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Christof Koch and  Klaus Hepp, in a recent essay in this journal1, issued a challenge to “those who call upon consciousness to carry the burden of the measurement problem in quantum mechanics.” Lest absence of a response be construed as admission of a failure of the idea that consciousness can play, via quantum measurement effects, a crucial role in neurodynamics, or that this idea has been in any rational way damaged by the arguments put forth in the cited article, I respond here to that challenge. 
Briefly stated, the cited essay has two deficiencies. The first is that, in its criticism of the possibility that macroscopic quantum effects could be playing an important role in the neurodynamics of a conscious brain, the essay focuses exclusively on conceivable quantum effects that almost all physicists believe will not survive the rigors of a hot wet brain, while ignoring a macroscopic quantum effect that, according to basic quantum principles, ought  to survive the rigors of that hostile environment. The second problem is that the essay dismisses with a challenge a basic concept upon which the founders of quantum theory erected their theory. This concept, which is the basis of all practical applications of quantum mechanics, is that the quantum probability function abruptly changes when “our knowledge” changes: when, in Heisenberg’s words, “the result is registered in the mind of the observer.” The cited essay challenges that idea by alluding to an experiment, illustrated by a picture, that the authors claim should “at least in principle” decide the issue, and very likely, in their opinion,  decide it in a way that will rule out the idea that collapses occur only in association with conscious thoughts. However, the claim that an experiment of this kind could decide this core issue in the raging controversy about the proper interpretation of quantum theory is contrary to the conclusions usually drawn from quantum measurement theory.
The arguments of Koch & Hepp focus on exotic ways quantum theory might influence brain dynamics. These ways, exemplified by proposals of Penrose & Hameroff, or of quantum computation enthusiasts, do indeed require probably unachievable evasion of environmentally induced decoherence. However, there is a macroscopic quantum effect that in principle is not suppressed by environmental decoherence: the quantum Zeno effect2,3.
Von Neumann4 emphasized the essential role in quantum dynamics played by “interventions” into the physically controlled deterministic evolution. Called “Process-1” events by von Neumann, some of these interventions are, according to Bohr, consequences of “free choices” made by conscious beings. In brain dynamics, the quantum Zeno effect could naturally manifest as a result of making many such choices rapidly and repeatedly with the same intent. The dynamical effect upon the person’s brain activity would be to hold in place for longer than normal the neural correlate of that conscious intention. This quantum effect provides a physics-based causal explanation of the claim of William James5  that:

No object can catch our attention except by the neural machinery. But the amount of the attention which an object receives after it has caught our attention is another question. It often takes effort to keep the mind upon it. We feel that we can make more or less of the effort as we choose. If this feeling be not deceptive, if our effort be a spiritual force, and an indeterminate one, then of course it contributes coequally with the cerebral conditions to the result. Though it introduce no new idea, it will deepen and prolong the stay in consciousness of innumerable ideas which else would fade more quickly away. 

Everywhere, then, the function of effort is the same: to keep affirming and adopting the thought which, if left to itself, would slip away.

Numerous empirical ramifications of this possible quantum effect in brains are described in Schwartz, Stapp, and Beauregard.6 

The challenge posed by Koch and Hepp refers to an experiment in which a subject views with one eye a stream of highly salient images, which will capture his conscious attention most of the time, and views with the other eye photons that determine in which of the two initially superposed quantum states the quantum system being observed will be found to be, when that information registers in consciousness. The practical working presumption in quantum theory is that the probability function represents “our knowledge”, and that it changes abruptly when new knowledge is registered in anyone’s mind. 
According to this conception of quantum theory, the two parallel components of the quantum system will remain superposed until a discriminating conscious experience occurs. This hypothesis is to be contrasted with the common-sense idea that a reduction occurs when the first discriminating macroscopic event occurs. In the words of Heisenberg7 the transition from ‘potential’ to ‘actual’ “takes place as soon as the interaction of the object with the measuring device, and thereby with the rest of the world, has come into play”. At that point in time all information concerning the quantum phase relationships between the two different parallel components is lost irretrievably into “the rest of the world”, and this implies there is no way to discriminate empirically between the possibility (1) that collapses occur at this earlier point in time, and the possibility (2) that no reduction occurs until some discriminating conscious event occurs. 
This lack of determinability between hypotheses (1) and (2) follows formally, within the

standard theory of measurement developed by von Neumann, from the fact that the state (i.e., density matrix) of the system---excluding the “rest of the world”---is identical in the two scenarios (1) and (2), and, according to these orthodox rules, all predictions about any system are derivable from its density matrix. This is the completely standard reason why it is supposed to be impossible to distinguish between the two cases.

This argument ought to cover the Koch-Hepp experiment. Yet those authors claim that the experiment they propose can in principle rule out the hypotheses that no collapse occurs until it is registered in the consciousness of an observer. 
Koch and Hepp do not describe their proposed experiment in full detail. Many variations are possible, and they cannot all be discussed here. But one thing is clear: no conclusions can be drawn from this experiment if the subject is the only observer in the universe, and his occasional conscious observation of the quantum system is the only pertinent observation. To allow the proposed experiment to provide evidence about the question at issue, this proposed experiment involving the subject must be embedded in a world of observers who might experience a difference in what they see, according to whether or not all quantum collapses occurs only in association with a conscious human experience, or whether, as Koch and Hepp find likely, collapses occur also when, say, some part of the retina of the pertinent eye of the subject is activated. 

To address the problem one needs to consider how the observing scientists are to be brought into the overall scenario. To provide them with more information, in order to better decide the issue, let us suppose that detectors are installed that monitor the activities at the two different parts of the retina that are associated with the two different branches of the superposition, and that each monitor is connected to a timer that records, for later examination by the scientists who are conducting the experiment, the time of one of the two pertinent retinal activations. Under the early-reduction hypothesis (1) the reduction occurs when one or the other part of the retina responds---not both. This reduction fixes the readings on a timer that will tell the scientists which of the two superposed components is actualized, and when the associated retinal event happened. (One timer will record the time at which one of the two possible pertinent retinal activations actually occurs, whereas the other timer will in this case record no time at which the other part of the retina was activated. That is, if, in accordance with hypothesis 1, the collapse occurs at the retina, then only one or the other retinal events occurs, and thus only the associated timer is set, not both) 
Under hypothesis (2) the reduction usually does not occur until a scientist observes the timers. The observed timer readings will fix the time---in the past---when the activation of the retina occurred on that branch of the superposed state that was picked out later by the reduction event associated with the scientist’s conscious experience. In those rare cases where the subject’s attention happens to shift over, and to view of the quantum system, his experience, not the scientist’s, will produce the reduction. But this reduction, just like the reduction induced by the scientist’s experience, will pick out as actualized one or the other of the two retinal activation sites, and this actualization will fix in turn what the scientists will see, in exact agreement with what they would see if collapses occurred at the retina. Thus there is nothing in the full realm of the experiences of all observers that discriminates, empirically, between the hypotheses (1), which Koch and Hepp endorse, that reductions occur at the level of the retina, and hypotheses (2) that every collapse occurs in connection with a conscious experience.
The impossibility of empirically distinguishing between these two hypotheses is the root cause of the divergences of opinions among scientists as to what is really going on in nature herself. One real possibility, which is the one that is exploited by the quantum Zeno effect, is that at least some collapses occur in the brains of human beings, and are associated with human experiences in the way specified by the pragmatic and practically successful rules of quantum theory. 
Similar situations were discussed in a recent analysis (Stapp8) of a famous experiment performed by Benjamin Libet, and an even more famous experiment discussed by Einstein, Podolsky, and Rosen. I claim there is no way that an experiment of the kind proposed by Koch and Hepp can produce empirical evidence that will achieve the discrimination they claim between possibilities (1) and (2). To justify their claim to the contrary it is incumbent upon Koch and Hepp to spell out explicitly and in full detail how their experimental set-up overcomes the difficulties described above.
This failure to rule out the possibility that at least some reduction events occur in the brain, and actualize the neural correlates of occurring conscious experiences, opens the door to the rational possibility that quantum effects in the brain can, in strict accord with the contemporary laws of physics, allow a person’s conscious thoughts to affect causally his or her brain processes, and thereby, in turn, his or her physical actions, without these conscious choices being controlled, or conditioned, by any know law, statistical or otherwise.
Consciousness may indeed be a “placeholder”, as Koch and Hepp suggest. But for what is it holding a place, if not for consciousness itself? As a real aspect of nature with which we have direct experience, should not consciousness have a necessary place in our theories of nature, and one that allows it to play a causal role?
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