

Introduction

This paper is intended for those interested in the relationship between quantum
physics and human consciousness. Readers from a variety of disciplines, such
as philosophy, physics, and psychology, should find it readily accessible. It
should also be accessible to a wider readership outside these disciplines.

Arguably, two of the greatest mysteries facing science are that of the ultimate
nature of reality as depicted within quantum physics, and that of human
consciousness. In the former, we cannot directly access it, but can infer its
nature by means of the results of experimental physics. In the latter, although
we all know what it is like to be conscious, its actual nature may be beyond the
reach of science.

The aim here is to review the key literature on this relationship in an attempt to
see where the debate has led to, to date. Although this debate has been going on
for many decades now (for example, Von Neumann, 1955), it has intensified in
recent years.

At the root of research into the relationship examined here is the classical-
quantum dichotomy, along with the Cartesian mind-body dichotomy. In the
case of the former dichotomy, we are powerfully conditioned by our birth into,
and subsequent maturation and socialisation in, the realm of sense data. Our
acquisition of speech and concept formation arises directly from our being
embedded in the classical world. Whilst we can generate mathematical
formalisms to model and make inferences about the non-classical micro-realm
of quanta, we can never directly access that realm. Our mental representations
of the micro-realm are always classical. In the case of the latter dichotomy, the
Cartesian epistemology was never an issue for classical physics because mind
(consciousness) did not enter into the equations of motion nor into any other
mathematical formalism. However, with the introduction of quantum
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mechanics, conscious experience does come into play, regardless of which
interpretation of the quantum facts one subscribes to. This has raised questions
about Descartes’ dichotomy and led some to wanting to revise his epistemology
in the light of the findings of quantum theory. But more of this later. Many
books have been written about quantum physics, including its historical
development. There isn’t the space in this paper to address these historical and
developmental issues. However, it is necessary to give them in brief.

Quantum physics in brief
Quantum physics (known also as quantum mechanics, as opposed to classical
mechanics — see below) had its foundations at the beginning of the 20th
century, but appeared more formally as a branch of physics at the 5th Solvay
Conference in 1927 (Stapp, 1998). Most physicists of the 18th century believed
that light consisted of particles, which they called corpuscles. From about 1800,
evidence began to accumulate for a wave theory of light. By the end of the 19th
century, physicists almost universally accepted this wave theory of light. In
1900, Max Planck, responding to the problems posed by the conflict between
theory and actuality in the spectrum of radiation from a hot body, introduced
the idea of the quantum. He suggested that the radiation energy is emitted, not
continuously, but rather in discrete packets called quanta. The notion of quanta
was realised through experiment when Planck derived a very small value (h),
which became known as Planck’s constant — a very important value in the
subsequent development of quantum theory.

Thus arose the concept of quantum mechanics (as opposed to classical
mechanics). In 1905 Albert Einstein extended Planck’s hypothesis to explain the
photoelectric effect. But the development of quantum theory soon became
closely tied to the difficulty of explaining by classical mechanics the stability of
Earnest Rutherford’s nuclear atom. Niels Bohr in 1913 led the way to
explanation with his model of the hydrogen atom, in which the motion of the
electron around the proton was analysed as if it were a planet orbiting around a
sun, where only discrete orbits were allowed. However, Bohr’s model relied on
an inconsistent mixture of old and new physical principles. De Broglie, who in
1924 proposed that not only did light have a wave-particle nature, but so also
did matter, made a significant contribution to the development of quantum
physics.

In 1925, the arbitrary postulates of quantum theory found consistent expression
in the quantum mechanics formulated by Heisenberg, Schrödinger, and Dirac.
Werner Heisenberg, quite independently of the other two, developed his matrix
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mechanics as a way of understanding what was happening at the atomic level.
However, the mathematical basis of matrix mechanics proved somewhat
cumbersome. In 1926, Erwin Schrödinger postulated a wave equation that he
believed described the location of, say, an electron. Thus arose wave mechanics
as applied to quanta (wave mechanics had existed long before quantum physics
came into being). In this way, Schrodinger developed a mathematical
algorithm, based on classical principles that could be applied to the non-
classical realm of quanta. However, he encountered problems when attempting
to apply his wave equation to the simplest of atomic structures — the hydrogen
atom, which has only the one electron orbiting its simple nucleus. Max Born,
who realised that the wave equation was actually statistical and not a real wave,
came up with the notion that the square of the amplitude of the wave
represents the probability of finding an electron’s position or momentum. Thus
arose statistical mechanics. Born’s insight led to the use of the wave equation,
with a wide variety of wave functions (waves that attempt to describe
subatomic entities, such as electrons and photons, at the quantum level), to
predict outcomes in quantum experiments. The success of this use and the level
of accuracy entailed is without parallel: quantum mechanics has become the
most successful of all the branches of science.

These developments led to Bohr’s concept of the electron as a locatable particle
orbiting the nucleus being replaced in quantum statistical mechanics by a
probability cloud that describes the likely location of an electron. As implied
above, for a given quantum entity (for example, electron) and a given
experimental arrangement, there is a specific wave function. This wave function
evolves in time, describing a probabilistic cloud. Only when a quantum entity
entangles with a measurement set-up does the wave function ‘collapse‘ or
reduce to a measurable event in classical space-time. However, as we shall see
shortly, not all theorists agree with the notion of the collapse of the wave
function. The two key features of the quantum theory are:

• Bohr’s ‘complementarity principle’. This principle deals with the concept of
wave-particle duality, which states that quantum entities can display
either wave-like or particle-like properties, depending on the
measurement set-up. However, these entities are neither waves nor
particles. We simply do not know what they are. In fact, the
Copenhagen interpretation (see shortly) insists on a fundamental
quantum ignorance, in which we cannot know what these entities are.

• Heisenberg’s ‘uncertainty principle’, or more correctly, ‘indeterminacy
principle’. This principle states that if we wish to measure an entity’s
momentum (velocity) with precision, then we must sacrifice precision in
the measurement of its position, and vice versa. This principle applies to
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a variety of such conjugate pairs, where momentum-position is a very
common pair (there are others, such as spin and charge). What this
principle says, in effect, is that as the precision of our measurement of
one of the pair (say, momentum) approaches perfection, our knowledge
of the other of the pair (say, position) approaches zero. The
mathematical relationship is a very simple one, and can be pictured
somewhat as a seesaw, as follows:

Figure 1: A seesaw analogy

Figure 1 shows a seesaw analogy of the uncertainty principle, where ∆p is the
error in measuring momentum (∆), and x is the error in measuring position (x).
The smaller the value of ∆p or x, the greater the precision. Thus, you can see
from the diagram that as ∆x is moved down toward greater precision, ∆p must
move up toward reduced precision. In the extreme, as one of the pair moves
toward zero (absolute precision), the other moves toward infinity (no
knowledge at all).

These two key principles have profound implications, not only for quantum
physics, but also for our perceptions of the nature of reality. One implication is
that the seemingly solid reliable reality that we perceive is based on something
that is ultimately uncertain or non-determinable. Many have found this to be a
shocking ‘fact’. Einstein, for one, not only found it shocking but also attempted
to refute it, saying to Bohr one of in his many debates with him that he
(Einstein) could not believe that God played dice with the universe.
Unfortunately for Einstein, he lost every one of those debates. Bohr once said
that if you did not find quantum theory shocking, then you had not understood
it. There are other implications surrounding the complementarity principle. Not
only is everything fundamentally indeterminate; we cannot really know what
things truly are in themselves. We classical beings are comfortable with notions
such as particles (electrons as tiny billiard balls) and waves (ripples on a pond).
However, electrons are neither particle nor wave. We simply do not know what
they are. The term electron (or photon) is a comfortable label, nothing more.
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The strangeness of the quantum realm
A range of experiments has brought out the strangeness of the quantum realm. I
will describe two simple such experiments to give you a feel for just how
strange the quantum realm really is. In a very early experiment, the
experimental set-up consisted of an electron gun (similar to that in your
television), which emitted electrons in a narrow beam. This beam was directed
at a metal plate having a very small circular aperture. As the beam was very
narrow, most electrons passed through the aperture and on to a photographic
film on the other side of the plate. Electrons striking the film chemically
changed the film at that location, where this showed up as a dark spot on the
developed film. Where a large number of electrons was passed, per second,
through the aperture, a pattern would appear on the film, looking somewhat
like a series of concentric rings (known as Airy rings, after an 18th Century
Astronomer Royal who discovered this effect using light). This told the
experimenter that interference was occurring at the aperture, meaning that the
electrons were behaving like waves, not particles. Yet, individual electrons were
striking the film, in order to produce the overall pattern. So what was
happening? The experimenter then slowed down the rate of electron emission
until only one electron was passing through the aperture each minute. Sure
enough, he found that individual electron strikes were recorded, showing that,
at the film, he was dealing with particles. However, he then left the apparatus,
at this emission rate, for a week (it seems he went sailing on the Thames). When
he developed the film, to his amazement, instead of finding a pattern of random
strikes all over the film, he found the interference pattern. Thus, even though
the electrons were passing through the hole and striking the plate as
individuals, and could not conceivably interfere with each other under those
conditions, they still appeared to form the interference pattern. It was as though
the individual electrons ‘knew’ where to land, ahead of arriving at the film.
Thus, not only are we dealing with the wave-particle paradox, but worse, with
electrons that appeared to be conscious!

Other experiments have been conducted, using very narrow vertical slits
instead of small holes. In one simple version, two slits are formed in a plate
where the horizontal separation between them is very small. Again, as in the
above experiment, an electron beam is ‘shone’ at the slits, and another variety of
interference pattern appears at the film on the other side of the slits. Thus,
again, we have wave-like behaviour at the slits and particle-like behaviour at
the film. If the emission rate is reduced to, say, one per minute, again, over a
lengthy period of time, the interference pattern (vertical light and dark bars in
this case) appears. If one slit is closed, so no electrons can pass through, the
interference pattern disappears and a single vertical dark bar appears,
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indicating particle-like behaviour. If, with both slits open, we attempt to
identify which slits individual electrons are going though, we cause the set-up
to behave as though the ‘looked at slit’ is closed. What do we make of all of
this? We, again, have ‘knowing’ electrons, which not only know in advance
where to land on the film; they also appear to ‘know’ what the set-up is in
advance of reaching the slits.

The preceding gives you a flavour of what we are up against in trying to
understand what is happening at the quantum level. Heisenberg left us in no
doubt that, at that level, there is no certainty, only potentia (Heisenbug’s term),
which  may or may not become a reality in a given experimental set-up. In
addition, we have quantum entities that can behave as both particle-like and
wave-like in the same experiment. Finally, we appear to have ‘knowing’ quanta
that behave in ways that no classical object ever does. It is as though the act of
observing quanta has an influence on what they become in the classical world,
that is, the act of observation appears to ‘collapse’ the probabilities of the given
wave function to an actual measurement. It is this notion that led some to
believe that it was ultimately the consciousness of the observer that caused this
collapse.

The measurement problem
The experimentation of recent decades has sharpened what is known as the
‘measurement problem’. In essence, the problem centres on the fact that, for
many experiments, we can obtain only one unique answer (for example, a
measure of spinup or spindown of an electron1). However, quantum
mathematics shows that more than one answer can exist simultaneously as a
superposition of probabilities (for example, 50 per cent spinup plus 50 per cent
spindown). It is here that we have the stark contrast between the familiar
classical world of the senses and the weirdness of the quantum realm. The
Aristotelian yes-no logic of our space-time classical world is not obeyed in the
quantum realm.

In the classical world, a detector of, say, spinup states can yield only a yes-no
result. It is not possible for it to be in both states at the same time. And yet,
under certain conditions, that is just what the mathematics show as being
possible in the quantum realm. Under certain experimental conditions, electron
pairs are produced, in which one of the pair has spinup and the other
spindown. In the case where the electron direction is at right angles to spin, the
mathematics shows that either spinup or spindown will be detected (but not
both together). Thus, there is no measurement problem, because only one

1 Elecrons have a spin that can assume one of only two states known as ‘up’ for one direction of spin and ‘down’
for the other direction.
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unique result is predicted. However, if the movement is at any other angle, the
complex operators produce a prediction that both states can exist at the same
time, to some degree of probability. Yet, because the detector can display only
one unique state, we have a measurement problem. There are various solutions
offered to reconcile this seeming paradox, and we’ll look at these when we look
at the various interpretations of quantum theory. We will now look briefly at
how human consciousness comes into the picture.

Where consciousness comes in
Quite unlike classical physics (in which there is no place for human experience),
consciousness enters quantum theory and fact at the outset. This is because it is
consciousness that reconciles the weirdness of the quantum realm with the
everyday nature of classical reality; for example, in the experiment mentioned
immediately above, it is the experience of the observer of the detector’s states
that matters. An observer sees (experiences) either a reading of spinup or of
spindown. It is not possible for the observer to experience both simultaneously.
Yet, under certain circumstances, the mathematics predict that both spinup and
spindown can simultaneously exist in some ratio of probabilities. In the
transition from the probabilistic quantum realm to the classical realm, a
fundamental change occurs, and that appears to be brought about by the
experience of the observer. This change takes the technical name of decoherence,
in which the probabilities described by the wave function collapse to a certainty
(100 per cent probability). In their unmeasured superposed state, there are only
probabilities, no actualities. But, as soon as we make a measurement, we create
a certainty. Not all quantum theorists and philosophers agree that it is
consciousness that brings about the collapse of the wave function. The original
Copenhagen School of Bohr did not see it that way.

We shall see later that consciousness is basic to the solution of the measurement
problem in several key interpretations of quantum theory. In some of these
interpretations, consciousness takes an overt and clear role. In others, it is
avoided by introducing the notion of hidden variables, as though electrons, for
example, have an as-yet unknown inner mechanism.
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Key quantum interpretations

The Copenhagen interpretation
 This is the earliest of the attempts to interpret the findings of quantum
experiments, and was formulated at the 5th Solvay Conference of 1927. In its
essential form, the Copenhagen interpretation cleaves reality into the quantum
realm of the entity being measured-observed, and the classical realm of the
experimental set-up and the observer-recorder of the results. We have no direct
access to the world of quanta. All we can do is make predictions about
outcomes in the classical realm, using mathematical algorithms that owe their
allegiance to classical thinking (namely Schrödinger’s wave equation). Bohr
(1934) argued that, as far as we classical beings are concerned, there are no
quantum entities unless we observe and measure them in the classical world of
the senses. We have a fundamental ignorance of the quantum realm. At best, all
we can usefully envisage in the quantum realm are clouds of probabilities or
potentia. In the Copenhagen interpretation, the wave function collapses because
the quantum realm entangles with the classical world of the experimental set up
at the point of measurement.

Von Neumann
Johan (John) von Neumann, a Hungarian mathematician, made a profound
contribution to our mathematical understanding of quantum mechanics (von
Neumann, 1955)2. He was uncomfortable with the Copenhagen view that one
could separate the quantum and classical realms so completely. He argued that
the experimental set up and the observer are part of the quantum realm in that
they are made of quanta. This being the case, he could not see where the wave
function of the quantum entity under measurement collapses: Where did it
entangle with the classical realm if everything was made of quanta? Von
Neumann argued that the only possible privileged position in the whole chain
from measured quanta to observer was the consciousness of the observer. He
felt that he could argue thus, because consciousness (in line with Descartes’
mind-body dichotomy) was immaterial, hence privileged.

2 The original text was in German, with the title Die Mathematische Grundlagen der Quantemechanik, and was
published in 1932.
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The Neo-realists
There were those who rejected the Copenhagen interpretation in its entirety,
finding repugnant the idea that there was no deep reality. Einstein was one of
the first to take this stand, which later became known as the neo-realist position
(a new way of viewing the fundamental nature of reality). The realm of quanta
was seen as the location for the ultimate substrate of what most regarded as
reality. While Einstein and others appeared to accept that, at present, we have
no access to that realm, it was, nonetheless, very real. It could be argued that
von Neumann was a neo-realist, in that he postulated a new basis for reality.
However, he was not a neo-realist in the philosophical sense of the term realism.
In fact, he tended toward Cartesian dualism.

More recently, the physicist David Bohm became the key expounder of these
ideas. To argue that the quantum realm comprised real entities, as opposed to
mathematical abstractions, Bohm assumed that the Schrödinger wave equation
was itself real;  he called it a quantum wave. That is, the wave function became a
real wave capable of transferring energy and information. On this wave, real
particles (such as electrons) surfed. Bohm’s basic premise is that the quantum
realm is real and contains hidden variables. In this, he argued against
fundamental quantum ignorance, saying instead that there are, as yet,
undiscovered laws that determine behaviour at the quantum level. A problem
with Bohm’s approach is that there is an implied violation of Einstein’s
relativistic principle that the speed of light is an upper velocity limit for the
transfer of energy and information. In fact, Bohm’s notions make it clear that
information is conducted outside the ‘Light Cone’ arising from Einstein’s
mathematics, implying that there is an instantaneous transmission of
information. This is a very controversial notion; many theorists do not like this
faster-than-light pathology. However, Bell (1966) has argued that, even in
classical reality, there must be a violation of the speed of light limit, otherwise,
causal relationships lose their meaning.

‘Many worlds’
 In 1957, Hugh Everett critiqued both the Copenhagen interpretation and von
Neumann’s views. Like von Neumann, he could not accept Bohr’s view that the
measuring apparatus and the observer occupied a privileged position in the
classical realm, arguing as von Neumann had that all was quantum stuff.
However, unlike von Neumann, Everett argued against the collapse of a given
wave function stating, correctly, that Schrödinger’s wave equation had no terms
that dealt with such a collapse. To overcome these difficulties, Everett
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postulated that there is no distinction between the quanta being measured and
the measuring set-up and that there is no collapse of the wave function. There is
a universal wave function ψ for the entire universe and, at the point of making
an observation or measurement, the experience of the observer causes a
branching of ψ into another world. Some writers interpret Everett as saying that
the experience of the observer causes a branching of ψ into another universe.
Everett never said this. Rather, he implied branching of streams of
consciousness. In addition, the term world has caused confusion and debate. It is
not that we have ‘many worlds’ (MW) branching from some primordial wave
function ψ, but ‘many minds’(MM), each one of which experiences some given
unique quantum measurement result.

‘Many minds’
In the ‘many minds’ (MM) view, the experiencing of an observable secures an
appearance in a process of decoherence, which is the untangling of the quantum
state to yield one unique result. The wave function ψ carries on evolving; hence
there is no intervention by the consciousness of the observer. Nor is there a
measurement problem because, at the point of measurement, there is no
contradiction between the quantum states and the experience of the observer. In
practice, this means that where, for a given set-up, the solution to the wave
function predicts a probability of both a yes and a no, one of the observer’s
minds experiences a yes, and the other a no. The notion that there are ‘many
minds’ within a given observer seems to go against the usual view in
consciousness studies as a branch of psychology. However, we shall see that the
MM view is well subscribed to.
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The current debate

At the lowest level of explanation we have what I will term the neurological level
of debate. The next level up is the psychological level. Finally, we have the
philosophical level of debate.

Neurological level
There are several key contributors to this aspect of the debate,  for example,
Beck (1994), Beck and Eccles (1992), and Hameroff and Penrose (1996).

At the root of this approach is the belief that the quantum realm directly
interacts at the neurological level, and hence has an influence on consciousness.
There are two major problems that exponents of this view have to contend with.
Firstly, there is the issue of how quantum entities actually interact at the level of
neurons. Secondly, there is the issue of the relationship between neurological
structures and consciousness. Any successful theory at this level of explanation
must deal with both of these issues.

In tackling the first of the problems faced within this level of explanation,
various neurological mechanisms become the focus of the likely interaction. For
Penrose and Hameroff (1996), it is the microtubule, whereas for Beck and Eccles
it is the all-or-nothing exocytosis of synaptic neurotransmitters.  A part of the
problem here is how the infinitesimally small quanta can ever interact in an
influential way with macroscopic structures such as a neuron. While the neuron
is a small structure from our viewpoint, it is massive compared with subatomic
structures. In addition, there is the problem of how a wet, warm and electrically
noisy environment such as a neuron can support the precision of wave function
collapse needed.

Penrose, with input from Hameroff, has chosen the microtubule because of its
very small dimensions, where these are argued to be small enough to permit
influential energy exchange. Penrose’s candidate mechanism for the quantum-
microtubule link is his notion of quantum gravity — Penrose’s own discipline.
Within the debate surrounding this possible mechanism, it is still unclear as to
how the microtubule is involved in neuronal mechanisms (for example, the
transmission of information down the axon or across the synapse). It appears
that the microtubule does not have an information-processing function. Rather,
it serves as a support structure. But even if it were feasible that, on collapse of
the wave function, information was somehow transmitted to a neuron, how
does this moderate the neuron’s action? The collapse is characterised as an
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abrupt change of state — a switch-like action. This does not fit with the way
neurons work. Also, information passes between neurons across the synaptic
cleft, whereas the microtubules are structures within the neuron. It is not clear
how a collapse of the wave function, via a microtubule, causes the neuron to
operate in the way that we know that it does.

The approach by Beck and Eccles (1992) is somewhat more sophisticated, which
we might expect because Eccles is a renowned neuroscientist. Beck and Eccles
argue that the interaction between quanta and brain occurs in the all-or-nothing
exocytosis of synaptic neurotransmitters. They argue that exocytosis is the basic
unitary activity of the cerebral cortex. Quantum entities interact at the atomic
level, probably in the movement of a hydrogen bridge, by electronic
rearrangement. This approach still suffers from the same basic problems as
Penrose’s approach, in that we have the very small interacting with
macroscopic structures.

The problems surrounding the mode of interaction between quanta and neural
structures are serious enough, but they pale in the face of the higher-order
problem of the relationship between neural structure and consciousness.
Unfortunately, the key theorists at this level of explanation do not deal with this
dimension at all well. Hameroff and Penrose appear to sidestep the issue with
their intense focus on microtubules. They (mainly Penrose of the pair) invoke
vague-sounding principles entailing Godel’s theorem, Platonic realms, and
features of consciousness such as non-computability. However, none of this
addresses the fundamental issue of the relationship between neural activity and
consciousness. Beck and Eccles’ approach seems more plausible, if only because
of Eccles’ past work on the neurological nature of consciousness. At least Beck
and Eccles’ work offers some experimental support for the idea that in
conscious willing, there is a selection process that appears to increase the
probability of exocytosis. But, in general, at this level of explanation, a great
deal is skipped over, trivialised and simply avoided as to what consciousness is
and how it arises from the brain’s activities.

Because the psychological literature is still very divided on the relationship
between consciousness and its neurological basis, it is bold of Penrose in
particular (Penrose; 1989, 1994 & 1997) to make the assumptions he does with
very few references to that literature. Penrose seems very anxious to find a
link between quanta and neurons. This anxiety is highlighted in the critique of
an article by Penrose and Hameroff (1995), provided by Grush and
Churchland (1995), in which the authors accuse Penrose especially of the pair
of presenting arguments consisting of the merest possibilities piled atop even
more mere possibilities.
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With regard to Beck and Eccles, we are faced mainly with the issue of whether
quantum level activity can have an influence at the macroscopic level of the
hydrogen bridge, hence at the neuronal level. I have not found a critique of this
argument, and feel unqualified to critique it myself. However, even assuming
this quantum-neuron mechanism is valid, it does not really address the
relationship between consciousness and the neuronal level of activity. While
experimental support is offered for a relationship between conscious willing
and exocytosis, much more work would have to be done to establish a causal
relationship between the experiencing of a given detector result in a quantum
experiment and the collapse of the wave function.

Scott (1996) does not see answers at this level of explanation coming from
quantum physics. He says that over the past few years there have been
discussions on the role of quantum physics in explaining consciousness. On one
side are neuroscientists who assert that brain science must look to the neuron
for such understanding, on the other are physicists who suggest that quantum
physics might influence the dynamics of mind. Often, they seem to be talking
past each other. Scott argues that classical non-linear theory obviates the need
to turn to quantum physics. Scott states that there are fundamental problems in
attempting to apply Schrödinger’s equation at the neurological level. He feels
that most quantum physical approaches to consciousness ignore or discount the
deep explanatory power of classical non-linear dynamics.

Psychological level
Some of the key players at this level of the debate are Bohm (1951; 1952; 1987
and 1990); Butterfield (1995); Donald (1990; 1997; 1999); and Lockwood (1996).

The challenge at this level of understanding is in explaining how consciousness
enters the equation. In classical experiments, there is no role for consciousness.
It does not enter the equations of motion, and outcomes are not dependent on
the observer. As explained in the introduction, it is quite the reverse with
quantum mechanical experiments, where consciousness seems to enter at the
outset, and the observer’s role is crucial to the experimental results.

Bohr adopted an agnostic view in regard to the nature of the quantum realm
and placed the conscious observer in the classical realm. He neither confirmed
nor denied a relationship between observers and quanta. Von Neumann and,
later, Wigner (1967) were not happy with this stance. Von Neumann argued
that all was quantum stuff, including the brain of the observer. For him, only
consciousness could hold a privileged position, in that consciousness was not a
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part of the physical universe but was res cogitans. Wigner (1967) went further,
arguing that it was the consciousness of the observer that caused the collapse of
the wave function, converting a probabilistic state into a measurement result.
As we saw above, Everett introduced what has become known as the ‘many
worlds’ (more properly, ‘many minds’) theory.

Bohm’s views have changed over the years of his involvement in the quantum
theory. In his early work, Quantum Theory (Bohm, 1951), there appears to be a
complete allegiance to the Copenhagen interpretation. There is only a slight hint
of his subsequent departure from the fold in his attempts to define what
happens at the quantum level. This all changes in 1952, with his paper in
Physical Review (Bohm, 1952), in which he talks of hidden variables as a solution
to some of the paradoxes thrown up by quantum theory. Some time later, his
true neo-realist persuasions emerge (Bohm, 1987) when he declares that he is
anti-Cartesian, being against the mind-body split. He saw psyche-soma as being
two aspects of the one reality. Shortly after (Bohm, 1990), he introduces his
notion of an implicate and explicate order, in which the former is the substrate
for all reality (reality folded up) and the latter is the world of space-time
(unfolded from the implicate order).

In a quite different direction, Butterfield (1995) looks at the interpretive problem
in terms of consciousness or mind. He explores the issues of the indeterminacy
at the quantum level, and the seeming determinacy at the classical level, and
how one reconciles the paradox. He identifies two basic approaches:

1 a definite macro realm

2 an indefinite macro realm, in which one can only secure appearances.

It is the latter approach that leads to the MW/ MM views. Butterworth argues
that the distinction between the MM and MW views is delicate and that Everett
intended the former. Orthodox quantum physics suggests that the electron’s
indefiniteness is transferred to the apparatus, but, at the collapse of the wave
function, the measured system goes into the eigenstate corresponding to the
result obtained. Butterfield further argues that, with regard to the MW/MM
views, one assumes that the entire universe has a pure quantum state ψ. One
takes ψ to be a superposition of states corresponding to many different definite
macro realms, where all these realms are actual. The idea is that the world splits
at each measurement, like a tree into branches, with ‘daughter worlds’ for each
result. However, if all branches are actual, why can we not see all of them? The
MW theorists argue that, after splitting, the daughter worlds have no access to
one another. Plurality represents a contrast between MW and other no-collapse
interpretations.
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Donald (1990) notes that a functioning brain is wet and warm and of great
complexity. This creates difficulties for physicists who try to describe it in
quantum terms. He proposes the notion of the brain as a family of thermally
metastable switches. Donald analyses the problems of characterising a two-
element switch in quantum terms. In using the neural model, Donald admits
that neurons are not simple. In quantum terms, the neuron is a macroscopic
object of great complexity. Even the idea of ‘firing', as a unitary process, is
simplistic. Donald uses the sodium channel model, which can behave as a
quantum switch. In this approach, the original state of the universe ϖ is not
being split into a multitude of different ways in which it can be experienced.
This was the basis of the von Neumann collapse scenario. Donald simply
calculates an a priori probability for any of the ways in which ϖ can be
experienced. It is the least condition on the quantum state of the world that will
allow brains to process definite information, as this minimises the necessity of
wave function collapse. The sodium channel is one that, when open, allows
sodium ions to cross the cell membrane. It is closed through two
distinguishable processes. One is responsive to the voltage across the
membranes and opens following depolarisation. The other closes the channel
during depolarisation. After the membrane returns to its resting potential, the
activation gate closes, the inactivation gate reopens, and the cycle is complete.

Finally, there are the ideas of Lockwood (1989; 1996). Lockwood (1996) points
out that, seventy years after the emergence of quantum theory, there is still no
consensus as to how the theory should be understood. In quantum physics,
possible states of a physical system are represented by vectors in Hilbert space,
which can be multiplied by coefficients and added together so as to yield new
vectors, which stand for states said to be in superposition. The strange logic of
quantum theory is illustrated by electron spin, which may be up (clockwise
around spin axis) or down (counterclockwise).  In any given direction the
vectors representing any pair of spin states, spinup and spindown, are at right
angles in Hilbert space. Any arbitrary spin state can be expressed as a
superposition of these two states. If an electron is spinup in a given direction,
and we measure the component of spin angular momentum in that same
direction, we get a positive value; for spindown we get a negative value. In
classical mechanics, spin states in directions other than the same or opposite
would yield intermediate values between spinup and spindown. Not so in
quantum theory. We still get either spinup or spindown, but with probabilities,
which can be determined by expressing the electron’s spin state as a
superposition of spinup and spindown in the direction of measurement. This is
the quantisation that gives quantum physics its name.
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Lockwood notes that, in general, the probability of getting a given result
(eigenvalue) in a measurement is the square magnitude of the coefficient
attached to the corresponding eigenstate, when the state of the system is
expressed as a superposition of the eigenstates of this observable. Measurement
projects the system into the corresponding eigenstate. The effect of
measurement transforms the system. This is known as the state-vector reduction
or collapse of the wave function. Lockwood argues that this collapse
interpretation ostensibly conflicts with the predictions of quantum theory since
any such physical transformation would represent a departure from the so-
called unitary evolution prescribed by the Schrödinger equation. One way
around this is to modify the Schrödinger equation to allow for collapse (so far,
this has not been satisfactorily done).  Another line is the hidden variable
approach (Bohm), which eliminates collapse and in which collapse is viewed as
our ignorance of the prior state. However, as Lockwood points out, this
approach has its own problems due to entanglement (electrons in a singlet
state). In such a singlet state we have an example of quantum holism, wherein
the whole transcends the sum of its parts. The entangled pair of electrons does
not possess individual spin states. There is a quantum correlation between the
spin states.

Lockwood (1996) classifies Everett as an MM theorist. Instead of postulating an
infinity of worlds, we could credit every sentient being with a continuous
infinity of simultaneous minds, which differentiate over time. Without
reduction or hidden variables, quantum theory is deterministic. This creates
problems for the probabilistic notions in the theory. Also, it is difficult to see
how the mind of an observer could be in superposition. If we have a
stochastically evolving mind harnessed by a deterministically evolving brain,
we encounter the ‘mindless hulk’ problem. Advocates of the MW view must
concede that there is a sense in which there is only one universe (a multiverse).
Likewise, the MM advocate could concede to there being only one mind per
person (a multimind).

Philosophical level
There are several theorists at this highest level of explanation, the chief of which
are Bilodeau (1996), Esfield (1999), Squires (1993; 1994) and Stapp (1993; 1996;
1998; 2000). The challenges at this level are bound up with Cartesian
epistemology and ontology, in the spectrum from naïve realism, through
brands of dualism, to idealism.
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Bilodeau (1996) argues that, if the foundations of physics are so controversial
that no agreement can be reached on the meaning of physical concepts, then
physics is hardly a suitable basis for a discussion of the ontology of mind.
Bilodeau argues that the notion that the world is made of inanimate matter was
a convenient convention — Descartes aimed to separate mind as far from
matter as he could by affirming the physical world as geometric and mind as
non-spatiotemporal. However, physics has had to include concepts that are
non-geometric (for example, the field-approach in electromagnetics). But field
theory posed no threat to the Cartesian split, whereas quantum theory does.
Bohr realised that no sharp distinction could be made between subject-object
within the theory. However, Bilodeau points out that Bohr’s writings were
difficult and obscure, and the authorities became Dirac and von Neumann, the
latter violating Bohr’s taboo. Von Neumann portrayed the collapse of the wave
function as a physical event, thus opening the door to the measurement
problem and all its offspring (for example, Schrödinger’s cat, Wigner’s friend
and even the ‘many worlds’ concept). Also, Bilodeau asserts, any defence of
Bohr’s warnings has been seen as defeatism in the face of the quest for the
objective quantum state; for example, the ‘many worlds’ view is seen as daring
and radical, yet is merely the defence of objectively describing the universe.

According to Bilodeau, our analytical habits have much more to do with the
way our minds work than with the way nature really is. The notion of a
physical substrate arises from an oversimplified view of how we observe and
analyse the physical world. Descartes created the geometric world by removing
the subjective self from it entirely. Today, those committed to the ontological
primacy of the physical world must show it to exist completely independently
of the subjective by showing how this dimension can arise from a purely
physical world.

The hard problem of phenomenal consciousness, Bilodeau argues, is really the
inconsistency with our own experience of a complex of beliefs about the
physical world. Matter is inanimate and mechanical, its ontology mathematical,
so that all its properties are properties of form or structure. It is divisible into
components so that the properties of the whole are implied by the properties of
the parts plus their spatial relationships. The next step is to transcend the hard
problem by accepting a richer non-mechanical ontology. This is not physicalism
nor idealism nor dualism. It is a view of reality as a unified process in which we
are participants and which we can conceptualise in many ways in accordance
with the many kinds of knowledge we can have of the world. Bilodeau feels
that, while it is natural for us to use machine analogies, we can hardly expect
that that which the mind readily produces is the same as that which produces
the mind. Mind is surely not epiphenomenally superimposed on a pattern of
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information processing that the brain happens to enact. It is more plausible that
the brain and mind are both manifestations of an underlying process, and that
our own ego awarenesses are merely the tip of an ontological iceberg as yet
unknown to us.

Esfield (1999) looks at the seemingly holistic nature of the quantum realm and
the implications for consciousness and everyday reality. He talks of the current
revision of the Cartesian tradition along the lines of direct realism and
externalism, and asks if the features of quantum physics concern only the
microphysical world or if they extend to the macroscopic. He argues that
endorsing the latter entails a commitment to certain consequences in the
philosophy of mind. Quantum measurements imply a quantum holism, as in
experiments with entangled photons (Alain Aspect’s experiment — Aspect et
al., 1981). However, Esfield notes that current anti-Cartesian developments
make a strong case against quantum holism touching the macro realm. Yet, in
the von Neumann view, entanglement propagates to the macro realm. Esfield
assumes that quantum theory tells us something about the natural world, and
states that the following features of the quantum realm must be taken into
account: non-localisation, entanglement, and non-individualism. In terms of
how the quantum world leads to the classical world, Esfield argues for two
basic options:

1 One can maintain that entanglement does not propagate to higher levels of
macroscopic systems. This is limited quantum holism. However, this entails
some modification of Schrödinger’s dynamics.

2 One can conceive of quantum holism as extending to all physical systems.
This option is universal quantum holism. That is, the physical world is a
huge quantum system whose internal structure consists in ubiquitous
entanglements. The implication is that everything at the macroscopic level is
entangled.

Esfield further argues that the option for universal quantum holism calls the
philosophy of mind into play. Two main strategies appear in the literature:

1 Abstraction from entanglement by the observer such that the world appears
to the observer as described by common sense and higher level theories.

2 The ‘many minds’ of the observer, wherein each term in a superposition is
correlated with at least one mind of the observer. Thus each mind sees the
classical world.
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Esfield points out that there is a thrust toward the revision of Cartesian
epistemology. There are two theses within this position:

1 Representationalism: Persons have access to the world only by means of
mental representations, which act as an epistemic intermediary.

2 Internalism: The individuation of intentional states and their identity
depends only on factors that are immanent to the person having these
states.

Current anti-Cartesianism consists of replacing these two theses with direct
realism and externalism. Esfield states that the former is the claim that there are
no epistemic intermediaries between perceptual beliefs and the world. We are
directly aware of things and events in the world. Externalism claims that we
must be embedded in a physical and social environment to have intentional
states. Esfield asks, what are the consequences of adopting holism in regard to
epistemic access to the world? In one MM view, all our beliefs about perceptible
objects are false. In holism, there is the implication that things do not objectively
have the definite properties that we ascribe to them in our perceptual beliefs.
Their objective states are nothing like we conceive them to be. Externalism
appears to be incompatible with the option of quantum holism. As a result of
universal entanglement, the physical environment of an observer does not
objectively have that definiteness that is a prerequisite for its being able to
contribute to the individuation of the observer’s intentional states. Likewise, the
universal holism option cannot go with direct realism. Endorsing universal
holism commits one to the position that the objects of our perceptual beliefs are
dependent on the conditions of our observation of them (the abstraction from
entanglement). In fact, the quantum holism option implies a commitment to
representationalism in that there is an epistemic intermediary. Esfield argues
that we face two philosophical packages:

1 We can opt for universal quantum holism in the physical realm. In this, we
must counter arguments against epistemic self-sufficiency.

2 If one approves of direct realism and externalism, one cannot commit to
universal quantum holism.

However, Esfield says that we could conceive of quantum holism as being
limited only to the microscopic realm and so favour representationalism. One
cannot approve of the revision and construe holism as concerning the whole
physical realm. A comprehensive holism includes both the physical and mental,
and could replace the Cartesian tradition. If we regard the mental and physical
as complementary aspects of being, we are committed to an ontology of psycho-
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physical parallelism (for example, Spinoza). Esfield argues that, by conceiving
of quantum holism as touching the whole physical realm, one is committed to
the Cartesian epistemology.

Squires (1993, 1994, 1998) looks at the relationship between quantum theory,
events in the macro world, and consciousness. He points to the problems
surrounding the Stern-Gerlach experiment (Squires, 1993), in which electron
spin states are investigated. In particular there is the measurement problem that
arises when the spin is in some direction other than z, which gives rise to
complex coordinates and a superposition of states, only one of which can
actually be detected. Squires goes on to say that, since quantum physical
equations do not contain what we observe, either the equations are wrong or
we must add equations. In the first approach, the idea is to add non-linear
elements to the Schrödinger equation. The effect of this is to collapse the wave
at a certain rate to eigenstates of positions. In this way, the particles will have
definite positions. The rate of collapse is chosen to be so slow as to have no
discernable effect in ordinary experiments. Because stochastic processes are
involved in quantum physics, a random white noise process is needed in the
modified Schrödinger equation. In this approach, only when the detection
apparatus, which is macroscopic, becomes correlated to the particle direction
does the determination occur. The alternative method, which came from de
Broglie and Bohm, assumes that physical reality has two parts: the usual
classical world of particles moving along trajectories, and a quantum force. It is
then easy to find the unique expression, in terms of the wave function, for what
this force has to be in order that the statistical predictions of quantum physics
hold exactly.

Finally, at this level of discussion, we can look at the views of Stapp (1993, 1996,
1998, 2000). Stapp (1996) argues that, in principle, it should be possible to
deduce all of the internal processing that occurs in our bodies and brains from
the principles of classical mechanics. However, one cannot deduce feelings
(qualia) from classical principles. Do we conclude that consciousness and
feelings are part of a full description of nature, yet play no efficacious role in
classical mechanics? Or do we conclude that certain implemented functional or
logical structures are conscious experience? The first makes no sense, and the
problem with functionalism is that classical principles are too impoverished to
deal with feelings and experience. Conversely, quantum physics brings in the
experience of observers. The Copenhagen approach is essentially dualistic
because it deals with experience and the mathematical algorithms.

The Copenhagen claim is that physical theory is about our classically
describable perceptions of the world. In some experimental situations in
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quantum physics, the observed results do not match the predictions of a given
wave function. Stapp (1996) goes on to argue that the Copenhagen School
resolved this contradiction by postulating that the quantum state represents not
the full reality itself, but rather the probability of our perceptions being various
possible perceptions. Only in this way can quantum physics account for the
classicality of our observations (which quantum physics does not entail or
allow). In this, we see that the matter-like consideration gives only half of the
ontological story. Thus, we have a dualism, one part of which is mind and the
other part of which is the Schrödinger equation. However, as Stapp points out,
some theorists have avoided this dualism (see Bohm’s model).

Stapp (1996) then goes on to outline his ontology. In summary, he sees
consciousness as playing a causal role. It is not determined. He denies pure
chance, saying that it is unacceptable in an ontological interpretation. Stapp
argues that, if quantum events occurred at the neuronal level, there would be
no free will, in that there would be no high-level choice entailed. Stapp’s model
avoids both the Scylla of a fate sealed at the birth of the universe and the
Charybdis of wild chance. The intricate interplay between chance and
determinism within quantum physics frees the organism to pursue goals based
on its own values.  The element of pure chance reflects our ignorance regarding
true causes.
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Bringing it all together

At the neurological level there are two key issues:

1 How does a quantum entity interact with the relatively massive neuron?

2 What is the relationship between neurons and consciousness?

At the psychological level there are several issues:

1 Does consciousness influence the wave equation?

2 If consciousness does influence the wave equation, how does it do this
when there are no terms for consciousness in Schrödinger’s equation?

3 The Copenhagen interpretation versus the rest.

4  Neo-realism and hidden variables.

5 ‘Many worlds’ versus ‘many minds’.

At the philosophical level there are several issues:

1 The Cartesian dichotomy.

2 Matter is no longer the substance that Descartes considered.

3 Chalmers’ hard problem.

4 Quantum holism and the classical world.

Although it would make sense to deal with these issues under their separate
heads, there is too much interaction across them for this to work in an orderly
way. Therefore, I will look at the following issues and deal with any
interactions across levels of the debate within that context.

Quantum-neuron interaction
This is a fundamental issue. Even if we are unsure as to exactly how it occurs,
that quantum-neuron interaction must occur is essential to claims about a
relationship between consciousness and the quantum realm. The two main
proponents of an interaction at this level are Penrose and Eccles. There appears
to be no empirical evidence in support of Penrose’s claim that the microtubule
is the mechanism. Even the microtubule,  small as it is, is still a massive
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structure when compared with quantum entities (assuming these to be fermions
such as the electron). Eccles’ view seems more plausible in that his proposed
hydrogen bridge mechanism is closer in size and energy level to quantum
entities. But again, there is no clear evidence that there can be such an
interaction, despite the claims of Beck. This issue spills over into other levels of
the debate, and certainly comes into the MW/MM theories. Even though these
are no-collapse theories, an interaction between the quantum realm and
neurons is necessary (for example, in Donald’s MM approach, where he uses
the sodium channel as a quantum switch.) Until more work is done to reveal
the link between quantum events and biological structures, the claimants for a
quantum-neuron interaction are on shaky ground.

Neurons and consciousness
Even if a causal relationship is established between quantum events and
neurons, there remains the even bigger challenge of showing the relationship
between neurons and consciousness. None of the authors presented in this
review appear to come even close to answering this challenge. Again, although
this issue is central to the claims of those such as Hammeroff and Penrose and
Beck and Eccles, they present no really convincing model. The challenge of
explaining this relationship is not just a problem for those interested in the
debate reviewed here; it is a major challenge within consciousness studies in
general. One cannot deal with it without bringing in the Cartesian dichotomy
and Chalmers’ hard problem (Chalmers, 1996). This issue impinges on all levels
of the debate reviewed here. If the likes of Donald are correct in their claims
about the mode of interaction between quantum events and neurons, how do
we reconcile this with the major view among consciousness theorists that
consciousness is not locatable in any given group of neurons? Donald implies a
basically on-off switching mode of interaction at the neuronal level. Further,
there seems no suggestion that quantum events are interacting across large
groups of neurons during the collapse process. Rather, the implication is that
there is interaction between small numbers or even single neurons. Yet
consciousness seems to pervade brain activity cortically and sub-cortically.
How do we reconcile this with the simple one-on-one interaction implied by
those subscribing to the consciousness-determined collapse model? If this
model is to be validated, then not only must the quantum-neuron link be clearly
established, it must be shown that the group(s) of neurons involved in a simple
observation are part of this interaction.
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Consciousness and the wave equation
A major challenge here is to show how consciousness comes into Schrödinger’s
wave equation. There are no terms in that equation that represent
consciousness. It is a linear, time-dependent equation that was derived from
classical principles and hence does not take consciousness into account. If there
was a consciousness-controlled collapse, then the equation would have to be
modified to contain terms for consciousness. Seeing that consciousness is not
readily definable at the neuronal level, what form would these terms take?
Leaving aside the vexed issue of consciousness for the moment, the brain is a
classical structure and an amazingly complex one at that. While aspects of its
operation are still a mystery, it does obey the classical laws of physics,
chemistry and biology. Thus, ultimately, it succumbs to the equations of
motion, even though, as Scott (1996) points out, it demands a non-linear
classical approach. In view of all this, it is very hard to see what form the
modifications to the wave equation would take.

Copenhagen versus the rest
There are those who have seen Bohr’s agnosticism as defeatist (for example,
Bohm, 1952) and who insist that there is a real substratum to the classical world
of the senses. Such thinkers see this as an issue of the maturation of quantum
physics and not as an issue of fundamental ignorance; that is, once we have a
fully mature quantum physics, we will have a full and direct understanding of
the nature of the quantum realm and know its hidden laws. Some (for example,
Bilodeau, 1996; Esfield, 1999) regard this as a pious hope, even as a return to the
‘innocence of our youth'. They imply that, now that we have been faced with
the alien nature of the quantum realm, there is no turning back from an
acceptance of its ineffability.

The views of Bilodeau and Esfield support Bohr’s agnostic stand, in that we have
come up against an ultimate mystery and will never have the tools to directly
investigate it. We have developed a mathematics that provides very high levels of
predictive power, but we do all this from the basis of our conditioning in the
classical realm of sense data. The best we can do is to take an inferential
approach. Direct observation is beyond us. We can only ever make measurements
from within the classical realm. Concepts such as electrons and photons are very
useful, but they are only concepts. We seem to be left with a fundamental
ignorance of what they truly are, even whether they exist as such. Because we can
only talk, hence conceptualise, from our embodiment in the classical realm, we
need to guard against imposing our conditioning on the quantum realm and
against requiring it to have some kind of reality that we can grasp.
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We have seen that various theorists, for a variety of reasons, have rejected the
Copenhagen interpretation. Von Neumann objected to the quantum-classical
split, arguing that everything was made of quantum stuff. He did not deny
Bohr’s basic complementarity principle (the wave-particle duality referred to
earlier), or the indeterminacy it implied. Bohm, on the other hand, by 1952
(Bohm, 1952), had parted company with the Copenhagen School and was
insisting that the quantum realm was real and contained hidden variables. He
rejected the indeterminacy notion, saying that the problem lies in our ignorance
of the hidden variables and not in fundamental quantum ignorance. For the
‘many worlds’ and ‘many minds’ theorists, the issue has centred on the
measurement problem and its resolution. There has not been a concern with
Bohr’s basic stance.

‘Many worlds’ versus ‘many minds’
Everett’s radical approach to the measurement problem led to the MW and MM
interpretations. Both approaches are no-collapse theories, and their protagonists
have not had to worry about whether the quantum realm is real or not. The
concern, for these theorists, is the interaction between the Schrödinger wave
equation and the experience of the observer of a quantum physical experiment.
The major difference lies in what occurs at the point of observation. In the MW
view, observation leads to the branching off of a new world, whereas in the MM
view, there is only the one universe, but a multiplicity of minds within a given
observer, one of which is uniquely connected with a given experience. One
problem with the MW view is that there is no way of demonstrating it. Once a
split has occurred, the new world is completely isolated and follows its own
unique history. In the case of the MM view, there does seem some possibility
for empirical investigation, in that what is happening is all within the single
brain of the observer, in one single universe. There are ways in which the MM
view is the most parsimonious of the interpretations explored here (leaving
aside the original Copenhagen version). It does not need to deal with anything
other than the Copenhagen ontology (which is a no-ontology!) There is no
imposed collapse of the wave equation, hence the original Schrödinger equation
suffices, and there are no hidden variables.

MM’s major challenge is the relationship between the quantum realm at the
point of observation and the specific mind of the observer at that point. This
challenge has already been looked at above under the quantum-neuron
interaction. While it has not yet been satisfactorily addressed, it is at least
within Chalmers’ ‘easy’ category (see shortly), and so is amenable to a scientific-
technological investigation and explanation. Clearly, a lot more than just
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theorising is needed now. We need to see some solid experimentation. There
has been a great deal of the former, as evidenced in this paper. I have not come
across any of the latter.

The Cartesian dichotomy
This issue is fundamental to interpreting quantum theory. It is at the root of the
agnosticism of the Copenhagen interpretation. In a quantum physical
experiment we have the hardware (including any computer software) of the
experimental set-up and the brain of the experimenter-observer. From the
viewpoint of the classical world, there is nothing else. In attempting to interpret
the theory in terms of the classical findings, we introduce the notions of a mind
(of the observer) and of a quantum realm, neither of which are tangible, sense-
data objects. In the case of a mind (of the observer), we have introduced
Descartes and the whole conundrum of how the brain and mind might interact.
By introducing the notion of a quantum realm we have raised issues about what
Descartes meant by matter. It seems fairly clear from quantum theory that
Descartes’ concept of matter as simply res extensa does not apply. Perhaps we
need a new term such as res incorporeal to describe matter in a fundamental
way. The putative quantum realm does not behave at all in the way Descartes’
res extensa behaves. The notions of space and time appear to have no meaning
at the quantum level, where it appears to be an undivided whole.

How therefore, are we to view Descartes’ original dichotomy? If the holistic-
supraluminal nature of the quantum realm is universal, extending to the so-
called classical realm, then we have gone a long way toward doing away with
the Cartesian dualism. However, we still have to deal with Descartes’ res
cogitans. Are we to assume that ‘mind’ is a classical phenomenon and thus a
part of the holism of the quantum realm? Or do we assume that ‘mind’ is
something quite apart from the classical realm? If we adopt the first notion,
then we have done away with dualism, in which mind becomes
epiphenomenal. However, if we go along with Esfield (1999), who assumes that
quantum theory tells us something about the natural world (classical world),
then we must also agree with him that the following features of the quantum
realm must be taken into account:

• non-localisation

• entanglement

• non-individualism
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From this basis, Esfield argues for two basic options. One is that of limited
quantum holism, in which the entanglement does not propagate to higher levels
of macroscopic systems (mainly those above the molecular level). The second
option is that of universal quantum holism, in which entanglement extends to
all physical systems in the classical world. In this view, the entire physical
universe is seen as one huge quantum system. Esfield points out that neither
direct realism nor externalism are valid approaches for either of his two
options. We are left with accepting that there is an incompatibility between the
nature of the world and how we conceive it to be, and so we are faced with the
need for an epistemic intermediary. This means that we must accept that res
cogitans is different from res extensa, as Descartes held.

Chalmers’ hard problem
The previous section leads naturally onto the consideration of Chalmer’s ‘hard’
problem (Chalmers, 1996). Chalmers sees the mind-body dichotomy as falling
into an easy and a hard part. The easy part deals with technical problems, the
solution to which is a matter of the maturation of some given discipline (for
example, psychology or quantum physics). The hard part deals with ontological
problems, with which only philosophy is equipped to deal. For Bilodeau (1996),
Chalmers’ hard problem arises out of the tension between the seeming
ontological primacy of the physical world and the subjective sense we all
experience. One cannot easily show how this sense arises out of a purely
physical world, hence the ‘hard’ problem. It is our subjective sense that makes
the physical world appear as ‘objective'. If Esfield’s analysis is valid, then mind
or consciousness acts as an epistemic intermediary with the objective world and
so is different from it. Thus, we are stuck with Chalmers’ hard problem. It won’t
go away.
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Some tentative conclusions

Recall that we started by looking at the quantum theory and the weirdness of its
postulates. We saw that the principles of indeterminacy and wave-particle
complementarity are fundamental tenets. At root, the quantum realm is
probabilistic in nature, where the probabilities are realised only in experimental
situations in the classical realm. While we like to conceptualise quanta as waves
or particles or both, these are merely conceptualisations and do not describe
quanta. There is an implied holism at the quantum level that pushes out
classical imagination to its limits and beyond. The classical world’s smoothness
and solidness appears to be the result of statistical aggregation and has no ultimate
substance that we can grasp. The measurement problem centres on the seeming
influence of the observer over the collapse of the wave function. Only when we
make a measurement do quanta actualise.

So, bearing the above brief summary in mind, where does this review and
analysis leave us? It is clear that the debate considered in this paper is still very
much alive, and that the findings of quantum theory and experimentation are
important to consciousness studies. Although the views looked at in this review
are interesting, they all seem to be faced with immense challenges. Those arguing
for a collapse view must explain how the Schrödinger equation is to be modified
to permit consciousness to bring about collapse. Furthermore, they must explain
how quantum entities interact with the neuronal structures of the brain. Beyond
this is the challenge of explaining the relationship between neuronal structures
and consciousness. The neo-realists have taken on a difficult mathematical
challenge, and do not have a very parsimonious theory. While one might
sympathise with their longing for a ‘real’ substrate to the natural world, this
longing seems to lead to a retrograde view that ignores the totally non-classical
nature of the quantum realm. The ‘many worlds’ view does appear to get around
a number of problems faced by some other views. However, it is not open to
empirical investigation: once split off, each world is isolated from all others.

For me, the most plausible view reviewed here is that of the ‘many minds’. I say
this because it appears to be the most parsimonious, and seems to lend itself to
empirical experimentation. Because it is a no-collapse interpretation, it is not
concerned with difficult modifications to the Schrödinger wave equation. Also, it is
not concerned with hidden variables. Its challenge lies in explaining how ‘minds’
come into being as a result of entanglements between the quantum realm and the
classical realm. It also has to deal with the more philosophical aspects of its
position, as discussed under the Cartesian dichotomy and Chalmers’ hard problem.

It is hoped that this paper will spark further analyses of this fascinating debate, and
help to keep it alive. The writer will continue to watch with interest as the debate
unfolds to see how each view fares.
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