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Abstract. The idea that consciousness is somehow needed to collapse the wave func-
tion was emphasized especially by Eugene Wigner in 1961 and has recently been discussed
by e.g. David Chalmers and Kelvin McQueen. We revisit the reasons why the idea was
proposed in the first place and briefly consider Chalmers and McQueen’s discussion.

1 Introduction

There are many different suggestions to the effect that there is a special connection between consciousness
and quantum theory. To give some examples, there are those who say that consciousness can somehow
collapse the wave function, thus providing one way to solve the measurement problem (Wigner 1961);
some emphasize the role of conscious free will in deciding which of the mutually exclusive (complementary)
variables will be measured (e.g. position or momentum), and thus what will actualize in the manifest
world from quantum potentialities (Stapp 1993); some say that the quantum field (described by the wave
function) provides a bridge via which mental/conscious states (understood as higher-order informational
fields) can influence material entities (particles and fields) in the brain (Bohm 1990, Hiley and Pylkkédnen
2022); and yet others say that certain quantum processes (e.g. a certain kind of gravitationally induced
collapse of the wave function in neural microtubules) constitutes consciousness (Hameroff and Penrose
2014). (For reviews of consciousness and quantum theory, see Atmanspacher 2024; Pylkkénen 2018.) In
this paper we will focus on the idea that consciousness can collapse the wave function, as this has recently
been given new force by the philosophers David Chalmers and Kelvin McQueen (2022). To clarify the
situation we first revisit the reasons why the idea was proposed in the first place and will then make
some comments on Chalmers and McQueen’s discussion. Our paper is not a detailed commentary on
their discussion but rather an attempt to provide some further context to facilitate a more thorough
evaluation.

2 Consciousness and the Collapse of the Wave Function
There is a long tradition suggesting that there is some special connection between consciousness and
quantum theory in relation to the measurement problem (London and Bauer 1939; von Neumann 1955;
Stapp 1993; Chalmers and McQueen 2022; French 2025). One popular version of this idea says that (only)
consciousness can collapse quantum superpositions, accounting for why we, after doing an experiment,
observe a definite outcome rather than a superposition, which latter would be implied by a certain way
of describing the measurement situation in terms of the quantum theory.

Why would anyone propose such a prima facie implausible idea? To understand this, it is useful to
revisit the history of quantum mechanics, and in particular John von Neumann’s approach. After this
we can examine David Chalmers and Kelvin McQueen’s recent discussion of the topic.
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For there to be a collapse, there has to be something that collapses. What is this something? And
what were the reasons to postulate that this something exists in the first place? Now, pretty much every
educated layman interested in physics has heard about “the collapse of the wave function”. So isn’t the
answer obvious - it is the wave function that collapses. Well, not quite, for there is some ambiguity here
which we can clear up by considering a terminological issue. What exactly do we mean when we say that
the wave function collapses? Is it a piece of mathematics that collapses? It is important to note here that
the terms “wave function” and “quantum state” are often used interchangeably in the discussion about
the quantum theory (cf. Maudlin 2019: 37). In this way of talking, the term “wave function” refers
not merely to a piece of mathematics. It is also taken to refer to the physical quantum state that exists
objectively in some sense. For those who think that the physical quantum state exists, it is the physical
quantum state that collapses when they say (somewhat misleadingly) that the wave function collapses.
After the physical collapse we then adjust the mathematical description - we replace the original wave
function ¢ by the eigenfunction ¢,,. So strictly speaking it is the physical quantum state (whatever that
is) that collapses, but physicists often talk about this by saying that the “wave function” collapses.

To make matters more complicated, not all physicists and philosophers of physics assume that the
wave function represents some real physical field or state out there, existing independently of the human
mind. For Niels Bohr (1961) the wave function was part of a mathematical algorithm with which we can
calculate probabilities for what we observe in the macroscopic domain (“pointer readings”).

Of course, in a measurement situation a quantum object is connected to a measuring apparatus which
has a classically describable part (“the pointer”), but Bohr would not say that the wave function is a
description of the quantum object. No, as we already said, for Bohr the wave function is something we
can use to calculate probabilities for how the classically describable part of the measuring apparatus (“the
pointer”) behaves. Today a similar idea survives in neo-Bohrian approaches such as QBism, which says
that the wave function represents an agent’s subjective Bayesian probabilities for measurement outcomes,
rather than a physical quantum state that exists out there, independently of the human mind (Fuchs et
al. 2014).

However, there were other physicists (e.g. Paul Dirac, John von Neumann, Eugene Wigner and many
others after them) who thought that the wave function does describe an objective, mind independent
reality, something they called “the quantum state”. How is it possible that physicists and philosophers
of physics have such radically different views? As the idea that there exists a quantum state out there
in the physical world is important to the idea that consciousness collapses the wave function, let us next
consider the reasons for which one might postulate such an idea.

We will start by describing the Dirac approach and then move on to consider von Neumann’s approach.
In doing so we are following David Bohm and Basil Hiley’s useful discussion in Chapter 2 of their book
The Undivided Universe (Bohm and Hiley 1993: 17-24).

3 The Dirac approach and the quantum state

In the Dirac approach, in quantum mechanics each physical quantity is represented by a Hermitean
operator which is called an observable (Dirac 1947). When this is measured by an apparatus, the system
is left with a wave function corresponding to an eigenfunction of this observable. Bohm and Hiley note
that in general, such a measurement will alter this wave function in an uncontrollable and unpredictable
way, in agreement with Heisenberg’s uncertainty principle.

But the alteration is not completely unpredictable, for we know that the probability of a certain result
nis |Cy,|?, according to the Born rule. Here C,, is the coefficient of the nth eigenfunction in the expansion
of the total wave function. Once we obtain such an eigenfunction we can measure the same observable
again and again.

Now, Bohm and Hiley point out that we can do this in a time so short that the wave function does not
change significantly, except for a phase factor which is not relevant. This means that each measurement
will then reproduce the same result. They write:

In terms of the ‘naive’ ontology that pervades ordinary experience, this leads one to
suppose that, between measurements of the same observable, the system continues to
exist with the same wave function 1, (again, except for a phase factor). Therefore one
could say that during this time the system is in a certain state of being i.e., it stands
independently of its being observed. (Bohm and Hiley 1993: 18)

This state of being, which seems to exist independently of its being observed, is then called the
quantum state. By referring to ‘naive ontology’ above Bohm and Hiley imply that one is appealing to
our common sense intuitions if one postulates that the quantum state exists in the time interval between
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measurements. By definition, this is a state that we are not observing because we are talking about
something that is supposed to exist in the time interval between measurements, i.e., when we are not
observing it. So trivially, we cannot justify our belief in the existence of the quantum state in the time
interval between measurements by referring to an observation during that time interval. But it can still
be a reasonable hypothesis in this situation to say that the quantum state exists during that interval
independently of its being observed.

For this hypothesis we might even get support from a phenomenologist, Michel Bitbol, who has
recently discussed the criteria for saying that a certain phenomenon is underpinned by a permanent
entity of which it is the appearance. In our situation the phenomenon is the observable result of a
measurement, and the permanent entity that allegedly underpins the phenomenon is the quantum state.
Bitbol (2022: 264) refers to Piaget’s work according to which a child does not believe in the permanence
of an individual object as long as she cannot find it again and again by coordinated actions. Bitbol then
says that the key criterion for believing in an entity is active re-identification. But this is exactly what we
have in this situation - we are actively re-identifying the observable result that is supposed to represent
the underlying quantum object! So, ironically, it seems that we can use the criteria that someone with
an antirealist stance toward quantum mechanics (i.e., Bitbol) accepts to argue that it is reasonable to
assume that in the situation we have discussed, the quantum state is something that exists independently
of its being observed.

Of course, one has to be careful here if one wants to say that “the quantum state is something that
exists independently of its being observed”. The situation we have described above involves an interaction
between the quantum object and a measuring apparatus, and it might be reasonable to suggest that the
quantum state that somehow stands on its own only does this as a result of the interactions with the
measuring apparatus. But with that qualification in mind, one can argue that in this situation one seems
justified in assuming that the wave function describes an objectively existing quantum state.

4 Von Neumann’s approach

Von Neumann gave the notion of quantum state a precise mathematical formulation and also considered
the philosophical issues. His conclusion was that the wave function yielded the most complete possible
description of quantum reality. That is, he thought that quantum reality is totally contained in the
concept of a quantum state (and no hidden variables are needed or even possible).

Von Neumann assumed that the quantum state could only be manifested in phenomena at a large
scale, classical level. Thus, he made a distinction between the quantum and the classical levels, saying
there was a ‘cut’ between them. This cut is purely abstract because von Neumann assumed that the
quantum and classical levels exist in one world. However, he said that for the sake of analysis one could
talk about these two different levels and treat them as being in interaction. Bohm and Hiley describe
this:

The effect of this interaction was to produce at the classical level a certain observable
experimental result. The probability of the nth result was, of course, |C,|?, where the
original wave function was ¢ = Y C, 1, and v, is an eigenfunction of the operator being
measured. But reciprocally, this interaction produced an effect on the quantum level,
that is, the wave function changed from its original form 1 to ,,, where n is the actual
result of the measurement obtained at the classical level. This change has been described
as a ‘collapse’ of the wave function. Such a collapse would violate Schrodinger’s equation,
which must hold for any quantum system. However, this does not seem to have disturbed
von Neumann unduly, probably because one could think that in its interaction with the
classical level such a system need not satisfy the laws that apply when it is isolated.
(Bohm and Hiley 1993: 20)

Note that two physical changes take place as a result of the interaction between the quantum level
and the classical level. On the one hand, there will be an observable effect (e.g. a macroscopic pointer
pointing to a given value) at the classical level. On the other hand, it is assumed that at the quantum
level the physical quantum state (described by the wave function) will collapse from what typically is a
superposition of many possible states to a single state (a so-called “eigenstate”). As we already mentioned
earlier, after the physical collapse we then adjust the mathematical description - we replace the original
wave function 1 by the eigenfunction ,.

Now, there is a problem in von Neumann’s approach. It is not clear what causes the collapse, because
according to von Neumann the location of the cut between the quantum level and the classical level
is arbitrary and can be moved. So, we can in principle include the observed quantum object and the
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measuring apparatus as parts of a single combined system, which has to be treated quantum mechanically.
To bring about the collapse of the wave function of this combined system, we then need to bring in a
second measuring apparatus at the classical level to interact with the combined quantum system. But
because the place of the cut is arbitrary, even this second apparatus can be included in the combined
system, which requires that we introduce yet another, third, classical apparatus, if we want to bring
about a collapse, and so on.

If we keep going, we realize that even the brain of the observer could in principle be included in the
combined quantum system. However, at the end of the experiment we experience a definite outcome
rather than a complex superposition of possible states. So, it seems obvious that a collapse has taken
place somehow. But how could the collapse possibly happen anywhere in the physical domain, given that
the cut between the quantum and classical levels is arbitrary and can be moved indefinitely, to include
any conceivable physical entity (including our brains) that could act as the measuring device? This,
essentially, is the problem of the collapse of the wave function.

Given this problem, some (possibly von Neumann (1955) himself and at least Wigner (1961)) specu-
lated that it is only when we bring in something beyond the quantum domain, namely the consciousness
of the observer, that we need not apply a non-collapsed wave function ¢ and we get the definite outcome
(e.g. a spot at a definite location n) we observe and can then describe the quantum system with the
collapsed wave function v,,. This idea that consciousness collapses the wave function is one way of ac-
counting for the well-defined physical reality we find in every-day experience. As we have mentioned, this
idea has recently been explored in some detail by the philosophers David Chalmers and Kelvin McQueen
(2022). Note that they do not endorse the idea but nevertheless offer what one might call a sympathetic
critical review and analysis.

Bohm and Hiley point out that there are several difficulties with the idea that consciousness collapses
the wave function. In a laboratory, it is hard to believe that the human mind is actually significantly
affecting the results of the functioning of the instruments. These can be recorded on a computer that is
not examined for a long time. In this case the whole system (including macroscopic ”pointers”) would
be in a certain quantum state represented by a linear combination (i.e., superposition) of wave functions
over this whole period of time, which they find very implausible. Moreover, they point out that quantum
theory is currently applied to cosmology, and it is difficult to believe that the evolution of the universe
before the appearance of human beings depended fundamentally on the human mind, e.g., to make the
wave function of the universe ‘collapse’ in an appropriate way. (Bohm and Hiley 1993: 24)

They acknowledge that one could avoid this latter cosmological difficulty by assuming a universal mind
which would bring about the necessary ‘collapses’. But is this plausible? It would give some work to do for
the “consciousness of the universe” recently postulated in some versions of cosmopsychism (see Chalmers
2020). Alternatively, in a panpsychist framework (which assumes that the particles of physics have
elementary consciousness) a consciousness induced collapse without the presence of human consciousness
might also be a possibility (for panpsychism see Chalmers 2015; cf. Pylkkédnen 2020). For example, the
integrated information theory of consciousness defines consciousness as integrated information (Tononi
et al. 2016). If one could show that the quantum state is a kind of integrated information, and if we
say that there is a threshold of integration at which consciousness emerges, then one could postulate
that a collapse could happen when the integration of information in a quantum superposition passes the
threshold. In other words, the collapse of a superposition would happen when (elementary) consciousness
arises due to integration of information (cf. Chalmers and McQueen 2022: 32-36). Compare this with
Hameroff and Penrose (2014), who propose that a certain kind of collapse constitutes consciousness, and
with Neven et al. (2024), who assume that consciousness arises when a superposition forms. The fact
that such different ideas are being proposed is indicative of the difficulty of discussing consciousness in
(quantum) physical terms.

5 Chalmers and McQueen

We have given one explanation (based on Bohm and Hiley’s account) of why it has been suggested that
something like consciousness is required to collapse the wave function, if we are to explain why we always
observe a single definite outcome when making a quantum measurement. We also reported Bohm and
Hiley’s criticisms. However Chalmers and McQueen have recently given the idea a fresh examination.
They make the general point that understanding measurement in terms of consciousness has a number
of motivations:

First, it provides one of the few non-arbitrary criteria for when measurement occurs.
Second, it is arguable that our core pre-theoretical concept of measurement is that of
measurement by a conscious observer. Third, the consciousness collapse view is especially
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well-suited to save the central epistemological datum that ordinary conscious observations
have definite results. Fourth, understanding measurement as consciousness provides a
potential solution to the consciousness-causation problem: consciousness causes collapse.
(Chalmers and McQueen 2022: 12-3)

Let us discuss these motivations in turn, beginning with the idea that understanding measurement in
terms of consciousness provides one of the few non-arbitrary criteria for when measurement occurs. We
saw above that for von Neumann the location of the cut between the quantum level and the classical level
is arbitrary and can be moved. However, Chalmers and McQueen argue that phenomenal consciousness
is either definitely present or definitely absent in a given system at a given time (2022: 13-4). So in
this sense bringing in consciousness seems reasonable. If consciousness collapses the wave function, and
whether or not there is consciousness is a definite issue, we have a definite criterion for when the collapse
takes place (as opposed to von Neumann’s idea that any physical system which could collapse the wave
function is arbitrary, because we could include it in the superposition that needs collapsing). What about
Bohm and Hiley’s objections, namely that is is unlikely that the human mind can significantly influence
the results of the functioning of the instruments, or that it is difficult to believe that the evolution of
the universe before the appearance of human beings depended fundamentally on the human mind e.g.
to make its wave function ‘collapse’ in an appropriate way? Here Chalmers and McQueen are biting
the bullet for the sake of the argument at least. They discuss a situation where an electron is in a
superposition of locations, which can be described as |a) + |b):

The electron registers on a measurement device and then the result is perceived by a
human subject. Assuming the measurement device is not conscious, then at the first
stage the electron and the device will go into an entangled state |a)|M(a)) + |b)| M (b).
When the human looks, this result will affect the eye (E), early areas of the nervous sys-
tem and brain (B), and eventually the physical correlates of consciousness (PCC). Under
Schrédinger evolution, we would expect the electron, device, and subject to go into an
entangled state |a)| M (a))|E(a))|B(a))|PCC(a))+|b)|M (b))|E(b))|B(b))|PCC(b)). How-
ever, this superposed state would yield a superposition of states of consciousness. So
at the point where the PCC is affected, the system will collapse. It collapses into
|a)|M (a))|E(a))|B(a))|PCC(a)) or |b)|M(b))|E(b))|B(b))|PCC(b)), with Born rule prob-
abilities. In effect, at the point where the measurement reaches consciousness, the elec-
tron, the measurement device, and the brain will collapse into a definite state. (Chalmers
and McQueen 2022: 22-3).

In what sense are Chalmers and McQueen biting the bullet here? Well, they are not rejecting as
absurd the possibility that before the physical correlates of consciousness (PCC) are affected, the electron,
device, eye and non-conscious part of the brain enter in a superposed state, a superposition involving
macroscopic objects - there is a kind of branching at the macroscopic level before the collapse which
seems analogous to what the many worlds interpretation would predict in this situation. But because
(ex hypothesis) states of consciousness (and due to the operation of psycho-physical laws, their physical
correlates) cannot enter superpositions, this macroscopic superposed state will collapse when the PCC is
affected, as the process unfolds further into the brain. Does this suggest that those parts of the physical
world which have not been consciously observed can exist in complex superpositions? This is a wild idea,
but presumably consistent with experimental evidence. Wherever I look I never observe superpositions
but rather definite states. According to the consciousness-collapses-the wave function hypothesis this is so
because my conscious state (via its physical correlates) would collapse any superposition that I consciously
observe. Given that both Chalmers and McQueen are sympathetic to many worlds interpretations (2022:
17), it is not surprising that they are not overly worried about the possibility of there existing macroscopic
superpositions before consciousness collapses them.

As a second motivation for understanding measurement in terms of consciousness, Chalmers and Mc-
Queen note that it is arguable that our core pretheoretical concept of measurement is that of measurement
by a conscious observer. The question here is whether “measurement” to be completed requires that a
human being consciously attends to the results of an experiment. This raises general question about the
role of conscious observers in physics. Without conscious observers, would there be physics, and would
there be measurements? There could be records in e.g. a computer, but if we define measurement as
something that requires that someone is conscious of the results, then trivially, the measurement is not
completed before someone consciously sees the result. Now, this would apply to both classical physics and
quantum physics. The strange thing here is that in quantum physics (the way von Neumann sets it up) it
seems that there needs to be no single record of the result of a measurement before consciousness collapses
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the superposition. What Bohm and Hiley find implausible is the idea that before the conscious observer
looks at, say the computer record, there was a (macroscopic) superposition of computer records. The
superposition would contain as many records as the are component eigenfunctions in the superposition.

As a third motivation Chalmers and McQueen note that the consciousness collapse view is especially
well-suited to save the central epistemological datum that ordinary conscious observations have definite
results. This relates to the heart of the measurement problem. Quantum mechanics, in its von Neumann
form, typically implies that physical systems can be in a superposition, including superpositions of macro-
scopic “pointer states”. And yet we never directly observe a single object (whether a quantum object or a
macroscopic object) in a superposition. It is an experimental fact that we observe definite outcomes, and
Chalmers and McQueen are of course correct in saying that the consciousness collapse view is in harmony
with that fact. But given that there are other interpretations of quantum theory in which macroscopic
superpositions are avoided (e.g., the Bohm theory, or spontaneous collapse theories), one need not adopt
the consciousness collapse view, if one prefers some other available alternative. Chalmers and McQueen
are well aware of this.

Fourth, understanding measurement as consciousness provides a potential solution to the consciousness-
causation problem: consciousness causes collapse. If consciousness causes collapse, consciousness has a
fundamental causal role, providing a new way to tackle the difficult problem of mental causation. This
argument works for both dualistic and materialistic views on consciousness. In the case of the dual-
ist views, if the physical correlates of consciousness are in alignment with consciousness (connected by
psycho-physical laws in a suitable way), consciousness will cause collapse, and there is mental causation.
In the case of the materialist views (where consciousness is assumed to be some special kind of material
process), one might argue that all that is required for collapse are the physical constituents (rather than
correlates) of consciousness and therefore there is no need to assume dualism (i.e., that non-physical
phenomenal properties cause collapse). While the materialist view is simpler (because one need not as-
sume non-physical fundamental phenomenal properties, nor fundamental psycho-physical laws), there are
strong arguments to the effect that phenomenal properties cannot be reduced to physical ones, and thus
a "naturalistic dualism” involving psycho-physical laws remains a reasonable alternative to materialism
(Chalmers 1996).

6 Discussion

The idea that consciousness is needed to collapse the wave function is counterintuitive. By relying
on Bohm and Hiley’s 1993 discussion we have provided one way explaining why such a strange idea
was proposed in the first place. If one wants to avoid the need for consciousness to collapse the wave
function, an obvious strategy is to avoid von Neumann’s way of applying quantum theory, if possible.
By now there are many ways to do this, e.g. the Bohm theory, spontaneous collapse theories, many
worlds (Everett) and so on. Yet one can argue that Chalmers and McQueen’s article provides a valuable
discussion of the possible role of consciousness in quantum mechanics. While some other interpretations of
quantum theory can deal with the measurement problem without an appeal to the role of consciousness
in collapsing superpositions, they still typically leave open the question about the place of mind and
consciousness in the physical world. For example, David Bohm (1990) proposed that the pilot wave
theory could be extended to include mental processes by assuming a hierarchy of “super-pilot waves”.
One can then understand how mind moves matter by saying that a higher-order pilot wave (or a hierarchy
of such waves) influences the first order pilot wave. Bohm acknowledged that assuming such a top-down
influence via the hierarchy of levels would violate Schrodinger evolution (Bohm 1990: 283). While this is
not to say that consciousness is causally efficacious in that it collapses the wave function, it nevertheless
postulates that mind/consciousness is causally efficacious via influencing the quantum state and thus
violating Schrédinger evolution. This is one example which shows that while the idea that consciousness
collapses the wave function may seem very implausible, even approaches which try to avoid it (such as
the pilot wave theory), may end up postulating something similar when trying to bring mind and matter
together.
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