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Chapter 1: On the “fourth” tradition of analytical-scientific
philosophy: structuralism; and a proposal to modify its
foundations.

1. Three Traditions. In the history of scientifically-oriented philosophical thought'
since the mid to late nineteenth century, we can find at least three traditions. Each
tradition associates itself differently to the scientific tradition and each takes there to
be some important relationship between metaphysics and scientific/empirical inquiry
(sometimes a negative one), though they will differ as to exactly how the two are to

be related.

As areaction to the excesses of post-Kantian (mainly continental European)
philosophy, there arose a tradition of linguistic-analytic philosophy whose main
purpose was the investigation of the structure of thought, in particular, a logical
analysis of concepts. The rough motivating principle here is that only by clarifying
our concepts (derived from experience) can we get a handle on what there is in the
world to be investigated. With analytically-scrutinized concepts in hand, science and
philosophy (and, in general, human intellectual inquiry) may proceed unencumbered
by specious metaphysical propositions. The method of this tradition is to take “pre-
reflective” or “pre-philosophical” notions, subject them to logical/conceptual
analysis, and to discover the rationally-purified concept worthy of belief and

intellectual use. Only such purified concepts can be used to construct (or reconstruct)

! By this I mean those thinkers who were explicitly concerned with science or who were themselves
scientists or mathematicians or logicians engaged in philosophical pursuits (people like Poincaré,
Frege, Russell), or who, aided by the methods of formal logic, puzzled over philosophical problems as
problems of the use of language (people in the tradition of “analysis”). For a historical-philosophical
sketch, see Beaney (2009)). These thinkers are all “scientifically-oriented” in spirit if not by the
character of their actual written work.



human knowledge by which we may then (as rational agents) engage the world in
science, ethics, politics, and the other disciplines of human knowledge. In
metaphysics, we are, then, guided rigorously by this analytic method, licensed, that is,
in asking such questions as what is the “ontological status” of anything at all—
numbers, fictional objects/characters/events, properties, time and space, ‘abstracta’,
etc. We may ask whether there are any “concrete” objects and what their nature is:
tables, trees, people. We are also invited to inquire into the ‘nature’ or ‘status’ of such
notions as personal identity, freedom (of the will), ethical values, the mind, and other
classic philosophical problems, guided by the tools of conceptual analysis. Some have
pointed out that this analytical tradition of metaphysics is a form of neo-Kantianism,
where the focus is on the structure of our concepts of the world, since it is concept
that links (subjective) human knowledge and understanding to the (objective, mind-

independent) world.

But some, like Dummett, Quine and Putnam (in different ways), have called
into question the very idea of a “mind-independent reality”, arguing that the notion of
‘truth’ that underlies such an idea is suspect or untenable (Loux 2002, xiii). As a
reaction to this skepticism, some have called for, and engaged in, a return to “a
traditional view about the relationship between thought/language and the world ...
which can be traced back to the origins of philosophy in the Greek period” (ibid.).
This strand of analytical metaphysics is not so much concerned with the structure of
thought per se but with, following Aristotle, “being qua being”—the (mind-
independent) nature of the world, “correspondence to which makes our

beliefs/statements true” (ibid.). Thus, we find a reintroduction to such (perennial)



problems as realism/antirealism, universals/nominalism, concrete
particulars/substrata/bundles/substances, and “the necessary and the possible” and
“persistence through time” as putative philosophical questions in their own right,
which can be investigated more or less independently of the details (or history of)

science — i.e., systematic empirical inquiry. 1 shall dub this the “first tradition”.

Roughly at the same time as we saw the rise of “analytic philosophy”, we saw
the emergence of what we can call “scientific philosophy”—philosophy concerned to
purify metaphysics by not so much conceptual or logical analysis per se, but by the
subjugation of metaphysics to scientific hypothesis, methodology and the rigors of
mathematical/logical thinking. In its extreme form, this scientific philosophy became
positivism—the infamous “Vienna Circle”, for example—an extreme renunciation of
metaphysics as a positive thesis about the nature of reality, from Plato and Aristotle,
through Kant and those who reacted to him. Experience and observation is all we
need, says this school of thought. Even if it makes sense to talk of a reality “behind”
appearances, to which some of our concepts may refer, and correspondence to which
they are made true, such notions are irrelevant to the discoveries and activities of
science and hence may be ignored. Human knowledge is produced only by systematic
empirical inquiry, and the ‘nature’ of knowledge is not truth gua metaphysical
relation between concept and world, but truth as empirical reliability and theoretical
success/ predictive power and technological advancement. Reflexive, second-order
questions such as “what is the nature of X?” are fruitless, futile and meaningless and
cannot be answered whenever detached from experience and systematic empirical

inquiry. This school ranges from metaphysical agnosticism to complete rejection of



metaphysics in favor of “experience” (“sense data”) and observation. Let us dub this

the “second tradition”.

There is also a third tradition (perhaps more of a sub-tradition of the second),
going back to at least Quine®, which is a kind of middle-ground between the first and
the second traditions—between the linguistic analyticity of the Anglo- American
schools of the twentieth century and the trenchant metaphysical avoidance and
extreme skepticism of the scientific philosophers of more or less the same time. These
are, roughly, the philosophers of science who respect Quine’s dictum: to get your
metaphysics (ontology), quantify over the theoretical entities referred to by your best
science. Working from this rather minimalist metaphysical method, though, this
tradition quickly fills with much more than simply a happy set of metaphysicians-
cum-quantifiers: Quine’s dictum leaves much to be (metaphysically) desired. And
here is where this tradition explodes with a variety of metaphysical/philosophical
views: reductionists vs. emergentists; Humeans and anti-Humeans; ontological holists
vs. reductionist atomists; and so on. In this tradition of serious engagement with
science (i.e., bothering to learn the details of a science or sciences), we see a
proliferation of metaphysical debates no less rich than in the first tradition, and
certainly more metaphysically sophisticated than we saw in the second. This tradition
is complicated by the fact that it employs some a priori tactics and metaphysics (from
the first camp) for the needed task of philosophically interpreting scientific theories
(the basic task of this camp is, to again refer to Quine, to work out exactly “what

there is”). Out of this reciprocity between science and philosophy, these philosophers

* See especially his “Two Dogmas of Empiricism” in Quine (1999) From A Logical Point of View.
4



provide a fairly sophisticated and subtle picture of the nature of the world, carefully
guided by science (a source of fact about the world). Part of the potential virtue of
this tradition is that it isn’t committed to there being a radical separation between
“speculative metaphysics” and natural science (recall that Quine’s rejection of the
analytic/synthetic distinction bought him, he thought, just such a blurred distinction®).
Thus, for this tradition, part of the act of science itself—of what scientists themselves

actually do—is to engage in speculative metaphysics”.

But, the ontological minimalism of this tradition is both a blessing and a
curse: we have gained a clear ontological program (quantify over theoretical entities
referred to in mature science!), but broader metaphysical questions (like the
metaphysics of properties, substances, etc.—the purview of “traditional”
metaphysics) are left unchecked and unconstrained, it seems. For example, we are left
with a metaphysical carte blanche when it comes to the following central, interpretive
questions regarding scientific theories and science in general:

What entities are there (possibly, apart from the propositions scientists

utter, or the mathematical structures of a given theory), and what
‘form’ do they take?

How do the entities of one science relate to the entities of another—are
some more ‘fundamental’ than others, more ‘real’—what? Is there an
‘ontological hierarchy’ as it were?

Must we always accept the implicit assumption in Quine’s dictum that
we should quantify over the entities—indeed, why must we accept that
there are ‘entities’ at all? Can’t an ontology other than an entity-based

? He writes: “[o]ne effect of abandoning [the analytic/synthetic distinction] is ... a blurring of the
supposed boundary between speculative metaphysics and natural science” (1999, p. 20).

* And indeed, we find many of these philosophers publishing in both academic philosophical journals
and (highly reputable) scientific ones. With respect to physical science, many of these philosophers
participate in a community that concerns itself with the “foundations of physics”. Frequently, these
philosophers are also highly trained physicists, and often hold a graduate degree in some physical
science. The sentiment of this community seems to be one of deep engagement with science, and even
one of helping science develop.



one be found or motivated by science? Indeed, is ontology even
possible without ‘entities’?

Is the only task of the philosopher-metaphysician to be a logician, carefully
quantifying over the theoretical propositions of science (aside from the quandary as to
whether such a logical interpretation of theories is ultimately tenable)? Are there no

more metaphysical tasks than exercises in predicate calculus?

Indeed, we may be left with the suspicion that Quine’s dictum is oo
minimalist, and that the fears of the old positivists might have been somewhat
justified: what, we might ask, counts as idle metaphysics and what counts as helpful
or ‘good’ metaphysics—cannot scientists, or theories, go awry? Surely we might be
able to answer this question without being as naively minimalist as Quine, or as
skeptical and empirically-obsessed as the scientific philosophers, or as a priori or
obsessively linguistic as the analytic philosophers. Might there be yet another—

perhaps deeper and more subtle—middle ground?

2. The Fourth Tradition. There is, finally, a fourth tradition, one that is the focus of
this present study’. It is an altogether different tradition of philosophic and
metaphysical thought associated with systematic empirical inquiry (the scientific
tradition of the European Humanists, continuing to the present day). As with many of
the traditions just discussed, we can find intimations of it throughout the history of

philosophy, in the obsession with number and form in the Platonic and Pythagorean

> My focus is less on situating the fourth tradition historically so much as shoring up its basic
philosophical framework and drawing out the implications it has on some current philosophical views.
In so doing I will, naturally, be offering my own view of this tradition and as such this study cannot be
considered a piece of historical scholarship.



schools, in the nominalist traditions of the Mediaeval scholastics, to the metaphysical
agnosticism of Isaac Newton, who (infamously) refused to provide an ontological
resolution of gravity into a substance or concrete mechanism (a “reality”, as it were,
“behind” his mathematical equations which accurately captured the “appearances”).
This tradition, though, most clearly emerged in close association with scientific
thought in the late nineteenth and early twentieth centuries, in the writings of such
thinkers as Poincaré, Duhem, Eddington, Cassirer, Weyl and Wigner, and which has
seen some development (and sometimes renovation) recently in the writings of
Worrall, Zahar, French, Ladyman and Chatravartty, to name a few professional
philosophers taking up this tradition. We shall dub this tradition “scientific-
philosophical structuralism” or just “structuralism” for short’. This fourth tradition
shares some tactics and concerns of the other three traditions, but is also very critical

of them (either implicitly or explicitly).

One common characteristic of what we can call this tradition’s “early”
phase—one whose spirit is still alive in structuralism today— is a distaste for talk,
especially in science, of anything like Aristotelian “substances”. Such unchecked
metaphysical liberty, they thought, threatened to introduce an unwarranted
proliferation of substances into our scientific conception (or speculations) of the

world, one for every theoretical term in each theoretical domain: heat, energy, electric

® In the history of philosophical thought, the term ‘structuralism’ has been used may times and with
many different senses. While I do believe, as a matter of the history of ideas, that you can trace similar
kinds of ‘structuralism’ in different intellectual traditions (scientific, philosophical, theological and so
on), throughout this dissertation I use the term to mean a certain metaphysical/ontological and
epistemological disposition when it comes to thinking about science and scientific theories. Sometimes
the structuralism takes the form of a specific, positive, metaphysical thesis (e.g., the thesis that “only
structure is real””), and sometimes it is more of a retreat from metaphysics (e.g., the thesis that “we can
only know structure”, and not the nature of that which the structure is structure of).
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and magnetic phenomena all seemed to cry out for an underlying substance to which
the mathematics and physics corresponded. Theories were offered that postulated
such substances as “caloric”, or “phlogiston” or “aether” to provide a putatively
“physical” (or at any rate, metaphysical) ground for thermodynamics or
electrodynamics. The nineteenth century, for this reason, has become the modern-day
anti-realist’s favorite proving ground: many theories were accepted to some measure,
yet their theoretical entities (now) are hopelessly non-referring. The structuralists of
the late nineteenth century retracted in horror at this proliferation of metaphysical-
cum-scientific speculation; but they argued for an abandonment not of metaphysics
per se, but of metaphysics as the postulation of substances or entities to which
theories are supposed to refer. The structuralism of this period was characterized by a
blend of what we would now call “instrumentalism” and anti-realism (but about

.. ¢ . : 7
substances or entities—what you can call “cautious realism”

), reinforced by an
epistemological thesis about the nature of human knowledge—that all we know or
can access is structure and so our theories only reflect the nature of human
knowledge as such, and do not reveal the “things in themselves” or the “inner details
of nature”, as some liked to say. Thus, we have a Kantianism about knowledge,
married to an anti- Aristotelianism about metaphysics: the early structuralists didn’t
want to provide a positive ontological thesis about the nature of the reality behind our
(structural) knowledge of it—and so were agnostic about nature’s details and

substance—yet they were happy to embrace the instrumental/predictive value of

theories and their mathematical content as providing structural knowledge of the

7 See Frisch (2005) for a discussion of what he calls Lorentz’s “cautious realism”, which he argues is
“remarkably similar to the motivational realism Arthur Fine attributes to Einstein, which Fine
characterizes as “half skeptical, half humble” (p. 661).

8



world (a decidedly epistemic stance, to be sure). Up until the mid to late twentieth
century, little in the way of positive (constructive) metaphysical theses were advanced
by structuralists for fear (it seems) of running afoul of Kant’s powerful critical and
synthetic philosophy, which claims to reconcile the metaphysical excesses of the
rationalists with the metaphysical skepticism, both explicit and implicit, in

empiricism.

The Transcendental Idealism we are left with from Kant seems to prevent any
positive metaphysical thesis from being advanced in the domain of empirical inquiry,
for the principle seems to be that no thesis about the things in themselves—which is
tantamount, in Kant’s view, to “the way the world is”, the mind-independent world
supposedly speculated on by the rationalists and ancients of ages past—is justifiable
purely a priori and so cannot be itself the object of science. There are some concepts
that we (must) bring 7o science for science to be possible at all (concepts of space,
time, causality, etc.); but science itself does not provide us with metaphysics—that is,
we cannot take metaphysical notions from science (or, at any rate, we cannot justify
such notions as being true knowledge of the mind-independent world of “things in

themselves”).

The early period of structuralism leaves us in the shadow of Kantian Idealism,
and room enough for only an epistemic structuralism focused on knowledge of
nature, rather than nature “itself”, and in particular about knowledge derived from
science: scientific theories reveal only knowledge of structure, not the things in
themselves. In what amounts to an attempt to turn structuralism into a positive virtue

in the philosophy of science, rather than merely a Kantian retreat from metaphysical

9



‘natures’, John Worrall advanced the thesis that what is preserved in theory change—
what remains true—is structure, not the theoretical entities to which a given scientific
theory is assumed to refer (Worrall 1989). And it is this structure, therefore, not
theoretical entities, one ought to be a realist about, if a realist at all, argued Worrall.
Making the case with examples from physics, Worrall tried to show that there is a
chain of structural continuities amidst the change from one (mature) physical theory
to the next. One example (not the primary one) was the switch from Newton’s to
Einstein’s physics: the former’s theory still obtains as a limiting case of the latter;
hence, is restrictedly ‘true’. There is structural continuity between the two in the
sense that the structure of Newtonian mechanics is derivable from the structure of
Einstein’s, given the appropriate restrictions on the latter (velocities much lower than

light’s).

Having crept out from Kant’s shadow ever so slightly, the question for the
structuralist now becomes, “what is structure such that one can defensibly be a
‘realist’ about it?” Was Worrall advancing a positive metaphysical claim, some mind-
independent feature of the world about which we ought to be realists? What seems
clear, in any case, is that the very least that Worrall was advocating was the thesis
that there is some mathematical structural continuity between theories, and, should
we take theories to be about such structures, then, supposing those structures are true
(in some sense) of the world, our theories got something ‘right” about the world—the
structure. The questions that remained for Worrall, however, were: what is the
relationship between mathematical structure and physical reality, and what are you

metaphysically committed to when (as a scientific realist) you hold that theories refer

10



to (true) mind-independent structure? Assuming that these questions could be

satisfactorily addressed, the larger question that would be left unanswered, though, is
what about Kant? Can the epistemic structuralism of the (neo)Kantian be reconciled
with this new, metaphysically-leaning, form of structuralism? Or have we gone back

(regressed?) to a kind of Platonism?

2. 1 Structural Realism: varieties and aims. There are two general aims that the
structural realist has. This first aim is epistemological: science provides us with some
knowledge of the world; but what is that knowledge knowledge of, given that theories
are usually overturned in time but yet might be highly confirmed or make relatively
successful predictions (predictions which, we might add, can maintain their validity
over time, through theory change)? That is, the structural realist wants to
simultaneously answer the “pessimistic-meta-induction” (PMI) against scientific
realism, and satisfy the “no miracles argument” for scientific realism in terms of what
genuine knowledge science provides of the world. PMI insists that most, if not all,
present theories will likely be overturned in the future, and so it seems implausible to
regard them as now literally ‘true’ of the world. Famously, Larry Laudan (1981)
provided philosophers of science with a long litany of scientific theories that were
overturned, along with the entities they postulated. Despite the criticism against
Laudan’s argument—that most of the ‘theories’ he offered as examples of failure
were, in their day, only marginally successful, if at all—there is something to
Laudan’s central worry. Science does change over time, and drastically (Aristotelian
science vs. modern relativistic mechanics, e.g.). Yet, there is something right about

some theories even though they may be overturned: Ptolemy’s model of planetary

11



motion, despite its Aristotelian trappings, does manage to capture the movements of
(the visible) planets relatively well (though not precisely—but no theory is exact), and
can still be used to predict their positions. To the extent to which older, now
overturned, theories still have such usefulness, we may call them “relatively
successful theories” and hence, in their day, mature. Only mature theories of this sort
should be part of the PMI, not immature or unsuccessful theories (that is, those that
didn’t make many interesting or lasting predictions in their own day). But if only
mature theories in this sense are part of PMI, then the suspicion is—at least according
to the structural realist—that we don’t have reason to be so pessimistic after all! It is
precisely this suspicion that, in turn, dovetails with the “no miracles argument”
(NMA), to which we briefly turn. Both PMI and NMA form an interlocking pair for
the structural realist, in a kind of turning-of-the-tables on both the realist and anti-

realist.

NMA says that the successes of some theories (especially those at present,
like quantum mechanics and relativity) implies that they get something right about the
world, even though they will most likely turn out to be false, or be otherwise
overturned in the future. It would be a miracle, says the NMA adherent, if a theory
were as successful as, for example, quantum mechanics (so very highly confirmed)
and yet it turns out that the theory was entirely, or literally, false. It surely gets
something right about the world; indeed, every successor theory must account for the
relevant data at least as well as its highly successful (and hence mature) predecessor.

But just what is right about a mature and highly well-confirmed theory?

12



Structural realism is an attempt to answer just this question. If successful, the
structural realist would have satisfied both an argument against scientific realism and
one for it. In other words, the structural realist would have gotten, as John Worrall

sub-headed his now-famous 1989 paper, “the best of both worlds”®

. Let’s linger a bit
longer on this first aim of the structural realist. It helps us to better understand the

epistemological dimension of structural realism, as opposed to the ontological

dimension (which is the one we’ll ultimately focus on in the dissertation as a whole)’.

2. 2 Epistemic Structural Realism. In the context of the PMI argument against
scientific realism, the structural realist points out that there is some continuity
between overturned but relatively successful theories like Fresnel’s theory of optics
and the theory that replaces it (in this case, Maxell’s theory of electrodynamics)'”.

The structuralist says that the right structure of nature was discovered, and this true

¥ This suggests to me, although I won’t try to defend this thesis at length, that there might be
something very dubious about the distinction between realism and anti-realism. Indeed, given that
Ladyman et al. in their defense of “Ontic Structural Realism” (OSR hereafter) propose that (their
version, at least, of) OSR implies a kind of “naturalized” Platonism, where there is no fundamental
metaphysical distinction between mathematical and physical structure, which, assuming also the
viability of the overall structuralist reconceptualization of entities, individuals and so on, implies that
there’s little to dispute over between the realist and anti-realist. E.g.: no more “physical entities” as
opposed to “abstracta”, “numbers” etc. Perhaps the only lingering worry would be the old
philosophical boogeyman of idealism/mind-dependence (though, as for this latter duality—that
between mind-independence vs. mind-dependence—given that ‘substances’ have no fundamental
metaphysical status, even this distinction is dubious from the structuralist point of view: ‘minds’ are
just as much features of the modal/causal structure of the world as anything else, including the act of
theorizing).

? Briefly, in the epistemological dimension of structural realism we try to explain just what sort of
knowledge—relatively secure and lasting knowledge—we get from mature, successful scientific
theories: and that is knowledge of structure, rather than “natures” or “essences” or “entities” per se. In
the ontological dimension, we then attempt defend either of two theses, both of which are taken to be
logically independent from the epistemological thesis that what we get from science is knowledge of
structure: (i) what there is in the world is structure, as opposed to entities or essences or natures, and
science is about that; or (ii) structure is ontologically prior to entity, nature, or essence (i.e., the
mechanisms and things proposed as underlying explanations for phenomena), and so everything may
be understood in terms of structure (note that this thesis is orthogonal from the first because the first
tries to distinguish structure from ‘natures’, etc., whereas the second thesis does not). More on this
below.

' See Worrall (1989), p. 155-160.
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(or at any rate, phenomenologically accurate) structure gets preserved under a
superseding theory. So, from the perspective of Maxwell’s superseding theory,
Fresnel’s got the details all wrong, but the structural relationships captured by the
mathematical equations of Fresnel’s theory are structurally accurate, and consistent
with the superseding theory (Maxwell’s electromagnetic theory. Notice, that the
structuralist (more specifically, structural realist) has an advantage here when it
comes to theory change, the temporal dimension in this debate: science (or more
specifically: scientific knowledge) is accumulative insofar as true, stable and invariant
structures of nature are gradually discovered; and it is revisionary insofar as
mechanisms, entities and “inner details” are gradually discarded in favor of richer,
more successful theories. As for the NMA for scientific realism: there surely is no
miracle that (mature) theories are successful, or that science can produce successful
theories, on account of the fact that they get the structure of nature right—and, as the
Fresnel case demonstrates, this structural success can be had irrespective of whether
or not the true “inner details” of nature have been found. Let us call this aim—to find
a tenable form of realism that avoids the primary arguments against it—a “‘second-
order” aim. These second-order aims, so far, are consistent with “epistemic”
structural realism, which is the (positive) epistemological thesis that all we (can)
know is structure—that, as with Kant, all we have access to, given the creatures that
we are, is structure and not “reality as it is” (“things in themselves”) apart from our
conceptual relationship with it. But this thesis treats scientific practice and theory as

merely an epistemic lens out of which comes only knowledge, knowledge which is
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necessarily and always mediated knowledge—implying that one cannot “know” what

is unmediated.

2.3. “Ontic” Structural Realism. The structural philosophy of science of Steven
French and James Ladyman draws on some of the work of earlier structuralists like
Cassirer and Weyl, and embraces an altogether radical form of structural realism
Ladyman has called “ontic structural realism” (OSR). It claims to be more than a
mere “‘epistemic” structural realism, and to offer us a positive metaphysical thesis:
(relational) structure is all there is; individuals/entities are metaphysically derivative
from (relational) structure. And it is this relational structure that is captured by our
(mature) scientific theories. However radical this thesis is, these philosophers claim to
be motivated not by some a priori philosophical commitments; rather, they argue,
their metaphysics of structure is motivated by fundamental physics itself (adopting the
maxim that one’s deep metaphysics—ontology proper—ought to come from

fundamental physics, a maxim it shares with the third tradition).

3. Proposal: altering the foundations of structuralism. Implicit in this fourth tradition
is, it seems, a strong criticism of what I have dubbed the third tradition, the tradition
to which, for example, Tim Maudlin subscribes. In his recent book The Metaphysics
Within Physics, Maudlin put his finger (albeit unwittingly) on the central bone of
contention (as I see it) between the third and fourth traditions (which is, at the same
time, exactly what separates it from all the other traditions), and it has to do with the

old question “what is Metaphysics?”. Maudlin succinctly articulates the third
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tradition’s answer to this when he writes quite plainly that “metaphysics is
ontology”—with the (Quinean) proviso that ontology is provided by science (the
doctrine seems to be that fundamental physics gives us fundamental ontology). And
with this the structuralist tradition takes issue: the claim that “metaphysics is

ontology” requires a reconsideration as to what counts as “ontology”.

For the structuralists, ontology isn’t a discovery, via science, of “what there
is” in the entity sense of that term''. The general thought of the fourth (structuralist)
tradition is something like the following. Science proceeds by postulating an entity or
entities (or, more generally, a mechanism) by which its investigation into nature for a
time proceeds but, says the structuralist, what we discover, finally, is not what the
world is made of, or composed of, or what its “furniture” is. Rather, says the
structuralist, science reveals a gradually widening breadth of structures, letting go of
specifically postulated ‘entities’ in favor of the invariant structural details of nature
which those entities revealed (whenever they were successful). The physical or ‘inner’
details of nature are merely scaffolding by which we find nature’s general structure'”.
The specific entities and mechanisms advanced by prior sciences are, on this way of
construing structuralism, a merely temporary means of grasping the structure of
nature, and as such, this project is inherently open and changeable in its details

(mathematical and conceptual). Thus, metaphysics is not, as Quine would have it, a

" This renders Occam’s Razor useless in one important sense: there are no “entia” to be multiplied, let
alone shaved.

"2 And thus “reality” versus “appearance”—a classical distinction of philosophy that seems to have
crept into natural philosophy (physics) itself—is changed by the structuralist from “natures” or
“essences” underneath of “phenomena” to structure manifested by the physical processes and events
observed in nature. How things appear is part of the structure and order of nature too, so that there is
no fundamental distinction between “appearance” and “reality”’—just different levels of structural
analysis.
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discovery of ‘what there is” but what form or structure there is to what there is, come
what may regarding the entities science does (or has or will) postulate—that is, what
empirical relations there are, given a postulated theoretical framework. As the early
structuralists (19th century) would have agreed, mechanisms, substances or entities
are always put forward as hypothetical explanations for natural phenomena, and are
therefore merely the entry-way into nature’s workings, not the complete or final story,
nor one that reflects the “way the world truly is, in itself” (the emphasis here is on
truth as complete and final, and as theories as mirroring or corresponding to this
ontological truth). Structure is left behind in any mature scientific theory (and this,
finally, seems to be the simple thesis Worall attempted to defend in his now-famous
1989 paper). The entities are the scaffolding which allow us to discern the invariant
structure of nature; they are conceptual instruments that, like our material instruments
of technological experimentation, allow us to glimpse a reality not graspable by
ordinary means (by means of pure unaided observation or unsystematic, common

sense notions).

I would like to propose that if we invoke a fundamental distinction'*—that
between questions of an “ontological”, as opposed to what I am going to call merely
an “ontic” sort—and if we drop the (metaphysical) realism from structuralism (and
hence from the debate altogether), we end up with a more defensible attitude towards

science (and physics in particular).

'3 This distinction will be clarified in the next section. The distinction was learned from Heidegger’s
well-known and influential study of metaphysics Being and Time, specifically deployed in the
Introduction in order to clarify the “question concerning Being”. However, the distinction actually
goes back to Aristotle (cf. Book IV, Gamma of Metaphysics, for Aristotle’s classic treatment). I use the
distinction, though, to slightly different ends, and obviously in a new context.
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According to the resulting view, it is better to understand the position of
researchers like Steven French, James Ladyman and Don Ross (called “Ontic
Structural Realism™) as offering a general methodological program for science (and
physics in particular) that advocates the replacement of a naive materialist causal-
mechanical philosophy, which thinks that the only valid form of explanation and
scientific understanding must ultimately be given in terms of an ontology of
fundamental things or stuff/substances (Lewisian-Humeanism), with a more general
and sophisticated construal of physical reality in which ‘relation’, rather than ‘thing’
or ‘independently existing substance’, is the more basic ontic-explanatory category
(and from which one may recover, as less fundamental, but nonetheless physically
usefully, concepts like ‘object’ or ‘individual thing’ or ‘independently existing
substance’, etc. as special cases). Accordingly, the materialist causal-mechanical
philosophy is taken to be merely a narrow form of the more general structuralist
methodology, in which we presuppose some notion of object (the specific content of
which is provided by some physical theory), and try to construct some (relatively
limited) interpretation of the world using a single fundamental relation (that of

composition, involving “mereological relations”) from that point of view.'*
Two notable features of this project emerge.

First, all of the specific ontic details (substances, relations, etc.) are left open
and a matter of whether or not one paradigm of thinking can or will be successful

over others (or that possibly there will be a combination of them). Thus, from a

'* One example might be the so-called theory of “Bohmian Mechanics”; another would be the sort of
picture of the world that Lewis himself seems to derive (shared by some of his readers and critics)
from Newtonian physics—what in contrast to a more avowedly quantum point of view we would call
“classical”.
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purely descriptive point of view, there are several proposals on what the fundamental
nature of physical reality will require of our fundamental theories—some propose
new entities (strings, loops), some propose that fundamental theory is going to be
about ‘information’, and some, more abstractly, propose a more ‘relational’ view
which replaces the view in which there are entities moving or changing in largely
independently given spacetime'”. None of these proposals are excluded from the
running on purely conceptual or analytic grounds (logical consistency/cogency of
concepts), because the assumption is that there is no prior fact of the matter as to
“what reality really is”. All of these proposals are taken to be valid possibilities, any

one of which, if successful, would still only be taken in a conjectural sense.

Second, following on from the above remarks, the question as to the “truth” of
some structuralist hypothesis (like “ontic structural realism’) merely becomes the
question as to whether or not the facts of our world tend to support the notion, and, in

turn, whether or not such a hypothesis may be a viable empirical postulate. As for the

' T will have more to say about this point of view, which is the view that, among others, Lee Smolin is
pursuing (I have also published on the idea, though in a more philosophical vein; see Silberstein,
Cifone and Stuckey (2008b), which has been appended to this thesis). I will be describing it in contrast
to the view that entities are the fundamental ontic units of a theory (the basis upon which the world is
divided, in terms of which fundamental explanations are advanced). For “relational” theories, the very
means by which changing/moving entities are individuated (this has been space and time, or, since
Einstein, “spacetime”) is itself a dynamically evolving structure. This is the basic significance of
general relativity, and it constitutes a rather radical departure from Newtonian physics (even more so
than does special relativity, which really showed that space alone and time alone cannot really be
considered as separate—general relativity added matter to this interdependency). Thus, matter and
spacetime may be said, according to general relativity, to “co-evolve”. Some theoretical physicists, like
Lee Smolin (see his 2007) take this to imply a general principle (a meta-principle governing the form
of fundamental theories), which is that no fundamental theories should be background independent
(that the spacetime structure, which is fundamental to all physical constants and basic to our
measurement of all matter, and the structure of matter, are coupled). Thus, part of Smolin’s task is to
find a consistent quantum theory of some kind that satisfies this principle. This is one way of
specifying what “relational” really amounts to in physical theories, and I take it to imply that ‘entity
changing’ and that which provides the arena of change are coupled in a way in which they were not for
Newtonian physics (thus making a kind of atomism or mechanical philosophy more plausible). We’ll
return to this later.

19



question of support, the proper relation between science and hypothesis is, as Einstein
held, one of “epistemological correlation”: we drop the idea that science provides
truth in the sense of correspondence to some ontological truth, since the supposition
of such a truth is a trivial assumption of doing science, rather than that thing which
science is aimed at “discovering”. In other words, science does not aim at “Truth”—
ontological sense—but “truths” in a limited and local sense'®, the totality of which

does not constitute Truth. Let me explain what I mean here.

3.1 A fundamental distinction. In my view, ‘metaphysics’ is a study of, as Aristotle
famously said, “being as such”. We might say: a study of the “Being of beings”. And
so metaphysics is ontology, but ontology in this (older sense) is not properly a result
of science—it is prior to science and, as it were, beyond it. The mistake has been to
regard this “Being of beings” as yet another something among things, of perhaps a
different ontological sort (of a “higher-order” level of reality), that can be studied in
its own right and for which we may supply specific conceptions in order to make its
nature explicit, and in order that we may have a “true view” of it (like we are taking a

picture of a scene that stands already there before us).

Although I regard this as a flawed view and pursuit of ontology proper, I
cannot defend that claim here. What is important is to distinguish the question of the
Being of beings—ontology proper—from a more properly scientific or empirical
question, which I shall call “ontic”. Questions of this sort—what is the structure and

nature of this specific being or domain of beings?—require the use of conjectures

16 That is, the sense in which science must demarcate a limited domain of investigation, and on the
basis of this limited scope, advance hypotheses, which in turn may, or may not, correlate with the facts,
both established and potentially newly discovered.
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(hypotheses), the aim of which is either to correlate them with the facts or, in the case
when a conjecture is put forward as a postulate of a theory, to allow us to advance a
general theory (which Einstein called a “theory of principle”) which proposes to
coordinate a certain classes of facts together into a theoretical whole (I am thinking of

Einstein’s remarks about classical thermodynamics here'”).

In particular, when I speak about “ontic structuralism”, I am speaking about
the sort of metaphysical point of view that holds to the idea that entities are derivative
from structure—structure being the primitive metaphysical category. This is “ontic”
and not “ontological” in the sense that ontological claims stand before the empirical
investigation and serve as a final and closed statement about the nature or essence of
the beings science investigates (i.e., the provide us a theory of ‘objects’ or a theory of
‘properties’, etc.), whereas ontic claims follow empirical investigation and stay close
to the empirical relationships that warrant the particular conceptions of ‘objects’ that
are put forward hypothetically—without thereby implicating a “theory” of objects,
properties, etc. For example, the concept ‘electron’ is controlled by our use of that
term in the context of experimentation and in theorizing about the subatomic world;
the ontic structuralist says that the concept ‘electron” may be an ‘object’, but the
object in question is inherently relational in character—no entity “stands outside” the

structure of physical relationships that warrant the concept ‘electron’. It is from those

"7 The advancing of a hypothesis, that is, may take one of two general forms:

(1) that of a specific mechanism (advanced on the basis of some preexisting or implied—possibly
untested—theory). One famous example due to Einstein is the kinetic theory of gases, which
presupposed classical Newtonian mechanics in order to write down the specific details of the
interactions between gas molecules—the ontic units that formed the physical basis of the
proposed theory.

(2) that of general postulates (like those of the Special and General Theories of Relativity), which
actually regulate or constrain the form of the laws that govern any specific mechanism that
may be proposed within the domain of those postulates.
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physical relationships that we derive the concept ‘electron’. Indeed, an ‘electron’ qua
object is, according to the ontic structuralist, what we can manipulate and control in
the context of high-energy experiments, electrical-magnetic experiments, etc. We say
that this ‘object’ is present under the right conditions and given the right energy

indicators, fields, etc'®,

Science does study things—*“what there is”—but it is not in the business of
revealing the complete and self-standing ‘nature’ of reality, of giving us the ‘nature’
of any particular being upon which it sets its study, nor is it in the business of giving
us the (metaphysical) ‘truth’ of nature. Indeed, nature is not the ‘thing’ we are

inquiring into when we do science (nature may be a collection of things to which a

' In other words, I am objecting to the formulation and search for a completely ‘monistic’ theory of
objects to which all instances from any special or general discipline are conceptually bound (it seems
to me that any monistic, a priori theory in analytical philosophy will have this character—i.e.,
constitute a regulative/prescriptive criterion as well as a theory to which all conceptions of ‘object’,
‘individual’ will be held accountable). In other words, I presuppose a pluralism of the ‘nature’ of
objects, individuals, etc.—that is to say, the ‘nature’ of an object will be a function of the details
particular to a domain of empirical inquiry, and the description of this will not necessarily constitute,
nor need presuppose, a general, monistic theory of ‘object’. I submit that such a theory be unnecessary,
and at any rate, insofar as the details of it must be measured against our best scientific theories, in the
face of theory change, such “theories” will be as changeable and mutable as any scientific ones—thus
we must be open to the odd fact that our notion of object if open, unstable and hypothetical. Such a
demand (for a general, monistic theory of objects, individuals, etc.) seems to be too high: for we are
always probing new areas of nature, and must therefore leave the nature of the individuals and objects
open. It may be useful to construct a view of objects/individuals on the basis of scientific theory,
experiment and experience (and I do this on the basis of a collection of “modal structures” encountered
in the act of theorizing and experimenting with nature—the “happenings” and “doings” and, generally,
counterfactual truths that are revealed as we manipulate and intervene in nature—objects just plainly
are that abstraction we advance on the basis of this modal structure, whether or not the object has a
kind of endurance or persistence across the variety of modal structures where we use the appropriate
term, such as when we invoke the concept of ‘electron’). But usefulness—even if it clarifies ‘what we
mean’ by an object in some domain or collection of domains, does not constitute nor depend upon a
general, monistic theory in the analytic philosopher’s sense. If anything, which is required is a
phenomenological/biological and psychological account of the acquisition of the concepts ‘object’ and
‘individual’ (something, e.g., Ladyman et al. (2007) allude to many times)—not an analysis of the
concept as such in terms of the analytic conception of philosophical theory (often called ‘metaphysical
accounts”). Any such analysis will serve to obfuscate rather than illuminate the actual basis for the
concepts in question, and so fail to comprehend what we actually (rather than theoretically) refer to by
concepts like ‘individual electron’ etc. See Ladyman et al. (2007), and references therein, for a more
thorough articulation of this worry, as it is not the purport of this dissertation to take up this rather
extensive and interesting problem. We must leave it to the side here.
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science devotes its attention, but this collection is not itself another thing about which
science may theorize, to borrow from Russell and Whitehead’s theory of logical
types). This sort of enquiry—into ‘nature’ as such—would be to slide back into a
properly ontological enquiry, and thus to give up on science per se. Science proceeds
in part by dividing off beings from one another (species, for example), or certain
domains or collections of phenomena (celestial and terrestrial motions, for example),
and postulates a theoretical framework for thinking systematically about those
individuated beings or collections of phenomena. That is, we get a methodology,
within which specific conjectures or hypotheses are put forth so as to allow the
methodology to move forward in the sense of allowing for specific models to be
constructed and later tested by means of laboratory experimentation (or by means of a
systematic comparison of the regularities already present in nature without the
intervention or mediation of technological devices per se—the “devices” in this case
are the (conceptual) hypotheses put forward, in conjunction with a statistical
coordination of observable facts, so as to produce a relevant and illuminating

comparative study, from which further inference may be drawn).

In this act of giving definition and division to the things it studies, science
moves away from ontology (the study of Being as such). From the point of view of the
details of the beings that it sets out to study, it would be an error for science to turn
back and reflect on what the nature of reality as a whole is, for ‘reality as a whole’ is
what Russell once called an “illegitimate totality”, and so not a proper object of study
(we might call it a pathology of thinking). Nonetheless, we make speak about such

things in their proper domain of enquiry (and this I take to be philosophy proper—or I
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should say, metaphysics); but we may do this only when we ask, anew, what is
Being?, and only when we let go of the pull towards engaging this enquiry by
advancing hypotheses in the manner of science (what was once called “natural

philosophy”)".

It is the nature of these postulations that they are temporary and tentative, not
eternal and final. Science—and especially physics—changes as it pushes its
postulates into wider and more remote domains of inquiry*’. Thus, insofar as a
definite ‘nature’ or ‘substance’ in the older metaphysical sense is understood to be
something ultimate, or at any rate final and complete in itself, science does not
purport to provide such a thing. Science does not take a “picture” of “ultimate
reality”. In other words, the very worry that Kant was addressing—that the “things in
themselves” are beyond science, and that, therefore, we should understand empirical
inquiry as providing an understanding of “things as they (merely) appear to us”, rests
on a series of false premises, the collection of which implies what Russell would have
called an ““illegitimate totality”’—defined by the ideas of ‘natures’ or ‘substances’
which in turn ‘compose’ or in some sense ‘constitute’ an ‘ultimate’ reality, one that is
supposed to be ‘independent’ of ‘mind’. In other words, my argument is that the sum-
total of the old metaphysics of substances, natures, etc., constitutes a conception of

“ultimate reality”—the totality of what there is—which is entirely illegitimate. Hence,

Tt is not the purpose of this thesis to dwell on this particular issue, so these remarks will have to be
put to the side so that our present study may proceed more or less unencumbered by such general
issues.

%% That is to say: those domains which are phenomenologically and instrumentally distant from the
postulates and assumptions the science began with, as when we conjecture that ordinary classical
thermodynamic considerations apply to blackbody radiation, which was famously discovered not to
obtain. So science involves the gradual widening, elaboration and potential complete renovation of
certain notions that it brings to bear theoretically.
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we reject this metaphysics. Kant seems to think that this means we are bound to mere
appearances, therefore. I say that insofar as the very idea of “appearance” itself
depends upon the prior assumption of an ultimate reality in the sense I just
mentioned, and insofar as that ultimate reality constitutes an illegitimate totality,
mutatis mutandis for the “appearances” too. It follows that neither substances,
natures, etc. (“ultimate reality””) nor the appearances which “cover” this ultimate
reality (which, again, are the “things-in-themselves”, defined by their natures,
substances, etc.) is the proper object of science. This is not Kantianism, and it is not
neo-Kantianism. This is a new philosophical space which I believe ontic structuralists

like Ladyman et al. are attempting to adopt, but which they have not fully articulated.

This new philosophical space—one which the modern day structuralists are
struggling to define—lacks a reconsideration, and an up-turning into the light of
critical reason, of the very foundations upon which the whole Kantian, and neo-
Kantian, dialectic is founded. Kant, in essence, was responding to a philosophical
problematic that arose out of Descartes’ methodology and metaphysic, which itself
encapsulates much prior medieval thinking about substance, essence and so on—all
of which is itself a reconfiguration of Aristotle along Christian and neo-Platonist
lines>!. It is the Cartesian notion of substance, and what constitutes the ‘nature’ of
things (‘things’ being instances of some underlying substance, of which, according to
Descartes, there are two)—it is this particular construal of metaphysics (one of

substances in the Cartesian-medieval sense) that, Kant argues, cannot be the (proper)

! My characterization of this vast historical period is rough, needless to say. For a beginning into this
territory, I refer the reader to Josef Pieper’s many lucid essays on the topic (see esp. his
Scholasticism[1960]), and to Paul Tillich’s History of Christian Thought (1967). For Descartes’
metaphysical views, see Burtt’s synthesis of original source materials in his Metaphysical Foundations
of Modern Science (1932).
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object of science per se, or even of human understanding more generally. Rather,
such notions are the conceptual—and merely conceptual—foundations of our mode
of knowing the world. The “things in themselves”, which these notions are supposed
to be capturing, always remain outside of, and are the so-called transcendental
ground of, our inquiry into reality (or, a bit more specifically, into nature). The best
we can do is to articulate the fundamental categories by which all knowledge of
reality is made possible, and which all empirical inquiries must presuppose. So Kant
does not so much as overturn the Cartesian metaphysic, as correct his methodology
and the proper aim of that methodology: we can only know the appearances of nature,
and can only supply the necessary presuppositions of that knowledge; everything
else—the metaphysics of substances, ideas of causality, space and time, etc.—are the
epistemic background, or rather, the conceptual ground we stand on when we gaze,

philosophically, at nature.

But there is a prior question to Kant’s, which is: upon what ground—_prior to
the realization that certain categories are perhaps necessary for there to be any
knowledge whatever—does the notion of ‘substance’ rest? Kant says that that very
question is unanswerable, since it asks something about the ultimate nature of reality
(i.e., something outside the question itself), of which only appearances and the
transcendental ground are knowable by creatures such as ourselves, confined to the
use of senses, in possession of a limited mind, etc. But I say that this argument is
entirely independent of my question, which is a question about what grounds in
reality the notions of ‘substance’ or ‘essence’—to which an epistemological thesis or

a transcendental one is inadequate, because it presupposes that all questions of reality
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are of an ultimate sort and hence outside the domain of human knowledge. Why
assume that? It is not clear, for example, that Aristotle, whose scholastic successors
Descartes specifically has in mind—would have agreed with Kant that a// talk about
‘reality’ presupposes an inquiry into ‘things in themselves’ as opposed to ‘things as
they (merely) appear to us’. Indeed, our own essence was certainly a fundamental
mode of our experience, that is, our very thinking itself is the essence to which we

refer when we call man a ‘thinking being’.

Aristotle’s notion of ‘essence’, arguably, is not ‘metaphysical’ in the same
sense that both Descartes and Kant, roughly two millennia later, took it to be.
Descartes took himself to be articulating that ‘nature’ of reality in the sense of
providing the mind-independent, unchanging verities which allow for certain
knowledge of reality. In other words, the dialectic surrounding the Cartesian and
Kantian notions of essence, and substance, was fundamentally epistemological,
whereas for the earlier Ancient Greek tradition, it was exactly reverse: the essence of
anything was its ‘inner principle’, and insofar as we think, we ‘know’ (directly and
immediately) our own essence, and from that certainty, we arrive at the inner
principle of any other being distinct from our own®>**. At the top of this system was a
Mind thinking Itself—Auristotle’s “prime mover”—and so the very essence of reality

was just a grander or more abstracted form of our own inner essence. That is, the

*% Aristotle was the first great methodologist, we may say: he proceeded by induction, and his thinking,
importantly, begins with Ethics, not Metaphysics; that is, Ethics actually constitutes the basis of
Aristotle’s thinking. Recall that the “prime mover”, as “thought thinking itself” is such as to think only
the best, which is itself, so it must be “thought thinking itself”. The notion of “best”—an ethical
concept—is the heart of Aristotle’s metaphysics (i.e., “Being qua being”).

3 Obviously, I do not have the time, nor is it the purpose, to defend this claim, which would take us far
afield of this purport of this thesis; but nonetheless, we should at least note that the general point that I
am making was defended by, for example, Schopenhauer (this in direct response to Kant’s view).
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basic structure of reality—its teleological structure—was of a piece with Mind. All
things, by their inner principle, were “aimed” or “directed towards” the One Mind,
which is like my own, but just more abstract (literally, self-absorbed in thought). No
problem of certainty arose under this system, and there is no clear distinction between
“mind-independent” and “mind-dependent”, because even the “mind-independent”
things—the beings distinct from my own mind—are comprehended under one
Intelligence, and whose own inner principle (i.e., the inner principle of motion or
movement of things) is inextricably bound up to the One Mind. Indeed, there is
nothing “mind-independent”; the idea is incoherent for Aristotle. Only later, after the
Scientific Revolution, when the Scholastic-Aristotelian system of predicaments (or
“predicates”) was effectively reduced to just a few (figure, shape, etc. or what later
were called “primary qualities”), did the question of certainty arise—and this only
after Descartes called into question all knowledge by way of his epistemic isolation of
the knower to a metaphysically isolated domain mysteriously (by his lights)

“interacting” with the outside (mind-independent) world of “extended bodies” (“res

extensa’).

Descartes wanted to know what absolutely certain foundation there could be
upon which knowledge might be erected anew, and proceeded from his own,
individual existence outward, via the notion of a Deity (absolutely benevolent
guarantor of the verity of clearly perceived ideas in the mind’s theater), to what he
took to be certain knowledge of “external world”. This is a methodological
requirement that in turn leads to a certain, definite epistemology and which, in its

turn, leads to a certain ontology (in fact, we have a closed loop between metaphysics
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and epistemology). But in the end, Descartes could not call into question—by his own
lights—a fundamental presupposition of this inquiry, which is, that “I am a thinking
being”. He simply reasserts this as a necessarily true foundation. But where does this
notion of individuality come from? Where is it that we arrive at the notion of an
independent thinking thing, among a collection of other things outside of the
substance of the thinking thing, for, by the lights of his methodology, every idea must
itself have some certain foundation outside itself? In other words, part of the
presupposition of Descartes’ starting point is already a distinction between internal
reality vs. external reality. The former is the realm of the “mind-dependent” and the
latter is the realm of the “mind-independent”. Science can know and study the latter
exactly, for the nature of the external world is pure extension (i.e., geometry) itself;
the former remains outside of its grasp (thinking substance is un-extended, and hence
un-geometrical—therefore literally ungraspable). Kant corrects this by coming to
terms with the Empiricism that comes roughly after Descartes: what we know is
bounded by the limited nature of our senses, and so our rational deductions must be
constrained accordingly; we don’t, properly speaking, ‘know’ that reality is composed
of two independent substances (res extensa and res cogitans for Descartes), we must
presuppose certain categories of thinking (substance, individuals, universals) by
which we may acquire any knowledge at all, and those are merely the
transcendentally necessary grounds for our thinking, not the ultimate nature of
reality®*. Keeping the distinction between “mind-independent” vs. “mind-dependent”

intact, Kant simply fuses the two by way of his transcendental argument: certain ideas

** Or at any rate, insofar as this ground is itself part of the reality we grasp, it is the most we can know
of the reality itself—as it ‘is in itself’, as the old phrase goes.

29



are necessary only insofar as knowledge is not possible without them; but as to
whether or not those ideas reflect the mind-independent reality, we cannot, properly,
have knowledge of that. These transcendentally necessary ideas (the categories)
refract the things-in-themselves and return to us their mere appearances, colored by
those necessary ideas. Kant, thus, manages a tenuous synthesis between Empiricism
and Rationalism®. Kant does not go underneath the foundations of either; neither

does Descartes.

We must face a question, though—one which has in it the heart of the
question of “realism”: what is science “about”, if you have just parted with the
tradition of thinking of nature in terms of ultimate reality (natures, substances, etc.)
and appearances? The right reply is that we have dropped (indeed, we must drop) the
“correspondence” notion of truth in regard to our scientific hypotheses (there is, in a
sense, nothing of an ultimate, final sort that to which theories refer—the idea of
“correspondence” presupposes an illegitimate totality), so the question of what
science is “about” becomes instead: What does science involve us into? When the
predictions and manipulations and interventions of a science are fairly reliable, then
what may we say that we have understood, or grasped, by that science? Here is

where, when the question as such is posed, we must take a stand*®. This is where we

> Knowledge is a refraction of experience by way of necessary categories of thinking; so, rational
deductions are, inasmuch as some of the elements/premises of that deductive activity are taken from
this refracted conceptual-sensory knowledge, a function of our epistemic limitations and so are not
necessary truths. Some rational deductions are, but those are of a purely conceptual nature and are
devoid of any empirical content: they are, as all mathematical theorems are, “tautological” in the
extreme, and can never tell us anything about the nature of reality, or anything else outside the realm
of those conceptions.

*® There is of course the retreat to yet another point of view, which says that there’s no need to take a
stand at all—I leave that issue, which is “instrumentalism” to the side. It will become clear that the
position being defended here actually entails a kind of instrumentalism, but it does so not by
construing instrumentalism as a retreat from realism since the question of ‘realism’ is simply
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articulate our attitude towards science, where we take a critical and reflective pause to

think about it as a whole, as a certain sort of human endeavor among others.

As we do science, we are involved into the world—into ‘reality’—more and
more deeply. Our notions of what reality ‘is’ must, therefore, fluctuate according to
our deeper engagement with it, and according to our widening horizon of experiences
(for example, our experiences with particle colliders, telescopes of various sorts, of
the diversity of organic life, and so on). Thus, we arrive at notions of reality which
are to some extent ‘close’ to our immediate, unsystematic and ‘pre-theoretical’
understanding of nature, and to some extent further from this. For example, my notion
of what matter is—what even a table is—is to some extent a function of my
immediate contact with it, and also to some extent may reflect what we know is true
of all matter (that it is fundamentally quantum mechanical). This may seem a trivial
observation, but it remains to be seen, for example, whether or not, and to what
extent, macroscopic objects of various sorts may manifest quantum mechanical
features. Supposing that this is a coherent possibility (and physicists like Anthony
Leggett, for example, are exploring exactly this possibility), we must modify our
notion of matter, and even tables (or whatever objects are subjected to quantum
mechanical manipulations) accordingly. Thus, the notion that there is a radical break
between what Sellars called the “scientific” (or we may say, “theoretical”) vs. the
“manifest” view, is misguided. We must face the eventuality that, as science teaches
us something new about even our most basic categories of experience, we may indeed

need to depend upon those theoretical determinations in even the understanding of

considered inappropriate—it is an “ontological” question and does have its proper place, just not in
science.
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our own immediate experiences with reality. So, if anything, the distinction between
the “scientific” and “manifest” views is fluid, and at any rate, indefinite. So too the

notion of “theoretical” as opposed to “observable” entity.

So, the only problem with the notion of ‘substance’ or ‘essence’ is that it may
just be too general and abstract, and perhaps not rich enough to account for specific
experiences or experiments, not that it is overly metaphysical, or that it points to
realities that are beyond the purview of science (which is, as Kant has it, just about
the “appearances”, not “things-in-themselves”); and, that such notions may lead to
misleading characterizations of reality, like that all things may be reduced to
elementary parts interacting in space and time and that, furthermore, all
understanding of nature must presuppose such a conceptual reduction. In a sense, all
that the structuralist philosophers of recent days are saying is that ‘substance’ or
‘essence’—ontology in the sense in which analytic philosopher have used the term—
needs to be generalized in order to account for new physics and new experiments, and
that ‘substance’ is not a notion that stands outside this empirical endeavor nor is it an
attempt to grasp the “nature” of reality. That is, when it is said that “structure is all
there is”, this is a radical thesis only insofar as it is taken to be a claim that “reality is
ultimately composed of structure”, but it is a relatively conservative thesis insofar as
it is taken not to be a statement about the “ultimate nature of reality” but rather a
statement that entities (whenever studied empirically) are just relational structure
upon deeper analysis—and there is no end to this structural decomposition (as it

were).
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Notice, that as I've construed the whole issue, one does not have to show that
metaphysics, as the study of substance, essence, etc., is absurd or wrong or that it
should be avoided. Rather, it just puts metaphysical—I would say, “ontic”—
speculations in the service of empirical inquiry, and not the other way around (this is
the thesis, indeed, of Ladyman ef al.’s “polemical” introductory chapter). As for a
study of “Being as such”—what I would call “ontology” proper, and what is usually
called “metaphysics” proper—that is certainly an important endeavor, but it is one
that is not directly relevant in the construction of scientific theory or experiment. It is
relevant, though, when it comes to fundamental questions concerning time, and our
experience of it, and this sort of questioning becomes the fertile soil from which truly
insightful scientific work often springs. You cannot separate human experience from
metaphysics proper—a study of Being as such—but it is often our drive to depart
from our single human experiences that is the backbone of science (the ideal of

objectivity).

As I understand it, then, structuralism wants to be reflective about what is
scientifically known without slipping into what I have called an ontological enquiry;
but it wants also to be able to accurately describe the whole endeavor of science itself,
and to come to some understanding of scientific knowledge that is sensitive to
changes in what is known without having significant and unbridgeable discontinuities
in that knowledge from one age to the next. In other words, it is important to have a
coherent narrative of science in order for us to make sense of it as a human endeavor,
in order for us to understand what it is that we are doing (and perhaps to give us an

inkling into why we are doing what we’re doing).
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In this light I offer the following thesis as to what science is “about”:

Within each relatively well-defined and well-understood domain of
application, a science is in the business of giving us a relatively good and accurate
description of what we can call the “modal structure” of each domain of phenomena;
it gives us ways of manipulating and intervening into that modal structure (which, of
course, becomes part of that modal structure itself). Our attitude towards the
successes (and failures) of science should be that it provides us a relatively limited
means of describing and manipulating the modal structure of relatively isolated
domains of phenomena”. What we learn from science, then, is how to reliably “make
things happen” and how to systematically interfere into how things go, by means of a
theoretical framework which in turn enables us to systematically relate together into a
theoretical whole the goings on, the interfering, and the making of things happen. It is
this aspect of theoretical unification—the pulling together of possibly diverse
phenomena under one theoretical framework—that constitutes what I will call an
“ontic” enquiry: the postulation of concepts (axioms, definitions, or even explanatory
mechanisms and entities), and their marriage to observation and experimentation.

This we call science.

By “modal structure” I mean the relatively stable, recurring patterns of
activities, and the relatively stable and recurring systems of counterfactual
dependencies (which we often find as we attempt to intervene/interfere with those

relatively stable and recurring patterns of nature). This constitutes an empirical

"1t is consistent with this thesis that there may exist bridges between these relatively isolated domains,
and that would constitute yet more modal structure—so-called “inter-theoretic” relationships.
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structure of relationships, representable by mathematical structures to which, with the
aid of fundamental concepts like ‘length’, duration’, etc. in conjunction with readily
constructible material correlates (like ‘meter stick’, ‘laser beam’ or ‘clock’), we
ascribe what we call measureable, “physical” quantities. These numbers, in turn,
reflect our mathematical representations, and must have (at least in principle) clear
relationships to physically observable/detectable, reliable and regular material

. .28
situations”".

Notice that I am taking a particular view about science, and in so doing it may
seem that I lapse back into what I called an ontological enquiry, where the
presupposition is that there is some ontological truth behind the object of enquiry to
which my study is directed—which would be a confusion on my part. Such is not the
case. When I speak about “science”, and advance a view as to what it is “about”, it is
not inconsistent with the general view adopted here that we take this thesis to be just
another empirical hypothesis that is open to being epistemologically correlated with
the facts. But what are the facts, you may wonder? Here, we enter a kind of
anthropological, sociological and historical domain of enquiry. By ‘science’ I simply
understand a particular tradition and method of conjecture and experimentation that
has given rise to several successful and fruitful theoretical systems, systems which are

relatively fixed in the historical record.

Curiously, there seems to be a disturbing theoretical and conceptual regressus

ad absurdam, looming in the background here, for it seems to be implicit in the

28 . . . . .
However, as is the case with the infamous “measurement problem” of quantum mechanics, this
relationship sometimes threatens to break down.
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position I am stating that in order to understand anything at all, some conjecture must
be advanced for it, and found to either epistemologically correlate with the facts, or
fail to (in which case the conjecture is let go of, and the processes begins again)—
including notions such as ‘fact’, and so on ... ad infinitum. Here you might think that
the notion of ontological Truth might actually do some good, that it provides a kind of
wall, or at any rate, slows and greatly limits this simultaneous calling into question of
everything, which includes the very grounds of questioning itself. But this problem is
only an appearance, a pathology of thinking, we may say; there really is no problem.
It is only a problem if you think that understanding and knowledge are inextricably
linked, and that either requires a complete explication of that in virtue of which the

concepts of understanding or knowledge are true. This is not the case.

Firstly, I distinguish knowledge proper from understanding; the former is
grounded in systematic theory and ends in a coordinated system of some sort™, the
grasp of which constitutes, by definition, knowledge in full, whereas the grasp of a
part of it (on the assumption that the whole is true) constitutes (again, by definition)
knowledge in part. But like a musician who has grasped either a whole or part of a
theoretical musical system, there needn’t be present in him a grasp of that system in
terms of an explicit conceptual grasp of that system. Rather, knowledge of a system
may be demonstrated in his understanding, which is more general in nature
(comprising the movements of his muscles—what we could call “somatic”

understanding—in addition to his being able to articulate specific concepts and their

* We may call this the highest aim of science—something like what Aristotle tries to achieve in his
Physics, but which had to be overturned given the failure of his basic notions to correlate with the facts
dictated by a new view of the universe developed by the line of natural philosophers from Oresme,
Galileo, Kepler, to Newton.
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logical connections). Thus, understanding is rooted in the actual being of a person,
whereas “knowledge” is objective in the sense of being a coherent/consistent
collection of propositions (that may be said to be “learned” or “taken in”’), which, in
their turn, may or may not epistemologically correlate with the relevant facts (here—

and only here—I take science to be the only source of knowledge proper).

As knowledge in the sense we use here is itself going to depend on the
specific form it is given (where that means its specific conceptual/intellectual
representation), such knowledge will be dependent upon many contingent things,
like, choice of logical axioms or postulates, physical concepts, etc.—all of which, to
paraphrase Einstein, are free inventions of the human intellect. But since we have
abandoned the correspondence notion of truth in regard to this conjectural mode of
enquiry (which we call science), the need to clarify or analyze some notion or other
which that enquiry requires is not problematic, for the simple reason that its aim is to
become epistemologically well correlated with the facts. Perhaps our very notion of
‘science’ itself might have to be called into question—and this is left as a viable

possibility.

Perhaps, too, our notion of ‘fact’? Here we come to a crucial question, which
concerns the foundation of this conjectural enquiry, the asking of which threatens to
render the whole view advanced here incoherent. But we may easily answer this
quandary: ‘fact’ is partly a function of the theoretical domain that seeks to correlate
its conjectures with those facts—the two cannot be neatly separated. Inasmuch as
theory (and so also what ‘fact’ is) depends on a free invention of the human intellect,

and inasmuch as we have relegated ontological truth to a separate domain of enquiry
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(the purely metaphysical), and insofar as we take science to proceed tentatively, then
our problem of a regression to absurdity is really a fiction, conjured on the basis of
premises which we are rejecting (the problem is more a question of ontology, and so
is unfair to judge the merits of our present thesis by its standards). To put the point
differently: if ‘fact’ is restricted to a question concerning the “essence” of fact, the
nature of it, then even more clearly is this a question that is ontological (and not
properly ‘ontic’), and which, in the probing of the question, leads inevitably to a
question concerning a “mind-independent reality”’—all of which, as I've said, are,
properly, ontological questions, and these questions do not concern us here.
Nonetheless, there is a perfectly clear and cogent sense of a question concerning
‘fact’, and that is the extent to which facts and our theories are intertwined.
Sometimes a theory might require a revision in what counts as a fact, on the basis of a
new theoretical system. I take it that the switch from the Aristotelian view to the
Newtonian one entailed just such a switch (in a perfectly clear and specific way—
which is not a question relevant to, nor to be considered from the point of view of

ontology proper, a question concerning truth and being as such).

In a way, the distinction I am drawing here corresponds to so-called
“internalist” (coherence theory) vs. “externalist” (semantic or correspondence theory)
notions of truth—but the similarity does not go very far, for such a distinction
between theories of truth presupposes an investigation into (or analysis of) ‘truth’ as

such, that is, it concerns itself with ‘what truth is’. Nothing like that is implicated in
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my present discussion; all of such concerns are, according to the position adopted

here, to be relegated to the properly ontological domain of enquiry™.

Our concerns should rather be directed to what is meant by “epistemological
correlation between conjecture and fact”, as this relation supplants our concern for
“truth” as in “correspondence of the proposition or idea to an ‘external reality’”
(having, of course, rejected the view that science consists, essentially, in scientific

. . . .. . 31
theories viewed as collections of propositions or atomic statements” ). We turn next

to this issue, as it will be of fundamental importance to my overall thesis.

I borrow this epistemological idea from Einstein, whose reflections on physics
and philosophy (epistemology really) are often overlooked or misread. Before I turn
to Einstein’s treatment of this idea, I want to remark about the character of the
relation in regards to two general types of conjectures, one we call simply a “local

conjecture” and the other we will refer to as an empirical postulate, axiom or perhaps

1 think there is only a singular answer to that question, for which a “theoretical account” in the sense
of logical analysis is inadequate (possibly confused), and that is “truth is Being”.

*! That is, I reject both the “syntactic” view of theories, and the “semantic” conception, inasmuch as
these conceptions are meant to explicate what a theory is, or what the nature of theories in general is. |
do not subscribe to such a flat-footed monism, and treat either view as partial and tentative. My own
view is that if the distinction between the two, roughly, amounts to the distinction between theories as
sets of propositions (axioms and theorems) vs. collections of models (Monton 2008), then it seems that
both views constitute together an accurate description of theories as we have come to know them, and
as working theoreticians use them. Again, even regarding the question of theories, we are engaged in a
conjectural enquiry (according to the general philosophical position advanced in this dissertation).
However, it has become commonplace for most academic philosophers of science to take a second-
order, “philosophical” approach to the analysis of concepts—such an approach I say is confused, if
taken to be an ontological pursuit; if, rather, we take it as an “ontic” one—a matter of empirical
enquiry (science)—then we take it to be by its nature conjectural. Thus, I am at liberty to marry the
two conceptions of theory as each case may require. (I am also, by the way, rejecting the view that in
order to even call a theory a ‘theory’, one must advance a general account of the term ‘theory’, that in
order to know what a theory is—what scientists have done for centuries—one must have a fully
explicit theory of theories in place, or that there must be an implicit system of rules that may be made
explicit in virtue of which a theory is a ‘theory’. Such questions are perfectly valid as an
anthropological or sociological or even a purely linguistic matter (the use of terms, grammars, etc.);
but as scientific questions, they are, as I’ve said, inherently conjectural.)
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simply, “principle”. The former sort of conjecture stands alone, and invokes a theory

in order for it to be applied to a physical situation that constitutes its test.

A “local conjecture” may be a singular statement, but is often more of a
collection of statements that suggests a model-explanation of some physical situation
that is under investigation. The germ theory of diseases, for example, constitutes a
conjecture of this sort: the postulation of the existence of microscopic organisms
(with their own causes and conditions of growth) that purports to explain the
manifestation of a disease or collection of diseases. This theory, as it is corroborated
by the relevant facts, will in turn be folded into a larger theory or theories involving
the fine structure of the microorganisms themselves, which can then be related to
theories of human anatomy, metabolism, and so on—and thus we build to a larger
theoretical picture of disease that involves the human organism and the
microorganism in a larger dynamic whole (a kind of symbiosis). We may, in its turn,
fold this understanding into a more general theory—say, evolutionary biology and
genetics—in order to understand how the microorganism, over larger periods of time,
evolves in relationship to the drugs we might use on the human organism to destroy,

or interfere in the life-cycle of, the pathogens we have been able to isolate.

Local conjectures—Ilike the germ hypothesis and resulting theoretical model it
suggests—are different from conjectures we are calling postulates, axioms or
principles. These are of a general character (like the principle of biological evolution,
or the principles of classical thermodynamics) and are often not themselves strictly
testable but become part of the very constraints on any particular, local hypothesis in

its domain. In other words, they will often function as regulating principles on the
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sorts of local conjectures that may be advanced. Inasmuch as any particular
experiment may potentially call into question the specific assumptions it makes,
including the local conjecture for which the experiment was fashioned and the
assumptions required in order that the experiment itself may be built, any particular
experiment always implicates the entire theoretical paradigm under which it is
subsumed (this is Quine’s theory-experiment holism). And so we may say that, in
general, it is not possible to “isolate” as general a conjecture (we call it a principle) as
the light principle (for example), or the prohibition of perpetual motion machines of
various sorts (the context of the first and second laws of classical thermodynamics).
Rather, such principles may be overturned only given a conceptual counterexample,
or else be overturned on the basis of another set of conjectures which is more fruitful
(for example, Einstein’s theory of special relativity is of the second sort relative to its

acther theory rivals, which in turn presupposed principles of Newtonian physics™).

32 And here I would say that Einstein’s theory did not overturn as false its rivals (aether theory or
otherwise); rather, it merely proposed simpler postulates from which simpler explanations for the
apparent incompatibility of the laws governing electromagnetic radiation and the principle of relativity
followed (that problem for which Lorentz offered a more complicated program, one of deriving the
right form of the laws from a consideration of the mechanical forces exerted on an electron’s orbit in
motion relative to absolute space). Since an overturned theory is not “false” (strictly speaking, it still
may manage to correlate rather well with its facts, given a sufficiently restricted set), nor an accepted
one “true”, it would be wrong to deduce consequences from theories that are taken to be about the
“nature of reality”. The conjectural nature of science demands humility here, rather than metaphysical
extravagance. Nonetheless, our theories do lead us to new ways of thinking about reality, which may in
turn becomes facts that we must live with. I am thinking of the possibilities of time travel that General
Relativity implies, or the minimal sort of holism that some take as a consequence of the quantum
superposition principle: they may certainly make us see the world and our experiences in a different
light, but until they become actual features of the experiences of human beings (upon which we would
have occasion to reflect), they are strictly of a conjectural-theoretical sort, and have little to do with our
human understanding as such (recall the distinction I made between knowledge and understanding). I
say “until”: I take it that there is no radical or permanent dichotomy between what Sellars has called
the “scientific” vs. the “manifest” view, and that it remains to be see what consequences of our theories
may become elements of human experience, and hence made “manifest” to us. Reflections of this sort
may be found primarily in works of literature and poetry (art in general). For example George
Gamow’s works, though not of a strictly academic sort, raise the sorts of questions raised here
(interestingly, Hans Reichenbach, perhaps somewhat unwittingly, reflected on this sort of thing in his
well-known study The Philosophy of Space and Time, p. 138—139, where he considers the issue of
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The distinction I have drawn between local conjectures and principles
corresponds to a large extent with the now famous distinction Einstein liked to make
between theories of principle (like special relativity and classical thermodynamics)
vs. theories of a “constructive” nature (like the kinetic theory of gases). I have not
employed this distinction exactly as Einstein used it, and it has come under some
scrutiny recently (i.e. by Prof. Michel Janssen), but I do see there to be a deeper
epistemological and methodological lesson here, and that is one having to do with the

nature of the conjectures central to either sort of theory™.

When Newton proposed his theory in the Principia, it was largely on the basis
of a series of principles, which in turn allowed for a large collection of local
conjectures to be formulated (all manner of mechanical theories resting on his
principles of motion), keeping natural philosophers busy throughout the 18" and 19"
centuries. In contrast to the approach of his rivals (namely, Descartes and the so-
called “corpuscular” school of natural philosophy), Newton proposed a theory of
universal gravitation that did not attempt to build up the phenomenon from
independent units carrying mechanical force which, only in concert, would constitute
gravity (e.g., the famous “vortex” theory of the Cartesians). Nonetheless, Newton, as
well as most other natural philosophers of his day, proceeded in an “axiomatic”

fashion, which involves the stipulation of general principles (axioms or laws of

time order, and what it would be like, from the point of view of an observer on what he called a
“closed causal chain”. I think his considerations raise interesting questions about the unity of
consciousness along causal loops, and what an ‘individual being’ is that could meet itself at different
times).

3 Obviously, as to whether or not the distinction between principle and constructive theories is itself
tenable, or as to its specific merits, I do not here propose to say or consider; I simply find it useful to
some extent.
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motion, as Newton termed them). Newton succeeded simply because his principles

were of the most general sort, the most universal in scope.

It becomes an interesting epistemological question as to how exactly these
principles may be justified. It is an interesting historical fact that while his axioms and
definitions are not entirely clear, or sometimes seem to be circular, the theory led to a
great many successful applications in the next two centuries of its use, expanding its
domain of application considerably. On this, Dijksterhuis writes, therefore, that

[p]roperly speaking, the whole system can only be understood in the
light of the subsequent development of the science. But even then it is
still difficult to discover Newton’s precise intention in every case, and

consequently many differences of opinion have persisted to our own
time about the meaning of some of his statements (1961, p. 466).

So, we cannot treat the question of the justification in too strict a fashion (i.e.,
as a matter of deductive logic), since the general principles need only to be consistent
with the phenomena they purport to cover, and to form a self-consistent whole
themselves, even though the specific meaning of each statement individually
considered may not be entirely clear®*. We may take these as minimal conditions, and
not conditions for the truth of the principles—only for their initial correlation with
the facts and for the theory’s internal, rational coherence (this last condition of which
may not at all be necessary in any important sense™). Once such a conjectural system
passes those minimal conditions, it may then be used to derive consequences that

may, in conjunction with other assumptions or local conjectures (i.e., ones attuned to

** Indeed, there may always be an ineliminably “tacit” component to what is expressed in any
axiomatic formulation of any science, in mathematics and well as in physics (mechanics). This was a
topic of interest for Polanyi, for example (see his 1974 book Personal Knowledge).

> Some have argued that inconsistent theories were, and might still be, scientifically acceptable or
useful.
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a more limited domain of application, say to hydrodynamics or collisions between

massive bodies in motion), be tested experimentally.

Having made the distinction between local conjectures and general principles
sufficiently clear, we then must pass on to what I mean by “empirical correlation”
between conjecture and the facts relevant to that conjecture. Our ultimate concern is
what the nature of the ontic commitment is regarding the structuralist about science,
1.e., we want to know: “what is it” that one thinks science is “about”, if one is a

structuralist?

We have already distinguished between two separate modes of enquiry, the

»36 With ontic

one properly called “ontological”, and the other I have dubbed “ontic
modes of inquiry we study beings in their individuality, and seek to inquire into their
specific natures; here, we put forward conjectures of various sorts (local hypotheses
and general principles). With the ontic mode, it is a presupposition that there is a
reality to be inquired into—the act of looking and posing questions about particular
beings is proof enough here (should we cite Moore’s infamous proof?). As such, this
presupposition, inasmuch as nothing further of it is required in order that particular
beings may be studied (just that they exist at all), is entirely trivial and vacuous
regarding ontic enquiry as such. It may be tossed aside. It was only on the assumption
that there must be some clear connection between an “external” reality and those

propositions of science that make a coherent science possible—it was only on account

of that assumption that we had to worry about “reality” as such (its existence), and

*® Though I haven’t bothered to use that term much; this is so that we do not conflate the general
domain of enquiry I have called “ontic”—basically, empirical research into the nature of particular
beings— with another position which is called ontic structural realism.
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whether and to what extent we could have true or justified knowledge of it. The ontic
pursuit is one in which we always begin with a conjectural specification of the nature
of particular beings (perhaps even occasionally calling into question what the nature
of the ‘particulars’ are that are under study, and whether or not a refinement of that
concept is called for’’), with the perpetual understanding that it will be overturned in
light of new facts or theories. It is not the “nature of reality” as such (a reflection of
the “eternal truth behind appearances”) that we are discovering; rather, we are
uncovering relatively well-corroborated empirical relationships that exit. We may
say: what we are learning about the world is what conjectures constitute relatively
stable correlations with the relevant facts—specific conjectures being our way of
rationally knowing reality>®. Whenever a conjecture does manage to reliably correlate
with the relevant facts, we may call that an “epistemological correlation”, after
Einstein, as pointed out by Northorp in his analysis of Einstein’s conception of

science.

*7 One simple way to understand “ontic structural realism” is just this way: a proposal that a richer and
more sophisticated notion of ‘individuals’ is called for, possibly (for example) by both relativity and
quantum mechanics. That is, rather than worrying about the nature of individuals per se as a strictly
metaphysical question, we worry about whether we can coherently extend the notion in a particular
theoretical context to account for seemingly anomalous findings, like the issues raised by particle
label-swapping in quantum statistics. (There, thus, is a kind of metaphysical underdetermination (see
Ladyman and Ross 2007)).

3% Recall that I have made a distinction between knowledge and understanding; accordingly, scientific
knowledge would not exhaust understanding. Nonetheless, the only valid knowledge would be
scientific knowledge, where ‘valid’ means ‘epistemologically correlated to the relevant facts’. In a
sense, just about anything may constitute scientific knowledge (inasmuch as there is a theoretical
component to it, which itself is, to borrow again from Einstein, a free invention of the human
intellect)—*"let a thousand flowers bloom”, as Feyerabend once remarked (quoting Chairman Mao).
But that some conjecture gets to become an element of scientific knowledge depends on the extent to
which it correlates to the relevant facts. Something like astrology, for example, may simply be beyond
a true test qua science in our sense, i.e.: the experiments it would take to discover whether the facts
correlate with its conjectures may be beyond our present abilities, or—and this may be more
reasonable a judgment—astrology just doesn’t have nearly a general enough theoretical form
(formulated in terms of principles that relate the actual motions of heavenly bodies to the births and
lives of individuals) to make testable predictions. We make no pronouncement as to whether such a
thing is somehow inherently impossible—nor should we ever try to demonstrate a claim of such
obviously impossible generality.
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4. Summary of the proposed position. In summary, there are two major changes to our

orientation towards the fourth tradition that the position I am developing here entails.

I am proposing a change to the nature of the second-order presuppositions of
the fourth tradition, and, on the other hand, I am suggesting that structuralism can be
understood as a methodological program for the doing of science itself (i.e., it is also
a first-order project). Here the thesis is that the fourth tradition may actually
constitute a part of science, rather than being a merely second-order, normative
project. I would like to show that this methodological program of structuralism is
already working in physics itself: we can see it in both the switch from Newtonian to
relativistic physics (as Einstein envisioned it) and in the switch from Newtonian or
classical physics to quantum mechanics. It is a program that has as its central element
the removal of the criterion that scientific/physical explanation must presuppose a
description of either matter in motion, or self-subsistent entities with intrinsic
properties that “‘cause” or “bring about” certain effects (which will themselves be
characterized in the same ontic terms). According to structuralism, physics is the
search for invariant mathematical structures that may be applied to nature irrespective
of the material constitution of that to which the structures are applied. The
structuralist, furthermore, says that even the material constitution of an object of
physical investigation will be understood structurally. The structuralist, therefore, is
committed to the idea that the notion of an ‘object’ is derivative from structure.
Beginning with a roughly individuated, well-localized, relatively independent ‘object’
(say, an atom) of study, physics subjects it to a theoretical scrutiny to learn its

properties. The thesis of structuralism, gua methodological program, is that upon this

46



further analysis, the ‘object’ under study will be just more structure. More
particularly, the thesis here is that ever since both relativity and quantum theory,
physics has discovered that there is more relational structure to nature than previously
thought, and that the idea of an independent, self-subsistent entity evolving against a
background spacetime in terms of which all features of nature may be explained was
too naive a picture, and that particles of matter are like self-contained, relatively
independent, permanent/continuous objects akin to the macroscopic objects of
everyday experience is mostly inapplicable in both the relativistic and quantum

regimes.

As has been noted by many philosophers of science, there are no “pure
observations” (ones sealed off from any theoretical presuppositions of a more or less
scientific sort), just as there is no “pure theory”. Any time a conjecture is put forth to
be tested against experimentation, we bring to the table some understanding (however
rough) of how the theory and the experiment itself are linked, and what it is that is
going into the experiment, and what it is that comes out—all of this is established by
traditions of experimentation and observation that any experimentalist has been
steeped in (implicitly or explicitly). More importantly, a crucial aspect of theory
confirmation is the interpretation of the data. Fundamental to any interpretation is
some way of coordinating the results into a sensible whole, and fundamental to that
are certain basic categories and distinctions: system, subsystem; experimental
apparatus, object of experiment; space, time; mass, momentum, energy, and so on. A
very fundamental category of thinking about the world is individual, and object, and

we usually tend to think of these as entities bearing certain properties or physical
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quantities (charge, spin, mass, etc.). When we do science, these fundamental
categories become very important to our interpretation of the data to which we hope
to successfully correlate with our conjectures. These categories help the scientist to
do science with more understanding; they help to orient the scientist in the world of
theory and experimentation by answering the question: what is it that is being
studied? But in doing science, we are opening up our fundamental categories to a
kind of test; we ask of them can they be successfully extended to such and such a
theoretical domain? Occasionally, the confrontation of conjectures with experiments
requires abandoning some fundamental assumptions that perhaps were hidden in the
science one was working with, and which, when made explicit and finally overturned,
might very well lead to a an entirely new theory, which, in its turn, will lead to new

ways of thinking about the world—and so the process goes, century after century.

The thesis being developed here argues that we are not overturning as false
prior theories or prior ways of thinking about the world; rather, we are giving up what
were always tentative conjectures about the world that proved not to correlate well
with the facts (which of course leaves open, in principle, the possibility that older
ways of thinking may very well return someday in the future). I propose that
structuralism can be understood as offering a more general way of thinking about the
world that is relevant to the act of making conjectures about the world, and so may be
considered part of the doing of science itself. Structuralism (what I will call “ontic
structuralism”) proposes that it is coherent to think about reality in terms of relational
structure, rather than primarily in terms of individual entities (changing with respect

to a background, independent spacetime). This is, as it turns out, exactly what Lee
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Smolin (2000, 2006) is considering as part of his overall attempt to resolve the so-
called problem of “quantum gravity”. I propose that this is a first-order example of
structuralist thinking that argues for a different conception of what fundamental
physical reality is like, which also has the potential of becoming a new fundamental
physical theory. It is part of Smolin’s proposal to actually derive spacetime itself from
more fundamental structures, out of which, in turn, entities such as well-localized
particles arise (they are called “knots” in his theory). Here, structuralism is simply a
way of making sense of a theory in which there are no entities “at bottom”. I am
arguing that, in other words, ontic structuralism is a conceptual aid in the putting
forth of conjectures of theoretical physics, rather than a conclusion from such
endeavors. Such a point of view must be considered admissible, for the simple reason
that the task theoretical physics sets for itself in this case is to find laws governing the
origination and evolution of spacetime itself, on the basis of more fundamental

structures (called “loops”).

Aside from the change in the presuppositions in the whole debate surrounding
the main contentions of the structuralist (the fourth tradition) that I have outlined
(changes which are largely negative, or, we may say, destructive of the Kantian
tradition that frames any talk of ‘realism’), I want to offer a more positive second-

order framing.

It is the hallmark of science that it aims for the greatest generality in its given domain
of inquiry. Even if that domain be itself narrow, or there be a kind of patchwork of

relatively autonomous domains, still the hallmark of science is the coordination of the
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beings in its domain (however autonomous in respect to other domains of beings) by

means of general principles.

We may call into question, though, the tenability of this claim about science’s
generality. Perhaps it is unwise to conceive of science as aiming for greatest
generality—perhaps the universe will simply not admit of that. My reply is twofold:
the universe will not rule on an ontological question one way or the other, as, in
accordance with the view advanced here, such implications from a scientific theory
are never appropriate. Science will not “reveal” to us that our universe is “dappled”

3 3
or “patchwork”, for example”.

Secondly, and perhaps most importantly, the issue is understood as primarily
epistemological, and here is where the structuralist has something positive to offer:
there can be no true scientific understanding on the basis of scientific knowledge
unless it is possible to coordinate the whole of that knowledge into a unified system. 1
will have occasion later to defend this rather brazen claim40, but suffice it here to say
that what the structuralist also offers is a view which meets such an adequacy
condition, insofar as structuralism is understood as the view that all there is to the
world is structure, and that independent entities are themselves more relational
structure upon further (empirical) analysis. This means that nothing is truly
independent from anything else, inasmuch as both share the same world. This must

be understood as an ontic claim that allows for the satisfaction of a greater

% Even if we have reason to take such a view—which we might, to be consistent with the openness of
science central to my thesis—such a view would amount to yet another conjecture. And even here,
such a view is independent of the epistemological thesis I outline in what follows.

0 Tt requires a reconsideration of the distinction I drew between knowledge and understanding, and
will also involve a discussion of Sellars’ distinction between the scientific vs. manifest views, among
other things (cf. his Science, Perception and Reality [1963]).
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epistemological desideratum (that of unity of knowledge). So we arrive at a kind of
normative or regulative dimension of structuralism: that it is the conceptual
mechanism by which an epistemological unification is made possible, and which

builds on an ontic claim about the nature of individuals.

It cannot at this point be said that structuralism is the only conceivable ontic
point of view that enables this unity of knowledge, but it is certainly plausible. Since
it is the nature of ontic structuralism to entail as a consequence that there are
individuals (they are just not basic entities or “simples”—they are derived), and since
the relative boundaries between one class of individuals and any other is in principle
open, it is possible in principle to arrive at a view in which each domain implies all
the others, and so we would have a real unity (as opposed to merely a logical or
abstract one). By ‘real’ unity I mean, simply, that the beings of one domain
theoretically implicate (by virtue of their structural nature) all the others, rather than
simply relate to the others by means of a purely logical relationship (like that of
“supervenience” or “being next to”—neither relations of which involve the being of
one domain in the being of another). But this can only be, so far, an ideal to which we
might aim our sciences, the hope being that as our sciences become more
sophisticated, and that their principles become more general, it is possible, in
principle, to map the empirical relationships from any one being to all the rest,
thereby providing content to the structuralist claim that even individual entities are
just more relational structure (the implication being that even the domains of
individual beings—that is, the domains of individual sciences—will themselves prove

to be as relationally rich as the entities themselves).
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Chapter 2: Scientific Explanation and Structural Realism.

Explanations in science, in actual practice rather complicated, essentially break up the
world into two parts and attempt to reveal some kind of link between the two which,
depending on the strength and form of that link, is said to be explanatory. For
example, take the famous case of the perihelion of the planet mercury. The problem,
put simply, was that the actual observed orbital trajectory and speed of planet
Mercury differed significantly from that which a simply application of Newton’s
theory predicted. By taking into account an additional physical consideration that had
eluded classical theorists—that the sun not only provides an attractive force on
Mercury on account of its substantial local mass, but that this mass in turn alters the
local geometrical structure (i.e., the local spacetime around the sun) such that the
equations of motion for any object in its vicinity are likewise altered—Einstein, using
his newly discovered field equations, was able to calculate the exact elliptical path
that will be taken by Mercury at a given (known) distance from the sun, and was able
to provide a formula for its orbital period (in radians per revolution; cf. Einstein
(1922/2005), pp. 92-97). This proved to be in accordance with what had been known
about Mercury’s orbital period from observation; thus, Einstein’s theory was
corroborated and Mercury’s orbit was explained. The sense of explanation in this case
seems to be rather clear and straightforward at first glance: planet Mercury’s orbital
trajectory (given by the relevant equations of motion) and period follow directly from
Einstein’s Equations, plus the appropriate idealizations, physical constants and known
values for the respective masses of the sun and planet Mercury. The phenomenon to

be explained (the orbit and period), which we can call the “explanandum”, follows
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from a mathematical law of nature (Einstein’s Equation), which we may call the
“explanans”. But so far, we only have solid grounds for believing that we have a very
good description—as good as the fit between the observed data and the predictions of
Einstein’s Equations. We are able to calculate that planet Mercury has a certain
orbital path and period, and can see that this is more or less confirmed by looking at
how the planet actually moves. But why does it move along that path, that is: in virtue
of what is the path and period what it is? We are asking to have the relationship
between the explanandum and the explanans developed in more detail in such a way
that we may say that the content of one “explains” the other on account of some
deeper analysis, and that the whole thing is more than merely a description of what
can be readily seen and measured.

It is certainly true that the phenomenon, in virtue of the fact that it can be
subsumed under a general law of nature, can be predicted on the basis of knowing a
few physical constants and the masses of the bodies in motion, which in turn trace out
a certain regular and observable trajectory in space and time. But this only seems to
tell us that, rather than why, something will occur, and surely it seems odd to say that
because the phenomenon is subsumed under a general law of nature, it will trace out a

particular orbital path with a certain speed.

We do not need to rehearse the well-known objections to the deductive-
nomological view of scientific explanation*', but it is enough to mention that showing

that a certain phenomenon can be subsumed under, and therefore be predicted to

4 See, for example, Salmon (1984) for a detailed analysis (Salmon rules out the DN view in favor of
the Causal-Mechanical view, which we will discuss below), and Woodward (2003) for a brief
overview.
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occur on the basis of, a general law of nature is not sufficient for its being explained,
at least not in any interesting sense of that term™*. It seems, at least to some, that more
is required for an explanation to go beyond mere description. How much more and
what the ‘more’ is, so to speak, is now going to depend, crucially, on what you think
the right explanatory resources are. You have to now make a certain normative
judgment about the proper form that explanation will take, one that inevitably will
either (1) take a certain metaphysical position, involving ontological choices, or else
(2) attempt to avoid metaphysical commitments altogether, or at any rate be neutral
with respect to them. This seems to be the basic decision tree for providing a
scientific explanation of phenomena, and there have been several theories of
explanation cooked up to meet the demands of this tree®. Since the structural realist,
in particular the ontological structural realist, has very definite things to say about
metaphysics (that is, it has some definite things to say about entities and individuals,
and how best to understand ‘causation’), it would seem that the structural realist is
going to have some very definite, perhaps surprising, things to say about scientific
explanation. This section is going to explore exactly that question, namely, what does

the structural realist have to say about scientific explanation?

*2 And here I basically side with Salmon (1984), who argues, briefly, that no explanation is
satisfactory, or robust, unless it appeals to some feature of the world in virtue of which the explanans
explains the explanandum. The D-N view presupposes that explanations are arguments, and so in this
sense it is an “epistemic” form of scientific explanation (Salmon 1984, p. 121). This is to be
distinguished, according to Salmon, from the “ontic” variety such as the Causal-Mechanical view. This
view (which Salmon tries to defend comprehensively) appeals to the causal structure of the world
(explicated in terms of casual connections and interactions) which may be used to determine or
otherwise produce the explananda. Thus, the link between the explanans and the explananda is about a
feature of the mind-independent structure of the world and not about logical entailment as such (which
is what the D-N view presupposes).

* Obviously, I'm taking the view that a theory or general account of scientific explanation is cooked
up to meet the needs of certain phenomena, or classes of them, that are taken to require, or are
otherwise plausible candidates for, a scientific explanation. The order clearly needn’t be like this.
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1. The causal-mechanical view and “explanatory realism”. Rather than constructing
a general decision tree of possible explanatory models and the metaphysics associated
(or not) with them, we will simply work with a popular model of scientific
explanation and one that may at first glance appear to be opposed to the metaphysics
of the structural realist: the causal-mechanical view. From this we can work out a rich
enough problem space for the structural realist to consider, and see what they** might

have to say.

Each term in its title—the causal-mechanical view—is problematic, and has
received much attention by philosophers of science in the past four or so decades,
stemming in large part from the seminal work of Wesley Salmon (1984 & 1989).
There have been a slew of very recent attempts to analyze ‘causation’, focusing
especially on whether or not Russell was right to have pronounced it, in an oft-cited
essay of 1913, a dead concept in physics*. In addition to this, there has been recent
renewed interest in the viability of ‘mechanism’ as a fundamental unit of scientific
explanation and understanding, especially in the biological, neurological/cognitive
and medical sciences (though the issue in physics has been more or less sidestepped,
largely because of the problems such a view faced by quantum theory*). The

renewed interest in mechanism stems mainly from a now well-known piece by

* Note that when I say ‘the structural realist’, I mean, basically, what my structural realist would say,
not what any (“archetypal”) structural realist would say.

* The edited volume by Price and Corry (2007), for example, is largely devoted to this general
question, and many authors reconsider both Russell and Hume, the grandfather, we might say, of
“causal skepticism”. We should note in passing, though, as Salmon pointed out in his 1984, that
Russell seems to have later receded somewhat from this dismissive stance. Nonetheless, whether or not
physics needs the concept, and what, if anything metaphysically defensible, the concept refers to, have
been problems for recent analytic metaphysicians and philosophers of science. Woodward, though, has
a rather balanced view on this score in a paper (delivered in for a causation workshop in Pittsburgh,
PA, on 26 January 2008) called “Causation with a Human Face”.

* See Salmon’s numerous provisos throughout his 1984.
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Machamer, Darden and Craver entitled “Thinking About Mechanisms” (“MDC”
2000). Much of the fallout from this article has resulted in a fair amount of
sophistication regarding the previously denigrated or mishandled concept of

‘mechanism’.

It’s not my intention here or in this dissertation to wade through these issues
systematically, as philosophically important as they might be (we will, however,
return to some of them later on). Rather, my intention here is to focus for the moment
on the issue of explanatory realism and the causal-mechanical view of scientific
explanation®’. Despite the subtleties involved in each of the terms ‘causal’ and
‘mechanical’, the philosophical pull towards the causal-mechanical view of scientific
explanation has to do with the desire to provide a deep, realistic account—an
explanation—of aspects of the physical world, from the subatomic and atomic realms
up to the biological and beyond, and to also inquire as to how these various realms
relate® to each other (theoretically and/or ontologically). Explanatory realism and
realism about scientific theories go hand in hand: those features of the world that, as a
realist, you take a theory to be about will, at least in principle, provide the resources
with which to provide, in turn, a realistic explanation of phenomena. You can explain

relativistic effects on moving bodies in spacetime by appealing to features of the

" Jaegwon Kim (1987), in connection with Salmon’s work (1984), specifically speaks in terms of
“explanatory realism”.

* See, e.g., Silberstein (2002) for a thorough discussion on what form that relation might take. In
particular, the relation may be construed in terms of reduction or emergence, each of which may be
further distinguished along ontological and epistemic axes. As Silberstein points out, though,
reductionism and emergence are not necessarily incompatible views; indeed, that they are compatible
or not will heavily depend, as Silberstein shows, on what one means by the terms ‘reduction’ and
‘emergence’. He even goes so far as to suggest that “emergentism and reductionism might form a
continuum and not a dichotomy” (p. 99). We will revisit this issue again, especially when the question
of “levels” and “levels fundamentalism” arise.
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spacetime in which those bodies move, should you take a ‘realistic’ view of
spacetime itself; or, if you are not going to be a realist about the spacetime itself, then
you might appeal to the dynamical forces between moving bodies that can in turn
explain where and why they move as they do. In each case, what you are a realist
about with respect to the theory naturally comports with the features of the world you
appeal to when providing a realistic explanation of the phenomena in the domain of

that theory.

Wesley Salmon was one of the first philosophers to classify scientific
explanations with this question of realism in mind. In Scientific Explanation and the
Causal Structure of the World (Salmon 1984), he distinguishes between three kinds
of explanations: modal, epistemic and ontic. According to the first: “the aim of
scientific explanation is to show that an event, which at first blush looks as if it might
or might not have occurred, in fact had to occur. The explanation renders the
explanandum-event physically necessary relative to the explanatory facts” (ibid.,
111). The epistemic conception, on the other hand, basically takes the view that
scientific explanations are arguments (or are otherwise to be understood
propositionally), and may be further divided according to how the relation between
the premise(s)/conclusion(s) is understood: is it simply (a) deductive-logical
entailment, is it (b) information-theoretic or otherwise statistical/inductive, or is it (c)
“erotetic”, that is, does it have to do with the logic of “why” questions”’ (ibid., pp. 84-

111)?

* The distinguishing feature of this latter construal of the epistemic view is that the structure of the
logic is going to be ineliminably pragmatic. This has been the position of van Fraassen.
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As for the ontic conception: “the aim of scientific explanation ... is to fit the
event-to-be-explained into a discernible pattern. This pattern is constituted by
regularities in nature—regularities to which we often refer as laws of nature” (ibid.,
121). But not just any regularities are going to count if this conception of scientific
explanation is going to be distinguishable from the epistemic and modal conceptions:
only genuinely causal regularities will do. That is, an adequate ontic scientific
explanation is going to have to fit the event-to-be-explained into the causal structure

of the world, that is, roughly, the pattern of cause-and-effect.

Salmon takes it as his task to explore, and defend as best he can, a
causal/mechanical view of ontic explanations throughout the rest of his book, after
first trying to rule out both the epistemic and modal views. In so doing, he develops a
variety of scientific explanation that comports well with theory realism™. It suggests
that only theory realists would be motivated by the ontic conception, unlike, say, anti-
realists or a “‘constructive empiricist” (i.e., van Fraassen) who aren’t going to assume
that you have to appeal to “features of the world” (such as Salmon’s favorite, the
“causal structure of the world””) when providing a scientific explanation because, they
would claim, theories (or the sciences in general) just aren’t about that sort of thing to

begin with.

Let’s explore the causal-mechanical view in more detail as developed by
Salmon, which is used to provide substance to the idea of “ontic” explanation. After

this initial exploration, we will be able to relate structural realism to our discussion.

> And so I have called this, in recognition of the close relationship between theory realism and the
ontic view of scientific explanation, “explanatory realism”. As with theory realism, we may take
“explanatory realism” to be a certain kind of attitude regarding the scientific explanations.
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What I would like to show is that the causal-mechanical view need not be overturned
per se, but that it must be reinterpreted in light of the metaphysical lessons of physics
(in particular, fundamental physics), and possibly in other areas of science as well’'.
What remains once this is done, perhaps to the chagrin of what we can call the
“classical” causal-mechanist, will not be very close to the what I’ll refer to as the
“classical” C-M view: which (as I'll also show) is committed to at least two essential
doctrines, that of “localizability” and “decomposability”, in addition to (as far as

Salmon is concerned) some view of the nature of causation (in terms of causal

processes, interactions and ‘production’).

The structural realist, let us recall before moving on, provides the needed
philosophical framework for the proposed reinterpretation of the C-M view, since the
structural realist (on the “ontic” construal of structural realism) is committed neither
to the doctrine of localizability nor to the doctrine of decomposability. The resulting
view, while it might be called “causal mechanical”, is, I claim, better understood as a
species of what we shall term “structural explanation” (in this way we will see that
‘causal-mechanical’ and ‘structural’ are not incompatible). This version of structural
explanation, as we will see, differs rather significantly from what has gone by that

title in decades pastsz. Furthermore, with this structural realist reinterpretation it will

>! There is a growing community of scientists and philosophers who employ the methods of
“dynamical systems theory” to model certain aspects of nature, especially biological systems and
cognitive-neural systems. I will try to show that this calls into further question the adequacy of a
classical causal-mechanical view of scientific explanation, and suggests the kind of reinterpretation of
it offered here under the auspices of “structural realism”.

>* Indeed, what R.L.G. Hughes has called “structural explanation” (actually, he draws on the work of
earlier philosophers of physics like Jeffrey Bub and Allen Stairs) will be understood as a kind of
“epistemic”, or possibly what Salmon calls a “modal”, rather than an ontic, form of structural
explanation (and here I will borrow explicitly from Salmon’s taxonomy, once we have provided the
appropriate structural realist reinterpretation). Hughes’ conception of structural explanation, which has
since become the common way of understanding it, takes the position that an appeal to features of a
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be possible to make contact with recent debates about the nature of ‘causation’ in
science and the reconsideration of ‘mechanism’ or mechanistic thinking in scientific
explanation outside of physics, thus furthering our understanding both of structural
realism and scientific explanation. We return now to what we have called the
“classical” causal-mechanical view, developed in great detail by the late philosopher

of science Wesley Salmon.

2. Salmon’s causal-mechanical view of scientific explanation. Salmon believes that
the ontic or causal-mechanical view of scientific explanation “provides the most
tenable philosophical theory of scientific explanation” (where explanation, we must
recall, is understood to provide significantly more than mere description)—this only
after the notion of ‘causation’ is suitably broadened to accommodate stochastic or
probabilistic causation (as opposed to what we can call “strict” causation), and only
after the notion of ‘mechanism’ is suitably modified to accommodate developments
in modern physics (which, he says, provides us with “a twentieth century theory” of

mechanism)53 .

theory are explanatory in themselves, without having to provide a further account of the phenomena
being explained in terms of causal mechanisms or in terms of entities, their interactions and the
exchanges of conserved quantities. However, since theories are representations, or at any rate highly
abstract portrayals, of the natural world, it is not clear that such appeals merit the title “explanation” as
opposed to “theoretical description”. Without adopting an explicit view of how these theoretical
features relate to the natural world—that is, in lieu of a coherent, plausible ontology—I will dub
Hughes’ form of structural explanation “epistemic”. It might also be “modal” in the sense that
appealing to theoretical features, such as the constraints on motion implied by, e.g., the principles of
special relativity, in turn “necessitate” a certain causal structure, i.e., the light-cone structure
characteristic of relativity. It then follows that all dynamical equations of motion must be compatible
with those constraints, irrespective of the material constitution of the bodies in motion. This is a kind
of “modal” explanation in Salmon’s sense (see Salmon’s definition given above). It is still “epistemic”
in the sense of not providing (or at least being neutral with respect to) an ontological account of those
theoretical features (the “constraints”) appealed to for an “explanation”.

>3 Salmon (1984), p. 124.
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3. The causal-mechanical view of scientific explanation and ‘Humean’ metaphysics.
David Lewis, one of the premier analytic metaphysicians of the twentieth century,
articulated very clearly what had become (by 1986) a very widely-held metaphysical
point of view in the analytic community, one grounded in the notion of “Humean
Supervenience”. It’s worth quoting him at length:

Humean supervenience is named in honor of the [great] denier of
necessary connections [David Hume]. It is the doctrine that all there is
to the world is a vast mosaic of local matters of fact, just one little
thing and then another. (But it is no part of the thesis that these local
matters of fact are mental.) We have geometry: a system of external
relations of spatio-temporal distance between points. Maybe points of
spacetime itself, maybe point-sized bits of matter or aether fields,
maybe both. And at these points we have local qualities: perfectly
natural intrinsic properties which need nothing bigger than a point at
which to be instantiated. For short: we have an arrangement of
qualities. All else supervenes on that™*.

Tim Maudlin, who has spent much of his career as an analytic metaphysician
“trying to undermine” the Humean metaphysical view (as he himself said recently in
The Metaphysics Within Physics), provides a rather illuminating gloss of it. Again, it
is useful to provide a lengthy quote to focus our discussion:

The Humean picture of ontology, as Lewis understands it, is founded
on the notion of the Humean Mosaic: a collection of local quantities
structured into a unified object by external spatio-temporal relations.
At base, Lewis’s Humean believes that this is all there is: it is not
merely, as Lewis says, that everything else supervenes on the Mosaic,
but rather that anything that exists at all is just a feature or element of
generic property of the Mosaic. If one wants to say there are laws, for
example, then what the laws are is simply a matter of how the Mosaic
is structured: the philosophical problem is to specify, as clearly as
possible, which features of the Mosaic constitute the laws having a
certain form. ...These sorts of philosophical analyses then count as
reductions of ontology supposing (as Lewis does suppose) that the
basic elements of the Mosaic, in themselves, are not ontologically
dependent on either the laws or the direction of time. ... The elements
of Lewis’s Mosaic must have intrinsic characters that depend on the

>* Lewis (1986a), pp. ix-x, as quoted in Maudlin (2007), p. 170.
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existence of nothing else in the universe, and these elements must be
related by some purely external relations, so that all of ontology can
ultimately be resolved into the set of pointlike elements and their
arrangementss.

While there is no necessary relationship between Humean metaphysics and the
causal-mechanical view (one might adopt the causal-mechanical view without buying
into the doctrine of the Humean Mosaic), they are nonetheless obvious companions:
the causal-mechanical view of scientific explanation provides a way of bridging
(analytic) metaphysics to the content and method of science itself, our primary source
for knowledge about what local matters of fact there actually are. The causal-
mechanical view is a way of spinning the specific threads, as it were, of the Humean
Mosaic. A vast collection of successful causal-mechanical explanations of all known
phenomena, coupled with a hierarchical arrangement of all known theories of all
known phenomena (in terms of the ‘supervenience’ relation), from “most
fundamental” to “less fundamental” (call this “theory fundamentalism’), would

provide a specific example of a Humean Mosaic.

Salmon’s conception of the causal-mechanical view is related to the view
sketched above. The basic link between the two is this: that whenever we have a
successful causal-mechanical explanation of some phenomena, the phenomena will
reduce to causal processes and/or interactions in the sense that the relevant causal
processes and interactions, residing in spacetime, constitute the phenomena. In other
words, there will be an underlying causal-mechanical process by which the
phenomenon comes about and continues to exist. Thus, whenever we have a

successful causal-mechanical explanation of phenomena in terms of causal

> Maudlin (2007), p. 170-1.
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mechanisms, we may construct the former from the latter. But it is not enough to say
that the construction is just representational or conceptual—that would threaten to
collapse back into what this ontic view was supposed to avoid, which is the
“epistemic” view of explanation. Rather, we must believe that the phenomena are
really constituted by the causal-mechanisms; we may, as it were, unburden ourselves
with the ontological autonomy of the phenomena having been successfully explained:
the causal-mechanism is “what there really is”, mind-independently speaking. Of
course, our perception of it, and our inkling that some phenomena or other exists and
requires explanation is one thing (a feature of our cognitive apparatuses, which
deliver to us information about which we, in turn, theorize); but having found the
causal mechanism responsible for it is quite another (and might, as in the case, often,
in fundamental physics, require our giving up certain beliefs about the phenomenon,
like its seeming autonomy, etc.). And this, finally, is the Humean view sketched
above with, perhaps, merely a promissory note that we may achieve a causal-
mechanical explanation (and hence reduction) of all phenomena, in time. In other
words, it constitutes a general methodological paradigm in the main, and locally, a
metaphysical view (i.e., about particular phenomena which have been successfully
explained). It is, of course, a further question as to how to relate together, under one
coordinating metaphysical/natural philosophical view, all of the cases of successful
causal-mechanical explanations. This is the question, basically, as to how to relate the
various sciences. The ideal Humean package is that the totality of the world—
everything there is—is a consequence of, in the causal mechanical sense, the

fundamental ontology (provided to us by fundamental physics). Salmon needn’t be
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associated with such a global Humeanism; minimally, he’s committed to a local

Humeanism.

4. Towards a structural account of “ontic” explanation. This dissertation as a whole
is an extended explication and defense of a thorough-going metaphysics of structural
realism, ‘structure’ being understood as relational structure where the relata are
themselves metaphysically derivative from the relational structure in which they
appear (this is just to say that the relata are contextual or dependent entities, rather
than being ontologically primitive or prior to the structure). Put in terms of more
familiar metaphysical concepts, it is the view that self-subsistent entities, defined by
the possession of intrinsic properties which in turn ground any extrinsic relations
these entities bear with other entities, are metaphysically derivative from relational
structure. In short, it is the view that reality is to be understood as “relations all the
way down”, or “relational structure all the way down”. It is not a denial of the
existence of entities with intrinsic properties; it is simply a view which ascribes
relative ontological status to them— ‘relational structure’, according to this thesis,
being more ontologically fundamental than self-subsistent entities in the sense that
the latter is derivative from the former. If we take a metaphysics of relational
structure as defended here to replace a metaphysics of self-subsistent entities and their
intrinsic properties, this has implications for the nature of scientific explanation and

understanding.

The structural realist holds that science provides us with a characterization of
the (real) structure of reality, come whatever entity-based ontology we choose to

depict that structure with; the ontic structural realist argues that this structure is to be
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understood, metaphysically, as relational structure and that the ‘entities’ postulated
for any one scientific domain are themselves to be understood as relatively stable
structures which depend for their stability on certain background conditions (and so,
in a literal sense, it’s “relations all the way down”). Thus, entities, their properties,
and the causal relations that they bear to other entities—the basic explanatory
framework of science— are actually a convenient way of describing what is in reality
a complicated relational structure. This stability in the background conditions makes
possible our ordinary ways of talking about and carving up the world. And so we see
that there is, obviously, conceptual value with, and usefulness of, the ‘entity’,
‘property’ and ‘casual’ language employed by a good deal of the ‘mesoscopic’
sciences and beyond. But when exploring fundamental physics, we are not guaranteed
the usefulness of such concepts. And, moreover, when providing a general
metaphysical view, ordinary concepts as such are just not going to do. We are not
guaranteed, for example, that our ordinary concepts (entity, property, cause) will
apply to realms far beyond the domains in which those concepts arose; indeed,
science progresses often by expanding the domain of certain basic organizing

concepts (space, time, entity, cause), or by revising them completely.

4.1 The suggestion for a broader notion of (ontic) explanation. Quantum mechanics
shows that the notion of ‘entity’ in spacetime, and the general framework of causal-
mechanical explanation, need to be profoundly revised or given up entirely. There are
many interpretations of QM that show just this (and some even try to retain all or

most of an ordinary, classical point of view, as the resurgent interest in ‘local’
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interpretations of QM demonstrates™®). But it remains to be seen whether or not a
realistic explanation—that is, one grounded in a realistic ontology— of quantum
mechanical phenomena without entities, causal mechanisms or the general framework
of causal explanation is possible, one which is also not ontologically agnostic (in the
manner of Arthur Fine) or instrumentalist (as with some information-theoretic
interpretations of QM). More specifically, this chapter is devoted to showing what a
realistic form of explanation and understanding grounded in ontic structural realism is
like, and that such a view is tenable for—and even strongly suggested by—quantum
mechanics. If this can be done, then we would have a structuralist alternative
understanding of “ontic” explanation, one that is not causal-mechanical in Salmon’s

sense, but which is realist and “ontic” nonetheless.

The intuition behind Salmon’s notion of an “ontic” explanation is that
scientific explanation, in so far as it appeals to theories that can be construed
realistically, should appeal to, or otherwise crucially depend on, real, objective
features of the world. Hence, we may say, wherever possible, explanation should aim
to be “ontic”’. Salmon, though, appeals to causal mechanisms when he distinguishes
between ontic, epistemic and modal explanations: explanation is “ontic”” when it
appeals, essentially, to the causal-mechanical structure of the world—features that,
we might add, “bring events into being”, “produce” them or are otherwise

“responsible” for them. The question we are exploring here is whether this construal

of ontic explanation is overly restrictive; and indeed, we would like to know what

% See Lewis (2006), (2007) and Wharton (2007) for some recent examples.
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good reasons there are for linking, as a matter of definition, ontic explanation to

causal mechanisms.

As many have pointed out, to borrow from Ruth Berger, “causes are not
enough” in scientific explanations, actual scientific explanations that hope to give us
real understanding about the phenomena they purport to explain (Berger 1998).
Importantly, Berger points out that non-causal features of dynamical systems are
often essential components in their explanation; her example is of Dungeness crab
population dynamics. In particular, she shows that you must appeal to the “one-
dimensional [approximately linear] distribution of larvae”—a spatiotemporal
pattern—to explain the erratic nature of the crabs’ population dynamics (ibid. 318-9).
Such a pattern is not an “event”, she points out, “involving an exchange of invariant
quantities at an instant in spacetime” and so clearly fails to count as a (potential)
causal-mechanism in Salmon’s sense (ibid. 318)—yet such a non-causal feature of the
phenomenon being explained is crucial. We would like to say that such structural
features (Berger’s own phrasing) of physical systems are real and explanatorily
relevant features of physical systems, and that an appeal to such features allows no
less of an “ontic” explanation to be achieved. But what is more surprising is that,
when it comes to fundamental physics, sometimes all we have to appeal to are
structural features (for example, the existence of a physical system in a certain
spatiotemporal arrangement), and almost no possibility of devising a causal-
mechanical story (as Salmon often feared), as (I’d like to argue) with quantum theory.
What, I ask, could underwrite an “ontic”” explanation of such situations? The claim |

am going develop (and defend) is that the structural realist has no problem in
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principle appealing to structural features of systems when providing a scientific
explanation of some aspect of them. This is because the structural realist adopts the
general point of view that what theories get right about the world is not what entities,
or mechanisms there are, but rather (for mature theories at any rate) captures the right
structural features of the world. However, in specific cases, realistic explanation of
the sort hoped for by Salmon with ontic explanations, is won by only isolating
specific causal-mechanical features of the world that bring about the explanatorily
relevant events. This is where structural realism is obscure: what ontological features
of physical systems “bring about” the events, and how are we to construe these
ontological features: causally, non-causally? If the former, then how do we
understand “structure” causally? And if the latter, how do we understand the
relationship between the causally relevant events on the one hand, and the structures
that “bring them about”—i.e., that upon which those events are (explanatorily)
dependent. Only a structural realism that supplies a coherent ontological picture that
answers these questions can provide a satisfactory “ontic” picture of explanation that
would satisfy a realist (such as Salmon). If such a story can be provided, the structural
realist can fill in needed ontological details, rather than retreat to a general, purely
philosophical, point of view about the sense in which well-confirmed, but overturned,
theories are true of the world. Moreover, if such details can be supplied, then we have
something further to add to the notion of “structural explanation” appealed to by
some interpreters of quantum theory (e.g., R.1.G. Huges, Allen Stairs and, more

recently, Jeffrey Bub57).

>7 Such a notion of explanation is operating, I submit, in Bub’s recent information theoretic
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5. Structural Realism and “Structural Explanation”. Realistic or “ontic” explanations
in science presuppose some physical ontology by which we can grasp the details of
nature, and thereby gain (we might think) true, physical insight into a mind-
independent reality. However, when it comes to (at least) theory realism, the
prevailing view seems to be a realism of entities, and we are vexed, when it comes to
quantum theory, when philosophers want to avoid (or are otherwise neutral about)
such a realism. We are, in particular, vexed when philosophers substitute
“information” for “matter-in-motion [i.e., a physical ontology]” (Bub 2005), or
characterize their interpretations by invoking “measurement” as a fundamental
category, thus offending the Bell dogma (‘measurement’ cannot be a primitive in a
fundamental theory; it must itself admit of a further theoretical/physical analysis).
The vexation often stems from the underlying assumption, expressed by Salmon and
Kim among others, that adequate scientific explanations are going to be ontic in
nature, fitting the phenomena-to-be-explained (measurement, information
transmission, entanglement—some now-classic items in quantum theory) into the

patterns and regularities of nature itself. The explanatory relation is going to be what

interpretation of quantum theory. The generation of “mechanisms” capable of revealing the
spatiotemporal, causal pathways between entities is quite besides the point for Bub (2005, e.g.): what it
means to explain is to find the appropriate functional instantiation of an informational system, one of
whose components is “information”, and with this abstract specification in place, we may then prove
certain quantum-computational facts about the informational system. It’s not clear that a causal
analysis is even relevant; and if Bub’s overall thesis is right—that any attempt to provide a complete
analysis of all physical processes (including, importantly, those of measurement itself) will run afoul of
a general quantum information-theoretic principle (“no universal cloning machines”)—then it’s not
even clear that quantum theory allows for a complete resolution of physical systems into interactions
amongst its ‘fundamental’ parts. In other words, the claim is that is inherent in the causal-mechanical
view that such a final decomposition is always and in principle possible; on Bub’s view, the non-
commutativity of QM shows that this cannot be done—or else you face a measurement problem. I look
at this more closely in chapter three.
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it is in virtue of something holding between or among things or events or processes in
the world, and will not be merely logical or propositional in nature (the modal and
epistemic views—i.e., that the connection between explanans and explananda is
entailment or some modal connection i.e., ‘necessity’ etc.). This underlying
assumption rests on a further assumption, that mathematical or logical
representations, and the relations holding between them, are one thing; relations
holding among things/events/processes in the world are quite another. That is, there is
a fundamental difference between a mathematical theory in which I may
(successfully/adequately) represent the world as having a certain structure (logical,
etc.), and a theory’s actually capturing the causal structure of the world (this latter
item would constitute the “real” relations among things/events/properties that an
ontic, as opposed to epistemic or modal, explanation is supposed to provide to us).
Not all mathematical representations of the world (theories), so the thought goes,
express the causal (or “real”) structure of it, and if they lack such a connection to the
world, they’re not good scientific explanations after all. Supposing (claims Salmon)
that one can provide a convincing philosophical analysis of what (metaphysically
speaking) those relations are (a convincing analysis of the “causal structure of the
world”, for example), then we may interpret our scientific theories (their
representational structures, their predictions, etc.) in light of this philosophical theory
(Salmon 1984). Note the conceptual order: the philosophical account of causal
structure comes first (and we may add the constraint that it must account for, or at
least not conflict with, what we already know to be true of the world, which is a

function of both experience and well-confirmed scientific knowledge); scientific
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theories are then interpreted with this (now background) metaphysics of causation in
place. We may now say that scientific theories are revealing to us the causal structure
of the world; we now know exactly what it is that our theories are describing because
we now know something—a bit of deep metaphysics—about what the world is really
like (it’s by and large a causal world, with causal regularities and patterns to it, all of

which science is trying to capture, for various purposes).

What differentiates the ontic structural realist, in particular, from the causal-
mechanical view (at least with respect to Salmon’s conception of it) is that whereas
the former analyses causation in terms of production and interaction—that causes
“bring about” their effects, and that interactions are responsible for changes in the
“order and structure” of nature, the structural realist thinks that a description of the
structure is all there is to explanation because that’s all there is to reality itself. There
needn’t be production or interaction, in other words, for there to be determination or
the “fixing” of certain facts relative to others. In other words, the ontic structural
realist is committed to a view of determination (which you may call “causal” but
which often seems inappropriate) which is not necessarily tied to temporal order or
the “generation” of change from an interaction at a particular region of spacetime.
This is the crucial difference, finally. Since OSR rejects the view that systems may
always decompose into part-whole relationships (the mereological view), and on
account of OSR’s view that what an ‘individual’ is is fixed by context and not by its
“inner constitution” or “intrinsic properties”, change does not depend on matter-in-
motion, and a fundamental description of the universe is not one of the temporal

evolution of systems (the dynamical “Hamiltonian” view often adopted in physics).
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Explanation, as I have argued elsewhere™ in the context of QM, needn’t be so

limited.

The retreat in the foundations of physics community from entity-based or
more generally causal explanation is often accompanied by the push for what has
been called “structural explanation” (Hughes 1989), grounded in (following,
somewhat, Janssen 2008) the kinematical perspective. There is an entire tradition that
embraces a deeply kinematic spirit of interpreting quantum theory, going back to
Heisenberg’s famous “Umdeutung” of 1925 (and possibly earlier, with Minkowski’s
famous 1908 geometrical formulation of Einstein’s 1905 theory of special relativity).
We find more recent incarnations of this spirit in the “algebraic” and “logical”
interpretations of QM, notably in the schools of interpretation advocated variously by
Gudder, Bub (1974), and Stairs (1984). Indeed, this is the spirit which motivates
many instances of the “modal” interpretation of QM, especially in the work of Bub

(1997).

I suggest that a metaphysics of structure may underwrite such a tendency to
go “kinematic”, or propositional rather than “physical”, and that in so doing we
thereby move away from “ontic” explanation in the causal mechanical sense, to an
“ontic” explanation in a thoroughly structural realist sense. And this, furthermore, can
be understood as a species of “structural explanation”, now grounded in a
metaphysics of structure. Thus, we might gain “understanding” in the sense in which

Salmon had in mind, but without the need to tie such an understanding to entities

>% For example is Stuckey, Silberstein and Cifone (2008b)—see appendices.
> Which is really a propositional-kinematic reconstruction of Bohm’s theory, now taken to be an
instance of a “modal” theory
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and/or causal mechanisms. This reinterpretation of the “ontic” form of explanation
also allows those who embrace a kinematic perspective in QM, for example, and who
also favor a structural model of explanation to be realist. Given that realism is no
longer taken to be one of an entity sort, we might unproblematically invoke
“measurement” in our interpretation of quantum theory, so long as it is clear that this
concept serves merely a functional role in the context of a structural explanation. In
particular, we may introduce the concept of measurement if it reflects the more
fundamental (structural) idea that quantum theory introduces, to borrow from Bub
(1974), abstract structural constraints that events are held to satisfy. Bub clearly
intends this when he understood (in 2004) quantum mechanics to be “about
information”. He characterized the theory of quantum mechanics in terms of
information-theoretic constraints, and in so doing, measurement enters into the
interpretation. Even though the concept of ‘measurement’ might play a fundamental
role in the context of information theory itself, Bub is certainly allowed to give such a

notion a structural gloss in the following algorithmic and operational way:

Take ‘measurement’ to be simply the correlation between one
physical system and its possible physical states (called “the
measured”), and another physical system and its possible states (called
“the measurement apparatus”).

Let the physical states of each respective physical system constitute an
event space (perhaps, the space of possible “yes/no” measurement
questions that can be “asked”) — that is, formally represent the two
physical systems in propositional terms, if you like. Next, show that
this system is isomorphic to an “information system” in Shannon’s
sense.

Apply three information theoretic constraints to this system (no bit
commitment; no superluminal signaling and no cloning). It can now be
shown that the resulting theory is QM.
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Notice, ‘measurement’ simply is a short-hand term for a correlation between one
physical system and another. The principles can be understood as purely kinematical
restrictions on the state-space adumbrated above, which entails characteristically
quantum correlations. The constraints are structural or, in particular, are kinematic.
Two problems now remain: the measurement problem (obviously) and how to explain

distant EPR-Bell correlations.

I'look at Bub’s basic proposal (in his 2004, 2005 papers) in a bit more detail
in the next chapter, before moving on to Huw Price’s attempt to win back Einstein
Local Realism. We can understand Price’s proposal to be one that essentially tries to
reinstate a clear causal explanation for quantum mechanical phenomena, that may
possibly satisfy a causal-mechanist like Wesley Salmon. I argue that Price’s proposal
fails, and that some more radical picture of explanation is called for—that QM is
telling us that causal interactions in space and time are simply not enough for an

adequate explanation of the physical world®.

% The full argument has been articulated in Silberstein, Cifone and Stuckey (2008b), where we also
propose that structural views such as our “Relational Blockworld” interpretation of QM fare better than
mechanical, backwardly-causal views such as BCQM. I refer the reader to our (2008b) and (2008a)
papers in the Addendum, where we fully elaborate on Relational Blockworld (which adopts the
perspective of relational, ontic structural realism as a methodological program in accordance with the
point of view I developed in the previous chapter).
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Chapter 3: Information Theory as a Non-causal-mechanical
Account of Nature: Making Room for Realism in Quantum
Information Theory.

1. Introduction. The recent work on the foundations of quantum mechanics in the
light of information theory suggests a change in physics that many in the foundations
of physics community are attempting to articulate. This change, I want to suggest,
represents a challenge — but one that has been only vaguely articulated. The work of
Bub (2004) and Clifton, Bub and Halvorson®' (2003) suggests one way of
formulating the challenge. Theirs, I believe, is a direct challenge to the received view

in physics, the causal-mechanical view.

The information theoretic interpretation of quantum mechanics, I hope to
show, constitutes a species of what I have been calling “ontic” structuralism, the view
that the most fundamental explanatory tools open to the scientist need not be causal
mechanisms in, e.g., Salmon’s sense, nor does the explanation need to rely on the
postulation of fundamental constituents in the sense, e.g., of the kinetic theory of
gases (what Einstein called a “constructive” theory). And insofar as our attitude to
this (quantum) information theory is that it is “true” (in the conjectural, tentative
sense we spoke about in the first chapter), we say that it provides the true structure of
nature, as far as the theory allows (in this case, the structure has to do with an
information theoretic construal of signaling in space and time—a feature of nature to
which special relativity, though with different mathematical laws, corresponds). I

have used the term “non-causal mechanical” to illustrate that even if one does not

%! Hereafter, CBH.
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adopt the perspective of ontic structuralism explicated in this dissertation, my point
still stands: that there is no a priori reason why only causal-mechanical (with a
metaphysics of entities in causal interaction) explanations are valid, and that the
information theoretic interpretation may indeed be considered a species of realism—
just not a realism of entities. It is not a huge leap to see that the form of this non-

entity realism is just what I have called “ontic structuralism”, by another name.

Clifton et. al. (2003) have suggested a way to characterize quantum theory in
terms of three information-theoretic principles. Bub has furthermore claimed, in his
“Why The Quantum?”, that this can resolve long-standing conceptual worries about
quantum mechanics; in particular, he argues that the measurement problem becomes a
tractable and less mysterious problem vis a vis information theory. There are two
potential worries that Bub’s project faces: (1) the lack of agreement on the meaning
of ‘information’ — and especially, the meaning of “information in the physical sense”,
as Bub wants to think of it. Unless it is given some clear meaning, the assertion that
“information is physical” is obscure. (2) Other information theorists have made
claims that quantum information theory (QIT) provides clarity and solution to the
foundations of quantum mechanics. However, most simply rehearse either a kind of
antirealism or instrumentalism, in that they invoke an epistemic view of the quantum
mechanical state®’. Does Bub’s position threaten to reduce to a similar rehearsal of
either antirealism or instrumentalism with respect to physics in general, and quantum
mechanics in particular? I will argue that Bub need not be committed to antirealism or

instrumentalism. In fact, I want to suggest a way in which Bub’s position could be

62 See e.g.: Fuchs 2001b, 2002b; Fuchs and Peres 2000 and Duvenhage 2002.
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construed realistically. Where this position falls short, as we’ll see, is in not providing
an account of what the world is like, if physics is not about the stuff we have taken
for granted: particles, fields, waves, and so on. He has simply left an ontological void

in the wake of the information-theoretic characterization of quantum mechanics.

I have, consequently, two primary objectives, which motivate another, secondary

(although by no means unimportant), objective:

Objective 1: “Fuchs’ dilemma”, as Hagar (2003) puts it, is: “either he is a realist, but
has not solved the measurement problem (which is fatal for his project) or he is not”.
Bub claims that the measurement problem is solved, if you do not construe it as a
“definiteness” problem. Bub also skirts the issue of realism. Many quantum
information theorists seem to take either an instrumentalist or antirealist line
regarding QM. Does Bub’s position amount to more of the same? If Bub, though, is
an antirealist or instrumentalist, then his position becomes uninteresting —
antirealism/instrumentalist does all of the interpretive work. The extent to which
Fuchs’ position collapses, for example, is the sense in which he takes an epistemic
view of the quantum state, which Hagar argues is an inconsistent view (following
Hemmo®?). Does Bub’s position face the same specter of realism? I will argue that it
does not, allowing that quantum mechanics is not about the behavior of classical
waves, particles, and so on. This is not to imply antirealism or instrumentalism
though! It is at least a denial of the causal-mechanical view, presupposed in virtually
all disputes over classical and quantum mechanics. But the denial of the causal-

mechanical view is consistent with the truth of realism. This distinction, between the

63 See fn. 28, p. 14 in Hagar 2003 (manuscript) for citations.
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issue of realism on the one hand, and the issue of the causal-mechanical view on the

other, is paramount: they are really logically distinct issues®*.

Objective 2: Looking to the current philosophical literature on quantum information,
there is much confusion as to how to understand ‘information’. I will try to clear up
this confusion. It is a confusion over whether information should be thought of as an
entity or as a property; many want to argue that it is a property. However,
interestingly, Bub wants to say it is an entity — indeed “a new kind of entity”. I will
clearly distinguish the entity vs. property issue, and will distinguish several senses of
information qua property that help resolve the issue of whether classical information

is a “new kind” of information as Josza (1998) wants to suggest.

Objective 3: 1 would like to formulate unambiguously the challenge to physics
suggested by Bub and CBH, by extending Bub’s discussion and by invoking the
distinction developed as my first objective which shows that realism is only of
orthogonal concern for Bub. Bub’s proposal — if taken to be the denial of the causal-
mechanical view of physics — sheds light on the old Einstein-Bohr debate, which in
turn suggests a way of articulating exactly what the puzzle is regarding the change to
quantum mechanics. Bub’s work, and the view suggested in Clifton, Bub and
Halvorson (2003), represents a switch from the long-standing causal-mechanical view
of physics to something else that is decidedly non-causal-mechanical. This, I suggest,

was the fundamental problem from the very inception of the debate over classical and

% Not everyone would argue that realism and the causal-mechanical view are logically distinct. For
example, van Fraassen (1989) argues that “epistemic realism” should be understood as involving a
commitment to the causal-mechanical view (p. 97-9). Thus, since the common cause principle is
violated by quantum mechanics, and that this principle is necessary for a causal-mechanical account of
the word, QM prima facie implies a kind of anti-realism. I simply deny this: it is consistent to be a
realist about QM and think that QM is true of a non-causal-mechanical world. See my section 3 below.
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quantum mechanics: can physics be causal-mechanical after quantum mechanics?
Bohr’s fundamental motivation, it seems, was to be anti-mechanistic; realism is a
somewhat orthogonal issue for him. So, to the extent that the dispute is over
Einstein’s realism vs. Bohr’s antirealism, the dispute is confused. The understanding
of Bohr as anti-mechanical differs from the traditional interpretation ascribed to him
as advocating some form of antirealism (the denial of the thesis that science is about

the existence of mind-independent entities)®’. We shall see if this is plausible.

After briefly discussing the CBH result, and after outlining (again, briefly)
Bub’s project of fleshing out the philosophical implications of the CBH
characterization theorem, I will satisfy my objectives in turn: section 3 will be

devoted to the first, section 4 to the second and last objectives.

2. The Project: “CBH Theorem” And The Explanation of Quantum Mechanics.
Recently, as recent as the early 1980s, quantum mechanics gained a fresh perspective
from information theory. The fundamental motivation for this view is a powerful
foundational methodology: the search for deeper and “higher” level principles at
work in Nature that quantum mechanics obeys. As Nielsen (2001) points out in a talk
given at the University of Queensland in Australia: physicists, in possession of the

powerful predictive engine of quantum mechanics, have used it without really

%5 At least some thinkers have undertaken a comprehensive task of re-understanding Bohr as not so
much of an antirealist, but as advocating a very subtle and sophisticated notion of measurement
interaction that is necessarily contextual (for example, Howard — both in private and in some of his
lectures — has been suggesting this). It is consistent to think both that measurement results and the
resulting descriptions of objects/events in the world are contextual and that physics is “really about”
the mind-independent existence of things. Simply because physical descriptions are necessarily
contextually constrained does not imply antirealism (understood as the denial of the thesis that physics
is “really about” the mind-independent reality of entities).
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understanding it; the rules are used without knowing “why the quantu
without knowing the principles of the Universe in virtue of which it is quantum

mechanical. He writes:

We’ve known the basic rules of quantum mechanics for quite some time, yet we have

a quite limited understanding of those rules and the higher-level principles they

imply. (2)

In the spirit of the quote by Nielsen above, CBH propose to “raise” three seemingly
innocuous principles to the status of laws of nature (CBH 2003, p. 1562). They see
this move as similar to Einstein’s when he proposed to postulate both the principle of
relativity and the light principle that allowed the derivation of a more fundamental
physics: Special Relativity (hereafter, SR)®’. Presumably, these three laws would, in a
certain sense, explain quantum mechanics, just as the two postulates of SR in a sense,
explain it (i.e., explain the extended life of elementary particles showering into earth-

bound labs whose life otherwise, in stationary frames, is rather brief, etc.).

The sense of explanation, roughly, would be one of explanation by derivation:
quantum mechanics is explained by the information theoretic laws of nature because
quantum mechanics can be derived from these laws (as the CBH paper purports to
demonstrate). This would, putatively, satisfy Nielsen’s “quest™:

[Quantum information theory] is ... the quest to obtain a set of higher

level principles and heuristics about quantum mechanics analogous to
those which a master chess player uses when playing chess. (2001, 2)

% QOriginally, Wheeler’s question.
67 See CBH p. 4 and Bub pp. 2-3 for elaboration.
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The hope with authors like Clifton, Bub and Halvorson, is that quantum mechanics —
seen through the theoretical guise of information theory and dressed in C*-algebras —
will reveal those deeper, higher-level principles at work in Nature. And the hope also
is that when we are in possession of such higher-level principles, which dictate the
(information-theoretic) structure of Nature, we will be able to resolve certain long-
standing foundational/philosophical problems plaguing quantum mechanics, such as

the measurement problem®.

3. Implications of the CBH Theorem: Quantum Mechanics Is Not About Quantum
Objects. Some of the philosophical weight of the CBH work is elaborated in a recent
piece by Jeffrey Bub (2004) entitled, appropriately enough, “Why The Quantum?”.
His paper is devoted to arguing for three theses. I quote them verbatim:
® Thesis 1: A quantum theory is best understood as a theory about the
possibilities and impossibilities of information transfer, as opposed to a

theory about the mechanics of nonclassical waves or particles.

o  Thesis 2: Given the information-theoretic constraints, any mechanical
theory of quantum phenomena that includes an account of the measuring
instruments that reveal these phenomena must be empirically equivalent to

a quantum theory.

o [Thesis 3:] Assuming the information-theoretic constraints are in fact

satisfied in our world, no mechanical theory of quantum phenomena that

6% See Bub (2004) for example—esp. pp. 261 ff.
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includes an account of measurement interactions can be acceptable, and
the appropriate aim of physics at the fundamental level then becomes the

representation and manipulation of information (p. 1)

Thesis 1 is an implication Bub wants to draw from the CBH characterization theorem
itself. The idea is this. By taking a restricted subclass of noncommutative C*-
algebras — the abstract algebraic structure of quantum mechanical observables and
states — at face-value, so to speak, one does not try to interpret their Hilbert space
representation (guaranteed to exist) as a phase-space representation with respect to
which the states of QM are interpreted as representing a complete catalogue of
properties and the observables are interpreted as representing properties like position
and momentum. One is left to treat quantum mechanics, then, as really about the
“possibilities and impossibilities of information transfer, as opposed to a theory about
the mechanics of nonclassical waves or particles” (ibid., 242). The suggestion is that
the source of the conceptual problems with quantum mechanics stems from
attempting to see its Hilbert space representation as a kind of quantum analogue of a
phase-space representation of classical mechanics, in which the behavior of non-
classical waves or particles is described. Representing all physical theories in terms of
C*-algebras allows this point to be made very precisely. Part of the importance of

CBH’s work is to make this point clear.

The conjunction of Thesis 2 and 3 is the heart of Bub’s paper. Thesis 2 is the

claim that, supposing a certain set of information-theoretic constraints (principles)®

% They are: no superluminal information transfer, no broadcasting (related to the “no cloning” result in
quantum information) and no bit commitment.
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are true of a class of C*-algebras is equivalent to quantum mechanics is true (i.e.,
these information theoretic constraints logically imply that the C*-algebra is quantum
mechanical), then since there exist entangled states: (a) the (C*-algebraic) theory
cannot unambiguously be extended to the measuring instruments and (b) any causal

mechanical theory will have excess empirical content over a quantum theory.

Thesis 3 is the most radical. As I see it, the most plausible interpretation of
this thesis is that Bub is suggesting that we think of physics (and quantum theory in
particular) not causal-mechanically, but non-causal-mechanically’’. If QM is not
fundamentally about the behavior of (non-classical) particles, waves, etc., (thesis 1)
and if we take seriously the claim that information is an “entity” which is “physical”,
as Bub proposes, then the most plausible interpretation of this is that there are no
“causal mechanisms” with which to “construct” an ontology —i.e., physics is to be
construed non-causal-mechanically’'. If quantum mechanics is a truly fundamental
theory, fundamental to physics, then if QM cannot support a causal-mechanical view

of the world, physics (ultimately) cannot.

3.1 No Mechanical Theories From Information-theoretically Constrained C*-

algebras. The most general way to think of physics is this: initially, we make

"1 am not fully articulating the exact kind of non-causal-mechanical view being suggested— it is
really irrelevant here (though it should be considered a species of ontic structuralism as articulated in
this dissertation). Bub is simply implying a critique of the causal-mechanical view and hasn’t yet
provided a positive ontological account in non-causal-mechanical terms.

! Originally, Bub tried arguing that there did not exist a mechanical theory underlying QM, which is
obviously too strong (private communication). He tried launching this argument by making clear the
distinction between principle and constructive theories, arguing that QM is best seen as an example of
the former. I now think that the real work such a distinction could do is provide a way of eschewing
talk of causal mechanisms. If a theory is a class of principles, then prima facie it is neutral regarding
any underwriting ontology. This provides more freedom to think of other ontologies that are non-
causal-mechanical which may underwrite the principles. This is what I think Bub is ultimately
suggesting.
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measurements with certain instruments that yield some result or other with a certain
frequency. We take the “observables” to represent changes in a physical system; the
measuring instruments record such changes. We take “‘states” to represent probability
distributions over measurement outcomes. The most abstract language for this kind of
physics is a C*-algebra, where we consider very general kinds of observables
operating on very general kinds of states. The C*-algebra, in the sense sketched
above, is treated instrumentally at the outset. Now, we might want to replace this
theory of states and observables with a theory of evolving dynamical quantities. That
is, we might want a phase-space representation of the C*-algebraic structure. Why?
Because we might like to think that physical systems “really” must be characterized
by those properties we think of as being “real”, “fundamental”, or “constitutive of the
system” etc. We may think that properties like position and momentum are such
quantities that are most important about a physical system, in terms of which other
quantities can be defined. So, we want to know how such a system evolves as a
function of these — we want a phase-space representation. Now, according to two
basic representation theorems, if the algebra is commutative, then we are guaranteed
the existence of not only a Hilbert space representation, but also a phase space
representation of that algebra’”. This is good news for classical mechanics, since its
algebra is commutative. Thus, we’re guaranteed a phase-space representation.
Furthermore, we’re guaranteed to be able to describe the instruments themselves as
being “composed” of physical systems with these dynamical properties — independent
of the states of the systems being measured. We have a complete description of the

physical world.

7% See Bub (2004a) for technical details, esp. pp. 10ff.
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Can this be done for quantum mechanics? Bub wants to argue that it cannot be
done, if one restricts their consideration to empirically well motivated interpretations
or rival theories to QM. Now, from the CBH theorem itself, “a theory satisfies the
information theoretic constraints if and only if it is empirically equivalent to a
quantum theory” (Bub 2004, 257). So the trick becomes to either show that some
rival interpretation is actually empirically inequivalent to a quantum theory, or else
show that the extra structure in some empirically equivalent quantum theory lacks
evidential support. There are, in general, two cases that must be dealt with: (1) so-
called modal or “no collapse” hidden-variables theories (of which Bohmian
mechanics is the prototypical example’”), or (2) collapse theories (like the GRW

theory).

The extra mechanical structures underlying the statistics in Bohm’s theory are
particle trajectories in configuration space with accompanying “guiding waves”
(quantum mechanical wave functions). If the initial distribution of the particles, from
which we might derive their trajectories (along with a wave function), is the so-called
“Born distribution”, then the resulting quantum statistics is equivalent to any quantum
theory, and so won’t violate any of the information theoretic constraints, via the CBH

theorem (Bub 2004, pp. 257-8). But,

If the information-theoretic constraints apply at the phenomenal level then, according
to Bohmian mechanics, the universe must be in the equilibrium state, and in that case

there can be no evidence for Bohmian mechanics that goes beyond the empirical

7 All modal interpretation are equivalent in the sense that they all specify the dynamics of some
definite observable. For Bohm, it is position (see Bub 2004a, 14). As well, Bell argues that the many
worlds interpretation is equivalent to Bohmian mechanics modulo particle trajectories (Ibid.).
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content of a quantum theory (i.e., the statistics of quantum superpositions and

entangled states). Since it follows from the CBH theorem that a similar analysis will
apply to any ‘no collapse’ hidden variable theory or modal interpretation, there can,
in principle, be no empirical grounds for choosing among these theories, or between

any one of these and quantum theory (/bid., 258).

With a collapse account, like GRW, Bub points out that it violates one of the
information-theoretic principles: the impossibility of unconditionally secure bit
commitment:

“Since the GRW noise [read: hidden degrees of freedom] is
uncontrollable in principle, there will be entangled states associated
with this larger Hilbert space that cannot be prepared, and so cannot be
exploited for steering [Schrodinger’s way of talking about nonlocal
changes to quantum measurement statistics]... This suggests that

unconditionally secure bit commitment would, in principle, be possible
[by accessing these hidden degrees of freedom]. (ibid., 256)

To count against the truth of Bub’s claim, any counterexample must at least satisfy
the conditions of the theorem (both the information-theoretic constraints and the

kinematical essence of QM). GRW does not, and hence does not count against Bub.

Where does this leave us? If we cannot specify any empirically supported
underlying mechanical structure (that is, some phase-space representation underlying
the statistical structure of the observable algebra) or if any attempt at recovering
“definiteness” results in violating one or more information theoretic constraint or if
we end up with an empirically inequivalent theory, and we want to take quantum
theory seriously (as a truly fundamental theory), then we should believe that “our
measurement instruments ultimately remain black boxes” which implies that we treat

quantum mechanics as about the statistical outputs of information sources. The
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fundamental entity is not particles, waves and so on — it is information; that is all. The
problem with QM is really an historical contingency: we developed classical
mechanics first out of the 17™ century, where it was very popular to see the world
causal-mechanically’*. Consequently, physics sought to find a representation of these
causal mechanisms, and so any mathematical representation of nature ultimately was
judged over its ability to find expression as a complete catalogue of properties of

these causal-mechanical particles — a phase space representation.

It might be thought that Bub’s basic position is nothing other than a kind of
antirealism or instrumentalism regarding QM — nothing other than a statistical
interpretation with the aim at being metaphysically agnostic. Indeed, one might be
tempted to this view because many other quantum information theorists seem to be
arguing for an epistemic view of the quantum mechanical state and some form of
instrumentalist or antirealism. If so, then Bub’s position is uninteresting, since
instrumentalism or antirealism would be doing all of the interpretive work. If our
theories are merely “instrumental” then there is no bother over ontological worries; if
one denies that our theories are about a mind-independent reality, then there can be

no worries over that reality as far as our theories go.

But to take such a view of the CBH project and Bub’s subsequent
foundational work with it, would be to miss the essential point: quantum mechanics is

about the behavior of information, not classical particles, waves, etc. This does not

™ See Ernan McMullin’s (1989) discussion of the causal-mechanical view in relation (historically) to
“distant action”.
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entail either instrumentalism or antirealism (or realism for that matter). Realism is

actually consistent with CBH’s project and Bub’s position, as I will now argue.

4. Realism Is Not The Real Issue: Blocking Instrumentalism and Antirealism From
CBH. 1t is unfair to believe that CBH and Bub’s elaboration of its foundational
significance might be just instrumentalism (or antirealism) in disguise. Quantum
mechanics need not imply a dispute over realism and antirealism”. It can simply
imply a dispute over whether we can maintain a causal-mechanical view of physics or
not; that is, whether we can hold fast to the somewhat misnamed “criteria of reality”
Einstein adamantly propounded: locality and separability’®. These two criteria are ar
least necessary conditions on a causal-mechanical view, if not the very definition of
it"”. The well-confirmed violation of Bell’s Inequalities establish that separability and
locality cannot be true of a quantum world”®. Thus, QM since it violates these
inequalities, implies the falsity of the causal-mechanical view. This suggests that we
view the change from classical to quantum mechanic as the shift from the causal-

mechanical view to a non-causal-mechanical view.

> T wish to understand realism and antirealism following Devitt (2002): realism is, on the “existence
dimension” of it, a claim that “most of the essential unobservables of well-established current scientific
theories exist mind-independently”. Anti-realism is the denial of this claim. This way of construing
realism is neutral to any underwriting ontology: existence could be predicated to causal-mechanisms
or non-causal-mechanisms (Platonic Forms, Aristotelian essences, and the like).

76 See Bub 2005, p. 543ff.

7 Van Fraassen (1989) argues for a similar point (see esp. pp. 99ff). Although van Fraassen takes a
denial of the a causal mechanical view to be a denial of “epistemic” realism, I find that realism and the
causal-mechanical view are distinct, as I argued in the Introduction of this paper, and as I argue in the
present section.

8 Technically, the violation of Bell’s Inequalities imply the falsity of the common cause principle,
which is logically equivalent to the conjunction of the separability and locality principles
(probabilistically formulated).
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We can then see that there are two orthogonal problems with respect to QM:
realism vs. antirealism/instrumentalism on the one hand, and the causal-mechanical
view vs. a non-causal-mechanical view on the other. The issue of realism can only
make sense with respect to some background ontological scheme, such as the causal-
mechanical view, where it is clear what kinds of things we can be realists about or
what our theories are about (i.e., what sort of mind-independent reality there is). For
example, it is one thing to be a realist about a causal-mechanical world (of particles,
waves, fields, etc.); it is quite another to be a realist about a non-causal-mechanical
world (say, a world of Aristotelian essences — abstract, formal properties not
reducible to Democritean atoms — or, of Platonic Forms). Indeed, I might be a realist
about information — but not think that it reduces to the classical ontology of the
causal-mechanical world-view (as Bub claims of information)! If some interpretation
of QM does not buy into the background ontological scheme of the causal-mechanical
world-view, then it is unfair to charge it with antirealism or even instrumentalist

unless such a charge is made relative to that background.

I believe that it is the fairest interpretation of the CBH result, and Bub’s
subsequent elaboration of this result, to see it non-causal-mechanically. This reading
is fair in that it does not see their work as being doomed to anti-realism or
instrumentalism right from the start. It allows them room to be realists, but realists not
about the furniture of a classical world. It allows them to be realists about a
nonclassical world of information, which mustn’t reduce to the classical ontology
(although one may try to argue that it does). I am not arguing that they must be

realists; my argument is that there is logical space for them to be. In this way, then, it
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would be entirely unfair to charge their project as being antirealist or instrumentalist

from the get-go.

This way of interpreting the project distinguishes it from other information-
theoretic projects which are overtly instrumentalist’” or only awkwardly realist®.
Thus, CBH and Bub’s own foundational project based on it, are not necessarily
antirealist or instrumentalist. Denying particles, waves and the like is not denying
realism; it is just changing ontology. The burden then becomes articulating that

ontology precisely.

5. The Real Worry: Information as Property or Entity? In the current literature on the
subject, there seems to be much confusion over the question of how to understand
‘information’. Some think that guantum information “does not exist”, in that it is
nothing more than Shannon Information (Duwell 2003); others think that it is a new
“kind” of information (Josza 1998) distinct from classical (and here Duwell and Josza
are in disagreementgl). Landauer®” claims that “[i]nformation is not a disembodied
abstract entity; it is always tied to a physical representation” and hence he wants to
draw the implication that information is physical; likewise for Steane™. Timpson

(2000) argues against this view; he thinks that the claim ‘information is physical’ is

7 See Duvenhage (2003) for an approach to quantum information which is instrumentalist.

% Fuchs claims to have a realist project; however as Hagar argues quite convincingly, if one adopts an
epistemic view of the quantum mechanical state, then it is almost impossible to be realist about QM.
81 See Duwell (2003), pp. 479-80.

%2 Quoted in Timpson (2000).

8 op. cit.
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false. So, for Timpson, information is not physical. Information is not to be thought of

184

as an entity at all™". Bub flatly denies this.

This confusion is made worse since most authors want to invoke information
in either an antirealistic or instrumentalist context; few have attempted to see
information realistically®. Fuchs (2002b) takes the quantum mechanical state to
“[represent] a collection of subjective degrees of belief ...” (p. 5) and to be “solely an
expression of subjective information — the information one has about a quantum
system” (p. 7). Fuchs’ project an “epistemic view”, “‘can be rendered consistent,”
Hagar writes, “only at the price of denying even the weakest form of realism” alluded
to by Fuchs (Hagar 2003, p. 763). Duvenhage sees the quantum state in a way similar
to Fuchs: it is “a mathematical object which for each possible outcome of each
measurement that can be performed on the system, provides the observer with the
probability of obtaining that outcome when performing that measurement” (2002, 4)
— implying a kind of instrumentalist attitude toward QM and an epistemic view of the
quantum mechanical state®. Duvenhage regards information as being “about a
physical system” that “is a set of probabilities [an observer] assigns to the outcomes

of all measurements which he can perform on the system” (p.2). The mathematical

object that expresses this for him, then, is the quantum mechanical state.

How can we make sense of all of this confusion? Specifically, can Bub defend

the claim that information is a new kind of entity? I think Bub can, if we take him to

84 Timpson 2000, p. 16

% The work of the Horodeckis seem to want to go realist, or at least physical, with information. See
esp. their (2003) “Quantum Information Isomorphism: Beyond The Dilemma of Scylla of Ontology
and Charybdis of Instrumentalism” for an interesting suggestion in this regard.

% On the potential inconsistency of realism and the epistemic view, see Hagar (2003).

91



be effectively denying the causal-mechanical view. If we take Bub non-causal-

mechanically, then many of the worries generated will go away.

In general, there are two possible ways to see information: either as a property
of something (like a physical communications system in Shannon’s sense) or as an

entity in its own right. For each sense, there are further issues that arise.

5.1 Information as Property: Functional vs. Essential. If one wants to understand
information as a property, then there are two possible interpretations, either as (i) a
functional property or (ii) as an essential property. For example, ‘being a computer’
or ‘being a Turning machine’ is a functional property: to be one of these things is to
satisfy certain abstractly specified conditions (“roles’), which can be “realized” with
many kinds of entities (computers can be made out of wood, water and pipes or
silicon). Functional properties do not pick out natural kinds in the world. In contrast,
‘being a piece of gold’ is not a functional property: to be gold is to have a certain
fixed sub-atomic configuration. It is, therefore, an “essential property” in this sense.
An essential property is a property that if a thing did not posses it, it would not be that

thing — it would cease to exist a the thing it is.

If information is nothing but a functional property, then ‘having information’
means ‘instantiating certain abstract conditions’; for example, we can take those
conditions as none other than the Shannon communication system itself®’. The only
sense in which information is physical is the sense in which it gets “realized” in

physical systems like a Shannon communication system. But then it seems that the

%7 See Shannon 1948, p. 2.

92



only difference between quantum information and classical is a difference in the kind
of physical stuff in which the information is realized: quantum information is that

which is realized in quantum mechanical stuff, and classical in classical stuff.

However, there seems to be some disagreement in the literature as to whether
this analysis is right. Is quantum information nothing but the quantum analogue to
classical information (a /a Shannon), or is quantum information a new kind of
information? Duwell (2003) argues that “quantum information does not exist” in the
sense that it is nothing more than classical Shannon information multiply realized
over different physical entities (some quantum, some classical)ss. Thus, Duwell is
claiming that (Shannon) information is a functional property, realized with various
entities (characterized with their own essential properties). As such, Shannon

information is “sufficient” for quantum information.

Jozsa (1998) argues that quantum information is a new kind of information in
the sense that there are certain properties of quantum information (namely,
entanglement) which distinguish it from classical information. Duwell wants to take
issue with Josza: quantum information does not exist. However, there seems to be

confusion here.

But saying that quantum information is a “new kind” need not immediately
commit one to the insufficiency of Shannon Information for quantum information, if

Shannon information is functionally construed. Of the class of things defined

% But, if quantum mechanics is truly a fundamental theory, then in which sense is there anything
“really” classical? Either (i) QM is complete, and classicality is an appearance, or else (ii)) QM is not
complete, and some things can be really classical. If (i), then there is really no classical information; if
(i1) then there can be.
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functionally as ‘information’, we may further specify two sub-classes, quantum and
classical. Josza has something to say about this: quantum information is “new” in the
sense that to be quantum information is not only to satisfy the functional property
‘information’, but also to possess an essential property that makes something
quantum: entanglement. The possibility of ‘being entangled’ is an essential property

for something’s being ‘quantum’.

Thus, it is consistent to say that Shannon information is sufficient for quantum
information and to say that quantum information is different from classical (because
of the possession of a further essential property) — unless you identify Shannon
information with classical information. But if you think that Shannon information is

basically a functional property, then there is not motivation for such an identification.

5.2 Information as Entity? Consider the following central philosophical remark
towards the end of “Why The Quantum™:

So a consequence of rejecting Bohm-type hidden-variable theories or
other ‘no-collapse’ theories is that we recognize information as a new
sort of physical entity, not reducible to the motion of particles or
fields. An entangled state should be thought of as a nonclassical
communication channel that we have discovered to exist in our
quantum universe, i.e., as a new sort of nonclassical ‘wire’. We can
use these communication channels to do things that would be
impossible otherwise, e.g., to teleport states .... A quantum theory is
then about the properties of these communication channels, and about
the representation and manipulation of states as sources of information
in the physical sense” (2004, p. 262).

The picture of the world Bub endorses is one in which information counts as
physical entity, but the ‘how’, though, isn’t explained. Bub does not specify what an
entity is such that information counts as one; furthermore, it’s not clear how this

entity relates to other characteristically ‘physical’ entities like particles or waves—or
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if Bub is rejecting the whole idea that the world is fundamentally composed of
particles and fields. Indeed, it’s not clear what Bub means by ‘physical’, because, as
we’ve seen, one standard response to his view is that all it amounts to is a particularly
egregious form of hypostasis—treating an abstract concept as a physical object or
‘entity’, if you will. The least that Bub seems to be saying is that not all physical
entities are sums of, or at any rate dependent upon, the standard panoply of ontology
which includes particles and/or waves. But, it is reasonable to request of Bub’s
position that it outline why this isn’t hypostasis. In other words: insofar as there is a
prior and reasonable distinction to be made between ‘abstract’ vs. ‘physical’ (i.e.,
concrete, non-abstract and physical) entities, and insofar as ‘information’ is plausibly
construed as an instance of the former (this is Timpson’s, and to some extent Hagar’s,
contribution to the discussion), then unless some thesis is advanced to address this
distinction itself, there is good reason to suspect that Bub has committed the fallacy

of hypostatization.

But, let us take notice of the fact that this charge of “hypostatization” really
depends upon a particular prior way of dividing physical from non-physical—of
making the distinction between concrete vs. abstract, that is. In fact, when we think
about what is meant by ‘physical’, the usual response is: composed of non-mental
stuff, stuff like chemicals and compounds, which ultimately are composed of
elementary particles/fields and their intrinsic properties (or we way become a little
more sophisticated and say that ‘physical’ and even ‘physical entities’ are nothing
more than bundles of properties). Everything else, you may say, in some sense

depends on that. One way of articulating this dependency is to invoke a relation like
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“supervenience”: all facts “supervene” on the physical facts, where the content of the
concept ‘physical’ is supplied by fundamental physics (particles/fields, waves, and
their intrinsic properties, which are things like charge, spin, mass, etc.). The view
seems to be that unless entity X depends upon some set of physical facts Y, then X is
abstract. It is characteristic of abstract entities that they are autonomous and
independent of minds, societies and beliefs and physical stuff. Mathematics can be
thought of as the study of abstracta: numbers, the concept of infinity, and sets are
abstract in the sense that they themselves do not depend on there being any physical
facts all and certainly do not depend on minds, beliefs and societies (so goes the

VieW).

Bub, though, can easily reply to the charge that he’s committed the fallacy of
hypostatization by treating information as a physical entity. He can simply say “so
what? Even if information is an ‘abstract’ entity according to your distinction, the
claim on the table is that when the world is construed in quantum information
theoretic terms, so long as it’s clear, operationally speaking, what an ‘information
theoretic system’ amounts to, and in particular what a ‘communications system’ is or
could possibly be ‘made of’, then what I have done is provided the principles that
govern such abstracta! As long as information theoretic systems are construed
functionally—just like the concept of a hammer or a computer may be understood
functionally—then just about any collection of things, under the right conditions and
with the right structure, may count as an information theoretic system, and so be
under the purview of the principles of quantum information theory as has been

characterized (CBH 2003). This is just like saying that when I’ve got the right system
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of wood, pulleys and so on in place such that I may compute a function, I’ve got a
computer and therefore certain mathematical truths will apply (i.e., Church-Turing
thesis, principles of computation, combinatorial mathematics, etc.). If anything, [ am
saying something that has been noted for generations now: mechanical systems are
describable by vector calculus; information theoretical systems are describable by
information theory—and with the right configuration, even a mechanical system may
be considered an information theoretical one, though perhaps the latter just doesn’t
reduce to the former. Now, if anything is wrong here, it’s with your narrow construal
of ‘physical’ or ‘concrete’ in terms of particles/fields or waves. All that I am telling
you is that ‘information’ does not reduce to, or is not a compositional sum of, those
entities, and that the laws of quantum mechanics are ‘about’ the possibilities of
information transfer, communication, etc. Now, just like a the idea of a ‘computer’
must be realized by ‘physical’ objects, it is still true that the laws of computation are
such as to be true of just about any sort of computer. Indeed, this is the hallmark of an
objective science—by definition. Indeed, what I am really saying is that ‘entity’ is
much more general concept that the classical picture allows for. Why should my
characterization of the world have to fit the mold of the classical picture of the world,
where all that we’re supposed to be describing is the behavior of particles/fields or
waves? That would be a way of begging the question against my point of view.
Abstracta may differ from concreta, but surely both it seems a stretch to say that
because an entity is abstract, then there can be no scientific laws about it, or that the
universe may, in limited was, be conceived of as an instance of an abstract concept

(like that of a computer), as functional the concept turns out to be, in the end”. And
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indeed, making this argument—that Bub’s position amounts to a non-causal

mechanical view and that this implies—has been the purport of this chapter.

As I see it, Bub is really re-asserting Quine’s dictum, albeit one freed of the
idea that particles/fields or waves are the only acceptable ‘physical entities’: get your
ontology from fundamental physics—even if that requires generating a more abstract
and less “stuffy” sort of ontology than that characteristic of the classical view we
find, for example, in Newton. Indeed, certain abstracta, like the abstract, functional
concept of ‘computer’, find many instances, and these instances obey suitably
abstract laws (that of logic and computation, let us say). To say that every computer is
realized by some conglomeration of physical stuff (non-abstracta) is not to say that
the laws are untrue and fail to refer. Maybe we just don’t think that such kind of
theories—those that refer to abstracta—don’t count as fundamental physical theories.
Surely, though, Bub’s opponent owes him an explanation as to why his information
theoretic characterization of quantum theory cannot count as a fundamental theory of
the universe. In other words, Bub’s opponent owes him a story as to what counts as a
“fundamental theory”—an argument that has not be made. And this question—what
counts as a fundamental theory—does not seem to admit of a perfectly general
answer. Indeed, as I’'ll explain at the end of this dissertation, this question is open, as
open as any theory is open to empirical investigation. So, unless Bub’s opponent just
stamps their feet and insists that all interpretations of theory or fundamental theories
all require an ontology of particles/fields or waves by which one may construct (or
build up to) the physical world (lego-style), then Bub’s opponent is simply begging

the question.
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But, the opponent might persist, what I am really requiring is that unless your
ontology is such as to allow for a description of all fundamental physical processes
(at least those that are the purview of quantum theory—and we must include here the
process of measurement itself) in terms of the behavior of this fundamental ontology
plus the dynamical laws that coordinate the behavior of that fundamental ontology,
then this ontology, and this interpretation in general, is completely inadequate. So,
our opponent claims that we cannot build a picture of the basic processes of nature
out of the quantum information theoretic account, nor can we, in particular, resolve

the measurement problem.

How could the interpretation do this, if there is no appeal to entities like
particles/field or waves—entities which are such as to allow for spatiotemporal
locatedness, and are such as to move. Those sorts of entities are, we may say, concrete
in the sense that they have (in principle) definite and determinate spatiotemporal
features. Abstracta—functional ‘objects’ like computers or ‘informational systems’—
do not themselves have spatiotemporal locations, but their concrete exemplars most
certainly do. Information qua entity (let us say even qua abstract entity) does not have
a “location”, spatiotemporally speaking, in the same way that particles or waves have
spatiotemporal location. That which is a concrete physical realization of (quantum)
information will always have a spatiotemporal location—and so the quantum
mechanical problems of recovering definiteness and determinateness, that is of
recovering an apparently “classical” world from the quantum one—will only arise
whenever we attempt to tell a story of the quantum world in terms of an ontology of

particles/fields or waves. And only here does a measurement problem arise.
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5.3 An analysis of ‘measurement’. Recently, Bub has addressed precisely the issue
discussed above in more detail, and has developed a more nuanced approach to the
question being raised here, which is just what is being required of a quantum theory
so that a solution to the measurement problem may be given? In particular, what is a
measurement, anyway? Bub claims (personal communication):
The new empirical discovery underlying quantum mechanics that
clashes with the causal-mechanical view of classical physics (as
extended by Einstein’s relativity theories) is that there exist
information sources that cannot be cloned. Putting it differently: there
is no universal information-cloning machine... [i]f you could clone the
information source, then you would have [in a twin-slit experiment, for
example] a classical distribution at the back of the slits and not the
interference distribution. So, the essential step in the break with
classical physics is noncommutativity or the Uncertainty Principle.
[...] If you have information sources that cannot be cloned, i.e., if
there is no universal information-cloning machine, then there can be

no such thing as measurement in the sense that we usually think about
measurement is a causal-mechanical theory.

So, according to this view, the “no universal cloning machine” theorem, which can in
information-theoretic terms be proven of quantum theory, implies that “there can be
no such thing as measurement” in the usual sense, which is that there is (ideally) a
perfect correlation between the states of the measurement apparatus and the states of
the system being measured—i.e., the measurement apparatus effectively clones or
copies the physical states of the measured system. Insofar as there exist no universal
cloning machines, then no such measurements exist according to Bub’s information
theoretic interpretation of quantum theory.

To put it simply [he writes]: ‘no universal information-cloning

machine’ means ‘no measurements’ (in the usual sense). So we have to

take our measuring instruments—ultimately—simply as classical
information sources, i.e., a ‘black boxes’ no susceptible to a dynamical
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analysis. That is, in any measurement situation, there must always be
some ultimate measuring instrument that is not analyzed any further
dynamically and is just functioning as a classical source of
information, i.e., it produces some classical probability distribution of
events. ...[Y]ou can always push a dynamical analysis of the
instrument further (there’s no absolute stopping point...), but that just
pushes things one step back to some other ‘ultimate measuring
instrument’. This is a conclusion of the analysis prompted by the
discovery that some information sources cannot be cloned (and
empirical discovery elevated to a principle underlying quantum
mechanics as a new theory of information...); measuring instruments
much (ultimately) function as ‘black boxes’ or classical information
sources.

This is a strong thesis. It implies that any causal-mechanical story of measurement

requires that there be cloning, which is disallowed. Thus, there is a dilemma: either

there is no measurement problem, or universal cloning is possible. Bub’s position

entails, therefore, that there is no measurement problem. Furthermore, Bub claims

that this interpretation—which is essentially arguing for a particular analysis of the

meaning of ‘measurement’—is analogous to what Einstein provided with his special

theory of relativity, which is an analysis of the meaning of ‘simultaneity’. Bub

explains:

So, quantum mechanics is not a theory of waves and particles of a new
sort but a theory of information and how it relates to classical
information. From this point of view, there is no measurement
problem: the problem arises if you persist in thinking about quantum
mechanics in the old way. The analysis ... resolves a foundational
problem in a similar sense to the way the puzzle about light is resolved
by Einstein’s analysis of simultaneity. For Lorentz, the fact that the
velocity of light is constant was something to be explained, e.g., by
‘constructive’ assumptions about electrodynamical interactions in the
ether that are responsible for the contraction of moving rods. For
Einstein, there is nothing to be explained here (in the sense of
providing a mechanism for some puzzling behavior): the puzzle is
resolved by the analysis of simultaneity (i.e., there is no puzzle).
Similarly, GRW theorists postulate a constructive ‘collapse’
mechanism to explain how you get a classical probability distribution
is a measurement interaction. But there is nothing to be explained here
from the point of view of the information-theoretic interpretation: the
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analysis linking the behavior of measuring instruments to the
impossibility of a universal cloning machine resolves the puzzle (i.e.,
there is no puzzle).

So, Bub now proposes as one fundamental principle the principle that there is no
universal cloning machine; this is a principle that “governs” (if you will) the

“behavior” of information transfer.

It is not entirely clear why Bub’s proposal is not as “physical” as Einstein’s.
Both begin with, in effect, an analysis of measurement: for Bub, the analysis concerns
the basic structure of measurement which involves a correlation between the states of
the measured system and the (internal) states of the measurement apparatus; for
Einstein, it also involved measurement, but one having to do with a more
fundamental consideration of simultaneity—what it means to say that two events
‘happen at the same time’ (which notion is involved in every measurement of length,
which is a fundamental feature of any physical system). Bub calls such kinds of
theory “constitutive”, involving, as they do, a consideration of what constitutes a
proper measurement, or better, what is excluded from the concept of measurement: in
QM (according to Bub), it is cloning that is prohibited (one you formulate quantum
theory information theoretically); in relativity, it is absolute simultaneity that is
prohibited (that is, there is no universal standard of spatiotemporal measurement that

stands outside of every physical process, including that of measurement®”). Both

% This is exactly what the conjunction of the two principles of special relativity lead to: all
determinations of space and time are fixed by the speed of electromagnetic processes, is a constant and
independent of the motion of its source. In effect, this means that only one length is absolute: x= ct,
which is the amount of ‘space’, if you will, described by a beam of light. But this ‘absolute length’ is
essentially dependent upon a particular process in nature, and so does not leave space and time
independent of every natural process, which in turn implies an absolute notion of simultaneity (this is
Newton). Einstein simply realized that this notion of simultaneity was at the heart of Lorentz’s attempt
to account for the laws of electromagnetism, in conjunction with the null result of the famous
Michelson-Morley experiment. Dropping the idea that spatial and temporal facts are in principle
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theories, in their turn, imply something about the proper form of theories in its
domain: in relativity, the proper form is determined by Lorentz invariance; in Bub’s
formulation of QM, the proper form of theories is that is manifest a non-commutative
state-space geometry—not merely apparently, but really. That is, according to Bub,
any reconstruction of quantum theory that adds another (hidden) variable to the
theory will be analogous to introducing an ether hypothesis whose purpose is to
smuggle in an absolute notion of simultaneity. In other words, Bub’s position is that
any “solution to the measurement problem” will be such as to re-introduce a notion of
measurement that is inappropriate for quantum theory (in essence, the old notion of
measurement was such that, in the language of information theory, cloning was

possible in principle).

The point with all of this is that Einstein’s theory is as “physical” as Bub’s
proposed re-interpretation of the quantum theory in information theoretic terms.
Insofar as the notions of velocity and space and time have clear operational meaning
in relativistic mechanics, Einstein’s theory is physically meaningful and can find
concrete physical instances; mutatis mutandis for Bub’s information theoretic
reinterpretation: as long as we can conceptualize any physical system as an
informational system with ‘physical’ components, then Bub’s is a ‘physical’ theory,
at least as much as Einstein’s. Bub’s view implies, however, is that there is no
absolute deconstruction of the process of measurement which is not itself going to

obey the non-commutativity of the quantum theory. That is, there is no absolute

independent of every natural process (including measurement) led Einstein to the special theory: we
have evidence, in effect, that at least one velocity is independent from its source (electromagnetic
velocities), and thus we may hang our temporal and spatial determinations around this fact, rather than
beginning with the assumption of absolute space and time and trying to fit all facts into that
framework.
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measurement—no “universal cloning machine”—and so every measurement
apparatus must remain, essentially, a ‘black box’, an incompletely analyzed

correlation-generating information source.

6. A species of ontic structuralism. Bub’s latest view amounts to a species of ontic
structuralism. Another way of understanding the basic thesis of the ontic structuralist
is that there is no absolute, non-structural decomposition of the physical world—all
entities (individuals) are metaphysically derivative from structure, and there is (in
principle) no end to this structural analysis. In other words, there is no “complete”
account of the physical world that bottoms out in terms of non-structural
“fundamental constituents”. The causal-mechanical view is a metaphysical view that
precisely demands what the structuralist regards as illegitimate, for it regards
everything as determined by the interactions of fundamental constituent parts which

have their own, independent, self-contained nature.

In the case of Bub’s information theoretic interpretation of quantum theory,
what is disallowed is a construction of all fundamental processes in terms of
fundamental constituents; some elements of the picture must remain unanalyzed. If
we did allow such a view, then according to Bub’s interpretation, we will run afoul of
the principle of “no universal cloning machine” in the case where we apply this
causal-mechanical doctrine to the processes of measurement itself. The question is,
then, what sort of a world are we left with if, according to QIT, the fundamental

“entity” is information, and there can be no absolute decomposition of the world
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along causal-mechanical lines? The most plausible interpretation here is that Bub’s
QIT describes the true structure of the world in terms of informational systems, which
may be “composed” of just about anything, given the right configuration and under
the right circumstances. In other words, inasmuch as we may physically construct
systems that are the functional equivalents of quantum computational structures
(effectively building the quantum analogue of classical communications systems that,
e.g., Shannon first described), we may build a kind of quantum computer which
instantiates the right sort of computational structures that will, in turn, obey Bub’s
principles—and the claim is that every quantum mechanical system may be
conceptualized and treated in this manner. We may even go a bit further here, and
invoke the possibility that there may be no limit on how “large” systems may be that
display quantum mechanical effects (something that, e.g., Sir Anthony Leggett has
written on). Indeed, there may be radical length-scale invariance here: if the
conjecture of Leggett’s is right”, then just about any collection of objects at any level
of scale may manifest quantum mechanical behavior, so long as one can suspend the
effects of what has been called “environmental decoherence” (ED for short). The
sense in which we arrive at an ontic structuralist view of the physical world is seen

when you realize that what Bub is really saying is that given the complete generality

% Relatively macroscopic objects such as benzene molecules have been shown to exhibit quantum
interference effects, for example. So, these systems counts as quantum mechanical systems if any do—
irrespective of size. Only quantum coherence counts. The conjecture of Leggett’s is: why, in principle,
should we expect quantum mechanical effects to drop off on the order of the length-scale of viruses,
bacteria, lipids, chemical compounds, etc.? Supposing that ED can be appropriately and effectively
controlled, thus inducing a coherent quantum state, there seems to be no in principle length-scale limit
to what systems will exhibit quantum mechanical effects—possibly whole planets or solar systems. It
follows that, for example, a quantum information system may be constructed with the appropriately
ED-controlled, macroscopic elements. So, just as a computer can be constructed out of wood, water
and pulleys (as Searle famously pointed out in the context of philosophy of mind) for which the laws of
computation apply, likewise for a “quantum computer” (an instance of an informational system) made
out of ED-controlled bits of physical stuff.
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of the laws of quantum information theory, what is being described is not the motion
of non-classical particles or waves, but the modal structure of informational
systems—what can and cannot be done (the “possibilities and impossibilities of
information transfer”) in the world, quite irrespective of “what it’s made of” (this,
finally, is what we’re to be ‘realist’ about, should we choose to invoke that
terminology). Bub’s QIT is insensitive to “what the world is made of”; it only cares to
provide the structure of what there is, come whatever details you like to fill in for the
material stuff. And this, finally, is what relativity provides: a description of what can
and cannot be done in the world, a description of the form the laws of “what there is”

must obey.
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Chapter 4: Quantum Mechanics from the “Archimedean”
Perspective: Between Dynamical Explanation and Non-
dynamical Description.

1. Introduction. The purpose of this essay is to explicate Huw Price’s “Backwards
Causation Quantum Mechanics” (1996, 2001) with the goal of revealing the deeper
philosophical implications regarding explanation and the status of (dynamical) laws
in a universe where this interpretation is true. The metaphysical and epistemic
perspective Price adopts for this view is what he calls the “A