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Abstract This paper puts forward an ontology that is indebted to QBism, Kant,
Bohr, Schrödinger, the philosophy of the Upanishads, and the evolutionary philos-
ophy of Sri Aurobindo. Central to it is that reality is relative to consciousness or
experience. Instead of a single mind-independent reality, there are different poises
of consciousness, including a consciousness to which “we are all really only various
aspects of the One” (Schrödinger). This ontology helps clear up unresolved issues
in the philosophy of science, such as arise from the reification of quantum states
or from disregard of the universal context of science, which is human experience.
It further helps clear up unresolved issues in the philosophy of mind, in particular
the problem of intentionality and the dilemma posed by the mutual inclusion of
self and world (Husserl’s paradox of human subjectivity).
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1 Introduction

I find myself in excellent company. Like the distinguished philosopher Hilary Put-
nam (and others certainly), I keep changing my mind.1 The definite statement of
the previous version of what started out in 2000 as the “Pondicherry interpreta-
tion” of quantum mechanics (Mohrhoff, 2000) [in the form of a comment on the
“Ithaca interpretation” by David Mermin (1998)] was published in 2017 in this
journal (Mohrhoff, 2017). There I attributed the necessity of distinguishing be-
tween a non-contextual classical domain and a contextual quantum domain to the
difference between the manifested world and its manifestation. I envisioned the
manifestation of the world as a progressive transition from the undifferentiated
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1 The Philosophical Lexicon (Dennett and Steglich-Petersen, 2008) contains the following
entry:

hilary, n. (from hilary term) A very brief but significant period in the intellectual career
of a distinguished philosopher. “Oh, that’s what I thought three or four hilaries ago.”



2 U.J. Mohrhoff

unity of a single ontological substance to a world which allows itself to be de-
scribed in the object-oriented language of classical discourse. Subatomic particles,
non-visualizable atoms, and partly visualizable molecules mark the stages of this
transition. Instead of being constituent parts of the manifested world, they play
an instrumental role in its manifestation.

Two questions arise in this framework. Firstly, how are we to describe the
intermediate stages of the transition, at which the definiteness of properties and
the distinguishability of objects are not as yet fully realized? My answer to this
question was (and still is) that whatever is not intrinsically definite can only be
described in terms of probability distributions over what is intrinsically definite,
to wit: the possible outcomes of measurements. What is instrumental in the man-
ifestation of the world can only be described in terms of correlations between
events that happen (or could happen) in the manifested world. This goes a long
way towards explaining why the general theoretical framework of contemporary
physics is a probability calculus, and why the events to which it serves to assign
probabilities are measurement outcomes.

And secondly, what accounts for the intrinsic definiteness of measurement out-
comes? It is not enough to argue, as I did at the time, that the measurement
apparatus is needed to realize or define the values that quantum observables can
possess, or to make properties available for attribution to quantum objects. The
measurement apparatus is also needed to indicate the actually possessed value of
a quantum observable or the actually possessed property of a quantum object,
and no property or value can be indicated in the absence of a sentient observer
to whom it is indicated. The reason why the properties of the manifested world
are intrinsically definite is that the manifested world is an experienced world. It is
manifested to us.

What made me come round to seeing that there is no difference between obser-
vations qua measurement outcomes and observations qua (subjective) experiences,
which are intrinsically definite, was a new and radically epistemic interpretation of
quantum mechanics, launched early in the 21st Century by Caves et al. (2002). Ini-
tially conceived as a generalized personalist Bayesian theory of probability called
“Quantum Bayesianism,” it has since been re-branded as “QBism,” the term Mer-
min (2017) prefers, considering it “as big a break with 20th century ways of think-
ing about science as Cubism was with 19th century ways of thinking about art.”
The big break lies not in the emphasis that the mathematical apparatus of quan-
tum mechanics is a probability calculus but in this plus a radically subjective
Bayesian interpretation of probability plus a radically subjective interpretation
of the events to which, and on the basis of which, probabilities are assigned by
“users” (of quantum mechanics) or “agents” (in a quantum world).2

To drive home the ultimate context of empirical science, which is human ex-
perience, QBists emphasize the role of the individual subject in constructing “a
common body of reality” (Fuchs et al., 2014). At first experience is not ours; it is
yours and mine. It becomes ours, and the process by which it becomes ours is com-
munication. Science is seen as “a collaborative human effort to find, through our
individual actions on the world and our verbal communications with each other,

2 While Fuchs and Schack prefer the term “agent,” Mermin prefers “user,” to emphasize
that QBists regard quantum mechanics as a “user’s manual” (Mermin, 2017).
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a model for what is common to all of our privately constructed external worlds”
(Mermin, 2017).

I am indebted to QBism for another reason: it made me look more closely
at the original writings of Niels Bohr and discover (i) that the different versions
of the so-called Copenhagen interpretation misrepresent Bohr’s views in various
degrees, and (ii) that Bohr himself came tantalizingly close to adopting a QBist
stance (Mohrhoff, 2019). The principal differences between his views and QBism
are attributable to the fact that Bohr wrote before interpreting quantum mechanics
became a growth industry, while QBism emerged in reaction to an ever-growing
number of attempts at averting the “disaster of objectification” (van Fraassen,
1990) caused by the reification of (almost always) unitarily evolving quantum
states.3

As my engagement with QBism made me realize that the incontestable definite-
ness of human sensory experience alone can justify the definiteness of observations,
so my subsequent engagement with the Bohr canon convinced me that this is what
Bohr himself had been trying to say (Mohrhoff, 2019). When Bohr stressed the
“perfectly objective character” of the quantum-mechanical description of atomic
phenomena, it was “in the sense that no explicit reference is made to any indi-
vidual observer” (Bohr, 1999, p. 128, emphasis added). It was never in the sense
that no reference was made to the community of observers. Reference to individual
observers was implicit in all such “remarkably QBist-sounding pronouncements”
(Mermin, 2017) as the following: “in our description of nature the purpose is not
to disclose the real essence of the phenomena but only to track down, so far as it
is possible, relations between the manifold aspects of our experience” (Bohr, 1985,
p. 296). It is our experience because it is communicable, and it is communicable
because it is expressible in terms of classical concepts. To Bohr, classical concepts
are classical not because they are proprietary to classical physics but because we
all know what they mean, inasmuch as their meanings are rooted in what we all
have in common, to wit: the spatiotemporal structure of human sensory experience
and the logical or grammatical structure of human thought or language (Mohrhoff,
2019).

With regard to the roots of objectivity, then, QBism is on the same page with
Bohr. In particular, they both emphasize the importance of ordinary language in
constructing an objective reality.4 But this also means that neither evinces a desire
to go beyond the intersubjective agreement that is achieved through communica-
tion. The question of whether we only experience our respective private worlds or
actually experience one and the same world is left open.

Schrödinger (1964, p. 69), too, who according to Fuchs et al. (2014) took “a
QBist view” of science, would have agreed with QBism about the role that language
plays in establishing the correspondence between, as he put it, “the content of
any one sphere of consciousness and any other, so far as the external world is
concerned.” What does establish it for him “is language, including everything in

3 Earlier invocations of consciousness, starting with von Neumann (1932/1955) and London
and Bauer (1939/1983), were unsuccessful attempts to avert this disaster. These should not
be mixed up with QBism.

4 Bohr insisted that “all well-defined experimental evidence, even if it cannot be analysed in
terms of classical physics, must be expressed in ordinary language” (1996, p. 355), i.e., “plain
language suitably refined by the usual physical terminology” (1996, p. 390) or “conveniently
supplemented with terminology of classical physics” (1999, p. 277).
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the way of expression, gesture, taking hold of another person, pointing with one’s
finger and so forth, though none of this breaks through that inexorable, absolute
division between spheres of consciousness” (original emphasis). But Schrödinger
also made it clear that establishing something is not the same as accounting for it.
To him, the agreement between the content of my sphere of consciousness and that
of yours was not rationally comprehensible: “In order to grasp it we are reduced
to two irrational, mystical hypotheses,” he wrote (1964, p. 106).

One of these was “the so-called hypothesis of the real external world.” Ac-
cording to it there is “a real world of bodies which are the causes of sense-
impressions and produce roughly the same impression on everybody” (1964, p. 67–
68). Schrödinger left no room for uncertainty about what he thought of it: to invoke
the existence of such a world “is not to give an explanation at all; it is simply to
state the matter in different words. In fact, it means laying a completely useless
burden on the understanding”—the burden of making sense of the relation be-
tween our experiences and an empirically inaccessible “real” world. While we can
use language to compare our respective experiences, we have no way of comparing
our experiences with this world of bodies presumed to contain the causes of our
experiences. The other hypothesis, which he endorsed, was that “we are all really
only various aspects of the One” (Schrödinger, 1964, p. 106). It will be the subject
of Sec. 6.

Since previously I have been critical of QBism (e.g., Mohrhoff, 2014), the title of
the present paper may seem misleading or inappropriate. One referee wondered if it
was meant ironically. It was not. Apart from QBism’s grounding of the definiteness
of measurement outcomes in human experience, there is much to commend it.
I agree with QBism that the mathematical formalism of quantum mechanics is
(and only makes sense as) a calculus for assigning probabilities to measurement
outcomes on the basis of information derived from measurement outcomes.5 “If
quantum theory is so closely allied with probability theory,” Fuchs (2010) once
asked, “why is it not written in a language that starts with probability, rather
than a language that ends with it?” QBism has come close to writing it in just
such a language. All that quantum mechanics needs is the Born rule, provided that
it is formulated in terms of positive-operator-valued probability measures that are
informationally complete, rather than in terms of the standard projector-valued
measures. If this is done, one finds that “[t]he Born Rule is nothing but a kind of
Quantum Law of Total Probability! No complex amplitudes, no operators—only
probabilities in, and probabilities out” (Fuchs, 2010).6

5 In The Ashgate Companion to Contemporary Philosophy of Physics (Wallace, 2008), a
distinction is made between the “bare quantum formalism,” which is regarded as “an elegant
piece of mathematics . . . prior to any notion of probability, measurement etc.,” and the “quan-
tum algorithm,” which is looked upon as “an ill-defined and unattractive mess.” In truth, there
is no such thing as a bare quantum formalism. Every single axiom of any axiomatization what-
soever of the quantum theory only makes sense as a feature of a probability calculus (Mohrhoff,
2018, Sec. 20.2).

6 The most general form of the Born rule is too unwieldy to replace the amplitudes and
operators of the standard formalism. A simple and elegant form is obtained whenever SIC
(symmetric informationally complete) measurements can be used, but proofs of their existence
are elusive. As of May 2017, such proofs have been found for all dimensions up to 151, and for
a few others up to 323 (Fuchs, 2017). The mood of the QBist community nevertheless is that
a SIC measurement should exist for every finite dimension.
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QBism is not just another interpretation of quantum mechanics. It is a view of
science that “puts the scientist back into science” (Mermin, 2014). The insight that
the universal context of science is human experience is as old as Kant’s theory of
science and underlies Bohr’s philosophy of quantum mechanics. But it is the QBist
solution to one of the most pressing conundrums in the philosophy of science—the
problem of objectification—that has brought home to me that the world studied
by scientists cannot be detached from the scientists by whom it is studied. Only
the character of human sensory experience can account for the definiteness of
measurement outcomes.

QBism, as most QBists will agree, is a work in progress.7 Certain claims that
have been made by QBists appear to be inconsistent with the general drift of
QBism, and some of them are discussed in an appendix. Particularly unfortunate
are the inconsistencies that arise from an ambiguous use of the expression “exter-
nal world.” One possible meaning for this expression is a collectively constructed
“common body of reality” (Fuchs et al., 2014) or “a model for what is common to
all of our privately constructed external worlds” (Mermin, 2017). Another possible
meaning is invoked in the following passage, in which Fuchs and Schack (2004)
refer to “the world external to” the agent as “the world as it is without agents”:

The agent, through the process of quantum measurement stimulates the
world external to himself. The world, in return, stimulates a response in
the agent that is quantified by a change in his beliefs—i.e., by a change from
a prior to a posterior quantum state. Somewhere in the structure of those
belief changes lies quantum theory’s most direct statement about what we
believe of the world as it is without agents.

While the first meaning depends on a community of individual agents, the second is
independent of agents. The tension between the two senses is particularly jarring
in such statements as the following, which occur not infrequently in the QBist
literature. Mermin (2019) writes: “The world acts on me, inducing the private
experiences out of which I build my understanding of my own world.” If we build
our understandings of our respective private worlds—and therefore our common
body of reality—out of the private experiences the world has induced in us, the
world that induces experiences in us cannot be uncritically identified with the
shared external reality we have constructed out of our private experiences.

How the world that we construct on the basis of our experiences is related to
whatever it is that induces experiences in us, has been a central issue throughout
the history of philosophy. It can be stated in the form of a dilemma, whose two
horns are (i) the existence of consciousness in what appears to be a material world
and (ii) the existence in consciousness of what appears to be a material world.
Husserl (1970, p. 178) referred to it as “the paradox of human subjectivity: being
a subject for the world and at the same time being an object in the world.”

Taking hold of the dilemma’s objective horn (and focusing on perception), we
gain an understanding of certain causal chains leading from external objects to
firing patterns in brains, but then we find ourselves stymied by the notorious “ex-
planatory gap” (Levine, 2001) between neural processes and conscious experience.
Here is how the issue has been presented by Putnam (1987, pp. 7–8):

7 When I wrote to Mermin that QBism appears to mean different things to different QBists—
although this may only be an appearance—he replied (on 5/29/2019): “No, it’s not just an
appearance. QBism is a work in progress, still under construction. Welcome to the crew.”
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How does the familiar explanation of what happens when I “see some-
thing red” go? The light strikes the object (say, a sweater), and is reflected
to my eye. There is an image on the retina. . . . There are resultant nerve
impulses. . . . There are events in the brain, some of which we understand
thanks to the work of Hubel and Wiesel, David Marr, and others. And
then—this is the mysterious part—there is somehow a “sense datum” or a
“raw feel.” This is an explanation? An “explanation” that involves connec-
tions of a kind we do not understand at all . . . and concerning which we
have not even the sketch of a theory is an explanation through something
more obscure than the phenomenon to be explained.

Taking hold of the dilemma’s subjective horn, we gain an understanding of the
general structure of empirical knowledge, its dependence on the logical structure of
rational thought and the spatiotemporal structure of (human) perceptual experi-
ence, but then we find ourselves stymied by the same explanatory gap approached
from the other side: the brains studied by neuroscience are themselves objects of
perceptual experience, and objects of perceptual experience cannot be uncritically
identified with whatever it is that causes perceptual experience.

Most philosophers have found the paradox of subjectivity intolerable; hence
the common attempt to eliminate one or the other of our two selves—the tran-
scendental self for which the world exists, or the empirical self which exists in the
world, as an aspect or attribute of a physical body. For the purpose of developing
a QBist ontology, only the approach which starts with the transcendental self is
available.8 It will be taken up in Sec. 2 with an outline of Kant’s theory of science.9

Quantum mechanics, too, has given rise to two mutually incompatible ap-
proaches: one fundamentally philosophical, the other essentially mathematical;
one spearheaded by Niels Bohr, the other set in motion by John von Neumann.
Here, too, only one—the former—is compatible with QBism. Bohr’s philosophy of
quantum mechanics therefore is the subject of Sec. 3. What Bohr added to Kant’s
theory of science was his insight that empirical knowledge is not necessarily limited
to what is directly accessible to our senses, and that, therefore, it does not have to
be solely a knowledge of sense impressions organized into objects. It can also be a
knowledge of properties that (i) are defined by experimental arrangements (which
are directly accessible to our senses), and that (ii) only exist if their presence is
indicated by the results of actual experiments.10

If microscopic objects like atoms and subatomic particles owe their properties
to the experimental conditions under which they are observed, macroscopic ob-
jects like the experimental apparatus cannot owe their properties to the quantum-
mechanical systems of which they are commonly said to be composed. It follows
that neither the existence of microscopic objects nor that of macroscopic objects
can be attributed to independently existing substances. And this means that the

8 Nor would direct realism as defended by Searle (2004) fit the bill (Mohrhoff, 2021).
9 I second von Weizsäcker’s (1980) recommendation: “Those who really want to under-

stand contemporary physics—i.e., not only to apply physics in practice but also to make it
transparent—will find it useful, even indispensable at a certain stage, to think through Kant’s
theory of science.”
10 Affinities between Bohr and Kant have been noted by a number of scholars (Bitbol, 2010;

Bitbol et al., 2009; Brock, 2009; Chevalley, 1994; Cuffaro, 2010; Falkenburg, 2009; Faye and
Folse, 1994; Folse, 1994; Honner, 1982; Hooker, 1994; Kaiser, 1992; MacKinnon, 2012).
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elision of the subject can no longer be achieved, not even to the extent it was
possible for Kant.

While we owe to Bohr the insight that the properties of quantum systems
are contextual, he was less explicit about the contextuality of the carriers of these
properties. The latter was brought into focus first by Schrödinger and more system-
atically half a century later by Ulfbeck and (Aage) Bohr and by Brigitte Falken-
burg. The modern idea of a particle is a hotchpotch of three incommensurable
concepts: axiomatic, operational, and referential. As discussed in Sec. 4, this fur-
ther substantiates the conclusion that there is no such thing as a quantum reality
capable of supporting the classical macroscopic world. The former depends on the
latter, which in turn depends on the universal context of science, which is human
experience.

Quantum mechanics is the first theory to provide a complete dynamical re-
duction of form. In Sec. 5 it will be argued that if a quantum object has a form,
this consists of indefinite spatial relations between component parts, and if it lacks
component parts, it also lacks a form. It will further be argued that the spatial
relations which constitute the shapes of things do not obtain between a multitude
of relata but instead are self-relations entertained by a a single relatum. What is
more, this single relatum is not only the sole substrate of all properties but can
also be regarded as the sole cause of the events which quantum mechanics serves
to correlate.

If the spatial relations that make up the formal aspects of quantum objects
are reflexive and thus entertained by a single relatum, it stands to reason that we
do, in fact, experience a single world. Hence the need to understand the relation
between our experiences and this single world in a way that does not boil down to
“the so-called hypothesis of the real external world,” which Schrödinger rejected.
This is where the second of Schrödinger’s two “irrational, mystical hypotheses”
comes in, according to which “we are all really only various aspects of the One”
(1964, p. 106). “The One” here refers to the One Self of the Upanishads, the
Ultimate Subject from which we are separated by a veil of self-oblivion. The same
veil, according to the Upanishads, also prevents us from perceiving the Ultimate
Object, as well as its fundamental identity with the Ultimate Subject. It prevents
us from perceiving that the world is something that the One (qua Ultimate Object)
manifests to itself (qua Ultimate Subject).

If at bottom we are all the same subject, we have to conceive of two poises of
consciousness or modes of awareness, one in which the One manifests the world to
itself aperspectivally, as if experienced from no particular location or from every-
where at once, and one in which the One manifests the world to itself perspectivally,
as if experienced by a multitude of subjects from a multitude of locations. This
takes the edge of Husserl’s paradox of human subjectivity. As situated aspects of
the One, we appear to be objects in the world; as the One, we both constitute and
contain the world. This is the gist of Sec. 6.

To accommodate our own cognitive status as being who clearly do not experi-
ence each other as selves of the One Self, a third poise of consciousness is needed.
As knowledge by identify gives way to (and supports) a mutual direct knowledge,
so direct knowledge gives way to (and secretly supports) an indirect knowledge.
This is a direct knowledge by the individual of some of its own attributes (such
as electrochemical pulses in a brain), which serve as representations of what now
appear to be external objects. This brings us to one of the most pressing issues in
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the philosophy of mind, which concerns what is known as “intentionality”: how can
anything in the world, such as a neural firing pattern, represent—and, more gen-
erally, refer to or be about—anything else in the world? This Upanishadic solution
to the problem is explored in Sec. 7.

The main plot of the self-manifestation of the One is a cycle of self-concealment
(involution) and self-discovery (evolution). Section 8 outlines the steps by which
the stage for the adventure of evolution was set. It also addresses the reason why
the One would want to enter such a cycle, considering the pain and suffering that
(in hindsight) it entails. Section 9, finally, addresses the part that physics plays in
all this, touches on the conundrum of free will, and speculates about the future of
evolution.

2 Beyond correspondence

The oldest attempts to bridge the explanatory gap invoke some kind of correspon-
dence. A correspondence theory (of truth) is a theory that frames the relation
between the world we experience (or construct on the basis of our experiences)
and the reality that induces experiences in us, as some kind of correspondence.
The oldest known such theory, which endured for approximately 2,000 years, is
the one that ancient and medieval philosophers have attributed to Aristotle. It
holds that the relation between the phantasm and the external object, by virtue
of which the phantasm represents the external object to the mind, is literally a
relation of similarity.

To 17th-Century thinkers like Descartes and Locke, it still seemed to pose no
difficulty to conceive of perceived sizes and shapes as similar to real sizes and
shapes. That a perceived colour should be similar to colour in the external world
was a more questionable proposition (as it had been for Aristotle). Locke and
Descartes therefore distinguished between “primary qualities,” which were inde-
pendent of the perceiving subject, and “secondary qualities,” which bore no sim-
ilarities to sensations but had the power to produce sensations in the perceiving
subject. Eventually, though, thinking of perceived sizes and shapes as similar to
real sizes and shapes proved to be no less questionable than the proposition that
colour sensations are similar to colours in the external world. (Berkeley made it
clear that to ask whether a table is the same size and shape as my mental image
of it was to ask an absurd question.)

Enter Kant, whose Critique of Pure Reason ranks as one of the most influential
philosophical works of all time. Its appearance marks the end of the modern period
and the beginning of something entirely new (Schönfeld and Thompson, 2019). In
it Kant starts out by saying that all qualities are secondary in Locke’s sense.
Nothing of what we say about an object describes the object as it is in itself,
independently of how it affects us. Nor does Kant stop at saying that if I see a
desk, there is a thing-in-itself that has the power to appear as a desk, and if I
see a chair in front of the desk, there is another thing-in-itself that has the power
to appear as a chair. For Kant, there is only one thing-in-itself, an empirically
inaccessible reality that has the power to affect us in such a way that we have
the sensations that we do, and that we are able to “work up the raw material of
sensible impressions into a cognition of objects” (Kant, 1998, p. 136).
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Kant owes his fame in large part to his successful navigation between the Scylla
of common-sense realism and the Charybdis of idealism. What allowed him to steer
clear of both horns of this dilemma was a dramatic change of strategy. Instead of
trying to formulate a metaphysical picture of the world consistent with Newtonian
mechanics, as he had done during the pre-critical period of his philosophy, he
inquired into the cognitive pre-conditions of the possibility of natural science.
“Look,” he might have said, “natural science exists. We have Newton’s laws of
motion, the law of gravity, and various other laws. So let us find out what must
be the case on our part so that we can have such a thing as natural science.” He
did not presume to inquire into the metaphysical underpinnings of this fact. He
resolved to determine its cognitive underpinnings. The position taken by him was
that the objective world is constructed by the human mind from sensory material
that is passively received and concepts that owe their meanings to the logical
structure of rational thought and the spatiotemporal structure of human sensory
experience. The most important of these concepts are substance and causality.

The link between substance and logic was first forged by Aristotle. To Aristotle,
a property was whatever could be the predicate of a logical subject, while a sub-
stance was something that could not be predicated of anything else. Substances,
therefore, enjoyed independent existence, while properties owed their existence to
being attributes of substances. Locke (1997) subsequently distinguished between
two conceptions of substance: (i) a “notion of pure substance in general” and
(ii) “ideas of particular sorts of substance.” The first was to him “nothing but
the supposed, but unknown, support of those qualities we find existing, which we
imagine cannot subsist sine re substante, without something to support them.”
Substances in sense (ii) are sometimes called “Lockean substances.” They are
“such combinations of simple ideas as are, by experience and observation of men’s
senses, taken notice of to exist together.” They bring into play another function of
the logical (or grammatical) subject: substance serves to combine different “simple
ideas” in the same way (or the same sense) that a single subject serves to combine
several predicates.

In Kant’s theory, substance fulfils both functions: like a Lockean substance it
serves to bundle sensible impressions in the manner in which a logical or gram-
matical subject bundles predicates, and like an Aristotelean substance it makes it
possible for me to think of my sensible impressions as connected not in or by me
but in or by an external object. This allows me to ignore the fact that the external
object owes its existence largely to me, the thinking and perceiving subject.

The concept of causality likewise performs two functions. It allows me to think
of impressions received at different times as connected in accordance with the
logical or grammatical relation between an antecedent and a consequent, and it
makes it possible for me to think of my successive perceptions as connected not in
me, by my experiencing them, but objectively, as causes and effects in an external
world. (Kant believed that another concept was needed to objectivize the temporal
relation of simultaneity. In a relativistic world, in which simultaneity cannot be
objectivized, no such concept is required.)

Furthermore, the possibility of thinking of my perceptions as a self-existent
system of external objects requires that the connections be lawful. If sense im-
pressions are to be perceptions of a particular kind of object (say, an elephant)
they must be connected in an orderly fashion, according to a concept denoting a
lawful concurrence of perceptions. And if sense impressions are to be perceptions



10 U.J. Mohrhoff

of causally connected occurrences, like (say) lightning and thunder, they must fall
under a causal law, according to which one perception necessitates the subsequent
occurrence of another. To Kant, therefore, natural science was concerned with
causal laws and Lockean substances.11

3 Niels Bohr

The crucial premise of Kant’s inquiry was that (i) “space and time are only forms
of sensible intuition,12 and therefore only conditions of the existence of the things
as appearances,” that (ii) “we have no concepts of the understanding and hence
no elements for the cognition of things except insofar as an intuition can be given
corresponding to these concepts,” and that therefore (iii) “we can have cognition
of no object as a thing in itself, but only insofar as it is an object of sensible
intuition, i.e. as an appearance” (Kant, 1998, p. 115). Niels Bohr could not have
agreed more, insisting as Kant did that meaningful physical concepts have not
only mathematical (quantifiable) but also visual (spatiotemporal) content.13 But
Bohr (1985, p. 217) also realized that “the facts which are revealed to us by the
quantum theory . . . lie outside the domain of our ordinary forms of perception.”
By “our ordinary forms of perception” Bohr meant

the conceptual structure upon which our customary ordering of our sense-
impressions depends and our customary use of language is based. The basis
of this ordering is, certainly, the possibility for recognition and comparison
and accordingly the usual description of nature is characterized by the
attempt to express all experience by stating the locations of material bodies
and changes of location with time relative to a coordinate system defined
in the traditional manner by means of measuring rods and clocks. (Bohr,
1999, pp. xxxv–xxxvi)

In other words, he meant the system of concepts that allows us to unambiguously
identify (recognize and compare) objects in space and time. But this is the very
system of concepts whose applicability Kant has shown to be a precondition of

11 Kant maintained that by establishing lawful causal relations, we also establish objective
temporal relations. Although today we have a deeper understanding of the relationship between
physical law and spacetime geometry, Kant was right in stressing the intimate relation between
physical law and temporal relations. Because we cannot formulate a fundamental physical law
without presupposing a particular geometry, there is no “true” geometry. As was stressed
by Poincaré (1905), “[o]ne geometry cannot be more true than another, it can only be more
convenient.” For any physical theory, the best spacetime geometry to use is one that yields the
simplest mathematical formulation of the theory. In Kant’s time, this was Euclidean geometry
plus Newtonian uniform time, today it is the Minkowski geometry of special relativity or the
pseudo-Riemannian geometry of Einstein’s theory of gravity.
12 “Intuition” is the standard translation of the German word Anschauung, which covers

both visual perception and visual imagination. Perception is sensible, i.e., filled with actual
sensations, imagination is not.
13 Position and orientation are obviously of this kind. So are linear and angular momen-

tum (which derive their meanings from the symmetry properties of space or the invariant
behaviour of closed systems under translations and rotations) as well as energy (which derives
its meaning from the uniformity of time or the invariant behaviour of closed systems under
time translations).
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the possibility of objective knowledge, by which Kant meant knowledge of a (for
all practical purposes subject-independent) system of objects.

What Kant did not anticipate was the possibility of an empirical knowledge
that, while being obtained by means of sense impressions organized into objects,
was not a knowledge of sense impressions organized into objects. Bohr realized
that quantum mechanics was that kind of knowledge. What Bohr added to Kant’s
theory of science was his insight that empirical knowledge was not necessarily
limited to what is directly accessible to our senses, and that, therefore, it did not
have to be solely a knowledge of sense impressions organized into objects. It can
also be a knowledge of properties that (i) are defined by experimental arrangements
(which are directly accessible to our senses), and that (ii) actually exist only if their
presence is indicated by the results of actual experiments. The click of a counter
does not simply indicate the presence of something inside the region monitored by
the counter. The counter defines a region, and the click constitutes the presence of
something within it. Without the click, nothing is there, and without the counter,
there is no there.

As long as the only relevant context of empirical science was human experience
(as it was for Kant), or as long as the reach of human sensory experience was
potentially unlimited (as it was for Kant, Newton, and classical physics in general),
the elision of the subject could be achieved: one could think and behave as if
the objective world existed independently of perceiving and conceiving subjects.
Having asserted that “we can have cognition of no object as a thing in itself, but
only insofar as it is an object of sensible intuition, i.e. as an appearance,” Kant
(1998, p. 115) could go on to affirm that

even if we cannot cognize these same objects as things in themselves, we at
least must be able to think them as things in themselves. For otherwise there
would follow the absurd proposition that there is an appearance without
anything that appears.

But now there was more than one relevant context. In classical physics, a sin-
gle picture could accommodate all of the properties a system can have at any
moment of time. When quantum mechanics came along, that all-encompassing
picture fell apart. Unless certain experimental conditions obtained, it was impos-
sible to picture the electron as following a trajectory (which was nevertheless a
routine presupposition in setting up Stern–Gerlach experiments and in interpreting
cloud-chamber photographs), and there was no way in which to apply the concept
of position. And unless certain other, incompatible, experimental conditions ob-
tained, it was impossible to picture the electron as a travelling wave (which was
nevertheless a routine presupposition in interpreting the scattering of electrons by
crystals), and there was no way in which to apply the concept of momentum.

The implication was then (and still is) that the properties of atoms and sub-
atomic particles owe their existence to the experimental conditions under which
they are observed. The positions indicated by droplets forming track in a cloud
chamber were the positions of a particle because they were indicated by the
droplets. The momenta indicated by the (imaginary) tangents on a track were the
momenta of a particle because they were indicated by the track. As Heisenberg
(1927) phrased it, “Die ‘Bahn’ entsteht erst dadurch, daß wir sie beobachten”—a
particle’s path only comes into being because we observe it.
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But if atoms and subatomic particles owe their properties to the experimental
conditions under which they are observed, the experimental apparatus cannot
owe its properties to the quantum-mechanical systems of which it is commonly
said to be composed. And therefore neither the existence of microscopic objects
(like atoms and subatomic particles) nor that of macroscopic objects (like the
experimental apparatus) can be attributed to independently existing substances.
The contextuality of the properties of microscopic objects implies that the elision
of the subject can no longer be achieved.

This explains Bohr’s concern about the objectivity of the quantum-mechanical
description of atomic phenomena. To Kant, the ability to attribute properties to
substances, and to connect them according to the principle of causality, were pre-
conditions of the possibility of objective knowledge, and so they were to Bohr, who
stressed that “the objective character of the description in atomic physics depends
on the detailed specification of the experimental conditions under which evidence
is gained” (Bohr, 1999, p. 215). A detailed specification of these conditions can
only be given if it is possible to describe them in terms of property-carrying sub-
stance conforming to causal laws. When Bohr affirmed the “perfectly objective
character” of the quantum-mechanical description of atomic phenomena, it was
therefore “in the sense that no explicit reference is made to any individual ob-
server” (Bohr, 1999, p. 128, emphasis added). It was never in the sense that no
reference was made to the community of observers. This is also obvious from the
importance Bohr attached to communication in common language, which went so
far as to make him define objectivity in terms of the latter: “By objectivity we
understand a description by means of a language common to all” (Bohr, 1999, p.
xxxvii).

At first quantum theory seemed to require a radical departure from the classi-
cal universe of discourse staked out by Kant. After all, the correlations between a
preparation and an observation—between “the fixation of the external conditions,
defining the initial state of the atomic system concerned and the character of the
possible predictions as regards subsequent observable properties of that system”
and “the test of such predictions” (Bohr, 1996, p. 312)—could not be accounted
for in classical terms. It is to Bohr’s great merit that instead of discarding the
classical universe of discourse he expanded it, by adding an intrinsically unspeak-
able domain of quantum phenomena, which becomes speakable only in terms of
statistical correlations between events that happen or can happen in the classical
domain.

4 Particles

If quantum systems owe their attributes to being measured, may not the quan-
tum systems themselves be constituted by the outcomes of measurements? At the
beginning of the 21st Century—about the time QBism came on the scene—this
suggestion was followed up by Ole Ulfbeck and Aage Bohr (2001). Like Kant and
subsequently Niels Bohr, Ulfbeck and Bohr view space and time as “a scene es-
tablished for the ordering of experiences.” Clicks given off by detectors belong to
this scene. Particles travelling from a source to a detector and producing clicks do
not: “the connection between source and counter is inherently non-local.” While
clicks are “events in spacetime, belonging to the world of experience,” there are
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no particles “on the spacetime scene.” The individual click is “an event entirely
beyond law.” Genuinely fortuitous clicks, occurring by themselves, form “the basic
material that quantum mechanics deals with.” These views echo misgivings about
the particle concept that half a century earlier have been expressed by Schrödinger
(2014, pp. 121-122, 131–132, original emphases):

When you observe a particle of a certain type, say an electron, now and
here, this is to be regarded in principle as an isolated event. Even if you
do observe a similar particle a very short time later at a spot very near to
the first, and even if you have every reason to assume a causal connection
between the first and the second observation, there is no true, unambiguous
meaning in the assertion that it is the same particle you have observed
in the two cases. . . . It is beyond doubt that the question of “sameness,”
of identity, really and truly has no meaning. . . . We must not admit the
possibility of continuous observation. Observations are to be regarded as
discrete, disconnected events. Between them there are gaps which we cannot
fill in. . . . [I]t is better to regard a particle not as a permanent entity but
as an instantaneous event. Sometimes these events form chains that give
the illusion of permanent beings—but only in particular circumstances and
only for an extremely short period of time in every single case.

We are accustomed to thinking of a measurement as ascertaining the possession,
by a given physical object or system, of one of several possible properties, which
are determined by the setup. Specifically, we think of a position measurement as
ascertaining the possession, by a given particle, of one of several possible posi-
tions, which are defined by an array of detectors. In experimental particle physics,
however, much the opposite is the case: while we have a large number of possible
positions, each defined by a detector, no particle is given. What is given is clicks,
and our task is to organize them into tracks indicating the successive positions of
what we imagine to be persistent individuals—wrongly, as Schrödinger first and
later Ulfbeck and Bohr have stressed.

Although, for Ulfbeck and Bohr, there are neither electrons nor neutrons on
the spacetime scene, “clicks can be classified as electron clicks, neutron clicks,
etc.” It does, however, take more than one click to identify a click as an elec-
tron click or a neutron click. There has to be a sequence of clicks, and it must
be possible to interpret each click as constituting the presence of the same kind
of particle. Particle detectors are designed so that these conditions are satisfied
FAPP, to use Bell’s (1990) famous acronym for “for all practical purposes”.14 A
typical particle detector consists of zillions of individual detectors each monitor-
ing a relatively small region of space or spacetime. Compared to the number of
actual clicks elicited during each experimental run, the total number of possible
clicks (or droplets, or whatever else makes up a track) is enormous. This—along
with the conservation of energy and momentum tempered by the corresponding
uncertainty principles—makes it possible to observe tracks, to identify the type

14 The qualification “FAPP” becomes necessary whenever classical features are obtained
by ignoring quantum features. In this case the quantum feature ignored is the uncertainty
relation for position and momentum. Because the locations of the clicks are “fuzzy” enough,
the correlations between the clicks make it possible FAPP to imagine a continuous path, to
imagine a particle following it, and to imagine it causing the clicks that make up the observed
track.
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of particle associated with a given track, and to thereby determine the type to
which the clicks constituting the track belong.15 It must be emphasized, however,
that there are no true individuals; at best there are “close enough” individuals.
While particle types and their possible interconversions are rigorously defined by
axiomatic particle physics, the particle types so defined are not rigorously indi-
viduated by the (only approximately continuous) tracks of experimental particle
physics.

Today, a diversity of incommensurable particle concepts are in use. In a painstak-
ing investigation of “what exactly physicists mean when they talk about subatomic
particles,” Brigitte Falkenburg (2007, p. 30) has shown that “[t]he attribution of
physical properties to subatomic particles is not based on one unified theory but on
several incommensurable theories” (p. 324, original emphasis): “the operational,
axiomatic, and referential aspects of physical concepts fall apart” (p. 162). The
axiomatic (chiefly field theoretical and group theoretical) aspect only refers to par-
ticle types. It refers neither to individual particles nor to the experiments to which
particles owe their properties. The operational aspect is tied to the probabilistic
or ensemble interpretation of quantum mechanics and to classical measurement
laws, and the manner in which quantum concepts refer can only be understood
in contextual terms: “Quantum concepts refer to the properties of quantum phe-
nomena which occur by means of a given experimental setup in a given physical
context” (p. 200).

By way of illustration, consider scattering experiments, which in modern par-
ticle physics are front and centre. Each experiment begins with either a single
particle beam aimed at a fixed target or two intersecting beams. Because the in-
coming particles are accelerated by making them pass through strong magnetic
and electric fields over large distances, the laws of classical mechanics and electro-
dynamics are used to describe how particles of definite momentum p are created.
What happens next is described in quantum-mechanical terms. The particles are
said to be prepared in a momentum state (the rigorous definition of which is a
probability algorithm), and the mathematical picture of an incoming plane wave
of wavelength λ = 2πh̄/p is used. If the target is, say, a crystal, its structure (to be
determined) is treated as belonging to the classical boundary conditions of the ex-
periment being conducted, and the incoming plane wave is treated like a classical
wave that gets diffracted by the target. After the scattering, either clicks or tracks
are observed, depending on whether one is interested in spatial interference pat-
terns or distributions of outgoing momenta and/or particle types. To determine
the locations of the clicks or to measure the curvature and other properties of
the tracks, one reverts to purely classical measurement methods. The underlying
pragmatic “philosophy” has been aptly summed up by Wolfgang Ketterle (2003)
in a popular talk, in which he said that after several years of practice one gets
used to preparing waves and detecting particles.

15 A track makes it possible to measure such quantities as its radius of curvature (in a mag-
netic field), the particle’s time of flight, its kinetic energy, and/or its energy loss through
ionization and excitation. Measuring three of these quantities is sufficient in principle to posi-
tively identify the particle type (Grupen and Shwartz, 2008). (The type of a neutral particle,
which cannot be inferred directly from a track, can be inferred indirectly from the particle’s
interactions with charged particles, with the help of the conservation laws.)
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While Bohr had stressed the contextuality of properties, he was less explicit
about the contextuality of objects. The latter was brought into focus by Falkenburg
(2007, pp. 205–206, original emphasis):

only the experimental context (and our ways of conceiving of it in classical
terms) makes it possible to talk in a sloppy way of quantum objects. . . . Bare
quantum “objects” . . . seem to be Lockean empirical substances, that is,
collections of empirical properties which constantly go together. However,
they are only individuated by the experimental apparatus in which they
are measured or the concrete quantum phenomenon to which they belong.

To Falkenburg (p. 339, original emphases), therefore, subatomic reality is a top-
down construct:

The opposite bottom-up explanation of the classical macroscopic world in
terms of electrons, light quanta, quarks, and some other particles remains
an empty promise. Any attempt at constructing a particle or field ontology
gives rise to a non-relational account16 of a subatomic reality made up of
independent substances and causal agents. But any known approach of this
type is either at odds with the principles of relativistic quantum theory
or with the assumption that quantum measurements give rise to actual
events in a classical world. As long as the quantum measurement problem
is unresolved, an independent quantum reality is simply not available.

What Falkenburg refers to at the end is the problem of objectification. Because
insolubility theorems have been proved for this problem (Busch et al., 1996; Mit-
telstaedt, 1998), the conclusion that an independent quantum reality is simply
not available is unconditional. This goes to confirm once again that the objective
world is the objectivized or objectivizable subset of our private and subjective
experiences, the part we share and think about as external to ourselves.17

5 The One

What is primarily given us in visual experience is not things but shapes—not
independently existing Aristotelean substances but shapes that we are generally
able to attribute to re-identifiable Lockean substances. The parts that are primarily
given us in visual experience are defined in spatial terms. In fact, until quantum
mechanics came along, the parts of a material object were thought to be defined by
boundaries acting in the manner of three-dimensional cookie cutters, while their
forms were thought to be defined by boundaries separating their stuff-filled insides
from their void outsides. The first theory to provide a successful and complete
dynamical reduction of form is quantum mechanics. If a quantum object has a

16 Physical reality, as conceived by Falkenburg (2007, p. 334), is relational in three respects:
(i) it is context dependent, (ii) it is defined relative to classical concepts, and (iii) it is energy
dependent such that (e.g.) the quark-antiquark and gluon content of nucleons increases with
increasing scattering energies.
17 I use the verb “to objectivize” and the noun “objectivation” for the process by which

we construct our common external reality, and reserve the verb “to objectify” and the noun
“objectification” for references to the inexplicable emergence of measurement outcomes from
reified quantum states (as in “the disaster of objectification”).
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form, this consists of indefinite spatial relations18 between component parts. If it
lacks components, it also lacks a form.19 And it should be clear from what has been
said in the previous section that I do not here speak of individual quantum objects.
I refer to Lockean substance or natural kinds like quarks, nucleons, nuclei, and
atoms, which the axiomatics allows us to construct by increasingly approximative
methods.

But if the shapes of quantum objects—and eventually everything we tend to
think of as “made from” quantum objects—resolve themselves into spatial relations
(relative positions and orientations) between (ultimately) formless relata, we may
be in a position to invoke the principle of the identity of indiscernibles and regard
these spatial relations not as relations entertained by a multitude of relata but as
a multitude of self-relations entertained by a a single relatum.

It is not a new idea that particles of the same type are numerically identical,
in the sense of being (multiple aspects of) one and the same entity. In his Nobel
lecture Feynman recalled: “I received a telephone call one day at the graduate
college at Princeton from Professor Wheeler, in which he said, ‘Feynman, I know
why all electrons have the same charge and the same mass.’ ‘Why?’ ‘Because,
they are all the same electron!’ ” The present claim, on the other hand, is that
“the miraculous identity of particles of the same type,” which according to Misner
et al. (1973) is to be regarded “not as a triviality, but as a central mystery of
physics,” need not be confined to particles of the same type.

In this section I shall argue that all fundamental particles, even those belonging
to different types, can and should be regarded as numerically identical. Consider,
to begin with, an elastic scattering event featuring a pair of incoming particles
“in” the states |1〉 and |2〉 and a pair of outgoing particles “in” the states |A〉
and |B〉.20 If the two particles are of the same type, we can say that initially
there are two things with the respective properties 1 and 2, and that subsequently
there are two things with the respective properties A and B, but we cannot say
that there are two separate enduring things. And if there are no enduring things,
one readily agrees with Schrödinger (Bitbol, 2007) or Ladyman and Ross (2007)
that there are no things (plural). What we can say is that there is one thing,
which is initially observed to have the properties 1 and 2 (e.g., being here as well
as being there, or moving Eastward as well as moving Westward), and which is
subsequently observed to have the properties A and B.

Next, assume that the two particles are of different types α and β, that the
initial states are |α, 1〉 and |β, 2〉, and that the final states are |α,A〉 and |β,B〉.
What we can be sure of in this case is that initially there are two things each
with a pair of properties (α, 1 and β, 2), and that subsequently there are again two
things each with a pair of properties (α,A and β,B). While it is customary to say
in this case that we are dealing with two enduring things, this cannot be advanced

18 What is intended by the characterization of a physical quantity Q, such as a relative
position or orientation, as indefinite, is that it can only be described by assigning nontrivial
probabilities to the (counterfactually) possible outcomes of an unperformed measurement of Q.
19 According to the current standard model of particles and forces, some quantum objects,

including electrons and quarks, are fundamental in the sense of not being composed of other
quantum objects. While such objects are often described as pointlike, this can only mean that
they lack internal structure, which is another way of saying that they lack component parts.
20 For brevity’s sake the customary phraseology of “being in” such and such a state is used

in lieu of the more correct mouthful.
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as the reason why we observe a particle of type α and a particle of type β both
initially and in the end. On the contrary, it is the fact that we observe a particle
of type α and a particle of type β both initially and at the end that we are in a
position to entertain the belief that we are dealing with two enduring things. This
belief has the same FAPP status as the belief that the clicks that make up a track
indicate the presence of a single enduring individual. What remains rigorously
assertible is that there is one thing, which is initially observed in possession of the
property pairs (α, 1) and (β, 2), and which is subsequently observed in possession
of the property pairs (α,A) and (β,B). Nothing, therefore, stands in the way of
conceiving of the spatial relations which make up the formal aspects of quantum
objects as reflexive relations entertained by a single relatum, and to posit this as
the sole metaphysical substrate of all properties measured or experienced.

What is more, this sole metaphysical substrate—let us call it “the One”—can
also be thought of as the sole true agent. Let me explain. While the click of a
detector is the most basic kind of outcome-indicating event, it is only a particular
kind of genuinely fortuitous event. Every measurement is genuinely fortuitous not
merely with regard to its specific outcome (which may in fact be predictable) but
more fundamentally with regard to its occurrence. There are no causally sufficient
conditions for the success of an attempted measurement. The redundancy typically
built into a measurement apparatus can maximize the likelihood of success, but it
can never guarantee success.21

If in spite of the fortuitous character of outcome-indicating events—i.e., un-
deterred by their lack of a cause within the experienced world—we adhere to
the principle of causality, we will have to acknowledge the existence beyond this
world of a causal agent responsible for all clicks. We cannot, as Falkenburg (2007,
pp. 259–260) suggests, posit a unique causal agent behind the clicks that make up
any particular track. But we can associate a single causal agent with every click
(not only the ones that make up a particular track). And if we do, we can identify
the sole substrate of all properties also as the sole true causal agent—not the one
responsible for the FAPP causality that obtains between events in the experienced
world but the one responsible for all events that lack causes in the experienced
world.

6 Schrödinger’s take

So far the question of whether we only experience our respective private worlds
or actually experience one and the same world, was left open. But if the spatial
relations that make up the formal aspects of quantum objects are reflexive and thus
entertained by a single relatum, or if there is a single substance underlying every
property measured or experienced, or if there is a single causal agent responsible for
every successful measurement, then there has to be more to the agreement between
“the content of any one sphere of consciousness and any other” (Schrödinger, 1964,
p. 69) than is warranted by language.

21 That likelihood must be distinguished from the probabilities that quantum mechanics
serves to assign. Quantum-mechanical probability assignments are based on the assumption of
a successful outcome, which is why the probabilities associated with the possible outcomes of
a measurement always add up to 1.
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To Schrödinger (1964, p. 106), the agreement of the content of my sphere of
consciousness with the content of yours was not rationally comprehensible: “In
order to grasp it we are reduced to two irrational, mystical hypotheses.” Previ-
ously we noted what he thought of “the so-called hypothesis of the real external
world.” The second hypothesis, which he endorsed, was that “we are all really
only various aspects of the One.” The multiplicity of minds, he wrote in another
work (Schrödinger, 1992a), “is only apparent, in truth there is only one mind.
This is the doctrine of the Upanishads. And not only of the Upanishads”.22 The
Upanishads are ancient Sanskrit texts, which contain many central concepts and
ideas of classical Indian philosophy.

The “One” mentioned by Schrödinger is the one Self of the Upanishads, the
Ultimate Subject from which we are separated by a veil of self-oblivion. The same
veil, according to the Upanishads, also prevents us from perceiving the Ultimate
Object, as well as its fundamental identity with the Ultimate Subject. It prevents
us from perceiving that the world is something that the One (qua Ultimate Ob-
ject) manifests to itself (qua Ultimate Subject)—and therefore to us who are but
“various aspects of the One”.23

If at bottom we are all the same subject—without being aware of it, except by a
genuinely mystical experience that is hard to come by—then we have to conceive of
two poises of consciousness or modes of awareness, one in which the One manifests
the world to itself aperspectivally, as if experienced from no particular location or
from everywhere at once, and one in which the One manifests the world to itself
perspectivally, as if experienced by a multitude of subjects from a multitude of
locations.24 In the former poise, the One contains the world; in the latter, it is

22 As an example outside the Indian tradition, Schrödinger quotes a Persian mystic of the
thirteenth century and cites Huxley’s Perennial Philosophy: “Open it where you will and you
. . . are struck by the miraculous agreement between humans of different race, different religion,
knowing nothing about each other’s existence, separated by centuries and millennia, and by
the greatest distances that there are on our globe.” In India itself there are any number of
interpretations of the Upanishads, ranging from the austere illusionism of Shankara to the
world-affirming evolutionary idealism of Sri Aurobindo, of whom Chandradhar Sharma (1962,
p. 369) writes that “almost every page of [his magnum opus] ‘The Life Divine’ is inspired
by the creative vision of the seers of the Vedas and the sages of the Upanis.ads. As a free

commentator on Vedānta, Śri Aurobindo comes after the great Āchāryas of Vedānta. . . . ‘The
Life Divine’ is a challenge to the false notion that philosophy in India died after the sixteenth
century.” Outside the Vedantic tradition, too, there are remarkable non-dual ontologies such
as the Trika system (a.k.a. Kashmira Shaivism).
23 If “to Western thought this doctrine has little appeal,” Schrödinger (1992b, pp. 129–130)

remarks, it is because our science “is based on objectivation, whereby it has cut itself off from
an adequate understanding of the Subject of Cognizance, of the mind.” To which he adds
that “this is precisely the point where our present way of thinking does need to be amended,
perhaps by a bit of blood-transfusion from Eastern thought. That will not be easy, we must
beware of blunders—blood-transfusion always needs great precaution to prevent clotting. We
do not wish to lose the logical precision that our scientific thought has reached, and that is
unparalleled anywhere at any epoch.”
24 An aperspectival consciousness features prominently in the respective works of Jean Gebser

(1986) and Sri Aurobindo (2005). Such a consciousness transcends the distantiating viewpoint
of our perspectival outlook. There, the subject is where its objects are; it knows them by
identity, by being them. The familiar dimensions of phenomenal space (viewer-centred depth
and lateral extent) come into being in a secondary poise, in which the One views the world in
perspective. There, objects are seen from “outside,” as presenting their surfaces. Concurrently,
the dichotomy between subject and object becomes a reality, for a subject identified with an
individual form cannot be overtly identical with the substance that constitutes all forms.
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contained in it. The fact that reality is relative to consciousness takes the edge
of Husserl’s paradox of human subjectivity. As situated aspects of the One, we
appear to be objects in the world; as the One, we both constitute and contain the
world.

7 The cognitive synergy of the One

If a single metaphysical substance constitutes our respective private worlds, then
it stands to reason that we do, in fact, experience a single world (albeit from
different vantage points). And so we face once more the challenge of understanding
the relation between our experiences and a single world.

In the view of the Upanishads, all knowledge, all experience is founded on iden-
tity. What ultimately exists, independently of anything else, is indistinguishably
(i) a consciousness that contains, (ii) a substance that constitutes, and (iii) an infi-
nite quality and delight (ānanda) that experiences and expresses itself in form and
movement. If the One is essentially this infinite, self-existent quality and delight,
one understands why the One would adopt a multitude of standpoints within the
world that it manifests to itself: a mutual creative self-experience offers a greater
variety of delight than a solitary one. If the One adopts a multitude of localized
standpoints, knowledge by identity takes the form of direct knowledge. Because
direct knowledge is founded on identity, there is as yet no need for mediating repre-
sentations. But if the One identifies itself with each particular object or standpoint
to the exclusion of all others, knowledge of other objects will be reduced to an in-
direct knowledge, i.e., a direct knowledge by the individual of some of its own
attributes (think electrochemical pulses in a brain), which serve as representations
of what now appear to be external objects.

This brings us to one of the most pressing issues in the philosophy of mind,
which concerns what is known as “intentionality”: how can anything in the world,
such as a neural firing pattern, represent—and, more generally, refer to or be
about—anything else in the world? An idea that has been dominant throughout
history is that representations are encodings. Much has been learned about the
processes by which the brain extracts information from the images falling on the
retinas (Hubel, 1995; Enns, 2004). This information is said to be encoded in pat-
terns of electrochemical pulses, and if these patterns are to be experienced as (or
to give rise to experiences of) a world extended in space and time, they have
to be decoded or interpreted. The decoding or interpretation presupposes, inter
alia, acquaintance with the expanse of space and the passing of time, and such
acquaintance is not something that neural processes can provide.25

25 Like the colour of a Burmese ruby, spatial extension is a quality that can only be defined
by ostentation—by drawing attention to something of which we are directly aware. If you are
not convinced, try to explain to my friend Andy, who lives in a spaceless world, what space
is like. Andy is good at maths, so he understands you perfectly if you tell him that space is
like a set of all triplets of real numbers. But if you believe that this gives him a sense of the
expanse we call space, you are deluding yourself. We can imagine triplets of real numbers as
points embedded in space; he cannot. We can interpret the difference between two numbers
as the distance between two points; he cannot. At any rate, he cannot associate with the word
“distance” the phenomenal remoteness it conveys to us. And much the same goes for time.
Time passes, and the only way to know this is to be aware of it.
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Fig. 1 Our indirect (hence representative) knowledge is the meeting point of information
flowing inward from the external object and information flowing outward from a subliminal
source.

Some, like Bickhard and Richie (1983), noting that encodings always require
an interpreter, are intent on repudiating the interpreter. What is really required,
however, is an understanding of the nature of the interpreter and the basis of its
interpretive capacity. According to the ontology of the Upanishads, the incomplete
quantitative information provided by neural firing patterns is supplemented by a
qualitative direct knowledge that springs from a subliminal source (Fig. 1). Our
indirect knowledge would not be possible if it were not supported by a subliminal
direct knowledge, even as direct knowledge would not be possible if it were not
founded on identity. In the words of Sri Aurobindo (2005, pp. 560–561),

In the surface consciousness knowledge represents itself as a truth seen from
outside, thrown on us from the object, or as a response to its touch on the
sense, a perceptive reproduction of its objective actuality. . . . Since it is
unable to . . . observe the process of the knowledge coming from within, it
has no choice but to accept what it does see, the external object, as the
cause of its knowledge. . . . In fact, it is a hidden deeper response to the
contact, a response coming from within that throws up from there an inner
knowledge of the object, the object being itself part of our larger self.

The crucial point is that the explanatory gap is closed neither by a translation
or transformation of electrochemical firing patterns into conscious experiences nor
by some dual-aspect theory. It is closed by the identity of the One qua Ultimate
Subject with the One qua Ultimate Object, via a subliminal direct knowledge. But
now another question looms. How faithful is the indirect kind of knowledge that we
enjoy? Since at the origin of things, knowing and being are one, the question can
only concern the extent to which our knowledge corresponds to the knowledge that
is one with being. This is where we must take into account that the main plot of
this self-manifestation of the One is evolution, and that evolution, conceived along
Upanishadic lines, goes through two distinct phases. While during the first phase
the evolution of the object, of the organisation of being, facilitates the evolution
of the subject, of the faculties of knowledge, during the second phase the tables
are turned: knowing becomes determinative of being; the evolution of the knowing
subject facilitates a transfiguration of the object known.
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8 Evolution: the Upanishadic view

I suppose we can all appreciate the advantage of an ontology that has at its core
an infinite Quality/Delight over a framework of thought according to which what
is ultimately real is a multitude of entities (fundamental particles or spacetime
points) lacking intrinsic quality or value. In many traditions such a multiplicity
is fittingly referred to as “dust.” But why should an infinite self-existent Qual-
ity/Delight not only adopt a multitude of standpoints but also identify itself with
each to the apparent exclusion of the others?

From the point of view of the Upanishads, evolution presupposes involution.
Involution consists in a stepwise departure from the original status of the One as at
once an all-containing consciousness, an all-constituting substance, and an infinite
quality/value/delight. The first step towards involution is individuation. One nice
thing about the process of individuation is that we can feel as if we understand it.
We all know first-hand what it means to imagine things. So we can easily conceive
of a consciousness that creates its own content. With a little effort we can also
conceive of consciousness as simultaneously adopting a multitude of standpoints,
and of some or all of its creative activity as simultaneously proceeding from these
several standpoints. We also know first-hand the phenomenon of exclusive concen-
tration, when awareness is focused on a single object or task, while other goings-on
are registered, and other tasks attended to, subconsciously (if at all).

Further possibilities present themselves. The multiple concentration of con-
sciousness may be inclusive, or it may be exclusive. Involution begins in earnest
when the individual subjects lose sight of their mutual identity and, as a result,
lose access to the aperspectival view of things. Carried further, involution ren-
ders consciousness implicit in its aspect of formative force. Carried still further,
it renders formative force implicit in inanimate forms. And carried to its furthest
extreme, it renders the principle of form implicit in a multitude of formless enti-
ties. And since these formless entities are indistinguishable and therefore (by the
principle of the identity of indiscernibles) numerically identical, involution ends
with the One effectively deprived of its innate consciousness and self-determining
force—the Ultimate Subject, infinitely creative, rendered implicit in the Ultimate
Object. This (or something much like it) is how the stage for the adventure of
evolution was set.

We have now strayed, inevitably, into the vexing territory of theodicy: what
could justify this adventure, considering all the pain and suffering that (in hind-
sight) it entails? Certainly not an extra-cosmic Creator imposing these evils on
his creatures. But the One of the Upanishads is no such monster; it imposes these
things on itself. But still—why? Imagine for a moment that you are all-powerful
and all-knowing. Could you experience the joy of winning a victory, of overcoming
difficulties and oppositions, of making discoveries, of being surprised? You could
not. To make all of this possible, you impose limitations on your inherent power
and knowledge. In the words of Sri Aurobindo:

a play of self-concealing and self-finding is one of the most strenuous joys
that conscious being can give to itself, a play of extreme attractiveness.
There is no greater pleasure for man himself than a victory which is in
its very principle a conquest over difficulties, a victory in knowledge, a
victory in power, a victory in creation over the impossibilities of creation. . . .
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There is an attraction in ignorance itself because it provides us with the
joy of discovery, the surprise of new and unforeseen creation. . . . If delight
of existence be the secret of creation, this too is one delight of existence;
it can be regarded as the reason or at least one reason of this apparently
paradoxical and contrary Lila. (Sri Aurobindo, 2005, pp. 426–27)

L̄ılā is a term of Indian philosophy which describes the manifested world as the
field for a joyful sporting game made possible by self-imposed limitations.

9 Concluding remarks: physics, free will, and the future of evolution

How does physics fit into this scheme of things? If the force at work in the world
is an infinite force working under self-imposed constraints, we can cease to be
spooked by the quantum-mechanical correlation laws.26 There is no need for mech-
anistic or naturalistic explanations of the working of an infinite force. What we
need to ask is why the force at work in the world works under constraints, which
question we have answered, and why these constraints have the particular form
that they do. Briefly, a world about which anything coherent can be said requires
sufficiently stable, re-identifiable objects. If these are to be manifested by means
of spatial relations between relata that lack spatial extent, the spatial relations,
as well as the corresponding relative momenta, must be indefinite, uncertainty
relations must hold, the relata must be fermions—in short, something very much
like quantum mechanics must hold (Mohrhoff, 2002, 2009). And if the manifested
world is, in addition, to contain individuals capable of telling stories about suf-
ficiently stable, re-identifiable objects, the standard model and general relativity
must hold at least as effective theories (Mohrhoff, 2018, Chap. 25).

A force working under self-imposed constraints is also capable of lifting its
constraints. Their purpose was to set the stage for the drama of evolution, not to
direct the drama. We are actors in this drama, and if our free will is limited, it is
not because it is illusory. Needless to say, there is but one way in which complete
freedom can be attained, and that is by becoming the sole determinant of the
goings-on in the world. We are in possession of true freedom to the extent that
we are not only consciously but also dynamically identified with the One. Absent
this identification, our sense of being the proud owner of a libertarian free will is a
misappropriation of a power which belongs to our subliminal self, and which often
works towards goals that are at variance with our conscious intentions.

The first aim of the force at work in the world—after setting the stage for
evolution—is to bring into play the principles of life and mind. Because it has
to accomplish this through tightly constrained modifications of the initial laws
(Mohrhoff, 1999), the evolution of life necessitates the creation of increasingly
complex organisms, and the evolution of mind necessitates the creation of increas-
ingly complex nervous systems. This explains why the representations that mediate
indirect knowledge require something of the order of a hundred billion neurons.

Evolution is not finished. When life emerged, what essentially emerged was
the power to execute creative ideas. When mind (or consciousness as we know

26 There is an ever-growing number of “no-go” theorems (Bell, 1964, 1966; Kochen and
Specker, 1967; Greenberger et al., 1989; Klyachko et al., 2008) demonstrating the impossibility
of dynamical explanations of the correlations that quantum mechanics successfully predicts.
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it) emerged, what essentially emerged was the power to generate such ideas. The
true nature of these principles is obscured by the fact that the requisite anatomy
must first be established, and the more pressing tasks of self-preservation and
self-replication must first be attended to. What has yet to emerge is the power
to develop into expressive ideas the infinite Quality at the heart of reality. When
this happens, the entire creative process—i.e., the development of Quality into
Form using mind to generate expressive ideas and life to execute them—will be
conscious and deliberate.

If all of this sounds phantasmagoric, it is in large part because our theoretical
dealings with the world are conditioned by the manner in which we, at this point in
history, experience the world. We conceive of the evolution of consciousness, if not
as a sudden lighting up of the bulb of sentience, then as a progressive emergence
of ways of experiencing a world that exists independently of being experienced.
There is no such world. There is only an evolving sequence of ways in which the
One manifests the world to itself. These different ways have been painstakingly
documented by Jean Gebser (1986). One characteristic of the “structures of con-
sciousness” that have successively emerged or are on the verge of emerging is their
dimensionality. An increase in the dimensionality of the consciousness to which
the world is manifested is tantamount to an increase in the dimensionality of the
manifested world.

Consider, by way of example, the consciousness structure that immediately
preceded the present and still dominant one. One of its characteristics is the
notion that the world is enclosed in a sphere, with the fixed stars attached to
its boundary, the firmament. We cannot but ask: what is beyond that sphere?
Those who held this notion could not, because for them the third dimension of
space—viewer-centred depth—did not at all have the reality it has for us. Lacking
our sense of this dimension, the world experienced by them was in an important
sense two-dimensional. This is why they could not handle perspective in draw-
ing and painting, and why they were unable to arrive at the subject-free “view
from nowhere,” which is a prerequisite of modern science. All this became possible
with the consolidation, during the Renaissance, of our characteristically three-
dimensional consciousness structure.

Our very concepts of space, time, and matter are bound up with our present
consciousness structure. This made it possible to integrate the location-bound
outlook of a characteristically two-dimensional consciousness into an effectively
subject-free world of three-dimensional objects. Matter as we know it was the re-
sult. It is not matter that has created consciousness; it is consciousness that has
created matter, first by its self-concealment, or involution, in an apparent multi-
tude of formless particles, and again by evolving our present mode of experiencing
the world. Ahead lies the evolution of a consciousness structure—and thereby of
a world—that transcends our time- and space-bound perspectives. Just as the
mythological thinking of the previous consciousness structure could not foresee
the technological explosion made possible by science, so science-based thinking
cannot foresee the consequences of the birth of a new world, brought about, not
by technological means, but by a further increase in the dimensionality of con-
sciousness.
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Appendix: A minimal critique of QBism

As Falkenburg (2007, p. 339) right points out, “Bohr’s complementarity view of
quantum mechanics already suggested long ago a way of avoiding the dilemma
of either empiricism or metaphysical realism.” If “no unambiguous philosophical
interpretation of quantum theory emerged out of them,” it was because nobody
seemed to realize or take seriously (i) a crucial presupposition of Bohr’s philosoph-
ical reflections—to wit, “the subjective character of all experience” (Bohr, 1996,
p. 259)—and (ii) a crucial consequence of the same, which is that the classical en-
vironment owes its definiteness solely to the incontestable definiteness of conscious
experience (Mohrhoff, 2019).

While, to my mind, the greatest merit of QBism lies in its spirited defence of
these crucial points, its most significant shortcoming lies in its failure to recognize
that in constructing a common body of reality, the users (of quantum mechanics) or
agents (in a quantum world) automatically objectivize the intrinsic definiteness of
their private experiences. When Fuchs & friends state that the only thing a QBist
“does not model with quantum mechanics is her own direct internal awareness
of her own private experience” (Fuchs et al., 2014), so that QBism must treat
“all physical systems in the same way, including atoms, beam splitters, Stern-
Gerlach magnets, preparation devices, measurement apparatuses, all the way to
living beings and other agents” (Fuchs and Schack, 2015), they ignore this obvious
fact. If quantum mechanics is a general theory of action and response, according
to which every action (on the external world) counts as a measurement and every
response (by the external world) counts as the outcome of a measurement, as
Fuchs and Schack (2004) claim, it must be possible to put into words all possible
actions along with their possible responses. And for this it must be possible to talk
about beam splitters, Stern-Gerlach magnets, preparation devices, etc., in classical
terms.

As Fuchs (2017) sees it, a measurement (i.e., an action taken to elicit one of
a set of possible experiences) “can be anything from running across the street at
L’Étoile in Paris (and gambling upon one’s life) to a sophisticated quantum infor-
mation experiment (and gambling on the violation of a Bell inequality).” Missing
the distinction between a domain that is directly accessible to sensory experience,
and a domain that is speakable only contextually, in terms of quantum phenomena,
QBism also fails to make the necessary distinction between two kinds of action:
(i) actions by which we reach into the quantum domain, whose predictable out-
comes are linked to their known initial and boundary conditions in accordance
with the Born rule, and (ii) actions whose predictable outcomes are linked to their
known initial and boundary conditions in accordance with the classical law of to-
tal probability. Running across the street at L’Étoile in Paris (and gambling upon
one’s life) obviously belongs to the latter kind.

Everything we believe—including everything we claim to know—is a belief.
QBists are absolutely right about this, and I second their interpretation of prob-
ability as a personal degree of belief.27 The objective world—i.e., “the common
external world we have all negotiated with each other” (Mermin, 2017)—is what

27 Specifically, I am with them in rejecting the so-called eigenvalue–eigenstate link, according
to which the assignment of probability 1 to the possible value q of an observable Q justifies
the belief that Q actually has the value q.
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we collectively believe to exist. The implicit assumption underlying this collective
belief is not only that the spatiotemporal structure of my perceptual awareness
and the logical structure of my thought are the same as the spatiotemporal struc-
ture of your perceptual awareness and the logical structure of your thought: we
share the cognitive structures to which our basic physical concepts owe their mean-
ings. The implicit assumption is also that my experiences are as definite as yours.
Wigner may be ignorant of the outcome experienced by his friend, but he cannot
be cavalier about the definiteness of her experiences. It simply makes no sense to
describe the state of Wigner’s friend (Wigner, 1961) as a coherent superposition
of having experienced two different outcomes—a possibility envisioned by Fuchs
(2017). By the very nature of our common external world, or by the manner in
which it is constructed by us, Wigner is not merely justified but required to assign
to the state of his friend an incoherent mixture reflecting his ignorance of her ac-
tual experience. And the same applies to the respective states assigned by Alice
to Bob and by Bob to Alice in experiments with spin-1/2 particles prepared in the
singlet state, contrary to what is claimed by Fuchs et al. (2014).
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