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I. Introduction
The task of this essay is to address one kind of reductivist project, namely, the reduction

of the mind (or the mental) to the physicalk
1 (qua physics); I restrict my discussion to the

reductivist views of Jaegwon Kim.  Specifically, I argue that his attack against substance

dualism, via the pairing problem, fails.  My purpose here is to develop one step towards a

(future) complete argument that this kind of reductivist view2 cannot be justified by appeal to the

sciences.3  This makes my project here almost entirely negative; however, I think this is a

necessary first step, for I do not think that reductionism can be ignored and dismissed outright,

because it is an historically long-standing, and oftentimes appealing metaphysical perspective

that must be reckoned with.  At the end of the essay I make some gesture towards an approach

for a positive view with respect to the specific issue of this essay, but not necessarily with respect

to the much broader context of the reductionism debate.  My reasoning is not based on claims

about what is theoretically or practically im/possible, nor on claims about complexity and what it

is im/possible for us to understand.  I take my lessons from looking to the sciences and the

scientists themselves to see what insight may be gathered there, i.e., whether the appeals to the

sciences are as straightforward and justified as they claim to be.  But it must be said up front that

such a short essay barely scratches the surface of such an enormous, labyrinthine issue.  

The position to which I have come is relevantly similar to that of an historically

important scientist:

[T]he fondness for reducing all the bodies in nature to three or four elements, proceeds from a
prejudice which has descended to us from the Greek Philosophers. The notion of four elements,
which, by the variety of their proportions, compose all the known substances in nature, is a mere
hypothesis. […] The authority of these fathers of human philosophy still carry great weight, and
there is reason to fear that it will even bear hard upon generations yet to come. […] All that can
be said upon the number and nature of elements is, in my opinion, confined to discussions entirely
of a metaphysical nature.

- Antoine Lavoisier (1789), Elements of Chemistryi

i Lavoisier (2009), 247-48.
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Lavoisier is our “father of modern chemistry”, and so we might be surprised that he would

express an anti-reductionist sentiment.  But Lavoisier knew that the fondness for reduction4 was

not merely about the decomposition of things into their smaller parts.  It was rather about the

attempt to fully explain and account for all things, for by “elements”, one can mean either the

indivisible “atoms” out of which material bodies are composed, or one can mean the

fundamental principles of things beyond which they cannot be further analyzed.  Failure to

distinguish these two senses of “element” leads to a reductivist view that Lavoisier argued is

scientifically unjustifiable, and a metaphysical prejudice, even if it leads to scientific progress.5  

The reductivist presumes that decomposition runs parallel to analysisii: the part-whole

relation of any composition is such that the whole is fully explainable by the parts, for the whole,

to use a favored phrase of Kim’s, is nothing above and beyond the parts.  Lavoisier recognized

that the ingenuity of scientists and philosophers might allow them to, at any point, discover or

devise new ways of decomposing material bodies, and similarly for principles of analysis.  Two

important points follow from this. First, he argued, if new decompositions or new principles lead

beyond observation and experiment, then they are beyond science, and as such, we have no

scientific reason to believe any one of them is consistent with nature.  Second, we are not

permitted to presume that what we take to be elemental in either sense cannot be further

decomposed, unless we have proven it to be so.  But as expressed in the last line of the quote

above, this particular issue is a metaphysical one, and so it cannot be discovered nor justified

solely by the sciences, and thus, cannot be proven by the sciences.  One hundred and sixty-eight

years later, David Bohm argued the very same thesis; I discuss important points from Bohm’s

arguments at the end of the essay.

As Lavoisier predicted, the fondness for reduction has indeed persisted.6  Materialist

views, including those like Kim’s, are a current common trend amongst both philosophers and

ii Kim’s discussion of “micro-based properties” is a perfect example of this.  Cf. Kim (2005), 57-60.
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neuroscientists, claiming that neurobiology will eventually provide us with a complete

explanation of the mind, and will have thus reduced the mental to the neurobiological.7  Further,

Kim claims that the neurobiological is, at least in principle, fully explainable by the physicalk,

because it is governed by, and thus, reducible to the physicalk.  There is no doubt that scientists in

various branches within the sciences of the mind, brain, neurobiology, and consciousness are

making headway in understanding some of the processes of the mind, including some kinds of

conscious experience8, and their relations to the brain, neurobiology, and neuroanatomy.  But this

does not justify a reductivist view and approach to the mind.  The theme of the present essay is

that looking to the sciences for justification of reductionism simply does not and cannot provide

that justification.  My view is like that of Lavoisier and Bohm: issues and questions surrounding

reductionism are essentially philosophical, and unanswerable by appeal to the sciences alone,

without question-begging metaphysical assumptions.  What often appear to be successful appeals

to the sciences in support of reductionism are in fact, as both Lavoisier and Bohm recognized,

appeals to scientific theories and practices founded on and guided by certain metaphysical beliefs

and prejudices that are often not questioned or addressed by scientists in their work.  My strategy

is to demonstrate that Kim’s attempt to ground his metaphysical views in science, specifically in

physics, by gesturing at what he takes to be physical facts and laws, fails, for it embarrassingly

reveals an ignorance of physics.  I present a few examples directly from physics, each of which

either provides claims that are contrary to Kim’s view about the nature of the physical world, or

otherwise presents fundamental challenges to his view that I argue undermine it.

II. What It's Like to be a Reductive Physicalist

Kim argues for Reductive Physicalism, the central tenet being that everything is reducible

to the purely physicalk: “there are no nonphysical properties in this world; all properties are

3



Cheryl E. Fitzgerald
April 2010

ultimately reducible to the properties investigated in fundamental physics.”i In line with the

previous quote, he specifies that by ‘physical’ he means the micro-domain of physics, and that

the world is entirely, fundamentally “a physical world, a world consisting ultimately of nothing

but bits of matter distributed over space-time behaving in accordance with physical law”.ii To be

a physicalist, states Kim, is to accept “the view that there are no concrete individuals, or

substances, in the world other than material particles and their aggregates.”iii And so he endorses

the view that the mind, or the mental, is reducible to the physicalk.  

The notion of ‘reduction’ being used here is a metaphysical reduction, whereby the

mental has no metaphysical standing of its own to claim as distinct from the physical, and is, to

use Kim’s favored phrase, nothing over and above the physical.iv More specifically, mental

properties are reduced to physicalk properties, as opposed to a reduction of one entity to another,

such that, an instantiation of a mental property is reduced to an instantiation of a physicalk

property by being identified with it.  The relevant kind of instantiation of a property that Kim has

in mind is one that can qualify as being an event, which means that it also has causal potency.v,9

So we may speak of mental events and physicalk events instead of, or in addition to,

(instantiations of) mental properties and physicalk properties.  Some causally potent properties

may more naturally be considered to be statesvi, and so we may also speak of mental states and

physicalk states.  Thus, Kim allows that we can take ‘instantiation of a (causally potent)

property’, ‘event’, and ‘state’ to all be, for the purposes of the discussion, synonymous.10  

Kim argues that the reduction of mental states to physicalk states is demonstrated by the

functionalization of mental states based on their causal rolesvii, and discovering the physicalk

i Kim (2006), 274.
ii Kim (2005), 7.
iii Kim (2006), 274.
iv Cf. Kim (2006), 274.
v Kim (1993), 34-38.
vi Kim (1993), 33-34.
vii Kim (2005), 24-26.  Cf. Kim (2006), 296.
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states that realize the functionally defined mental states.  But Kim is not a functionalist because

he is not convinced that multiple realizability blocks the identification of the token mental state

with the token physicalk state.i,11  Thus, the token mental state just is the token physicalk state that

realizes the causal role of that mental state type.  

The reasoning by which Kim argues for reductive physicalism is directed towards the

conclusion that mental causation, as causation that is distinct from physical causation, is

impossible.  But if we lose the reality of mental causation, then we lose the possibility of human

agency, human knowledge, and the explanation of human behavior via the science of

psychology.ii,12  The only way, according to Kim, that we can save these three very important

things is by accepting that the mental is reducible, and thus, identical to the physical.

Kim has two main arguments against mental causation, for there are two types of

opposing theories of mental causation, namely, substance dualism and property dualism,

otherwise known as non-reductive physicalism.  In the present essay, I only take on the former;

however, I believe that some of what I argue here can be carried over into an argument against

the latter as well, but not without the help of several more examples from the sciences, and

further discussion of relevant metaphysical issues.13  

III. The Case Against Mental-Physical Causal Interaction

Traditionally, the problem with substance dualism has often been posed as a question:

How can two fundamentally different kinds of things causally interact?  The burden of proof has

been understood to be on the side of the substance dualist, perhaps partially for reasons of

parsimony,14 and so the failure to produce a satisfying answer is usually taken as a reason for

rejecting the view.  But the burden is on the substance dualist for the additional reason that those

i Kim (2005), 55-56, 58. 
ii Kim (2005), 9-10. 
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on the opposing side tend to rely on the “inconceivability” of causal interaction between the

mental and the physical.i  On its own, this is a poor reason for outright rejecting the possibility of

something.  Kim presents a challenge he calls the pairing problem against the substance dualist;ii

he believes that it best captures why it may seem inconceivable for two fundamentally different

substances to causally interact.  

If some event C1 causes another event E1, then there must be some real relation linking C1

and E1 together as a cause-effect pair, for there must be something that accounts for C1 causing

E1 as opposed to any other event Ei{i≠1}, and likewise, it must account for E1 having been caused

by C1 as opposed to any other event Ci{i≠1}.  For suppose that there are two cause-effect pairs, C1

with E1, and C2 with E2; suppose also that they are distinct, so that C1≠C2 and E1≠E2.  For added

effect, suppose that C1 and C2 are intrinsically indistinguishable from each other, and E1 and E2

from each other.  If the causal powers of a thing are determined by its intrinsic properties, then

C1 and C2 have identical causal powers.  Nonetheless, C1 causally affects E1 while C2 does not;

but C2 does causally affect E2 while C1 does not.  If these two pairs are genuine cause-effect

pairs, then some real relation must account for why C1 doesn’t get paired with E2, and why C2

doesn’t get paired with E1.  Since the causal powers of C1 and C2 are identical, then differences in

the causal effects they bring about must be due to something external to them, i.e., a relational

feature.  Since we have also supposed that E1 and E2 are intrinsically indistinguishable, the

difference between these causal effects must be due to a relation they bear with their respective

causes. If nothing accounts for the events being correctly paired except the assumption, or

assertion, that there is a causal relation between them, then we lack justification for believing in

that causal relation.15

If answering the pairing problem is supposed to provide a relation that is essential to all

instances of causation, and universally binds cause-effect pairs, it would seem that one ought to

i Cf. Kim (2005), 73-74.
ii Kim (2005), 78-85.
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consider various types of instances of causation in order to investigate what type of relation

underlies them all.  Unfortunately, Kim does not consider a variety of cases; rather, he uses one,

very simple and unproblematic case of classically mechanistic, physical causation, namely, the

shooting of a gun, the trajectory of the bullet, and the wound it causes.i,16  The shooting causes

the wound, because the shooting of the gun emits a bullet that follows a certain trajectory

between the gun and the wound; the trajectory spatially links (or pairs) the gun and the wound.

The trajectory links the bullet with both the gun and the wound: at any time the bullet is at some

location in the trajectory, its being at that location is spatially linked back to the gun via the path

of the trajectory it has followed, and forward to the wound, via the path of the trajectory it will

follow.  The basic idea should be that we have a causal chain of events, each of which is causally

explained by a previous event in the chain, and causally explains any further event in the chain.

The essential relation that he concludes as a necessary condition for all genuine causation is

spatiotemporal locality.  

If this is the necessary condition that underlies all causation, then it would, Kim points

out, make perfect sense as to why so many have found it inconceivable that a mental substance

causally interacts with a physical substance: mental substances are supposed to be inherently

non-spatial, which makes it impossible for them to stand in spatial relations to physical

substances, which necessarily have spatial locations.  However, if spatiotemporal locality is a

necessary condition for causation, and if the mental is necessarily non-spatial, then it also

follows that mental-to-mental causation is impossible, and substance dualism must be rejected.

Since we have an interest in making sense of mental causation, particularly that there is causal

interaction between the mental and the physical, we should be motivated to accept physicalism,

and then figure out how to make sense of the mental on physicalist terms.17

i Kim (2005), 79.
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IV. Causality, and the Not So Physicalk Physics

But is Kim not begging the question here against the substance dualist?  Having

considered only a single, and over-simplified case of classically mechanistic causation, Kim has

failed to take into consideration numerous kinds of cases that seem to involve causation, but not

classically mechanistic causation.  If we consider the various types of causes that we believe in

and speak freely about, and thus, take as unproblematic in our everyday lives18, then Kim’s

argument is unmoving, to say the least.  

I set aside such cases, but the question they raise is relevant to a crucial aspect of my

argument, that question being, “How should we understand the nature of causality?”  One might

worry that Kim is begging the question against the substance dualist because he admits that he

has a thoroughly physicalk understanding of causality.  He reveals this bias in two footnotes in

Kim (2005).  The first appears on pp. 47 n. 12: “In introducing consideration of causal chains, I

am implicitly asking the reader to think of causation in terms of actual productive/generative

mechanisms involving energy flow, momentum transfer, and the like, and not merely in terms of

counterfactual dependence.”  The second appears on pp. 55 n. 22: “[M]ore generally, causality is

fundamentally a physical phenomenon.  An interestingly similar picture results from Donald

Davidson’s thesis that causation requires ‘strict laws,’ and that strict laws are found only in

physics.”  So long as one already conceives of causality as a physical process, it is no mystery

why one would have difficulty conceiving of causal interaction between non-physical events.

If causality is a physicalk process, then that branch of physics that investigates the micro-

domain tells us everything we need to know, or can know, about causality.  Furthermore,

consistency with that branch of physics would be a necessary condition for any claim about

causality.  An investigation of the questions and possible problems with such a condition, and

such a notion of causality, would bring me beyond the scope of this essay.19  However, many of

them are implicitly at work in several of my arguments below, the purposes of which are to argue
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that one can plausibly argue for a contrary view from Kim’s, specifically making use of

examples, experiments, theories, claims, and concepts directly from the physical sciences of the

micro-domain.   My point is to show that there is no reason to think that Kim’s reductivist view

finds a foundation in the physical sciences, for it is possible to come away from the physical

sciences with a scientifically informed, legitimately non-reductivist view.

i. The Macro, the Micro, and a Matter of Consideration

To begin with, the gunshot example Kim describes is not actually a description of

physicalk causation, for it is not a description of the micro-domain of physics, but of the macro-

domain of human experience.  By identifying the ‘physical’ as the micro-domain of physics, Kim

is restricted to whatever theory governs that domain.  He explicitly relies on a naïve conception

of classical Newtonian mechanics in the example he describes; but the domain of Newtonian

mechanics is the macro-domain of human experience, not the micro-domain of contemporary

physics.  By placing his example squarely within the macro-domain, and using this to argue for a

claim about the micro-domain, Kim assumes that the macro description provides an equivalent

description of some property of physicalk reality to what would be given in a micro description.  

It must be equivalent and not reducible to a description of the micro-domain, because

Kim claims to be identifying in the macro-domain a necessary condition of causality, and that,

that condition can only be satisfied by the physicalk domain.  The macro-event may be reducible

to a micro-event, or the macro description of the event may be reducible to a micro-description;

but what cannot be reducible is the condition necessary for causality, or the description of that

condition.  For if that were reducible, then it might turn out that the property of the macro-

domain that Kim identifies as the condition necessary for causality reduces to a property of the

micro-domain that is cognitively or conceptually significantly different20 from the one at the

macro-level.  But in that case, the macro-level property cannot describe the micro-domain, i.e., it
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cannot be ascribed to the physicalk, anymore than a mental property can describe the physicalk,

even if it turns out to be true that the mental is reducible to the physicalk.  Thus, in order for

Kim’s argument to succeed, one must be able to either give a classical Newtonian mechanical

description of the micro-domain of physics that preserves the relevant feature, or features, that

Kim argues solves the pairing problem; or, provide a different theoretical description of the

micro-domain that preserves at least that classical mechanical feature, or features.

But the failure of classical mechanics to account for the behavior of the micro-domain

was well-recognized by the turn of the 20th c.  Both Planck and Einstein were motivated by

some of the puzzles of the micro-domain, and their remarkable insight and work led to the rapid

development and justification of the quantum theory.  One puzzle is particularly relevant, for it

involves the fundamental ontology that Kim appeals to, namely, the atomicity of matter and that

everything is really just aggregates of particles.  Rutherford's model of the inner structure of the

atom, consisting of a nucleus surrounded by electrons in orbit, could not possibly explain via

classical mechanics the stability of an atom.i  For the stability of atoms violates the classical

mechanical laws.  This issue carried over to theories of chemistry, for electrons in atoms account

for certain types of chemical bonding; in this way, the issue spreads, so to speak, pervasively

throughout a reductive physicalist ontology.  But physicists stood confronted with two puzzling

aspects: (1) according to the predictions of classical mechanics, an atom should basically self-

destruct:

An electron moving in a curved orbit is always being accelerated towards the centre of the atom.
Thus, it should be continually losing energy.  This energy can come from only one source, the
potential energy of attraction of the nucleus for the electron.  But for this potential energy to be
liberated the electron must fall towards the nucleus.  Thus, we predict that the electron will move
in a spiral orbit, and will reach the nucleus in a time that calculation shows to be an extremely
small fraction of a second.ii

i Bohr (1987b), 34; Heisenberg (1958), 33-36, 152; Bohm (1957), 73-77
ii Bohm (1957), 73.
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and (2) classical mechanics is devoid of resources to explain how and why electrons are only

found at discrete energy levels within the atom—that is, only in the orbits of Rutherford's model

—as opposed to being found anywhere within a continuous energy range, as well as accounting

for the transition of an electron from one level to another in either direction.  Both of these

problems were resolved, and shown to be inherently connected, by Bohr's quantum theoretical

analysis of the atom, in which he utilized Planck's constant to derive the quantum of energy

responsible for the discrete energy levels.  The internal micro-domain of the atom does not seem

to behave at all like the macro-domain of our experience, i.e., according to classical mechanics.

This result challenges the reliance on our experiences of the macro-domain when considering the

micro-domain, and thus demands from us justification for any such reliance.

Another characteristic of the physical world that a hundred and fifty years ago began to

lead physicists away from the billiard ball, Newtonian mechanical conception of the world is

mysteriously missing from Kim's picture of reality.  It is curious that, when he describes what a

physicalist believes exists, Kim does not mention forces—a Newtonian concept—or fields, such

as the electromagnetic and gravitational fields.  There is no doubt that physical theory requires

the use of both of these notions in some way or another.  And there are experimental data and

compelling arguments in favor of their existence as genuine constituents of physical reality.

After all, without fields, the physical world exhibits the very thing that Kim argues is physically

impossible, viz., action at a distance.  (Consider just how strange, despite how natural it is to say

that the North Pole causes the needle in a compass to point north; and yet, this is true, when

understood properly.  But is it any better to say that the electromagnetic field causes this?)  It is

true that, if forces and fields exist, then they are physical, but only by default of the fact that they

are needed and utilized, investigated, and accepted by practicing physicists in their work.  In

other words, only if physicists decide that they are, and adopt them into the physical ontology.
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But they are, for the most part, by no means anything like matter under a corpuscular (atomistic,

particle-like) conception in either their properties or the laws they obey.i,21   

Indeed, if matter is necessarily corpuscular, as Kim clearly conceives of it, then forces

and fields are not material, per se.  This distinction between fields and particles is recognized by

contemporary physics insofar as forces and/or fields are conceived of as acting on particles.ii,22

One of the most important features of particles is their ability to “stick” together in loosely to

tightly packed aggregates, constituting and forming the wide variety of objects and parts of our

empirical world.  Reductive physicalism clearly requires that this is true.  But the aggregativity

of particles physically requires forces and/or fields that allow for the attractive and repulsive

behaviors between them.  It would make little sense if such forces and fields were not believed to

genuinely exist.  Not only do many physicists believe on these very grounds that they exist, as

distinct from material particles, but some have even suggested that fields are the only physical

entities that exist, and that they can exhibit particle-like behavior, giving us the illusion that there

are particles.  Einstein was notoriously of the latter sort.iii  

ii. Whose Physics?

My point here is to demonstrate the need for referring to and discussing a particular

physical theory of the micro-domain, as opposed to speaking of “the physics of the micro-

domain.”  For physics is a branch of sciences that does, indeed, investigate the micro-domain,

but it does not offer us a single theory of that domain.  Like any other branch of sciences, there

are competing theories to choose from.  Quantum mechanics is considered the most successful

scientific theory that has ever been developed;23 either all or nearly all of the calculated

i Heisenberg (1958), 152-53; Bohm (1957), 44.
ii Shankar (1994); Heisenberg (1958), especially “IX. Quantum Theory and the Structure of Matter”; Bohm (1957),
especially pp. 41-47.
iii Bohm (1957), 44-6.
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predictions have been confirmed.i  It would seem to follow that anyone making an appeal to the

micro-domain of physics must, in one sense or another, answer to or take into account QM.  One

of the challenges for any metaphysical view that purports to be founded on the micro-domain of

physics is the demand that one be a realist about the physical theory chosen as the foundation.24  

Since its inception, QM has proven to be notoriously challenging to interpret

realisticallyii, for there are experimental results—discussed below—that remain inexplicable by

the classical concepts that are based on human experiences of the behavior of the macroscopic

domain.  For this very reason, physicists working on QM in order to gain an understanding of

some aspect of the physical world, as well as an understanding of QM itself, have debated with

each other over what, if anything, QM tells us about the physical world, and what consequences

that has for our conception of physical reality.  Causality is one of several topics of interest

among both quantum physicists and philosophers of QM, particularly with regards to (i) whether

QM requires non-local causality, (ii) whether QM requires a renunciation of causality25, and (iii)

the relationship between causality and in/determinism.iii  Causality at the mirco-level may not be

as simple as what we understand classical mechanics to describe; it may not be anything like our

understanding of classical mechanistic causation.  Then again, it might be.  The point is that,

because Kim has committed himself to the view that the physical must be derived from physics,

making physicists the authority on what is physical, he is committed to the consequences of

physical theories, as well as the consequences of debates surrounding those theories. The

existence of these debates between physicists does not prove that Kim’s view is wrong.  But it

does undermine the claim that his physicalism is based on and justified by physics.  The presence

of debates within a branch of science exposes a significant form of fallacious reasoning that any

appeal to the sciences may be in danger of committing.  Again, a branch of science is not an
i d’Espagnat (2006); Norris (2000); Lange (2002); Rosenblum & Kuttner (2006); Jaeger (2009); Cushing &
McMullin (1989).
ii Fine (1996), 151-71, 194-201; d’Espagnat (2006), 46-50, cf. Chs. 4-7, 9; Planck (1953), 83; Norris (2000).
iii For (i): Cushing, et al. (1989); Lange (2002).  For (ii): Bohr (1987), 33; Bohm (1957), 84-9.  For (iii): Bohm
(1957); 
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homogenous entity producing claims or theories about the domain investigated.  Scientists, i.e.,

people, investigating that domain make claims about what is investigated; but those claims are

not always accepted and acknowledged by other scientists working in the same field.26  If one

desires to make an appeal to those claims, then one must give some argument for appealing to

those claims, as opposed to contrary claims made by other scientists in the field.  

As I argued above, Kim would need to establish that his gunshot example is analogous in

the right way to the micro-domain in order for this example to provide justification for his

conclusion that causality requires spatio-temporal locality.  In fact, quantum mechanical

experiments that are analogous to the example, viz., emitting electrons from an “electron gun”,

metaphorically speaking, produce results that in no way appear analogous to the macro gunshot

example.  The quantum world often appears at odds with classical mechanics.  In particular, the

formalism of QM in conjunction with the experimental results of the famous double-slit

experiment suggest—some would say prove—that particles do not travel along trajectories at all,

and that the concept trajectory does not apply to the behavior of the “quantum world”.i

According to the formalism of QM, a future (or final) state of a particle cannot be

predicted with certainty, i.e., probability of 1, from an initial state.  What can be determined are

the possible states that the particle would be measured to be in if a certain type of measurement

were performed.  These possibilities are captured by the ! -function for the state of the particle

prior to measurement, otherwise known as the superpositionii,27 of the particle.  From the ! -

function we can calculate for each possible state the probability that a measurement yields the

particle in that state.  But no calculation will determine which of these possible states the particle

will in fact be found in.  It is only by actually measuring the particle that the ψ-function

“collapses”28 from the various possible states to a single state, the one in which the particle is in

fact found.  The upshot of this is that according to the formalism of QM and all the information
i d’Espagnat (2006), 38-41.
ii Shankar (1994), 115-18.
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of an initial state, there is no description of the particle as traveling along a certain trajectory that

gives an explanation of how the particle gets to be in the final state it is in fact found to be in

when measured.

iii. Seeing Double: Waves or Particles, or Both?

Thomas Young first performed the double-slit experiment with light in the early 1800s,

confirming the wave nature of light.  In the latter half of the 20th c., it was performed with

electrons, giving support in favor of Louis de Broglie’s theory that all matter should exhibit wave

behavior.i  The experiment demonstrates that the corpuscular theory of matter and the physical

world is, at best, an incomplete picture, for it shows that matter put into the right circumstances

exhibits wave-like behavior and particle-like behavior during a single experiment.29  Electrons

are emitted one by one from the metaphorical “electron gun,” the source of the emitted electrons,

at a barrier for which there are two possible routes—two slits in the barrier—each electron may

take to pass the barrier and hit a detection screen on the opposite side of the barrier.  The source

is prepared in such a way as to emit one electron at a time at a rate such that, no two electrons are

in the apparatus at the same time.  Given our familiarity with the behavior of macroscopic

bodies, we expect that each electron travels either through one slit or the other on its way toward

the detection screen.  And after emitting one electron and observing a small dot register on the

detection screen, one would still comfortably conclude that the electron, following a single

trajectory, passed through either one or the other of the two slits.  

However, after several electrons have gone through the apparatus and the dots signaling

detected electrons build up on the screen, the array of dots displays an unmistakable interference

pattern that is characteristic of waves, and does not show up when only one slit is open.  Because

only one electron is ever in the apparatus at any time, and the experiment is performed in a

iBohm (1957), 77; Arndt, et al. (1999).
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vacuum, there is nothing else present in the experimental apparatus that might interact with the

electron, qua particle, and cause or otherwise explain the appearance of the interference pattern.

Whatever happens between the point at which the electron is emitted and where it hits the

detection screen, it seems that the electron must behave as would a wave.  And yet, we cannot

simply conclude a wave theory of matter, for each individual electron that hits the screen is in

fact detected as a particle, i.e., registering an effect on only a miniscule region of the entire

screen.

Utilizing the strange behavior of entangled systems, a variation on the double-slit

experiment was devised, and performedi, in such a way as to attempt to discover which slit each

particle detected by the screen passed through.  The experiment was performed using entangled

pairs of orthogonally polarized photons, one in each sent through the double-slit, while the other

was sent in a different direction, and special crystal plates that can shift the direction of

polarization without disturbing the interference pattern.  The information regarding which slit the

photon passed through was obtained by taking advantage of the entanglement relation, for it was

the entangled partner, so to speak, that was measured in order to obtain the missing information

of what happened between the emission and detection on the screen of the photon that passed

through the double-slit.

The results of the experiment are astounding: despite that nothing about the photons sent

through the double-slit was different in such a way that would have an effect on what happens to

them, the interference pattern was destroyed.  This result obtained even when the experimenters

did not measure the entangled partner to determine which slit was traveled.  It seems that the

possibility alone that one could determine which slit a photon traveled through caused the

photons to behave differently.  This result was checked by destroying or erasing the information

carried by the entangled partner by altering it in a significant way before it could be measured.

i Walborn, et al. (2002).
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In this case, the interference pattern returned!  The impossibility of determining which slit each

photon passed through seems to have caused the photons to behave differently.30  The most

bizarre result of all, however, is that the results in both types of cases remained the same when

the distance the entangled partners had to travel was increased, so that a photon passing through

the double-slit had already gone through the experimental set-up and hit the detector screen

before its partner was either detected, in the first case, or altered for erasure, in the second.  This

rules out the possibility of faster than light communication between the entangled photons.  In

other words, detection or alteration and erasure of the entangled partner cannot be the cause of

the behavior of the photon passing through the double-slit, whether it behaves as a wave passing

through both slits and creating the interference pattern, or as a particle passing through only one

slit or the other.

What is most significant in all double-slit experiments is the fact that a particle seems to

exhibit wave-like behavior when it is not possible for its position in space to be measured, and

that it seems to exhibit particle-like behavior when it is possible to measure its position, or when

its position is actually measured, such as when it hits the detector screen on the other side of the

double-slit.  But even this statement presumes more than QM tells us, viz., that it has a position

in space when it is not possible for that position to be measured and known.  It may seem

inconceivable to us to believe that, between the point at which the electron or photon is emitted

and the point at which it hits the detector screen, the electron or photon literally has no position

in space, and thus, does not follow along a trajectory.  But we must acknowledge that if we

believe it has a position at any moment in time between these two points in space, this belief

reaches above and beyond what QM can tell us and justify for us, as well as beyond what any

experimental data can tell us and justify for us.  Such a belief can only be grounded in a

metaphysical conception of physical reality, and not in a physicalk conception based on physics.
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Heisenberg, a leading founder of QM, acknowledges that it is an “assumption that particles are

real in the sense of the materialistic ontology,” and that this cannot be verified by QM.

[T]he symmetry between particles and waves…is a characteristic of the mathematical scheme of
quantum theory.  As early as 1928 it was shown by Jordan, Klein, and Wigner that the
mathematical scheme can be interpreted not only as a quantization of particle motion, but also as
a quantization of three-dimensional matter waves; therefore, there is no reason to consider these
matter waves as less real than the particles…[emphasis added]i

If a belief that particles are ontologically privileged cannot be justified by QM, then neither can a

belief that trajectories are needed to make sense of the behavior of physical reality.  We might

still retain trajectories to describe the macroscopic domain of human experience; but according

to Kim’s physicalism, we should have to admit that they are but illusory aspects of reality, much

in the same respect that mental states are, since they would not accurately describe the

microscopic domain, which is the only genuine reality for a physicalist.

iv. Quantum Mechanical Measurement and the Boundaries of Objectivity

Even if one insisted on an ontology of particles, the ψ-function does not tell us that a

particle gets to one point from another by traveling along a trajectory.  It only gives us the

physically possible results, i.e., those with non-zero probability, of specific measurements we

might make on a quantum system.ii  We cannot simply “look” at a quantum system to see what it

is doing and what it is like.  In order to make an observation, i.e., a measurement, we must run an

experiment, and the kind of experimental set-up is dependent upon what we decide to measure,

how much we want to control for, and where the boundaries lie between the experimental set-up

and the quantum system being measured and the rest of the world, which includes ourselves.  It

is important to understand that and how the results of any measurement are brought about by the

experimental set-up designed by the experimenters; the experiment creates the phenomenon

i Heisenberg (1958), 133-34.
ii Shankar (1994), 118.
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observed and the measurement results obtained.  What we can measure, however, is limited by

the Indeterminacy Principle31, which states that there are types of observables, or measurable

quantities, such that, the more precise a measurement is made for one specific type, the less

precise a measurement can be made for another specific type, and vice versa.  Measurement is

fundamental to the theory: QM does not inform us about “what reality is really like” when or if

we don’t or can’t make a measurement; and it is that through which QM makes contact, so to

speak, with the world.  

Since many or all of the quantitative values of the properties of a quantum system at a

time at which they were not measured cannot be calculated from the known values at a time they

were measured, the only way new quantitative values can be introduced is via measurement of

their respective observable qualities.  This is one of the fundamental postulates of QM, referred

to by a few different names, such as The Projection Postulate, The Reduction/Collapse of the

Wave Packet Postulate, The Reduction/Collapse of the State Vector Postulate, or The Collapse

Postulate for short.  Shankar (1994) states the postulate formally as,

If the particle is in a state ψ〉, measurement of the variable (corresponding to) Ω [an observable
feature of the particle] will yield one of the eigenvalues ω with probability P(ω)∝〈ωψ!" 2.  The
state of the system will change from " ψ〉 to ω! as a result of the measurement.i

Two things are worthy of note about this postulate.  First, it asserts that the quantitative value of

an observable obtained from a measurement made on the system tells us what state the system in

fact is in.  Second, despite that this constitutes a change from the earlier state ! 〉 to the later

state ! !, this change is not governed by the Schrödinger equation for the evolution of a system,

even though another postulate of QM states that, the state of a system at a time t obeys the

Schrödinger equation.  But nor does it provide any explanation or description of the change that

in fact occurs.  If there were such an explanation or description, then there would be no need for

measuring the system.

i Shankar (1994), 116.
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This fundamental dependence on measurement constitutes the reason for which both

Bohr and Heisenberg insisted that QM contains an ineliminable subjective element.i,32  Bohr

repeatedly argued and emphasized that measurement requires interaction between the quantum

system and a measuring instrument, which is, itself, a physical object and thus susceptible to

quantum states and effects, which it is being used to measure.33  The interaction introduces “an

uncontrollable element” that cannot be taken into account and extracted in a final analysis of the

data.34  The whole measurement problem as Bohr saw it

implies the impossibility of any sharp separation between the behavior of atomic objects and the
interaction with the measuring instruments which serve to define the conditions under which the
phenomena appear. […] Under these circumstances an essential element of ambiguity is involved
in ascribing conventional physical attributes to atomic objects, as is at once evident in the
dilemma regarding the corpuscular and wave properties of electrons and photons.ii

Accordingly, an independent reality in the ordinary physical sense can neither be ascribed to the
phenomena nor to the agencies of observation.  After all, the concept of observation is in so far
arbitrary as it depends upon which objects are included in the system to be observed. […] [I]f in
order to make observation possible we permit certain interactions with suitable agencies of
measurement, not belonging to the system, an unambiguous definition of the state of the system is
naturally no longer possible, and there can be no question of causality in the ordinary [i.e.,
classical] sense of the word. [emphasis added]iii 

The italicized sentences in the above passages are a significant point for consideration.  Classical

mechanics presumes a sharp division between the object and the measuring device, such that the

object is distinct and individuated from the measuring device and its environment; such

distinction and individuation are presumed to hold of every physical entity.  Under this

presumption, all of the qualities of the object and those of all the entities comprising its

environment, including the measuring device, can be quantitatively determined at any time, from

which the quantitative values of all such qualities at any other time can be calculated and

determined.  In other words, any causal interaction and the following results are determined by

the magnitudes of these qualities and the laws governing their behavior, if these are not

determined by the qualities themselves.  So long as we can individuate physical entities, and

i Bohr (1987a), (1935), (1987b); Heisenberg (1958).
ii Bohr (1987b), 39-41.
iii Bohr (1987a), 54.
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identify them and their qualities, then classical mechanics allows us epistemic access to the

causal behavior of individual, physical entities, which allows us the possibility of understanding

the nature of these causal interactions, causal laws, etc.  

There is, however, no sharp division between a quantum system and the measuring

device, because the device, itself a physical object and thus also a quantum system, quantum-

mechanically interacts with the quantum system it is measuring.  The result is that the two

quantum systems become entangled, in which they can no longer be taken to be separate

systems.  But this is antithetical to the very conception of a measuring device: since we can only

perceive macroscopic, classical objects, then our measuring instruments must be macroscopic,

classical objects, not quantum systems entangled with the objects whose quantum features we are

attempting to measure.  It is not the mere presence of interaction that is the problem.  Interaction

is a necessary feature of measurement, even in classical mechanics, for the device cannot

measure (a specified quality of) the object without making physical contact and inducing an

interaction in which the object causes the device to produce a particular output, or reading, i.e.,

the measurement result.  The problem is rather a clash of conceptual worlds: the idea of physical

contact and interaction of the sort that is required for measurement between the measuring device

and a quantum system is literally incomprehensible.  Measurement interaction, as described

above, requires a distinction and division between the object and the measuring device; we have

no other way of making conceptual sense of the physical contact and interaction between the two

so that the reading from the device informs us about (a specified quality of) the object.35   But the

required division that is lacking in this case is that which distinguishes between the classical

world, in which the measuring device is, and the quantum world, in which the object being

measured is, and in which the quantum interaction, i.e., entanglement, takes place.  In other

words, the required interaction for measurement of a quantum system precludes the possibility of

individuating the measuring device from that quantum system, thus causing a breakdown of the
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very conditions necessary for the possibility of measurement.  And this is that “uncontrollable

element” that we cannot experimentally control and account for, since we cannot even conceive

of whatever causal relationship may hold between the measuring device and the quantum system

when they are entangled.

The measurement problem as I've here explicated it calls into question our epistemic

position with respect to qualities that distinguish one entity from another when that distinction

involves qualities of the quantum domain and qualities of the classical, macro-domain.  One is

susceptible to this problem so long as one believes, as any reductive physicalist would given his

commitment to metaphysical reduction, that all macro-physical objects, or an aspect or

constituent of all macro-physical objects, undergo quantum interactions and effects.  The

inability to qualitatively distinguish and individuate objects (or entities) calls into question our

understanding of the causal relationships between them, and so puts an epistemic strain on our

conception of causality, causal interactions, and causal laws.  

v. Interpreting Quantum Mechanics

Physicists regularly observe that particular quantum systems, when considered

individually, appear to exhibit irregular and unpredictable behaviors.  This lends some support to

the conclusion of the previous section.  However, repeated measurements of these types of

quantum systems eventually reveal a convergence on the varied results to an observed pattern of

regularity, from which some physicists have concluded that the quantum domain is governed by

statistical laws rather than determinate ones, and so was declared as fundamentally

indeterminate.  One could36, therefore, interpret the ψ–function as giving predictions about a

pattern of results that we will have a tendency to observe over time, or distributed amongst

several systems, as opposed to a description of a particular quantum system prior to
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measurement.i  The unavoidable indeterminacy of particular quantum phenomena as captured by

the statistical nature of QM seems to show that Davidson's requirement of “strict laws” for

causality, to which Kim referred, cannot be met.  For statistical laws do not, properly speaking,

govern or describe individual phenomena: that a fair coin has a 50% chance of coming up heads

when flipped tells us nothing whatsoever about any particular coin in any particular instance and

how it will in fact behave.  The coin's coming up tails on any particular flip cannot possibly

provide evidence that the statistical law might be false.  Since causation occurs as an event, a

phenomenon in the world at a particular time, a statistical law tells us nothing about how any

particular instance of causation will turn out.  A statistical law applies only to a series of

individual instances, or an aggregate of individuals.  It follows that any particular instance of

causation is not itself governed or determined by a statistical law; but it cannot be incompatible

with it either.  Thus, insofar as it is statistical, QM in and of itself cannot justify our beliefs about

the causal nature of the physicalk domain.  It is for this reason that Bohr advocated the

renunciation of causality.ii 

Planck (1953) was dissatisfied with this renunciation, and discussed37 an alternative

interpretation of QM with respect to its pervasive indeterminacy, with which he found fault for

the loss of genuine causality.  Although the “law of causality” is successfully regained, it comes

not without a cost: QM can no longer be interpreted realistically.  Under this interpretation, QM

is not about the sense world of our experience, which includes experiments actually performed,

since these may be taken to be extensions of our own senses.  Instead, the physicist abstracts

away from the sense world to an idealized conception of the physical world, what Planck called

the world picture of physics, and it is this world to which QM refers.iii  This idealization makes

this kind of interpretation rather attractive, I would think, for many people; for physicists have

often used idealistic language when describing physical phenomena and physical laws.  It is to

i Cf. Einstein (1954), 314-17; Fine (1972).
ii Bohr (1935); Bohm (1957), 79-93.
iii Planck (1953), 79.
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the world picture of physics that they refer when discussing most experiments, since they adopt

the theoretical use of idealized experiments because they do not include the errors, uncertainties,

and indeterminacies that are unavoidable and uncontrollable in experiments performed in the

sense world.  But these idealized experiments are thereby impossible to carry out, and are

theoretical abstractions only; any conclusions that are drawn from such idealized experiments

can only refer to the world picture and not the sense world of our experience.  

Planck explains that this interpretation has the consequence of an inherent ambiguity

attached to words ascribing properties to physical (including quantum) phenomena.  The double

meaning has to do with whether they are used in reference to the sense world or the world picture

of physics; it is only in the latter case that such concepts can be sharply defined and assigned

definite values upon measurement.  Only the concepts of the world picture can be represented by

mathematical symbols in the formalism of physics, from which it follows that,

directly observable magnitudes are not found at all in the world picture.  It contains symbols only.
In fact, the world picture even contains constituents which have only a very indirect significance
for the sense world, or no significance at all. […] [T]hey are incorporated because of the decisive
advantage assured by the introduction of the world picture–that it permits us to carry through a
strict determinism.i  

The usefulness of the world picture eliminates the uncertainties and indeterminacies of the sense

world, and are effectively “reduced” or attributed to uncertainties and indeterminacies in the

translation from the sense world to the world picture of physics, and from the world picture to

the sense world.  But then causality is not a feature of the sense world of our experience; it seems

rather to be an attempt to bring rationality to our understanding of the sense world via the world

picture of physics.  Thus, a subjective element is also introduced in this interpretation, but it is a

kind of subjectivity we are used to, i.e., mind-dependent.  The subjective element is precisely

that which was able to recapture causality, namely, the world picture of physics, “a provisional

and alterable creation of the human power of imagination.”ii  Despite recapturing the strictness of
i Planck (1953), 80.
ii Planck (1953), 86.
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deterministic causal laws, such an interpretation seems best considered instrumentalist, leaving it

unable to give any support to a metaphysics claiming a foundation in physics.

Regardless of the interpretation one adopts here, something as seemingly simple as

calculating the velocity of a particle by making successive measurements of its location may not

legitimately be considered an observation of the velocity of the particle, but rather a theoretical

abstraction, above and beyond observation, that serves to help explain what is observed.i  But

even this relies on the assumption that the very same object was measured in all considered

cases, an assumption that we may also call into question given experimental observations of

particle creation and destruction.ii  Even if we could scientifically confirm that the object

observed in each successive measurement is the very same particle, calculating the velocity does

not automatically permit us to assert there was a definite trajectory along which the particle

traveled.  According to the formalism of QM, the momentum, from which velocity is calculated,

of a particle-like object is equivalent and interchangeable with the wavelength of a wave-like

entity.iii,38  Even if we can recapture some notion of a trajectory out of the propagation of a wave,

such reconceptualization of 'trajectory' does not tell the same physicalk story in at all the way one

would normally understand the motion of a particle through space.  

Recall the quote from Heisenberg above regarding the mathematical symmetry of waves

and particles, and that the quantum theory itself does not give us any reason for preferring one

interpretation over the other.  Which interpretation we accept will significantly affect what

properties we ascribe to entities of the micro-domain, how we conceive of interactions between

those entities, how they evolve, and how we conceive of the nature of causality in that domain,

despite that the formalism and all experimental observations should39 always remain compatible

with both the particle and wave interpretations.  QM itself is a predictive theory, not a descriptive

one: it allows us to predict what we may observe, but it does not by itself provide a description of
i Bohr (1987a), 66; Bohm (1957), 90; d'Espagnat (2006), 38-42.
ii Shankar (1994), 576; d'Espagnat (2006), 43-45. Cf. French (2006).
iii Bohm (1957), 78-79.
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what happens in the micro-domain.  It cannot then reveal the causal behavior of that domain, and

is thus silent on the nature of causality and causal laws.  Only the conjunction of QM and an

interpretation can provide a descriptive theory of the quantum domain.

There are, in fact, many different interpretations40 of just what QM says about the world,

if anything at all, putting a damper on the objectivity of any description of the quantum domain.

The variety of interpretations continues to give rise to debates between physicists, and

philosophers of physics, and new interpretations occasionally arise to join the debate.  An

interpretation that is not purely instrumentalist is a metaphysical and physical conception of what

the world must be like that attempts to both explain how QM works (and works as well as it

does!), and make meaningful sense of it so that we can gain insight and knowledge about the

world.  But for the time being, QM is independent of all of these interpretations: the theory

works, regardless of the metaphysical and physical backstory that is attached to it.  If one desires

or requires some kind of realist interpretation, then QM's independence from the various

interpretations should give us cause to wonder: From whence do any of these interpretations

acquire justification?  If QM is independent from and thus compatible with all of the offered

interpretations, then with regard to any available empirical evidence and experimental data that

might be offered by “the science itself”, so to speak, the interpretations are underdetermined.  In

other words, the physical theories themselves do not dictate any specific metaphysical theory.

V. The Plausibility of Mental Causation

The conclusion of the foregoing section is that the physical sciences of the micro-domain

do not establish the nature of causality, for this is a metaphysical issue, and generally speaking,

metaphysical questions cannot be answered by the physical sciences.  Aside from all of the

familiar challenges41 that can be raised in confrontation to any scientific theory, claim, or

practice, that which is metaphysical is distinctively outside the domain of the sciences.  This
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does not rule out an appeal to the sciences for guidance in any attempt to answer metaphysical

questions; for if one is a scientific realist, then one should desire agreement between metaphysics

and the sciences.  But any such appeal requires justification with regards to its legitimacy and

relevance; more importantly, it can serve only as a guide, not as evidence or proof.  While it

seems to me that Kim believes that physics in fact proves that reductionism is true, and that this

is the reason his appeals to physics include no justification for their legitimacy and relevance for

the metaphysical issues at hand, I have taken the more charitable approach of interpreting his

view to rest on the claim that physics serves as an important guide for understanding the nature

of causality.  Thus, what I have tried to show is that the appeal to “the micro-domain of physics”,

which I have specified as the domain of quantum mechanics for the purposes of this essay, fails

to enlighten us about the nature of causality; furthermore, that very micro-domain presents us

with puzzling confrontations to a conception of causality.  

The purpose of this exercise of causing trouble in a variety of ways for Kim's appeal to

physics is the undermining of his argument against the plausibility of mental causation.  He

argued that a necessary condition of causality is spatiotemporal locality, and that, since physical

entities can fulfill this condition but mental entities cannot, then causation involving mental

entities is not possible.  I have not argued that physics, and quantum mechanics in particular,

actually requires non-local causality, even though some physicists and philosophers of physics

argue that it does.  I do not claim to have shown that locality is not required for causality.  What I

have argued instead is that an investigation of some of the physical theories of the micro-domain

tells us nothing about the nature of causality, and so cannot be appealed to for justification of

either the claim that causality requires locality or that non-local causation exists.  The reason that

an investigation of some of the micro-physical theories fails to enlighten us about the nature of

causality is that we run up against several puzzling confrontations to our vague intuitions about
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causality.  The micro-domain of the physical sciences does not, at times, seem to behave

anything like the macroscopic domain of our experience.  

However, this does not immediately motivate us to renounce our vague intuitions about

the nature of causality.  Despite my argument against Kim's use of an example of causation in the

macro-domain instead of the micro-domain, because the use of this example is inconsistent with

his reductivist thesis, I think there is good reason to find the use of this example appealing,

namely, that the domain on which we should rely for understanding the nature of causation is just

the macro-domain of human experience.  But in that domain, instances of causation that are

nothing like classical mechanistic causation are common occurrences, including mental

causation.  For if we rely on experience, then in the very least, we experience a causal connection

between our own intentions and the actions we perform based on those intentions.  If we take the

macro-domain of human experience as a justifiable basis for our beliefs about the nature of

causality, then there is no reason to find the possibility of mental causation, in which this may

involve interaction between the mental and the physical, as immediately incomprehensible.  
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1 Kim uses a very specific notion of ‘physical’ that defers to physics; this is addressed in §II.  To aid
clarification, I will use the subscripted ‘physicalk’ whenever it seems necessary to emphasize that Kim
intends this to refer only to the micro-domain of physics.  The reader, like myself, may normally use
the term ‘physical’ to refer to a much broader domain; for example, coffee mugs, spoons, light bulbs,
desks, pigs, plants, clouds, and the cells of an organism may all be thought of as physical objects.
However, lapsing into this way of thinking about Kim’s claims and arguments may effectively mask
some of the fundamental flaws of his position that my arguments are intended to reveal.  Quite
specifically, Kim does not count the biological amongst the physicalk.  It follows that the
neurobiological is not, technically speaking, part of the physicalk.  Cf. n 19.
2 For the purposes of the essay, ‘the reductivist view’ should be restricted to the sort of reductionism
that Kim argues for.  However, I think there are reasons for making the more general claim about any
reductivist view, even after we’ve gotten clear on what ‘reduction’ even means.  Cf. n 4.
3 In a complete argument against the reductivist view, I would argue this in despite of the impressive
wealth of empirical discoveries and experimental data in the neurological sciences.  (Kim does not
explicitly appeal to neuroscientific discoveries and data; however, he must implicitly rely on it, since he
does speak of brain and neural states.)  I have no intention of claiming that we haven’t learned quite a
bit about ourselves and the human mind from the branches of sciences investigating various aspects of
the human organism and the relationships between the mind and the human organism qua physical
thing in the world, and it qua one part of various groupings of people, as well as relationships between
all three of these aspects of human life.  The subset of medical science that pertains to psychological
issues and therapy is certainly a testament to how much we know and understand, however vaguely and
approximately that knowledge and understanding currently is.  

The lack of completeness of my argument presented in this essay is due to the fact that I am
addressing only one of Kim’s arguments against non-reductive accounts of mental causation.  His other
argument, the Supervenience Argument, is an attack against what he refers to as non-reductive
physicalism.
4 The single, most pervasively complicating factor in all discussions of reductionism and reductivist
projects is the wide-ranging variations of what is meant by the words ‘reduce’, ‘reducible’, and
‘reduction’ as they are used by different philosophers and scientists.  While this fact is fairly well
known amongst philosophers of the sciences and scientists taking part in the philosophical debates, it
seems unacknowledged and unaddressed by most philosophers of mind.  This lack of consistency of the
meanings of these words makes debates about reduction some of the murkiest to wade through.
Despite the seriousness of this problem, I do not address it in this essay, since my discussion is only
directed towards the views of a particular philosopher, Jaegwon Kim; thus, I need only consider his
notion of ‘reduction’ for the majority of the essay.  However, I do think that this issue poses a serious
challenge to anyone attempting to argue for reductionism.  And I would argue that in the context of the
larger reductionism debate in the philosophy of the sciences, Kim’s notion of ‘reduction’ is
problematically unclear.  
5 There is little doubt that some kind of reductivist perspective of the world has played an important role
in the development of scientific theories that effectively progressed the sciences.  But, it would be
presumptuous for any philosopher to claim that his conception of ‘reduction’ is identical to any of those
at work in the sciences without having a survey of the history of the sciences on which to base such a
claim.  However, this still cannot prove that such a reductivist view of the world is correct or true.
Many scientists throughout history have been led in the right direction, and contributed to scientific
progress, via metaphysical views and principles that many contemporary philosophers and scientists do
not believe are true, and may likely argue are false.  So long as some view or theory gives the right
enough empirical descriptions and practically useful enough predictions, the underlying metaphysical
picture can be as wild as one likes.  A case in point for contemporary physics is the astonishingly
widespread acceptance of the many-worlds interpretation of QM.  (I intend my use of “right enough”
and “useful enough” to be vague, and open to various interpretations.  For such would, in fact, support
my claims here.)  So neither I, nor Lavoisier, would fail to acknowledge the positive role that various
kinds of reductivist views have had in the progression of science.
6 In the philosophy of science, the issue of reduction in the sciences was brought to the fore by the work
of Carnap, and a bit later, his combined efforts with Neurath to bring unity to the sciences.  But in most
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of the first half of the 20th c., talk of reduction and talk of unity in the sciences overlapped, and were
taken by some to be synonymous projects, by others, separate ones.  Oppenheim and Putnam (1956)
provided three distinct meanings of the phrase ‘unity of science’, each of which corresponded to a
different kind of project for unifying the sciences.  Depending on which unification project one was
interested in, and how one understood the word ‘reduction’, one might have been supportive of a
certain unification project, while rejecting the reductivist project.  Neurath, for example, held such a
view.  It was Ernest Nagel’s 1961 tome The Structure of Science that put the issue of reduction in more
specified terms, namely, theoretical reduction, in plain view on the philosophical map, and set the
standard for nearly all future debate about reduction in the sciences.  Nagelian reduction of one theory
to another is the view that the former can be logically derived from the latter; thus, the latter is the more
fundamental theory.  If one takes such a project metaphysically seriously, and does not take a mere
pragmatic view of it, or even a strictly epistemological view that holds no metaphysical commitments,
then Nagelian reduction is a prime example of the kind of reductivist project that equivocates the two
senses of ‘elements’ that Lavoisier reminded us to keep distinct.  Despite that Nagelian reduction has
long since been shown to be irreparably flawed, it is not uncommon to find Nagelian-inspired ideas
about reduction that hold onto the fundamental idea, but have discarded the adherence to logical
derivation as the mechanism of reduction.  But different philosophers have argued for a variety of
different mechanisms of reduction to replace logical derivation, and so, there is any number of
Nagelian-spirited theories of reduction, some of which are inconsistent with each other because of their
chosen reductive mechanisms.

In the philosophy of mind, however, the discussion of reduction seems disconnected from the
discussion of reduction in the sciences.  It makes far more historical sense to connect this discussion of
reduction to the same strictly philosophical debate in which Descartes and Spinoza, for example, were
engaged.  However, an interesting contemporary outlier who has in fact taken part in both discussions
of reductionism is Jerry Fodor.  The rather interesting bit about this fact is that Fodor has been strongly
opposed to the reductivist project in the sciences, arguing (1974) for the autonomy of the special
sciences, while arguing in favor of a kind of reduction of the mind, but dissimilar to Kim’s.  Fodor is a
functionalist, and functionalization can be taken to be explanatorily reductive.  Again, there are several
meanings to ‘reduction’ in the sciences and the philosophy of the sciences.  So even though Fodor’s
functionalism isn’t reductive according to the notion of ontological reduction that someone like Kim
argues for, this sense of ontological reduction is certainly not the only sense of reduction.  In fact, Kim
even argues that Fodor’s functionalism is intended to provide reductive explanations, and so should be
considered a form of reduction.  Kim (2005), 95-96.

This may be indicative of just how unfortunately disconnected the two debates about reduction
are.  Some aspects of the debates in the philosophy of the sciences are likely irrelevant to the discussion
concerning the mind, because they concern issues that are related to scientific practice, methodology,
and the practical concerns of scientific practice.  But other aspects are relevant because of the
metaphysical theses and consequences being debated, such as pluralistic ontologies and emergence.
7 Stoljar and Gold (1999) argue that amongst those who advocate some sort of version of this claim,
there is an ambiguity in the way it is presented that allows for the largely unnoticed movement between
a trivial, plausible view and a substantive, implausible view.  They argue that former is supported by
empirical evidence while the latter is not.  But because the ambiguity goes unnoticed, the empirical
evidence is presented showing support for the trivial view, at which point the implausible view is then
fallaciously slipped in and concluded.
8 For example, the phenomenon of binocular rivalry, in which different images are simultaneously
visible with one to each eye, and brain activity is monitored, gives us insight into conscious visual
experiences.  In particular, subjects are never consciously experiencing both images at the same time,
and the different patterns of electrical impulses occurring in the brain when the subject experiences
each image, as well as when he experiences the switch from one image to the other, may give us
incredible insight into the parts of the brain and the types of brain activity that are involved in
conscious visual experiences.  This is contrasted with observations of the areas of the brain and what
types of electrical impulses, and the patterns in which they occur, are involved when a subject is
unconscious.  Cf. Baars, Banks, Newman, (eds.) (2003), chs. 6, 7, 8, 60; related, chs. 20,28, 61, 66.  Cf.
also ch. 4 for a related topic, that of how visual information is organized so that our visual experience is
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of a single, coherent, continuous scene of integrated objects.
9 The kinds of properties whose instantiations Kim does not want to allow as events are those properties
usually referred to as “Cambridge properties”, the instantiations of which are “mere Cambridge
changes”, and thus, only a pseudo-event.
10 For my purposes in the context of this essay, I will assume that there are no metaphysical problems
with this treatment of synonymy.  But it is worth pointing out that one common challenge for any
discussion of events has to do with how we individuate events.  If individuation requires an essential
property, or set of essential properties, then we are confronted with the question of which properties are
essential to an event; more generally, one must have a principle or method that distinguishes essential
properties from inessential ones.  The problem, however, is that events tend to be picked out, identified
with and individuated by the property that the event is described as being an instantiation of.  But once
we have individuated a particular event, we can re-describe the event as an instantiation of an entirely
different property, or set of properties.  The problem we are confronted with is that events do not
behave like objects, to which we usually can point and pick out without a description; picking out
events seems to require description.  It is not immediately obvious whether this issue presents any
problems for Kim’s view of events.  But in conjunction with a reductivist project intent on reducing one
event to another event, it may not be an issue that can be temporarily ignored and sorted out later.
11 I have purposely left out mention of any problems and/or objections to his token-token identity; I
don’t think, for the purposes of this essay, they are relevant and need discussing.  That does not mean
that they are not real problems, but only that they are a separate discussion from that of this essay.
12 The last point may not seem nearly as important as the first two; but it is at least as important,
because in some ways, agency and knowledge incorporate psychology.  The key feature of psychology
is the explanation of human behavior by reference to mental states; such explanation is only possible if
those mental states are causally efficacious, and thus, play some role in what causes us to behave as we
do.  This is an over-simplified view, however, due to the vague notion of ‘behavior’, and the challenges
in attempting to define ‘behavior’ so as to clearly delineate both between behaviors and non-behaviors,
and between one particular behavior from another.  (One such challenge is the avoidance of question-
begging.)  For the purposes of the present essay, these serious issues will have to be left aside, but I do
not think doing so will affect the relevant points, except insofar as what the details of any particular
case are into which they may be fleshed out.
13 Kim’s reductive physicalism fails to account for qualia, of which he is well aware, as he discusses in
the last chapter of his (2005).  Some might take this as justification enough to reject the theory.
However, Kim accepts the fact that he cannot account for qualia, but suggests that they are mere
epiphenomena.  It is my belief that focusing on this issue gives Kim too much: if we allow the
theoretical legitimacy of his reductionist project, then we cut ourselves off from the wealth of resources
needed to argue why the inability of accounting for qualia is as serious and damaging a problem as one
might want to argue that it is.  Specifically, one should want to argue that qualia cannot be mere
epiphenomena.  But it is doubtful that one could argue this without fundamentally arguing against the
reductionist project.  Thus, unless one simply begs the question, the opposition and attack against Kim
ought to be directed at his reductionism.
14 The attempt to be ontologically parsimonious is far more complicated than most philosophers seem
willing at times to appreciate.  The unhesitatingly oft-stated common version of “Ockham’s Razor”,
that one ought not posit entities beyond necessity, is nowhere found nor implied in any work Ockham
actually wrote.  Ockham’s real Razor does not permit us to deny the existence of anything: Ockham
argued that we are much too epistemically limited to know what is ontologically and/or metaphysically
“beyond necessity”.  Perhaps because of their experience with the empirical world, where the
consequences of their theories are more “tangible”, so to speak, than those of philosophers, scientists
may at times better understand the tricky subtleties and nuances of the challenge of parsimony, that
there is more than one way to be parsimonious, that ‘simplicity’ is never a straightforwardly conceived
feature, and that sometimes, more is less.  In a description of the history of the physical sciences, David
Bohm (1957, pp. 43-44) discusses the introduction of fields into the ontology of physics as a
postulation that came to be accepted based on its explanatory power, in the same way that the
postulation of atoms was accepted prior to anyone having undisputed evidence for their existence.
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In the excerpt below, taken from an article (Antcliffe & McLoughlin (2009)) in a textbook on
astrobiology, the authors describe some of the theoretical challenges they and others in their field face
when struggling with questions about how to comprehend and organize data about early life and the
origins of life from fossils and rocks 550 million years old and older:

So it is when considering Precambrian paleontology and, in particular, attempting to decipher
the origins of life on earth in the Archean and the origins of the major animal groups in the Proterozoic.
Other interpretations are always possible. […] Sometimes enigmatic fossils will be esoteric and
incomparable to modern forms, e.g. Tribrachidium from the Ediacara biota 580-543 Ma ago with its
unusual three fold radial symmetry that is difficult to match in modern organisms.  While at other times,
fossil forms will be reassuringly familiar, for example, stromatolite morphology that is largely conserved
over geological time.  In the Precambrian however, where the majority of planetary processes operated
significantly differently, for example: the composition and interaction of the atmosphere and
hydrosphere; tectonic rates; the level of meteorite bombardment; and nature of long term solar cycles–
just how uniformitarian can we be about our interpretations of these fossils? […]

The traditional scientific approach advocates that in such situations, parsimony must rule.  In
this methodology, also known as Occam’s razor, the ‘simplest solution’ is the best and other hypotheses
are effectively discarded.  This is the ‘Phanerozoic’ method for distinguishing between hypotheses but
should we expect to know what the simplest solution is in a Precambrian world?  For instance, when
considering the Ediacara biota, is it simpler to place many fossils in separate modern groups, as recently
argued by Gehling et al. (2005), or is it simpler for all Ediacaran forms to be fundamentally similar to
each other and be placed in one extinct group as advocated by Seilacher (1989); Brasier and Antcliffe
(2004)?  The second hypothesis is more epistemologically parsimonious in terms of the number of
groups the fossils belong to: i.e. one as opposed to ten or more.  However, the first hypothesis invents no
groups while the second must invent one, so the first hypothesis is more ontologically parsimonious (in
terms of degrees of inference).  For parsimony to help us with this problem we must decide whether it is
simpler to invent one group or to shoehorn fossils into ten existing groups.  The answer to this question
is not known, and perhaps it is irresolvable.  When the guiding principles of parsimony can no longer be
applied, what are we to do?

Surely there is a lesson to be learned here.
The history of the sciences is filled with wonderful examples of the boldness of hypotheses that

challenged or strained the common methodological principles of the practice, because something about
it felt right to those scientists, even though they didn’t have the evidence to prove it.  Wolfgang Pauli
went out on a limb when he posited the existence of neutrinos to account for the apparent miniscule
loss of energy during radioactive beta decay because, despite attempts by Bohr to convince him
otherwise, he refused to give up the law of the conservation of energy.  It was a bold hypothesis, for the
neutrino had to be virtually massless, have no charge, and almost never interact with matter.  Thus, it
would be nearly impossible to detect.  As it turned out, 25 years later, Enrico Fermi successfully
detected and confirmed the existence of neutrinos.  
15 I make no objection to this set of claims, which comprise the set-up of the pairing problem.
However, I must admit that I feel uneasy about the way this problem is set up; I am uncertain the
conclusion, stated in the last sentence of the paragraph, really follows.  I think it is worth considering
whether the pairing problem is really as much of a problem as it seems.  How could that be?  One
possibility is that it may rely on some assumptions that in the very least are not obviously justified.  If
those turn out to be certain kinds of assumptions about causation, and they do lack justification, then
we may be begging the question when we pose the pairing problem as a problem demanding
answering.  But even if that is the case, it still raises an issue worth bringing our attention to, and
should not be simply dismissed.
16 I am presuming for the sake of argument that the example is as simple and unproblematic as Kim
believes it to be.  Since he uses causal chains in his analysis, we can certainly ask whether the shooting
of the gun is part of a causal chain extending further back in time, inquiring about the cause of the
shooting.  Once we consider an example in which a person is the cause of the shooting, by his
intentional act, the example is no longer as simple and unproblematic as it first seemed.  Since a person
intentionally pulling the trigger is normally the cause of the shooting of a gun, then the introduction of
this complicating factor is not unfair to Kim.  However, it is my purpose in this essay to give as much
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to Kim’s physicalism as is possible in order to see whether it holds water with respect to the claim that
it has its basis in physics.
17 The most natural step is to accept some sort of non-reductive physicalism.  Thus, the next step of
Kim’s argument against mental causation as distinct from physical causation is to argue that non-
reductive physicalism fails, because, according to Kim, what every non-reductive physicalist must
already accept inevitably leads to reductionism.  However, I would argue that the flaw of this argument
is that what Kim thinks every non-reductive physicalist must accept is, in fact, not forced upon the non-
reductive physicalist.
18 I am not attempting to suggest or argue for some notion of “common sense”, and that an analysis of
causation must agree with “common sense”, or any similar type of position.  What I rather find relevant
for consideration about making reference to our daily lives is that, in the very least, it is a default
starting point.  And given much of the literature on the metaphysics of causation, it is odd that Kim
would make no mention whatsoever of some of the common, difficult cases and problems that arise in
the attempt to analyze the nature of causation.  

Here are a few examples of the sort that I have in mind: (1) my ruining my partner’s favorite
shirt caused him to be very upset with me; (2) some particular piece of political propaganda caused a
massive uproar amongst the citizens of such-and-such nation, and this caused fringe political parties to
spring up, which further caused faction and division amongst the citizens; (3) some particular artwork,
or group of artworks, caused a new art movement; (4) the signing of a treaty by particular persons
caused a war; (5) listening to me talk in class twice a week has caused my students to think more
critically about their own beliefs; (6) the failure by some particular person to maintain his vehicle’s
brakes caused the death of a child.  

The last case is a particularly interesting one, for it seems to involve a cause that is an absence
or omission of something.  It is worth pointing out what sort of significance and importance this type of
case has for us.  If we hope to retain belief in the notion of responsibility, especially moral
responsibility, then we will very likely want to be able to make sense of a case in which a person is
responsible for an effect of his or her neglect.  But if neglect is not having done something, then the
problem one faces is how to make sense of the idea that the cause of something is an absence or an
omission.  In other words, how can the lack of existence of something cause something else?  Even if
we reject the notion of moral responsibility, we can still speak of non-moral responsibility, where
responsibility is nothing more than attributing to the person a causal relation to the effect.  But how can
such a relation be attributed to the person when the particular fact of the person we wish to pair with
the effect is something that is not there?  If we take neglect seriously as something for which we can
hold a person responsible, then we will have to have some way of making sense of the fact that the
absence of something can be the cause of an effect.  But moral cases are certainly not the only sort that
involve what seems to be causation by omission.  Cf. David Lewis’s “Void and Object” in Collins,
Hall, & Paul, (2004).

Case (5) is also interesting especially in light of physicalist/materialist positions in the
philosophy of mind.  What is being claimed is the causal power of language, which we do take for
granted in our daily lives.  It is also an important issue for epistemology and the transmission of
knowledge from one person to another.  A related issue has to do with representation on a physicalist
account.  Owen Flanagan’s latest book is devoted to this very issue: The Really Hard Problem:
Meaning in a Materialist World.
19 One thing to note is the ambiguity introduced by the reliance on a particular branch of science.  Is it
intended to refer to present-day physics, a future (completed?) physics, an ideal physics?  Does
‘physics’ refer to all physical theories believed by physicists at a particular time?  Of course, we then
face the question of what makes a theory believed by a physicist physical.  Does its having been
created by physicists intending to put forward a physical theory make it physical?    String theory, for
example, while believed by a few physicists, is far from acceptance by the majority of physicists; one
reason cited is that they dispute its claim to being a physical, scientific theory.  Glashow, one of the
prime developers of the electroweak theory, notoriously criticizes string theory as “an approach not
based on experimentation and whose constructs have never been demonstrated.” (Glashow, 1991)  He
continues:
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According to this new religion, space has nine dimensions […] But superstring physicists have not yet
shown that their theory really works.  They cannot demonstrate that the standard theory is a logical
outcome of string theory.  They cannot even be sure that their formalism includes a description of such
things as protons and electrons.  And they have not yet made even one teeny-tiny experimental
prediction.  Worst of all, superstring theory does not follow as a logical consequence of some appealing
set of hypotheses about nature.  Why, you may ask, do the string theorists insist that space is nine
dimensional?  Simply because string theory doesn’t make sense in any other kind of space.

Is there gold at the end of the road or merely a morass of ever more abstruse mathematics?
Even the most ambitious string advocates believe that it will take decades before we have learned
enough to tell for sure to make any experimental predictions at all.  Meanwhile, the historical connection
between experimental physics and theory has been lost.  Until the string people can interpret perceived
properties of the real world, they simply are not doing physics.

On the other hand, the Standard Model is at best radically explanatorily incomplete, and even
claimed by some (Lederman & Teresi, 1993) to lead to inconsistencies.  The Standard Model requires a
particular set of values for the constants that provide the foundation of all of present day physics; the
constants include things like the mass of each of the 16 particles of the model, and electric charge.  The
problem, however, is that the values of all of these constants are external inputs to the theory; they all
had to be determined experimentally, which means that the theory gives no explanation for why each of
these values is what it is.  In order to avoid the seeming arbitrariness of the values of these constants,
physicists hypothesize the existence of another particle, the Higgs boson, whose specific mass is still
undetermined because it is only predicted by the Standard Model to be within a certain range that is
consistent with the model.  This predicted range is the reason for which the Large Hadron Collider was
built, in hopes of finding the Higgs boson.  The relevant point for the physicalist view is this: if we
accept the Higgs boson into the ontology of physics, then we accept the existence of something for
which there is not a shred of uncontroversial physical evidence; but if we don’t accept the Higgs boson
into physical ontology because of the lack of evidence and its current status as purely hypothetical, then
we not only accept an ontology that is incomplete, but we accept the possibility of something that
fundamentally causally affects the physical domain from outside that domain.  The possibility of this
would prove devastating for physicalists because of their adherence to the Principle of Causal Closure,
defined by Kim as: If a physical event has a cause that occurs at t, it has a physical cause that occurs at
t. (Kim, 2005, pp. 43).  These issues point out a particular consequence of identifying one’s ontology
with a specific branch of science: when theoretical changes lead to changes in what that branch of
science claims to exist, then one’s ontology has changed.  And so long as one is not a scientist working
in that field, this will most likely occur without one being aware of it.  The ontology of a particular
branch of science can turn out to be rather unstable.  But finally, for all we know, instead of discovering
the Higgs boson, the LHC may teach us that the Standard Model is simply false.

It is interesting to note that on CERN’s website (http://public.web.cern.ch/public/en/LHC/LHC-
en.html), in a brief introduction to the LHC, it is stated,

[A] brave new world of physics will emerge from the new accelerator, as knowledge in particle physics
goes on to describe the workings of the Universe. For decades, the Standard Model of particle physics
has served physicists well as a means of understanding the fundamental laws of Nature, but it does not
tell the whole story. Only experimental data using the higher energies reached by the LHC can push
knowledge forward, challenging those who seek confirmation of established knowledge, and those who
dare to dream beyond the paradigm.

But what conclusions will be drawn if the Higgs boson is not found with the LHC?  Can any
conclusions really be drawn from the failure to find the mysterious particle?  What is particularly
interesting about the above passage is that it quite clearly expresses that at least all of the physicists
working at CERN and who are involved with the LHC firmly believe that our current physical theory
(or theories?) has an incomplete ontology, and thus, further research is needed if we desire to obtain a
complete ontology.  This openness to the incompleteness of current physical theory and to the hope of
future changes to that theory seems to betray any attempt to ground one’s metaphysical views on
contemporary physics.  If one simply defers to physics for an ontology and a foundation for
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metaphysics, then how does one respond to such claims by physicists themselves about these physical
theories?  Might there not be something to learn here?
20 In order to not beg the question against the reductionist here, I do not mean that the two properties
are metaphysically or ontologically different.  There certainly is a sense in which a reductionist must
accept that there is a difference between, for example, mental properties and physical properties, even
though he believes them to be metaphysically or ontologically identical, or at least, indistinct.  The
difference may be accounted for as a conceptual difference, or in terms of cognitive significance, or
even as a difference in intension of co-extensive properties.
21 As Bohm (1957, 44) describes it: “the field concept implies that even when space contains no bodies
as we know them, it could still be the site of continuously varying fields.  These fields can be shown to
carry energy, momentum, and angular momentum, so that they are even able to simulate some of the
properties of moving bodies.”
22 Bohm, however, describes the acceptance of fields as an expansion of the concept of matter to
include these “qualitatively new kinds of entities.” 

The Standard Model, however, gives a slightly different picture.  As a quantum field theory, it is
an attempt to capture both quantum mechanics and special relativity.  It proposes that each the four
forces, the electromagnetic, weak, strong, and gravitational, are “carried” by particles.  But there is a
fundamental distinction between these force carrying particles, known as bosons, and the particles that
make up matter, known as fermions, which include quarks and leptons (electrons and neutrinos).  This
immediately raises the question as to whether we should accept into our ontology all of these particles,
concluding that all of physical reality is composed only of particles.  By mentioning the Standard
Model and raising this question, my intention is to hint towards another very serious challenge for any
kind of physicalism that simply appeals to physics: which physical theory of the micro-domain is the
correct one?  I mention in the essay that this is a problem for any reductivist view relying on an appeal
to physics, and may be used against such a view.
23 For example, a quote from Jaeger (2009, 75): “quantum mechanics is one of our most fundamental
theories and, perhaps, the most empirically successful one in history”.  Additionally, in reference to
QM, Rosenblum & Kuttner (2006, 3) point out that, “one-third of our economy depends on products
based on it.”
24 It would make little sense to develop a metaphysical theory that one intends to be founded upon and
in agreement with some particular scientific theory, while at the same time believing that we have no
reason to believe that such a theory in fact describes the mind-independent, external world as it
actually is, even within some allowable margin of error.  An antirealist would claim that the success of
a scientific theory, no matter how high a degree, gives us no reason to think that it bears any
correspondence, in the truth sense, to a mind-independent, reality.  One may still believe in that
scientific theory, but such belief would not carry with it any metaphysical implications about the mind-
independent, external world.  It could only carry implications regarding what one has reason to expect
one’s experiences will be like, i.e., how the world will seem.  But if we can never get beyond our
seemings, then we are blocked from gaining access to what our seemings seem to be of, and thus, we
could not know anything about it.  Barred from such knowledge, we would be inevitably barred from
metaphysics.
25 Bohr (1987b), 33: “The question at issue has been whether the renunciation of a causal mode of
description of atomic processes involved in the endeavors to cope with the situation should be regarded
as a temporary departure from ideals to be ultimately revived or whether we are faced with an
irrevocable stop towards obtaining the proper harmony between analysis and synthesis of physical
phenomena.”
26 However, not every dissenting scientist need be considered as having an opposing view that demands
our consideration.  But then the challenge we face is how to sort out which opposing views legitimately
demand consideration, and which may be ruled out as scientifically illegitimate in one way or another.
27 Shankar (1994), 117: “[A] particle is described by a ket ψ〉 in a Hilbert space…Now, a ket in such a
space has in general an infinite number of components in a given basis…When we say that ψ〉 is an
element of a vector space we mean that if ψ〉 and ! "〉 represent possible states of a particle so does
αψ〉 + βψ′〉.  This is called the principle of superposition.  The principle by itself is not so new: we
know in classical physics, for example, that if f(x) and g(x) [with 
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f(0) = f(L) = g(0) = g(L) = 0] are two possible displacements of a string, so is the superposition !  f(x) +
βg(x).  What is new is the interpretation of the superposed state α! 〉 + βψ′〉.  In the case of the
string, the state αf + βg has very different attributes from the states f and g: it will look different, have a
different amount of stored elastic energy, and so on.  In quantum theory on the other hand, the state
α! ψ〉 + ! ψ′〉 will, loosely speaking, have attributes that sometimes resemble that of ! ! and at other
times those of " ψ′!.”
28 I don't intend to imply the acceptance of a collapse interpretation, in which the collapse is intended to
be real.  I only intend my use of “collapse” to be metaphorical here.
29 The duality may seem to provide even further support of de Broglie’s theory, for he argued that
matter is not exclusively wave or particle, but a combination of both.  It would be incorrect to
understand de Broglie’s theory as a fundamentally corpuscular view, as if matter “really” breaks down
into particles, and the wave has no genuinely material attributes.  Material attributes must be
understood to arise from the mutual and reciprocal behavior of the wave and particles together.
30 It is worth emphasizing that nothing at all about the photons emitted through the double slit was
changed in any way.  The only change involved the entangled partners of the double-slit photons, and
the changed occurred at enough of a distance from the double-slit experimental set-up to rule out the
possibility that the entangled partners might locally affect the other photons.  
31 The most famous pair of observables for which this peculiar relation holds is momentum and
position.  This is not by any means the only pair.  For the indeterminacy relations arise from the
mathematics of QM; the Principle did not come from experimental data, or from thought experiments.
Thought experiments are notoriously utilized, such as those discussed by both Heisenberg and Bohr, in
attempt to give some description of what it might look like to see the Principle in action, so to speak.
But these thought experiments must be taken as metaphorical descriptions of what such relations look
like in the world itself, for they all rely on the use of classical concepts that are in fact inapplicable to
the quantum domain.  The indeterminacy relations arise from the use of non-commutable linear
operators used in the equations and calculations of QM.  An observable has a very specific meaning in
this context: an operator that returns a value that is a real number, as opposed to a complex number.  A
return value that is a real number is called an eigenvalue, and it corresponds to an eigenstate.  An
eigenvalue represents the result of a measurement; thus, its corresponding eigenstate represents the
feature or state of the object the measurement is intended to reveal.
32 For both Bohr and Heisenberg, the subjectivity does not have to do with the introduction of a mind,
per se.  It has rather to do with the ineliminability of reference to ourselves in every physical
description: any physical description requires a distinction between the object of observation (or
description) and ourselves, along with the rest of the world as distinct from the observed object.  It is
only in this sense that they mean an entirely objective physical description is impossible.  

More specifically, Heisenberg's view ((1958), 45-46) is that the ! –function contains both a
factual element and a subjective element.  The factual element is the observed initial state of the
quantum system, such as the position of an electron, which is assigned a probability of 1.  The
subjective element has to do with our knowledge of this fact, for another observer may be able to know
the position with greater accuracy. Any lack in our knowledge of the fact is represented in the
probability distribution of the ! –function, “which represents a tendency for events and our knowledge
of events.  The probability function can be connected with reality only if one essential condition is
fulfilled: if a new measurement is made to determine a certain property of the system.”  With regards to
the question of what happens between observations, Heisenberg later says ((1958), 52-54): 

[T]he concept of the probability function does not allow a description of what happens between two
observations.  Any attempt to find such a description would lead to contradictions; this must mean that
the term “happens” is restricted to the observation. […] The observation itself changes the probability
function discontinuously; it selects of all possible events the actual one that has taken place. […]
Therefore, the transition from the “possible” to the “actual” takes place during the act of observation.  If
we want to describe what happens in an atomic event, we have to realize that the word “happens” can
only apply to the observation, not to the state of affairs between two observations.
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While I can't say that I have a clear understanding of what Heisenberg intends here, for he seems to
waver between an epistemological and a metaphysical interpretation of what the ! –function represents
or means, I can feel confident in saying that this interpretation would not be consistent with attributing
to the micro-domain the conception of causality that Kim assumes unquestioningly applies.
Specifically, we could not attribute to an electron a trajectory along which it traveled between two
locations at which it was observed, while no observations between were made.
33 Specifically, the relevant interaction includes the object being measured, the measuring device, and
the environment in which both of these are contained, the limits of which are indeterminate since this is
a decision on our part based on how we construct the experimental set-up.  For the sake of simplicity, I
will speak only of the object and the measuring device, since that enough for the relevant point.  But it
should be kept in mind that the environment is a necessary element of the interaction.
34 At times Bohr used the word “disturbance” in reference to the interaction, but this was an unfortunate
choice of word on his part.  For in the context of discussing these kinds of issues, others almost always
took “disturbance” as describing a rather classical mechanical interaction.  But this is not what Bohr
meant, and it certainly does not have the consequences he intended to draw our attention to.  The notion
of “disturbance” is more metaphorical than a physical interaction, for it has more to do with
entanglement and the limited capabilities of our conceptual framework for adequate application to
quantum phenomena.  But see the following quotes from Bohr and my discussion thereafter, where I
provide an explication of the very issue.  
35Even in cases in which the object is affected in some way or another by the measuring device, as long
as the effect is able to be classically mechanically analyzed and calculated, then we can account for it,
and adjust the reading from the measuring device accordingly.  
36 Although by no means must one interpret the predictions as predictions concerning several
observational results, whether they are observed over time or distributed amongst several systems.  The
statistical interpretation was first derived from Max Born's interpretation of the ! –function; he
discovered how to calculate the probabilities from the ! –function.  If the state of a quantum system is
given by ! ψ〉 = c1φ1〉 + c2φ2! + ..., where ci is a complex number, ! i is an eigenvalue of an observable
A, then Pψ〉(A = φn) = |cn|2.  This is called Born's Rule.
37 Planck does not put forth this interpretation as his own, or his preferred.  He describes it rather as an
historical fact that this was the interpretation held by some physicists who, like himself, were
dissatisfied with the renunciation of causality and the introduction of indeterminacy and statistical laws
into physics.  In the very least, he seems somewhat sympathetic to this interpretation, only because of
the spirit of attempting to regain causality and determination; but he briefly offers an entirely different
route at the end of the essay.  I make no mention of his own offering for two reasons: (1) it seems rather
idiomatic, and (2) I can't make heads or tails of it.
38 Bohm ((1957), 78-79): “All manifestations of matter and energy […] have two possible aspects, that
of a wave and that of a particle.  The numerical value, E, of the energy in the particle-like
manifestations was always related to the frequency, v, in the wave-like manifestations by the Einstein
relation, E = hv [h being Planck's constant].  The numerical value, p, of the momentum in the particle-
like manifestation was likewise related to the wavelength, λ, by the de Broglie relation, p = h/λ.”
39 Presuming that contemporary QM and quantum physicists are correct about this aspect of the theory
and the expectations of further experimental research, then the formalism of QM and all experimental
data will remain compatible with both the particle and wave interpretations.  
40 Just to name a few: (i) orthodox Copenhagen interpretation; (ii) Bohr's version of the Copenhagen
interpretation; (iii) Heisenberg's version of the Copenhagen interpretation; (iv) statistical interpretation;
(v) hidden variables interpretations, such as (vi) Bohmian mechanics; (vii) collapse interpretations;
(viii) many worlds interpretation; (ix) many minds interpretation; (x) relational interpretation; (xi)
transactional interpretation; (xii) informational interpretation; (xiii) Feynman's interpretation; (xiv)
decoherence interpretation.  There are no doubt many others.
41 Just to point out a few: (i) what constitutes the nature of observation and how to reconcile
observation with what we know (and don't know!) about perception, and many of the puzzles of
perception; (ii) theory-ladeness of observation; (iii) dealing with the problem of induction; (iv) how to
make sense of any claim of a division between science (or the scientific) and non-science (or the non-
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scientific); (v) whether, how, and where cultural, social, or personal beliefs affect scientific practice,
theories, claims, etc.; (vi) the nature of scientific explanation and its role; (vii) the nature of scientific
evidence and the relationship between it and what it purports to be evidence of; (viii) the nature of
scientific laws, what role they play, and whether such laws are necessary for science; (ix) the concepts
'confirmation' and 'falsification', and their roles; (x) making sense of theory change; (xi) the nature of a
scientific community and its role; (xii) the ontological or metaphysical status of theoretical entities;
(xiii) how to make sense of the use of models in theory and explanation; (xiv) the concept of truth and
its role in the sciences.
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