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ABSTRACT

In this dissertation, | examine a view called ‘Epmic Structural Realism’, which
holds that we can, at best, have knowledge ofttiuetsire of the physical world. Put
crudely, we can know physical objects only to théest that they are nodes in a
structure. In the spirit of Occam’s razor, | argtat, given certain minimal
assumptions, epistemic structural realism provalegble and reasonable scientific

realist position that is less vulnerable to anéiisg arguments than any of its rivals.

Thefirst chapter presents an overview of the scientifitiseadebate, concentrating
on the epistemological dimension. Teecondchapter tracks the development of
structural realism, differentiates between sevevalsions, and outlines the
objections that have been raised against it. thivd chapter provides answers to a
large subset of these objections, namely thosechad by Stathis Psillos, who
spearheads the critique of epistemic structurdisrea Thefourth chapter offers an
attempted solution to M.H.A. Newman’s objection tthlhe epistemic structural
realist view, if true, trivialises scientific knoedge. Thefifth chapter presents a
historical case study of the caloric theory of heattilise the study to answer the
pessimistic meta-induction argument. ®ieth chapter addresses the argument from
the underdetermination of theory by evidence. luarghat epistemic structural
realism can potentially restrict the impact of gigument by imposing structural
constraints on the set of all possible theories padible with the evidence. The
seventhand final chapter outlines briefly some promisiagenues for future

research.
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1
THE SCIENTIFIC REALISM DEBATE

1. Introduction

A question in the philosophy of science that hagressed the minds of many
eminent thinkers is the epistemological one of wkiad of knowledge, if any,
science reveals of the physical world. Answers h@ tquestion are typically
classified as either realist or anti-realistructural Realism, as part of its name
suggests, is a position on the realist side ofdivee. In very simple terms, its
advocates hold that our epistemic access to th&dwso far as its non-observable
part is concerned, is restricted to its structfeakures. The position can be traced
back at least to the beginning of the twentiethtwgnand has recently been
attracting renewed interest.

My main aim in this dissertation is to evaluate gteictural realist answer to the
aforementioned question. It seems only prudent tbatevote the first chapter to an
examination of the scientific realism debate. Inawfollows, | will delineate the

boundaries of the debate, articulate the variousitipas and identify the

protagonists. | will also sketch the main argumemid the corresponding objections
and counter-objections. Finally, | will set out tim@in obstacles for realism. In doing
so, | hope to set the stage for structural realestplain its role in this debate as well
as reveal more about the conditions of its incepaod its reincarnation about a

decade and a half ago.

2. The Origins and Boundaries of the Debatfe
Arguably, the scientific realism debate did notllseaome into its own, i.e. was not
independent from general debates about realisri th@ttwentieth century. The first

quarter of the century was marked by a somewhatplmsticated general realism,

! Unless otherwise noted, the terms ‘realism’ amdi-eealism’ will denote the more specific
viewpoints of scientific realism and scientific mrgalism respectively.

% This widely held impression is confirmed by theemtincrease in the number of publications
dealing with structural realism. Note also thathia latest conference of the Amerid@iilosophy of
Science AssociatiofiPSA 2002), structural realism was central todtoet of five papers in the
realism section.

% Detailed overviews of the debate can be foundapd1984: 41-82; 2002) and Psillos (2000b).



most memorably the critical realism of Roy Woodl&s| formed in reaction to the
rampant idealism of the nineteenth century. Théckigositivists came to dominate
the second quarter of the century. In view of thardum and relativistic revolutions
in physics, they found much support for their instentalist version of anti-realism.
It was not until the 1960s, after a multifaceteth@t on logical positivism, that
realism was revived under the guidance of suchrdiguas Karl Popper, Grover
Maxwell, and J.J.C. Smart. At around the same tilne historically motivated work
of Thomas Kuhn and Paul Feyerabend inspired newertsito, and new versions
of, anti-realism. Realist voices were not kept ay,thowever, with Hilary Putnam
and Richard Boyd, among others, keeping the deddate in the seventies. In the
early eighties, the independent but equally powerfiiques by Bas van Fraassen
and Larry Laudan shaped old problems into new ehg#s for the scientific realist.
The debate as it is carried out today owes mudindee developments, especially
those that emerged after 1960.

The twentieth century gave birth and rebirth tolethwra of realisms and anti-
realisms. The current debate is so wonderfullyagathat | would be unable to justly
review in one chapter, or indeed pursue in theaktie dissertation. For this reason
I will concentrate on one particular corner of thebate, something that will make
my task more manageable. Three threads commonet@dhtral realist and anti-

realist positions in this corner of the currentatebare the following:

(CD1) There exists a mind-independent world.
(CD2) Scientific claims/sentences/statements laxk-values.
(CD3) Their truth or falsity is determinable byogrse to the mind-independent

world.

These threads help circumscribe the debate. Tist firead, CD1, endorses
ontological realism thereby excluding positionshsas traditional forms of idealism,
phenomenalism, and solipsism that deny this vielealism holds that the world
consists only of minds and/or mental states. Phenalism, at least in one form,
can be understood in a similar way: namely as thatipn that the world consists

only of experiences/perceptions/phenomena. Sofipsidfers a more extreme
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description, claiming that the only thing in existe is one’s own mind and mental
states.

The second thread, CD2, endorses ‘semantic realiBnm excludes positions such
as traditional instrumentalism, the verificatiorstsed instrumentalism of logical
positivists and fictionalism. In more detail: Tradnal varieties of instrumentalism
view scientific theories as means for the orgamsatand prediction of the
observable aspects of the world and deny that ¢theyhave truth-values. Similarly,
the verificationist-based instrumentalism of thgidal positivists holds that only
observational, as opposed to theoretical, statesramet meaningful and have truth-
values. The later logical positivists, who rejectied verificationist principle, argued
that theoretical statements are partially integtednd can have truth-values, all in
virtue of their correspondence with observatiortatesnents. Fictionalism can be
thought of as a version of instrumentalism, sirtdeolds that theories do not have a
truth-value but are instead valued for their religbor usefulness. It supposedly
departs from instrumentalism in that it takes difiertheories and their ontological
posits to be reliabléictions How the conception of a theory or posit as adict
differs from that as a mere tool is not all thaacl

The third and final thread, CD 3, endorses theesmondence theory of truth. It
understands the notion of truth as one of corredgoce between the mind-
independent world and language. This excludes ipaosit such as social
constructivism and conventionalism. Social congivigsts typically argue that
scientific knowledge is the product of theorisimgt of discovering facts about the
world. Conventionalists consider the claims of sceeas mere agreements, whose
truth is guaranteed by stipulation. While some @mionalists restrict the
application of their view to domains like logic,itametic, and geometry, others

apply it across the board covering, among othegtiscientific claims.

| do not presume that the excluded positions atbout merit, but rather choose to
concentrate on a very specific, and more manageabidlem: Assuming CD1,

* Psillos (2000b) calls the instrumentalist posisidinat deny truth-values altogether ‘eliminativist
instrumentalism’, and the positions that allow tfath-values but claim that the truth and meanihg o
theoretical statements is parasitic on those ofimasional statements ‘reductive empiricism’.
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CD2, and CD3, can science lead us to knowledge tatte mind-independent
world? Participants in the scientific realism debatve, by and large, sought to
answer this type of question, shying away fromabteast sidelining, ontological,
semantical, methodological, and ethical questionkis dissertation will be almost

exclusively concerned with epistemological question

The following two theses will help us in the forratibn of realism and anti-realism:

(OT) The observable thesis: We can have knowlefi¢feecobservable aspects of
the world.
(UT) The unobservable thesis: We can have knowleddjee unobservable

aspects of the world.

| have left the meaning of the terms ‘observablel ainobservable’ undefined for
now, since there is disagreement over this issusvhat follows, we take a closer

look at each of the two opposing camps.

3. Scientific Realism

First Approximation

As a first approximation, we can represent scientéalism as the conjunction of OT
and UT. More precisely, scientific realism stateattwecan have, andactually do
have some, knowledge of the observable and unddisleraspects of the world. But
what exactly do we mean by observable and unobisier¥alhe current consensus
amongst realists follows Maxwell's landmark essa962), where he argues that
there is a continuum from the observable to thebsavable so that no sharp
distinction between them can be drawn. Maxwell algues that what is
unobservable is contingent upon factors such aphtisiology of the human eye, and
that for this reason we cannot demarcate the oabkr¥rom the unobservable. Some
of Maxwell's arguments rely on the theory-ladenneissbservation, an idea that has
been advocated by Pierre Duhem ([1914] 1991), Payérabend (1962), T.S. Kuhn
([1962]1996) and N.R. Hanson (1958) among othenau@h the exact meaning of

® For a more detailed treatment of these other déines of the debate see Niiniluoto (1999: ch.1).
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this notion is contested, most agree that sincerghion statements are formulated
in theory-specific contexts, they are to a certdegree imbued with theoretical
prejudices. We shall shortly see that the theodg#fmess of observation is a double-
edged sword, employed by both realists and anlistean their attempts to defeat

one another.

Second Approximation

Another requirement of scientific realism, alregalyinted out under CD2, is that
scientific claims have truth-values. Our rough ustiEnding of the concept of
knowledge holds that to know something is to hayeséfied true belief about it.
Gettier (1963) famously presented an allegedly sew@mg counterexample to this
analysis of the concept of knowledge. In the curmmtext, one need not get into
the details of how best, if at all, to charactetls® concept. All that need concern us
here is the fact that having a true belief abountething is a necessary condition for
knowing it. To have knowledge of some aspect ofleeld involves the true belief
that the world is in a certain state. Thus, we eapress the scientific realist view
that we have knowledge of (the observable and wergbble aspects of) the world
by saying that scientific claims about the world &ue. As a second approximation
then we can represent scientific realism as théiposvhich holds that the scientific

claims about the observable and unobservable aspgtite world are tru.

Third Approximation

Most, if not all, scientific realists accept thaétclaims made by our current theories
are not typically true but rathepproximately trueln part, the realisation stems
from the simple recognition that even our best tiesoare invariably, though to
different degrees, off the mark when it comes ® phoduction of predictions. The
recent interest in this field was initiated by Pepg1963), who used the terms
‘truthlikeness’ and ‘verisimilitude’ to express thdea that one theory could stand
closer to the truth than anotHeln Popper’s account theories are taken to bedfets

sentences closed under deduction. According to thienfruth content of a theo#y

® For some realists this holds only of scientifiginis from the most successful sciences, i.e. physic
and chemistry. Others are more liberal.

" Niiniluoto (1999: 65) traces the etymological anigf these terms to the Latin term ‘verisimilituglo’
which means likeness or similarity to truth and weioduced by the ancient sceptics Carneades and
Cicero.
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is the intersection betweénandT, i.e. An T, whereT is the set of all true sentences.
On the basis of this notion, he defines increasethlikeness thus: a theo® is
more truthlike than a theod if and only if one of the following two conditions

met®

(C1) AnTOBAT and BAFOANF
(C2) AnTOBNT and BAFOANF

Popper’s definition of truthlikeness was short-tlydor David Miller (1974) and
Pavel Tichy (1974) independently proved that untiés definition a false theory
could not be more truthlike than any theory whatsoeThis is an unwanted result
because one of the demands for a theory of trahéks is to be able to compare
theories that are strictly speaking false yet axpmate the truth to greater or lesser
extents. Since the refutation of Popper’s definitia number of different accounts of
the notions of truthlikeness, verisimilitude ancbapimate truth have appeargd.
The most prevalent of these talsamilarity or likenessas measuring distances from
the truth (see, for example, Hiplinen (1976), Nioto (1987), and Oddie (1986)).
One of the most serious problems with this appraa¢hat comparative judgments
of truthlikeness are not translation-invariant. Whn one language a theory A may
be more truthlike than a theory B, this relation t& reversed in another language.
Various solutions to this problem have been propo&ee, for example, Tichy
(1978), Oddie (1986)) but none seems to commarmhsensus.

Many realists have abandoned the task of tryingive formal treatments to these
notions and have instead focused on more inforrabunts (see, for example,
Aronson, Harré and Way (1994), Newton-Smith (19&)ith (1998) and Psillos
(1999)). Whether any such informal account deliviérs goods is a contentious
issue. At any rate, it is sufficient for the currgmurposes to note, as a third

approximation, that scientific realism can be reprged as the position that the

8 Obviously,F is the set of all false sentences.
° Note that some authors (see, for instance, Nitili{1999)) assign different meanings and functions
to the concepts of approximate truth and truthlésen
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scientific claims about the observable and unoladdevaspects of the world are at
least approximately trug.

General Formulation

Before we present a general formulation, we mustsicer one more element,
namely theaim that scientific realism ascribes to science. Adow to the first part

of van Fraassen’s definition of scientific reali$®cience aims to give us, in its
theories, a literally true story of what the world like’ (1980: 8) [original
emphasis]. Most realists are happy with this charegation. Given the traits we
have attributed to scientific realism so far, iess hardly necessary to state that at
least one of the main aims of science is to givérus/ approximately true claims
about the world. It is nonetheless worth making fieature explicit in our general

formulation of scientific realism:

(SCR) Scientific Realism: Science aims to prodaece, has succeeded in producing,
true/approximately true claims about both the olmgle and the unobservable

aspects of the world.

This formulation captures the spirit of scientiféalism. To present a more complete
picture, however, we need to look at the main ctaihat often accompany scientific
realism. In ‘A Confutation of Convergent Realisrhaudan provides a list of the
central claims advocated by scientific realistsrectly acknowledging that “there is
probably no realist who subscribes to all of thehofigh] most of them have been
defended by some self-avowed realist or other” {128). Here is a no-frills version
of that list:

(RC1) Scientific theories in mature sciences ap&cslly approximately true.

(RC2) More recent theories are closer to the tiiudim earlier ones.

(RC3) All the terms, i.e. observational and thdoegt of theories in mature
science genuinely refer

(RC4) Successive theories in mature science ‘prestre theoretical relations

191t might be objected that this statement need®eteestricted to mature scientific claims. Indeed,
most, if not all, scientific realists adopt thistriction. This point is correct and is taken onroda

the next few paragraphs. For more on the concepiatdire scientific claims, | ask the reader to look
at the last few paragraphs of section six of thispter.
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and referents of earlier theories.
(RC5) New theories (do and should) explain the ssgo©f their predecessors.
(RC6) Claims (RC1)-(RC5) constitute the best, if the only, explanation for
the success of science, and this successdaoempirical confirmation
for realism. (1981: 20-21).

Laudan calls the conjunction of all these claim®n\ergent epistemological
realism’, the idea being that successive scientif@ories steadily converge to an

ultimate and final theory that faithfully refleatsality.

Having presented a general formulation of scientiGalism plus a list of central
accompanying claims, it would now be useful to aafew things about the main
varieties of realism. Given the numerous, and Ugaibtle, disagreements over the
claims on the above list, it would prove cumbersdmeise the list as a point of
departuré! However, we can make a rough and ready distindbetweentotal
realism and partial realism'?> Contra total realism, partial realism imposes a
distinction between those kinds of theoretical congnts that can represent some
aspect of the world and those that caridBy ‘kinds’ | here mean the general
classificatory schemes employed to systematisacgje.e. entities, laws, etc. Under
the banner of total realism we can place philosopbach as Richard Boyd, Philip
Kitcher, Jarrett Leplin, W.H. Newton-Smith, llkkaiibluoto, and Stathis Psillo%.
Under the banner of partial realism we can citedya@artwright, Ronald Giere, lan
Hacking, Rom Harré, Ernan McMullin, John WorratideElie Zahar?

1 Leplin (1984: 1-7) attempts to go down this patthvai similar list but the result, though somewhat
informative, is rather convoluted.

12 Similar distinctions have been put forward by eshélkka Niiniluoto, for example, distinguishes
between critical realism and critical half-realiéh®99: 12). Arthur Fine (1998) identifies piecemeal
realism in a manner similar to Niiniluoto’s critldzalf-realism.

13 Some total realists, like Philip Kitcher and SisiBsillos, draw their own distinctions between
those theoretical components that we should belieaad those that we should not. Their distinction
does not make them partial realists in the sengkaiged above, for it does not discriminate between
kindsof theoretical components. For example, they daadwocate belief only in laws but not
entities, or vice-versa, like partial realists do.

% For further reference see Boyd (1990), Kitche©@)9Leplin (1984), Newton-Smith (1989),
Niiniluoto (1999), and Psillos (1999).

1% See, for example, Cartwright (1983), Giere (198Bj¢king (1982), Harré (1988), McMullin

(1984), Worrall (1989), and Zahar (2001).
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We can cut deeper into partial realism by askirgydhestion, Whatis it that the

partial realist claims we have knowledge of?’ lascking and Nancy Cartwright, for
example, are realists about entities, claiming aticiem about theories. According
to Hacking’s influential account, hypothetical ¢ies become real “[wlhen we use
them to investigate something else” (1982: 1165k ptime example concerns
PEGGY II, a polarising electron gun, built accoglio our knowledge of the causal
properties of electrons. When the gun was sucdéssfsed to discover the first
known example of parity-violation in a weak neutcairrent interaction, Hacking

maintains, we gained further evidence to believhareality of electrons.

Similarly, Cartwright (1980) has argued for a re@httitude towards the causes of
phenomena, which, at least in this case, invohesdiam about the entities that
feature in causal accounts. It is the fundameiatak|of physics, according to her,
that we should be wary about since “to the extbat they are true, [they] don’t
explain much” (867). In Cartwright’'s view, the fuanrdental laws of physics work
well, and are considered approximately true, intdled laboratory experiments.
But they do not, and according to her cannot, kertdo be true of or explain what
goes on in the world outside the laboratory. Oetsile laws need to be augmented
by additional assumptions and auxiliaries to bee @bl model anything; and even
then they under-perform in their predictive andlarptory power when compared
to what they can achieve in a laboratory. Worsk, stiey are often completely
inapplicable. Having painted this bleak picture, rt@aht argues against
fundamental physical laws and in favour of theitgalf entities that feature in more
localised causal interactions. Her best-known cerekample to the explanatory
power of fundamental laws of physics is the intnht# dynamics of a thousand

dollar-bill floating around in St. Stephen’s Squar&/ienna®®

The other major type of partial realism is struaturealism. John Worrall and Elie
Zahar, for instance, are realists about structures, typically laws of nature
represented by mathematical equations, claiming ttheoretical posits and non-
structural parts of theories alike are suspici@isce the next chapter is devoted to

an explanation and elaboration of structural realiswill restrict my comments here

16 See her (1998: 28). Cartwright correctly credito®leurath with the example.
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to the prima facie incompatibility between entigalism and structural realism. If
entity realists remain agnostic with regard to thessfundamental laws, which
presumably includes structures, and structuraistsalemain agnostic with regard to
theoretical posits, then obviously the two possiotan hardly disagree more.
Niiniluoto (1999: 139) goes as far as to call thelametrically opposite’. | think

that his ruling may be a bit premature. Despitartpeofessed aversion towards
theory, entity realists make allowances for sonogy-level, theory. Hacking, for

example, appeals to ‘low-level causal properti@ghich, no matter how much
glazing he puts on them, are simply theoreticaperbes. Similarly, as we shall see
in the next chapter, structural realism does nect&knowledge of entities but rather

restricts such knowledge to their structural feastf

4. Arguments in Support of Realism

Over the years many arguments have been propodesiaor of realism. Of these,
few have carried as much weight as the Miracle and Inference to the Best
Explanationarguments. The following is a brief expositiontbé principal claims

involved in these arguments as well as objectiarsed against them.

The argument that came to be known as the ‘no teiraggument’ (NMA) was
independently proposed by J.J.C. Smart (1963) arldryH Putnam (1975).
According to the NMA, scientific realism is thanly view that does not make the
success of science a miracle. Given the empirigetesss of scientific theories, it
would be a coincidence of almost cosmic proporti@na miracle if they were not at
least approximately true. The tacit assumption dyiohg the NMA is that most of
us are unwilling to accept that the success ohseiés a miracle. We thus opt for the

purportedly only alternative, scientific realism.

It could be objected that the NMA poses an unfdéndma: either uphold scientific
realism or consider the success of science a miracThe second disjunct is
generally accepted as not really an option. Indeeah Fraassen (1980: 39-40)
concedes that we might need to account for theesgoaf science, but denies that the

" Chakravartty (1998) goes as far as to say thaithesiews, when properly construed, entail each
other. Though | do not find this claim convincinggree with the general idea that entity and
structural realism can be harmonised with one amatlithout much difficulty. For more on this see
my review (2003a) of Niiniluoto’s book.
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only or best account is scientific realism. To supghis point he makes an analogy
between the practice of science and the theorywaiugon. Scientific theories also
struggle for survival with only the ‘fittest’, i.emost successful, surviving. These,
van Fraassen says, need not be true or approximaited but they need to be

empirically successfut®

In order to strengthen arguments like the NMA, istaloftentimes emphasise the
importance of novel predictior8.It is argued, for example, that scientific realism
best accounts for theovelsuccess of science. A prediction is novel, acogrtlh the
most basic notion of novelty, if the phenomenondmted was not known to have
existed prior to the theory’s prediction of it. $hs often calledemporal novelty
More sophisticated notions have been proposedtheeyears. Elie Zahar (1973), for
example, has proposed the notiorhetiristic noveltyalso calleddesign noveltyto
convey the idea even if a phenomeridis known prior to the inception of a theory
X, its prediction byX will be novel provided tha® was not used in the construction
of X. More generally, so long as a body of evidence matsused in a theory’s
construction it counts as heuristic-no#&Newton’s gravitational theory is a case in
point. Although the precession of the equinoxes wasvn to Newton, his theory
was not constructed using this phenomenon. Accgrtiinthe notion of heuristic
novelty, the subsequent prediction of the phenomersing Newton’s theory counts

as novel.

Many philosophers believe that the conceptirdérence to the best explanation
(IBE) is due to C.S. Peirce, who introduced it unithe name of ‘abduction’. What
certainly is uncontestable is that a century |&#ert Harman (1965) branded this
type of reasoning ‘inference to the best explamafibThe idea behind IBE is simple
and intuitive, its use abundant in scientific piaet If a theory Xexplainssome

'8 To understand this argument properly one needsdw knore about van Fraassen's take on the
epistemological status of scientific theories. Tthgk will be taken up in the coming sections. k& th
meantime it is important to note that van Fraassemblution analogy is criticised in, among other
places, Brown (1994: 6-7).

¥ There is a thriving literature on this topic. Sonaable articles include Worrall (1985), Mayo
(1991), and Achinstein (1994).

%0 John Worrall offers a notion efse-noveltyhat is a development of Zahar's notion (see the
former’s (1985) and especially his (2002)).

2L In Peirce’s work, abduction is more general thdarence to theestexplanation; it is inference to
someexplanation.
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evidence better than any of its rivals, then iraasonable to choose X over the
others. IBE is thus essentially comparative in rgtwith explanatory merits as the
adjudicating forcé” This much seems trivial. More contentiously, maeplist
supporters of IBE have argued that we should naeipehoose X over its rivals but

that we should believe in thiruth or approximate truthof X.

It is not hard to see how this largely methodolagimoncern has been hijacked for
the epistemological concerns of the scientificismaldebate. Boyd and Putnam, in
particular, are credited with developing an IBEdwzhexplanationist defence of
realism that has come to dominate the realist&raié® Their argument is that the
empirical success of science, not just a body afesce, requires explaining. The
best, indeed the only, explanation for this succassording to them, is realisth.
They thus see the NMA as an instance of IBE. Thait is inferred that the success
of science is not due to a miracle but rather t tiuth/approximate truth of the
theories employed. In fact, Boyd, Putnam, and mecently Psillos, treat scientific
realism as a scientific hypothesis, whose supparies from the view that it is the

only viable explanation of the methodological ssscef sciencé®

The most thorough study of IBE thus far has bee & Peter Lipton (1991). He
compares IBE to various traditional inferential deg, such as the ‘instantial model
of inductive confirmation’ and the hypothetico-detiue model, arguing that IBE
overcomes some of their shortfalls. Not only is IBEtter than the competition,
according to Lipton, but it also “gives a naturakdription of familiar aspects of our
inferential procedures” and “has a number of daiuely philosophical

applications” (66,70). IBE is not a monolithic cept. Lipton identifies a range of
IBEs, of which he singles out inference to the lmst potential explanation (see
ch.4). This is contrasted to inference to the idstl potential explanation, the

22 Having said that, | don’t think that proponentghi$ view would be alarmed if someone pointed
out the fact that a lot of theories have no extaats. In reply, they would probably say thattifd a
theory of a mature science and it explains the, dlashould still be considered as true or at least
approximately true. For them, being the sole caatggust means that it is the only one that exylai
the data, and in that respect the best availablaryh

23 Not all scientific realists in fact accept the kxptionist defence (see Newton-Smith (1989)).

24 psillos (1999: 71) argues that realism iskibstrather than thenly explanation of science.

%5 Boyd calls this the ‘abductive strategy’ whichdmntrasts with a similar approach that he calls
‘local explanationism’. For more see his (2002:)7MNptice that the so-called abductive strategy is
similar to Laudan’s claim RC6.
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loveliest explanation offering the most understagdivhile the likeliest being best
supported by the evidence. Lipton prefers inferetmethe loveliest potential

explanation because he thinks that explanatoryliteegs can be a guide to likeliness
and that our inference making becomes less integetite more we restrict the role

of explanatory virtues.

Both IBE and the explanationist defence of realswe been criticised on nhumerous
grounds. The most common objection is that using t8 choose one theory over
existing rivals guarantees neither the theory'shtmor its approximate truth. After

all, the pool may contain only false theories. Tdtigection has, in turn, been used to
argue that the explanationist defence of realismquestion-begging (see, for

example, van Fraassen (1985)). Given that nonstealo not accept IBE in science,
the argument goes, there is no basis to accefité®-level) explanationist defence
of realism. Van Fraassen, in particular, offersatternative account according to
which “we are always willing to believe that thestiny which best explains the

evidence, iempirically adequate(1980: 20). He thus uses IBE, originally brought
into the debate to support the realist, to makardnrealist inference, namely that an

explanatory better theory is empirically adequate.

5. Scientific Anti-Realism

All anti-realists, not surprisingly, share a distrwf, or scepticism towards, realist
claims. Just like realism, anti-realism can be tbunvarious forms and guises. With
regard to scientific knowledge, the general ardiisg intuition is that we cannot

know whether any of the claims made by scientifiearies about the mind-

independent world are true or approximately trus. @Aconsequence, anti-realists
consider the realist claims RC1-RC6 unwarrantedodrticular, they denounce the
realists’ principal claims that theories are insiagly approximating the truth and

that the theoretical terms in currently successhdories refer, i.e. the entities

alleged to exist by these theories really do exist.

As previously indicated, given the assumptions thsst out in the beginning of this
chapter, i.e. CD1, CD2 and CD3, only one anti-stafiosition qualifies as an

alternative to realism. | am referring to constivgestempiricism, the position that is
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widely thought of as the main anti-realist competit this debate. In what follows |
take a look at the main tenets of constructive egipm.

Constructive Empiricism

The view identified as ‘constructive empiricism’ the brainchild of Bas van
Fraassen. It shares some features of the oldeumsntalism, but it diverges from it
in at least one important respect. As van Fraasseat pains to point out,
constructive empiricism insists on a literal conatrof the language of science. In
short, theoretical statements are understood asmdawuth-values. The catch,
however, is that we cannot find out what truth-esluheoretical statements have.
We can only assign truth-values to observatiorskbstents. That, according to him,

is enough to present science as a rational process.

In line with logical positivists, but against resd#i, van Fraassen supports a
distinction between observables and unobservablese precise, he lambasts the
use of expressions such as ‘observational vs ttiearelichotomy’ and ‘theoretical
entity’, saying that these are examples of categoryrs. Entities are observable or
unobservable, while terms and concepts are theafelihis clarification, argues van
Fraassen, leads to two important questions: l1ariguage divisible into theoretical
and non-theoretical parts? 2) Are objects and svdivisible into observable and
unobservable ones? He answers the first negathwelgppeal to the idea that our
language is thoroughly theory-laden. He answerséduend affirmatively in saying
that though the term ‘observable’ is a vague pwddicjust like most predicates in
natural language, “it is usable provided it hasacleases and clear counter-cases”
(1980: 16). He goes on to say that seeing witmtied, i.e. unaided, eye is a clear
case of observation whereas ‘seeing’ particlesatoad chamber is a clear counter-

case.

Constructive empiricism is offered as an epistemicklly frugal view that can
nonetheless make sense of science. More precisahgtructive empiricism is the
view that ‘science aims to give us theories which are emplyicadequate; and
acceptance of a theory involves a belief only ihas empirically adequate(12)
[original emphasis]. One evident difference betwean Fraassen’s position and

realism is the replacement of the criteriontroth with that ofempirical adequacy
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What exactly is empirical adequacy and why shouldl prefer it to truth? The

answer to the first part of the question is th#teory is empirically adequate when
everything it asserts about tlobservableworld is true. Echoing Duhem’s phrase
‘saving the phenomena’, van Fraassen argues tihaoay is empirically adequate if
it saves the phenomena. The answer to the secahefptihe question is that the
criterion of empirical adequacy is less demandaryd(presumably more warranted)
than the criterion of truth, for it requires thexrito make true assertioosly about

the observable aspects of the world. In other words Fraassen rejects UT.

Discussions of the merits and drawbacks of consteiempiricism can be found in
abundancé® Many of the objections raised against it are d@eat the notion of
empirical adequacy. John Worrall (1984) and Alanslyhave (1985), for example,
have independently argued that if a theory is toeb®irically adequate in van
Fraassen’'s sense, then it must save all the phermmmt just those actually
observed so far. But since we can never have atcessthe phenomena, we will
never be warranted in accepting a theory as emaflyi@adequate. Many other
objections are directed at the observable-unobbkrvdistinction. It has been
argued, for example, that the selective sceptitismahvan Fraassen advocates cannot
really be upheld since it is presumably based oarhitrarily drawn distinction (see
Paul Churchland (1982) and Gary Gutting (1983)).

6. Arguments in Support of Anti-Realism
Two arguments that have a venerable history suipgoenti-realism are: 1) the
underdetermination of theory by evidence and 2)damning historical record of

science.

Underdetermination of Theory by Evidence

Though currently found in various formulations, tmeain idea behind the
underdetermination of theories by evidence (UTEJasghly speaking, that for any
given body of evidence there are infinitely manympeting theories that can
‘accommodate’ it, so that the evidence cannot wligdetermine a scientific theory.

%6 Churchland and Hooker (1985) contains a colleatibessays on constructive empiricism including
a reply from van Fraassen.
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That the inference from the evidence to the theonot deductively valid is an age-
old idea. One prominent advocate is David Hume. eldamously argued that no
matter how many occurrences of an event we obsemeaannot derive a universal
statement from them. This has come to be knowresgptoblem of inductiof’ A
similar idea that has been around since (at |tlastlate nineteenth century concerns
the fitting of curves. It is a matter of fact thafinitely many curves pass through
any finite number of points. The analogy with UThosld be obvious, i.e. infinitely

many theories can accommodate the same (inevitialitly) body of evidence.

A related, though distinct, idea was put forth bgri@ Duhem ([1914] 1991). He

argues that confirmation is a holistic affair. Mopeecisely, he argues that a
hypothesis can never be tested in isolation, siiceannot produce testable
predictions without auxiliary assumptions. Puteliéntly, a counterinstance falsifies
the whole conjunction (i.e. hypothesis plus aux#ig), leaving us uncertain about
which of the conjuncts are to blame. Duhem’s thegs subsequently revived,
though arguably in a different guise, by W.V. Quii®51). He has proposed the
stronger argument that any hypothesis in our welbetiéfs can always be saved by
adjusting the web to accommodate evidence that pvasiously thought of as

negative?®

UTE supports anti-realist accounts in that it hdltis no matter how much evidence
we amass we will always have infinitely many thesrio choose from, i.e. we will
never be able to uphold any one theory as the ¢tnee We can formulate a

constructive empiricist version of UTE:

(UTE-CE): For any given body of observational evide there are infinitely many
empirically equivalentheories that diverge on their theoretical claims.

Though it is not uniquely associated with consiugcempiricism, the concept of

empirical equivalence features centrally in it. ¥4y that two or more theories are

2" Nelson Goodman (1965) presents concrete examplesioinduction can fail to pick the right
theory. See Colin Howson (2001) for one of mangg#t solutions of the problem.

%8 Donald Gillies (1993) argues that Duhem’s the#ffeis from Quine’s thesis. Carl Hoefer and
Alexander Rosenberg (1994) point out the differsrizetween underdetermination and what has
come to be known as the ‘Duhem-Quine thesis’.
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empirically equivalent when they entail the samsebational consequenc@sTo
remind the reader, constructive empiricism urgebebén a theory’s empirical
adequacy, i.e. roughly speaking belief that only ¢ibservational consequences of
the theory are true. UTE-CE supports constructivpigcism for it holds that no
observational evidence will ever allow us to findt evhich theoretical claims are
true or approximately true. Consequently, UTE-CHBalgs the belief that only the

observational consequences of the theory can henstwbe true.

Given the gravity of these allegations, it is natpsising that the many UTE variants
have come under heavy fire (see, for example, Giyknour (1980)). In a landmark
article, Laudan and Leplin (1991) have objectedpmgnother things, that the notion
of empirical equivalence is not well defined. EvEwe ignore this, they argue, we
can still choose between empirically equivalenbthes because: (1) a theory is not
necessarily supported by the empirical consequeih@gails and (2) a theory can
be supported by evidence that it does not itsethienThe second point can be
interpreted in one of two ways: (2a) a theory carsbpported by empirical evidence
over and above the evidence it entails and (2lheary can be supported by extra-
empirical evidence, namely by considerations of necay, simplicity, unity,
explanatory worth, etc. Whether such consideratsyasepistemically relevant is the
object of debate. Moreover, what counts as evideocea theory can have a
tremendous impact on the efficaciousness of theeabtaims and, by extension, on
UTE and the debate as a whole. In all, the reahsige to show that there are
justifiable methods through which we can chooseveenh empirically equivalent

theories.

The Damning Historical Record of Science

At the beginning of the twentieth century, Piernehem and Henri Poincaré made a
compelling case that the history of science is puated by the overthrow of hitherto
successful theorie€.The logical positivists, who inherited much fromtib Duhem
and Poincaré, largely ignored historical considenst The result was a pervasive,
though tacit, assumption that scientific knowledges at once both cumulative and

progressive.

9 For a somewhat different notion of empirical eqlénce see Quine (1975).
% See the next chapter for details.
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It was not until the 1960s that this assumption g&suinely brought into question.
Thomas Kuhn ([1962]1996), Paul Feyerabend (196Z&5)9and many others
reinstated the point made earlier by Duhem and daoénand reinforced it with
historical case studies. Kuhn, in particular, atgti&t defining moments such as the
Copernican, Newtonian and Einsteinian revolutidng)g about a shift in paradigm
that replaces old concepts and theories by raglicelv ones’ The meanings of
theoretical concepts belonging to competing paradigire so radically different,
Kuhn argues, that it is impossible to compare eithe paradigms or the concepts,
let alone support the view that there is some oait§i between therff This has

come to be known as the ‘incommensurability thesis’

Indeed, Kuhn avoids the notions of truth and apjpnate truth altogether, opting

instead for an account of progress that views seieas a problem-solving

endeavour. Given incommensurability, the argumemgsg there is no common
ground from which to judge the goals of the compettheories and, therefore,
scientific theories cannot be said to be incredgiagproaching the truth. The notion
of incommensurability is often intertwined with thef the theory-ladenness of
observation. Since observation is theory-ladenatiterealist argues, it cannot serve
as independent ground upon which rival theoriesbegjudged. In sum, Kuhn claims
that theory change involves radical shifts in whedsential theoretical components
including central theoretical terms are thrown awaryd thus that scientific

knowledge is neither cumulative nor progressiveaas the truth.

Even though arguments based on the historical deobrscience were originally
launched against logical positivist instrumentalism anti-realist position, they have
since become the staple of anti-realists in theenapts to bring down realism. At
stake are the realist claims on the above list. R@4example, is in direct conflict
with the historical arguments, for the latter umdiexe the claim that successive
theories in mature sciences preserve at least @frtiee theoretical relations and

referents of earlier theories — notably the certdnals.

31 put simply, a paradigm consists of one or moreribs, auxiliary hypotheses, heuristic models,
ontological assumptions and methodological prirespl

%2 The implicit assumption here is a descriptive tigafreference according to which a theoretical
termt refers to an entitg if and only ifa satisfies the theoretical (i.e. descriptive) claimede by the
scientific theory employing
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The realist reaction to these early historical argnts has followed one of two
strategies. On one strategy the realists have leaghan offensive against the notions
of scientific revolution, paradigm, and incommeradility, claiming that they suffer
from vagueness (see, for example, Dudley Shape¥é4jland Lakatos (1970)).
Lakatos’ ‘methodology of scientific research pragraes’, in particular, replaced
the concept of paradigm with that of scientificeash programme, characterising
the latter in ways that would support a more ratish outlook towards theory
change in the history of scienteOn the other strategy realists have contested the

anti-realist points on historical grounds (seeeéoample, Richard Purtill (1967)).

A more sophisticated version of the historical angat has been put forward by
Laudan (1977; 1981). Laudan criticises the useominections between reference,
approximate truth, and success in support of tipda@ationist defence of realism as
tenuous. More precisely, he argues that the piedieind explanatory success of a
theory guarantees neither its approximate truththat its central theoretical terms
genuinely refer. The available historical evideragording to him, clearly shows a
repeated overthrow of scientific theories as false their referents as not genuinely
referential, despite explanatory and predictiveceas. Laudan cites the following
long list of theories as evidence for his claine tirystalline spheres of ancient and
medieval astronomy, the humoral theory of medicthe, effluvial theory of static
electricity, the ‘catastrophist geology’, the phkign theory of combustion, the
caloric theory of heat, the vital forces theoridspbysiology, the electromagnetic
ether, the optical ether, the theory of circulariia, and the theories of spontaneous
generation (1981: 33). This argument, thus, chg#enthe realist claims RC3 and
RC4>*

Implicit in Laudan’s argument is the so-called ‘siesistic induction’ (PI¥*> Laudan

argues that, given the historical evidence, theererice from explanatory and

% Lakatos presented his work as a synthesis of séidaln’s and Popper’s ideas.

3 Laudan does not stop there. Like many others, basas the realists of failing to provide a
semantical and epistemological characterisatich@hotion of approximate truth, holding that this
makes RC1 and RC2 ‘so much mumbo jumbo’ (1981:13&)also questions RC5 saying that a
theory might be better supported than its rivalsngg be able to explain why its rivals were
successful (47). Given his distrust of all thesgnas, i.e. RC1-RC5, he thinks that RC6, which eelie
upon them, cannot be upheld.

% Though Laudan’s (1981) argument is now widely kn@srthe ‘pessimistic induction’ argument, it
has been pointed out (see Timothy D. Lyons (200823}, this argument is only present in his (1977).
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predictive success to approximate truth and sufidessference is unwarranted.
Thus construed, the argument is a modus tollens,anoinduction (see Lyons
(2002)). However, one can read this argument asmaunction. That is, given the
historical evidence that past successful theoriesewabandoned as false and
referentially unsuccessful, we can inductively a&ghat current or even future
theories will also succumb to the same fate. Tlkeiasoning employs historical
evidence to argue, inductively, for pessimism wilgard to the approximate truth

and referential success of our theories.

Though some realists have largely ignored the pesst induction, many more

have taken it seriously. Some of these have atthtke argument itself (see, for
example, Hardin and Rosenberg (1982), Psillos (1.986d Devitt (1984: 143-9)).

Others have engaged in historical case studiesniratempt to show that the
historical record can be reconciled with scientibalism (see, for example, Worrall
(1989; 1994), Kitcher (1993), Psillos (1999: ch.@)his last move usually involves
showing that abandoned theoretical componentsaressential for the explanatory
and predictive success enjoyed by the theories Whene embedded in. In other
words, the theoretical components that survive rihedange are those that are
responsible for the abandoned theories’ successes.

In their fight against historical arguments thelists have appealed to the notion of
mature scienceBy categorising those theories that have beemddreed in their

entirety as belonging to an insufficiently develdm immature science, the realists
hope to restore the cumulativity of scientific kedge. The distinction between
mature and immature science is appealing on inalp#ngrounds because many
would like to draw a line between the early prinefundeveloped stages of a given
science and the latter stages where the sciencaimably begins to blossofh.

Many, for instance, would find Aristotelian physios the Ptolemaic systems of

The argument has also been put forward, indepenydanthe face of it, by Putnam, who says that
“...eventually the meta-induction becomes compelljogt as no term used in the science of more
than fifty (or whateveryears ago referredso it will turn out that no term used ndexcept maybe
observation terms, if there are suoifers' (1978: 25) [original emphasis]. It is worth ngfithat the
argument is also called ‘pessimistic meta-induc¢ti@bviously the ‘meta’ refers to the fact thaisit
aboutscience and its inductive methods, rather thighin science.

% A similar distinction is utilized to demarcateesce from religion.
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astronomy unworthy of even being called proto-sm€h Boyd (1984) and Putnam
(1978) cite the phlogiston theory of combustioraasther example of an immature

science — in this case chemistry.

The concept of maturity is notoriously elusive. dan complains that the vagueness
besetting the concept risks making the realistmdaRC4 and RC5 vacuously true
because theories that have not bequeathed anyththgir successors can always be
branded ‘immature’. One way to anchor the concepiy attaching a condition of

genuine predictive success to it. That is, unlestheory is explanatorily and

predictively successful, it will not count as ma&ulet, even this is not enough to
save the realists from the clutches of historysTiiimade obvious by Laudan’s list,
which specifically targets theories with presumaggnuine empirical success that

were subsequently abandoned nonetheless.

Worrall has pressed for a more refined notion ofureascience arguing that “[t]his
must mean more than simply having correct empircasequences” (1989: 153).
His suggestion is that a science reaches matunity when its theories can predict
entirely novel types of phenomena. Chief amongsteixamples is Fresnel's theory
of light. The theory unexpectedly and correctlydiceed a bright spot at the centre
of the shadow of an opaque disc that was lit frosingle slit. Though this theory
appears on Laudan’s list, Worrall argues, the aemdgoart of the theory, namely

Fresnel’s equations, were preserved through theltapge.

Whether Worrall’'s notion of maturity saves the m&alfrom the allegedly

embarrassing historical record is an issue thatybaso be taken up. Prima facie, it
seems to me that his criterion is too strict int thacould eliminate approximately
true theories that do not make any predictions axeh types of phenomena. One
need only consider that a successor to a givemryth@ay be closer to the truth

simply on account of accuracy, and not by predictisw types of phenomena.

3" Michael Friedman, however, suggests that evertdtekan physics has handed down some
approximately correct theoretical components ($8€2001)).
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7. The Main Realist Obstacles

Given the current state of the debate, we canyeasintify the main obstacles
realists have to overcome if they are to make angness. With little or no doubt,
the following four are the most talked about anéspmably most important

obstacles for the realist in the current debate:

(RP1) We must be able to choose between empiriegjiyvalent theories. That is,
we must be able to show that from a pool of emaililfcequivalent theories at least

some are more epistemically warranted than others.

(RP2) The historical record of science must be et for somehow. It must be
shown that at least some components of theorigser othan observational
consequences, survive theory change, and that thdge that survive were
responsible for the success of a given theory.

(RP3) It must be shown, or at least it is preferatiol show, why the success of
science needs explaining and, furthermore, whynsiie realism provides a better
explanation than any alternative positin.

(RP4) The notions of approximate truth, truthlikemend verisimilitude need to be
given rigorous characterisations. If no adequatenéb treatments can be given, as
indeed conceded by some realists, more robustnmafioaccounts as well as the
reasons why such accounts would work need to laelglexplained.

This dissertation will investigate whether struaturealism can overcome RP1 and
RP2. RP3 and RP4 are thus purposely bracketedhcliode RP3 and RP4 into my

investigation would mean either to excessively expthe dissertation or to cover
one or more of the four obstacles only superfigidlithink that RP1 and RP2 are
sufficiently independent to be able to be addresg#tbut first addressing RP3 and
RP4. Regarding RP3, | will assume that the sucadsscience needs some
explanation, or, at least, some accounting for.ufgol do not aim to provide a

thorough answer to the question why scientificisealand in particular structural

3 Not all realists think that the success of sciemeeds explaining. Worrall is one such realist.
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realism offers a better explanation/account of sliscess than anti-realism, some of
my arguments will be supportive of this view. Retyjag RP4, | will rely, like so
many other philosophers | mentioned earlier, onesorformal understanding of the
notion of approximate truth. | do not assume tln¢ informal understanding is
sufficient for a realist programme. That is an eghat needs to be investigated
thoroughly but not in this dissertation.

8. Conclusion

Arthur Fine (1984) has suggested an alternativedit realism and anti-realism,
which he has called the ‘natural ontological att@éu(NOA) and which he classifies
as non-realism. According to him, NOA is a deflatoy attitude that does not seek
to impose a ‘general interpretive scheme’ on saendnlike realism and anti-
realism, for example, NOA does not set any ainkg fruth or empirical adequacy,
for science. So much for what NOA is not. What d@btsupositive dimensions? Fine
claims that NOA is to be equated with what he cHiks ‘core position’, i.e. that
which is common to both realists and anti-reali$tse ‘core position’ is simply the
view that the results of scientific enterprise ém@e. The realist and anti-realist
positions are ‘unnatural’, according to Fine, bessathey add metaphysical theses
about the character of truth and reality to the=qmosition.

On the basis of the above, Fine has called forsanidsal of the whole debate
pronouncing realism dead. His call has not beerddekdrowever. What is more,
NOA has been rightly criticised for its failure &mlequately distinguish itself from
realism. It has been argued, for example, that N©Ojst realism in disguise, for it
accepts something that anti-realists like van R@ageject, namely the truth of
scientific claims about the unobservable world. fTieaagainst Fine’s claims, NOA
cannot be equated with the common core.

Despite Fine’s dismissal, many philosophers belibet at least some headway can
be made in the debate. What seems evident fromeltieoration of the debate

offered in this chapter is that the central argus@ne now more sophisticated than
fifty or a hundred years ago. That, of course, dussnecessarily mean that we are
progressing towards a resolution of the debatéhdRait, at least, means that a lot of

interesting tools have been discovered or invemeithe process. Indeed, some of
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these contributions have been made by structwsalstd, in particular, structural
realists. It is to the historical and conceptuataedepment of structural realism that |

turn to next.
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2
TRACING THE DEVELOPMENT OF
STRUCTURAL REALISM

1. Introduction

This chapter traces the development of structealsm within the scientific realism
debate and the wider current of structuralism trest swept the philosophy of the
natural sciences in the twentieth centtirifhe primary aim is to make perspicuous
the many manifestations of structural realism dmgrtunderlying claims. Among
other things, | will compare structural realism’'arious manifestations in order to
throw more light onto the relations between thernth® end of the chapter, | will
identify the main objections raised against thestenic form of structural realism.
This last task will pave the way for the evaluata@irthe structural realist answer to
the main epistemological question, an evaluatiat Will be central to the rest of

this dissertation.

Generally construed, structuralism is a point efwihat emphasises the importance
of relations. It takes the structure, i.e. the rserfirelations, of a given domain of
interest to be the foremost goal of research andshithat an understanding of the
subject matter has to be, and most successfulbclaeved in structural terms. The
following quote from Redhead (2001a) nicely convéyis intuition: “Informally a
structure is a system of related elements, andtsnalism is a point of view which
focuses attention on the relations between theegigsras distinct from the elements
themselves”(74). This vision has shaped reseamgrammes in fields as diverse as
mathematics, linguistics, literary criticism, aestbs, anthropology, psychology, and
philosophy of science. It is the last-mentionedt tham concerned with in this

chapter.

The first explicit statements of a structuralisogmamme in the philosophy of

science can be traced back to Henri Poincaré,ePizguhem, and Bertrand Russell.

% To the best of my knowledge, the only other attetmptace the historical and ideological
development of structural realism is to be foun&8amry Gower (2000). Gower’s article is rather
narrowly construed, however, for he focuses madmlyErnst Cassirer and Moritz Schlick.



33

Other structuralists or structuralist-oriented psdphers followed, notably Arthur
Eddington, Ernst Cassirer, Rudolph Carnap, Mordhligk, W.V.Quine and Grover
Maxwell. During the last decade and a half, theitmos has been revived,
reformulated, and vigorously defended, by Otavi@my Anjan Chakravartty, Tian
Yu Cao, Bas van Fraassen, Steven French, JamesbagdWichael Redhead, John
Worrall, and Elie Zahar, to a name a few. Givennbenerous differences between
many of these authors’ philosophy it is not suipgsthen that there are almost as

many structuralisms as there are structuralists.

A terminological remark is required at this poiot ward off misapprehensions.
‘Structuralism’ will refer to the general intuitidhat the focus is on the relations and
not the relata. To identify each individual positibwill employ variant terms like
‘epistemic structural realism’, ‘ontic structuraalism’, ‘structural empiricism’, etc.
Often, these names are already available but, wieeded, | will provide my own

names so as to keep track of who is arguing fotwha

Before we delve into the different types of struatism, | must present a definition

of the notion of structure that is precise enouglhélp disambiguate some of the
discussions. Although, as we shall see later, msa#tiee more complex, we can begin
the elucidation of the various forms of structwsaliby presupposing the standard
definition of structuré® A structureS = (U, R) is specified by two things: i) a non-
empty set U of objects (the domain of S) and ijoa-empty set of relations R on

U.** A structure may also specify one-place propetiigisthese are not essential. In
other words, a minimum requirement for setting uptracture is to have a set-

theoretically specifiable (i.e. extensionally defit) relation between objects. Notice
that many of the mathematical statements centrstignce, i.e. functions, equations,
laws, symmetries, principles, covariance statemets, postulate relations between

terms that can usually be expressed set-theolgtinaghe above-mentioned way.

0 As we shall see by the end of this chapter, Jobrr&ll and Elie Zahar argue against such a view of
structure because individuals are taken as moie them relations, i.e. relations are defined &s sk
ordered n-tuples of individuals. They instead fralla new semantics that takes structures and, by
extension, relations as more primitive than indinls.

“1 The definition of structure sometimes includesiaithondition, i.e. a set O of operations on U
(which may be empty). This condition is optional énege operations are functions and thus can be
regarded as special kinds of relations capturapleohdition two.
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2. The Prehistory of Structuralism

As mentioned above, the history of structuralisartstwith Poincaré, Duhem and
Russell. Van Fraassen (1997; 1999), however, ltntly added an interesting pre-
history to the topic that deserves consideratiomawing from 18' century
discussions of how science represents natural phema, van Fraassen (1997)
traces the beginnings of structuralism to the eerarg of non-Euclidean systems of
geometry. The discovery of such systems led tordadisation that no system is
privileged, i.e. to a ‘relativisation of represeida’. The applicability of these
systems to physics, van Fraassen claims, resuitea parallel relativisation. For
obvious reasons, this result challenged the nagabst view that there is a unique
way to represent physical space and, more gengtha#lyphysical world. In light of
these developments, van Fraassen argues, Russelleddrom naive realism to
structuralism. Though van Fraassen is not veryrinéive about the reasons behind
Russell's change of heart, the implication seembdahat because structuralism
necessitates the non-uniqueness of descriptiormjgh the idea that things can be
described only up to isomorphism, it supports adkiaf ‘relativisation of

representation’.

In his more recent paper (1999), van Fraassercl&gtour imagination even further
by attempting to extend the prehistory of strudisna He entertains the idea that
structuralism could have gained support as far teckhe 1% century. It is the

increasing mathematisation of science, van Fraaaggres, that paves the way for
structuralism. He sees Isaac Newton’s introductannon-mechanical, highly

abstract and mathematical descriptions of naturéhasend of one era and the
beginning of a new one. At the same time, he se&eivton a disdain for too much
mathematisation for fear that it may lead to thestételian occult properties he so
desperately tried to avoid. Indeed, he sees thee saimgivings in James Clark
Maxwell. Both Maxwell and Newton, according to v&naassen, oscillated and
agonised between two extreme positions: ‘reifigdtiand ‘structuralism’. These

positions, he argues, “emerge very naturally wreense proves itself too complex
for philosophical naiveté. We see a clear tende¢aagify whatever theories invoke
in their representation of nature. But conceptu#ficdlties and the increasingly

mathematical character of science foster the stralist impulse” (1999: 7). And, he

continues, “[tlhis is one of the main reasons whthink, we see the structuralist
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reaction emerging in the Y&entury. As so often happens, what is earlier ssea

failure or shortcoming becomes the glory of a newegation” (12).

| think van Fraassen’s claim, that Newton and Mdkwere wavering between
reification and structuralism, is reading too mudio history. His examples can only
establish that these scientists were sceptical tabmu much mathematisation.
Similarly, his colourful and somewhat cryptic reks&rabout the emergence of
reification and structuralism are in need of furtbaboration if they are to be taken
seriously. Even so, it is certainly plausible thia¢ mathematisation of nature in
general and the rise of non-Euclidean geometries particular, facilitated

structuralist inclinations.
3. The Early Years

Poincaré

Poincaré is often thought of as a conventionatist, only with regard to geometry
but also physics, and as such not a realist. Honv&mver Maxwell (1968), Jerzy
Giedymin (1982), Worrall (1982; 1989; 1994), Zal{a®89; 1996; 2001), David
Stump (1989), Stathis Psillos (1995; 1999), Barrgw@ér (2000), and Redhead
(2001a) are all in agreement that Poincaré was pasteenic structural realiét.
Epistemic structural realism (ESR) is, simply ghg view that our knowledge of the
physical world is restricted to structure. | agtieat Poincaré was an ESR-ist and, in

what follows, present the reasons why | think thithe case.

Poincaré was heavily influenced by German idealasphilosophical school that, as
is well known, considers Kant as its progenitor.rélprecisely, Poincaré subscribed
to the view that the non-phenomenal entities pagtdl by scientific theories are the
Kantian things-in-themselves. Unlike Kant, howeVes thought that it is possible to
gain indirect knowledge of the things-in-themselv@ghat is it exactly that he
thought we could know about them? Poincaré is uneqgal: “[T]he aim of science

is not things themselves, as the dogmatists inr thienplicity imagine, but the

“2The term ‘structural realism’ was coined by GroMexwell (1968) with reference to Russell’s
position. Stump does not use the term ‘struct@alism’ but nonetheless understands Poincaré as a
structural realist.
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relations between things; outside those relatidreyet is no reality knowable”
([1905]1952: xxiv). And again later on in the sarbeok: “The true relations
between these real objects are the only realitgaveattain” (161). Despite the fact
that the term ‘structure’ does not appear in tha@sether relevant passages, we are
entitled to call Poincaré an epistemic structuealist for, after all, structures in their
simplest form are just collections of one or maiations.

As many authors have pointed out, the motivatiorPincaré’s structural realism is
largely historicaf® More precisely, he takes the survival of theogstielations
through theory change as indicative of their havaighed onto the world. Here’s an

illuminating passage fromhe Value of Science

...science has already lived long enough for us talide to find out by asking its
history whether the edifices it builds stand tret td time, or whether they are only
ephemeral constructions.

Now what do we see? At the first blush it seemgsithat the theories last only
a day and that ruins upon ruins accumulate... Buteiflook more closely, we see
that what thus succumb are the theories properlgadled, those that pretend to
teach us what things are. But there is in them #glmimg which usually survives. If
one of them taught us a true relation, this refaisodefinitively acquired, and it will
be found again under a new disguise in the otheoribs which will successively
come to reign in place of the old ([1913]1946: 351)

To support his argument, Poincaré draws examptes the history of science that
exemplify precisely the survival/preservation ofatens. Two main examples are

worth citing here:

This [i.e. the prediction of optical phenomena] dfred’s theory enables us to do
today as well as it did before Maxwell’s time. Tdiferential equations are always
true... [they] express relations, and if the equatiocemain true, it is because the
relations preserve their reality. They teach us ,nasvthey did then, that there is
such and such a relation between this thing arigl ¢indy, the something which we
then calledmotion we now callelectric current But these are merely names of the
images we substituted for the real objects whictuidawill hide for ever from our
eyes ([1905]1952: 160-1).

In its primitive form, Carnot’s theory expressedaiddition to true relations, other
inexact relations, thdébrisof old ideas; but the presence of the latter didatter
the reality of the others. Clausius had only toasafe them, just as one lops off
dead branches.

3 See the section on Russell for additional insigtat Poincaré’s motivation.
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The result was the second fundamental law of tbdgymamics. The relations
were always the same, although they did not hdidleast to all appearance,
between the same objects. This was sufficientHergdrinciple to retain its value
(165).

The first passage draws attention to the factFhesnel’s equations survive the shift
from the ethereal theory of light to the non-ethérelectromagnetic theory. The

reason for this, according to Poincaré, is thay #press real relations (and hence
structures) between physical objects. By contthstelastic solid ether itself and the
conception of light as consisting of disturbanaesdmitted through the ether are
abandoned. The second passage draws attentior tadhthat some of Carnot’'s

postulated relations in his ideal theory of hedjiess, such as the so-called ‘Carnot
cycle’, survive the transition from the caloric ception of heat to thermodynamics.
In this case, it is the caloric, i.e. the concaptib heat as a material fluid, which gets

abandoned.

In sum, Poincaré’s point is that the history ofescie indicates a preservation of
these relations (but not of their relata) from tiyetm theory. This, he takes to be a
good reason why we should be epistemological teadibout the relations between
which the objects hold, but not the objects themesel As we shall see in the
following sections, the historical evidence forustural realism becomes less clear-
cut as we move from the classical framework to tlktivistic and quantum

revolutions of the twentieth century.

Duhem

Like Poincaré, Pierre Duhem is often seen as a emtionalist. Recently, some
authors (see, for example, Worrall (1989), Chaknéyg1998), Gower (2000), and
Zahar (2001)) have argued that he is either aniapis structural realist or, at least,
has close affinities to the position. | agree thate is a structuralist vein to Duhem’s
work but do not think the evidence unequivocallyrnaats his classification as an

epistemic structural realist. In what follows | peat a short exposition of his views.

A central distinction in Duhem’s work is that beewethe explanatory and the
representative parts of a theory. According to Dahéhe explanatorypart of a

theory is that ‘which proposes to take hold of teality underlying the phenomena’
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whereas theepresentativepart is that ‘which proposes to classify laws’. Hem

likens the explanatory part to a parasite sayiagj th

It is not to this explanatory part that theory owiegpower and fertility; far from it.
Everything good in the theory, by virtue of which appears as a natural
classification and confers on it the power to aptite experience, is found in the
representative part... On the other hand, whateveialse in the theory and
contradicted by the facts is found above all ingkplanatory part; the physicist has
brought error into it, led by his desire to takédhaf realities ([1914]1991: 32).

It is, thus, only the representative part of theotty that is doing the real work, i.e.
that is producing the predictions. What, in Duhemmid, is the epistemological

status of the representative part?

There are certainly several passages where Duheries an epistemic structural
realist status to the representative part of tlesorror example, when he says that
physical theory “never reveals realities hiding enthe sensible appearances; but
the more complete it becomes... the more we suspatthe relations it establishes
among the data of observation correspond to réafigrs among things” (26-27).
And also a few pages later when he says “...we arwicoed that they [i.e. the
relations postulated by theories] correspond talddd relations among substances
themselves, whose nature remains deeply hiddemwbase reality does not seem
doubtful” (29). In another remarkable similarity foincaré’s position, Duhem
claims that science’s historical record revealsres@rvation of relations through

theory change:

When the progress of experimental physics goesteotm a theory and compels it
to be modified or transformed, the purely represtdrg part enters nearly whole in
the new theory, bringing to it the inheritance tftlae valuable possessions of the
old theory, whereas the explanatory part falls iouwbrder to give way to another
explanation (32).

Given the context set up by the earlier passageseims safe to assume that the

relations preserved through theory change reftdations between physical objects.

Despite these striking examples, we need to takee rmaf some important
qualifications that Duhem makes in the same passagthough he acknowledges

the existence of a strongly fetituition that our theories correspond to reality, he
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holds that the data of observation “cannot prowa the order established among
experimental laws reflects an order transcendimpee&nce” (27). The belief in this
correspondence is merely “an act of faith”, says&mn, which “assures us that these
theories are not a purely artificial system, butaural classification” (27). Thus,

perhaps Duhem was an anti-realist after all.

Critics of this view will undoubtedly point out thao realist holds that we cgmnove

the correspondence between theories and realitgt iBh realists only claim that
there are good reasons for holding such a beli@iebler, given the centrality of
faith to Duhem'’s thinking, the ascription of thergbe ‘act of faith’ to the belief that
there is a structural correspondence between cddtsemvand the world does not
seem as threatening. It could even be an indicati@uhem’s strong support for the

idea that the representative part of our theomesesponds to reality/.

Though the last comment is admittedly speculatilie, plausibility of interpreting
Duhem as an epistemic structural realist does e@msto be severely undermined,
given his unequivocal claim about the preservatdnrelations through theory
change. At any rate, Duhem is at least a struestiraf sorts. Depending on how
much weight one assigns to the above qualificatibrss position can be seen as a
precursor to van Fraassen’s latest position, vigigcist structuralism, according to
which even the preservation of structure througoiir change can be given an anti-

realist explanation (see section 8 of this chapter)

Russell

It is quite unsurprising that Russell has a sultethmole in the history of
structuralism, given that he initiated, developadd significantly contributed to
most important debates in analytic philosophy. Whkatot widely realised is how

strongly the concept of structure permeated hibgbphical work!> One of his first

“4 Duhem was a devout Catholic who placed great itapoe on faith. Louis de Broglie, in the
foreword toThe Aim and Structure of Physical The@yggests that aspects of Duhem'’s faith were
also extended to his philosophical concerns. Famgte he says “It was not that Pierre Duhem, a
convinced Catholic, rejected the idea of metaplsys$ie wished to separate it completely from
physics and to give it a very different basis, ible@ious basis of revelation”(ix).

It is worth quoting a comment from Hiram McLendonge of Russell’s students, who said of
Russell's preoccupation with the concept of strecttin fact, so fundamental and pervasive is
Russell's use of this conceptall his periodsof philosophizing and throughout each of his syste
developed ireachof his major periodshat one might well survey most of his philosopgimnce 1912,
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steps towards structuralism can be foundrire Problems of Philosophydaving
recently read and been influenced by the Britishpigists, Russell regards the
items of perception, which at the time take themfoof ‘sense-data’, as the
foundation of all knowledge. He argues that we hgoed reasons to believe that the
causes of the sense-data we perceive are phy$iegt® But what can science tell
us about physical objects? Russell’'s answer is stakably clear:

Assuming that there is physical space, and thdoés thus correspond to private
spaces, what can we know about it? We can koolywhat is required in order to
secure the correspondence. That is to say, werman kothing of what it is like in
itself, but we can know the sort of arrangemenploysical objects which results
from their spatial relations... We can know the prtips of the relations required
to preserve the correspondence with sense-dataydgannot know the nature of
the terms between which the relations hold (195218) [original emphasis].

And again a page later:

Thus we find that, although thelations of physical objects have all sorts of
knowable properties, derived from their corresporeewith the relations of sense-
data, the physical objects themselves remain unknowheir intrinsic nature, so
far at least as can be discovered by means oktiees (17) [original emphasis].

Thus, Russell argues, we can know only the prageertif the relations physical
objects stand in, and not, as common-sense reaéiignus, their intrinsic nature.

This is patently an epistemic structural realisgifon *°

It is worth pausing here and comparing Russell ¢inéaré. Russell's Kantian
remarks that we can know nothing about what spacéniitself and that the

physical objects ‘themselves remain unknown in rthedture’ share much with
Poincaré’s own Kantian undertones. Unlike Poinc&egssell holds that we only
have access to the properties of relations betywbgsical objects, not the relations
themselves. This does not seem to amount to adifafence since knowing the

relations without knowing the relata simply meameowing the properties of the

when he publishe@he Problems of Philosophfyom the standpoint of his uses of the concept of
similarity of structure [i.e. structural isomorpimp (1955: 88). See also Michael Bradie (1977)
where the development of Russell’'s use of the quinaiestructure is traced froithe Analysis of
Matter to Human Knowledge

6 Even Russell’s theory of truth and belief, appraigly named ‘correspondence by congruence
theory’, is structuralist (see (1912: ch.12)). Théune of the correspondence relation is one of
congruence, i.e. isomorphism. The truth bearersarasd to be structurally isomorphic to the
physical state of affairs. For more on this sedtam (1992).
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relations. What does seem, at first glance, diffebetween the two philosophers is
their motivation. Russell does not appeal to th&tdny of science but rather to
foundational considerations. A closer inspectiofPoincaré’s work, though, reveals
that his motivation too was naterelyhistorical but also foundational. Trhe Value
of SciencePoincaré stresses that “nothing is objective Wwhgnot transmissible,
and consequently that the relations between theasens can alone have an
objective value” (348). This idea follows from Pcamé’s foundational concern that
sensations are private and therefore intransméssibterestingly, Russell (1948:
485-6) makes similar remarks about the intransimiggi of everything but structure
(see also Carnap (1928: 816) and Quine (1968: )16bnversely, it is not difficult
to imagine Russell motivating his position withtbrécal considerations. After all, if
science identifies the properties of relations leemv physical objects, we should

expect their preservation through theory change.

Russell's version of epistemic structural reali@aahed maturity imfhe Analysis of

Matter (1927). There he argued that there are externasdesaof our perceptions,
even though we should “not expect to findlemonstratiorthat perceptions have
external causes” (198) [my emphasis]. In fact, Beoted the twentieth chapter of
this book to a causal theory of perception, refectihe view that perception gives
direct knowledge of external objects” (197). Weyohave direct knowledge of the
‘intrinsic character’, ‘nature’, or ‘quality’ of peepts, i.e. the items of our
perception. The only way to attain knowledge of éx¢éernal world is by drawing

inferences from our perceptions. To underwrite suaéérences Russell employed a

number of assumptions. The most important of tiaese

Helmholtz-Weyl Principle (H-W): “...we assume thatffdring percepts have
differing stimuli” (255). In short,different effects(i.e. percepts imply different

causegi.e. stimuli/physical objects” *®

" psillos (2001a) suggested this name for the pia@n the basis of Helmholtz's and Weyl's appeal
to it. It is worth noting that Russell sometimesgsighe principle in its contrapositive (but equivd)
form, namely same causes imply same effects. Ewene-seems to endorse this principle as he
advertises in th@reatisethat “Like causes still produce like effects” (BolbkPart 111, §1).

“8 Stimuli, according to Russell, are “the events fusside the sense-organ” (1927: 227). They are
thus classified as physical events.
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Mirroring Relations Principle (MR): “My point is #t the relations which physics
assumes... are not identical with those which wegyeec.. but merely correspond
with them in a manner which preserves their logigabhthematical) properties”
(252). In shortrelations between percepts mirr@ire. have the same mathematical

properties agrelations between their non-perceptual causes

For a closer examination of H-W and MR, | must tekreader to wait until chapter
three. For now suffice it to say that armed witeslh assumptions Russell argued
that from the structure of our perceptions we carfef a great deal as to the
structure of the physical world, but not as toininsic character” (400). More
precisely, he argued that all that we can guaraigethat the structure of our

perceptions is at most isomorphic to the struatdithe physical world.

The notion of structure received a formal treatnfesrh Russell. According to him,
“[t]he ‘relation-number’ of a relation is the saras its ‘structure’, and is defined as
the class of relations similar [i.e. isomorphic] ttee given relation” (250% The
concept of isomorphic relations is employed herediovey the idea that the domain
of interest is solely that of the properties isoptoc relations share. The motivation
behind this idea arises from Russell's view that epistemic access to the external
world is indirect and, hence, cannot involve théqua identification of properties

of, and relations between, physical objects.

Redhead (2001a) has called the notion of structumployed by Russell ‘abstract
structure’. To understand the notion of abstraaicstire we must first understand
what it means for two structures to be isomorplicstructure S = (U, R) is
isomorphicto a structure T = (UR) just in case there is a bijectignU - U’ such
that for all x, ...,% in U, (X,...,X,) satisfies the relationiR U iff (¢(x1),...,0(Xn))
satisfies the corresponding relation iR U'. If, like Russell, one wants to talk about
a particular relation being isomorphic to some ptieéation, one need not go further
than the definition of isomorphism between struesurfor any particular relation
specifies a structure, namely a structure whosefsedations contains one, and only

one, member. We can now define the notion of atistsgucture: Anabstract

“9 For more on the reason why Russell’s notionsroftsire and relation-number are co-extensive see
Solomon (1989).
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structureX is an isomorphism class (or “isomorphism type”oat members are all,
and only those, structures that are isomorphicmtaesgiven structure (U, R). Qua
isomorphism class, it can only identify the logimathematical properties of its

members.

The notion of abstract structure is contrasted wittat Redhead calls ‘concrete
structure’. The former makes explicit that the domaf objects and the relations
defined on these objects are not uniquely specijigcbnly up to isomorphism. That
is, whereas a concrete structure specifies one idomh@abjects that comes with a set
of relations, an abstract structure just specdiesnstraint as to which domains and
relations qualify, namely those domains equinumgnmusome given number and

those relations that share the same propéfties.

On the basis of these definitions we can now suns@maRussell’'s epistemic

commitments as follows:

(REC1) Concrete observational structures.

(REC2) Abstract structures whose members are therete observational structures
referred to in REC1.

(REC3) The existence of concrete physical strustthiat 1) have as domain
members the causes of the concrete observationatigies’ domain
members referred to in REC1 and 2) are membershefigomorphism

classes referred to in REC2.

Russell's view can be presented as follows: Obsiemna data falls into certain
patterns allowing us to discover/postulate relaitetween observablgsTaking
observables as our domain and collecting theséiae&into a set gives us the so-
called ‘concrete observational structures’. They @ncrete because their domain is
specified uniquely. The abstract structures cooedmg to these concrete
observational structures can then be deduced itragglstforvard manner by a

process of abstractionTo do that, all one needs to do is to write dothie

¥ The equinumerocity requirement simply reflectsftiw that for there to be a bijection between two
sets, the sets must have the same number of abjects
*1 This involves some sort of inference to the beptamation.
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isomorphism class that the given concrete obsemaitistructure is a member of. By
appeal to principles H-W and MR, we can then infeat to each concrete

observational structure corresponds one, and omég; ooncrete physical structure
such that: 1) the two are isomorphic, and 2) thenalo members of the concrete
physical structure, i.e. the physical objects, aesally responsible for the domain
members of the concrete observational structuee, the observables. Being

isomorphic just means that the two concrete strastu.e. the observational and the
physical, are members of the same abstract steyctier. the same isomorphism
class. The figure below illuminates the relatiopshbetween concrete observational,

concrete physical, and abstract structures.

It is extremely important to note here that Russgliogramme leans more towards
an epistemologicaleconstructionof scientific knowledge rather than a description
of what goes on in science. He does not claim shentists actually observe first,
and, solely on the basis of their observationsit pasicrete observational structures
that are then abstracted to a higher level, theadibwing them to posit the existence
of concrete physical structures instantiating tAme abstract structure. The whole
purpose of epistemological reconstruction is toeioft system through which
knowledge claims can be evaluated, oftentimes iggothe actual methods
employed in science. In any case, the questionhgneeconstruction is a desirable
enterprise, though interesting in its own rightllwiot be addressed in this

dissertation.

Another important qualification present in Russelivork is that the relations

postulated between observables might not alwayxaet.

Hence we conclude that we have to do with a cdroeglavhich is usual but not
invariable, and that, if we wish to construct am@xscience, we must be sceptical
of the associations which experience has led ug$otm, connecting sensible
qualities with others with which they are often bobt always combined
(1927:182).

A consequence of this view is that the relationstylated to exist between the
observables’ probable causes inherit the inexasinBsis qualification should be

kept in mind when we are evaluating Russell’s viewubsequent chapters.
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Abstract Structure

AN

deductive inference N deductive inference
(via abstraction) AN (via H-W and MR)
AN
S
causes
Concrete Observational <+“—> Concrete kehl/s

Structure isomorphic Structure

Figure 1. Russellian ESR

As indicated earlier, though Russell's epistemimpotments involve the properties
of relations and Poincaré’s involve the relatidmsnselves, no real difference seems
evident between them. Knowing the relations withknbwing the relata simply
reduces to the view that we can only know the progee of these relations. That is
why we appeal to the notion of abstract structaording to standard semantics,
the interpreted terms of first order structuresquely pick out individuals. This is
something that advocates of ESR cannot sign upiriag they hold that we cannot
uniquely pick out individuals. They thus resortrtotions such as that of abstract
structure. There is, however, another option fer BSR-ist, namely to change our
understanding of standard semantics in order toragtdate the non-uniqueness of
representation. As we shall see in section fiveweFahar advocates precisely such

a change.

The Newman Objection

According to most commentators in the debate, thstreerious objection against
Russell's version of structural realism has beex ¢fi M.H.A. Newman in a critical
review of The Analysis of MatteNewman argued against Russell’s claim that we

can know only the (abstract) structure of the ekworld, alleging that this makes
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scientific knowledgerivial. Indeed, the only way to avoid the triviality asation,
according to him, is to abandon ESR. In the ensuyiears, Newman’'s review
received little attention until Demopoulos and Brien (1985) unearthed*ftLet us
now take a brief look at Newman'’s formulation oé thbjection and consider its two

main claims.

First, Newman takes ESR knowledge claims to beatrifor he takes Russell’s
structuralism to amount to assertions of the follmptype: “Jhereis a relationR
such that the structure of the external world wéference tdR is W’ (1928: 144).
He argues that, aside from indicating the requbadlinality, these assertions are not
saying anything of importance since we can detieesame assertions for any given
class by appeal to the following theorem: “For giany aggregate A, a system of
relations between its members can be found having assigned structure
compatible with the cardinal number of A” (140). ether words, given the right
number of objects we can set up any structure kee Wet, we expect knowledge of
the external world to be the outcome of empiricatestigation not ofa priori
reasoning. Indeed, the only information that reggiempirical investigation under
Russell's view, according to Newman’s argumentnisrmation about the size of a

given class.

Second, Newman argues that the only way to avadritiality accusation is to give

up ESR. This much, according to him, is eviderthmidea “that it is meaningless to
speak of the structure of a mere collection of gejnnot provided with a set of
relations”, and “[tlhus the only important statersermbout structure are those
concerned with the structure set up ... by a givefinde, relation” (140). The sole

way to avoid trivialization, Newman holds, is teesgy the particular relation(s) that
generate(s) a given structure. That is, if we ugligspecify R, instead of just saying

‘There is a relation R that has a certain strucWigethe fact that R has structure W

%2 Solomon (1989) points out that Newman'’s objectiad been unsuccessfully employed by R. B.
Braithwaite (1940) in a review of Arthur EddingtoThe Philosophy of Physical Scien&»dlomon
argues that Braithwaite did not correctly undemdtiliewman’s objection. Moreover, he argues that
Eddington (1941), in his reply to Braithwaite, désgieing confused about the notion of structure,
should have realised that the objection was inagble in his case. See below for some brief remarks
on Eddington’s account. Finally, | have discoveteat McLendon (1955), as it seems independently
of Newman, also raises the triviality accusatioaiagt Russell's position.
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is no longer trivial. The problem is that to spgd#, one inevitably goes beyond the
epistemic commitments of the structural realistyéiry abandoning ESR.

In their article, Demopoulos and Friedman take Newi® objection as the
definitive refutation of structural realism. Thegrpde Russell’'s concession of the
point in a letter to Newman (see Russell (1968:)L7&nd his subsequent
abandonment of the idea that our knowledge of thgsipal world is purely
structuraP® Interestingly, their presentation of Newman's chijgn is mainly a
reconstruction that focuses on the Ramsey-sentgmu®ach to theories. Following
Grover Maxwell’'s suggestion, they argue that “ipassible to extract from the book
[i.e. Russell's (1927)] a theory of theories thati@pates in several respects the
Ramsey-sentence reconstruction of physical theai@isulated by Carnap and
others many decades later” (1985: 6Z2Mfter all, if all we can know about the
external world is that there are relations thatehaertain properties, then the
Ramsey-sentence seems like a good candidate tessxpuch statements, because it
existentially quantifies over all theoretical preties — remember that relations are
merely 2+-place predicates — thereby allowing only assestiabout properties of
such properties or properties of such relationsn@mulos and Friedman argue that
if a theory is consistent and all its observaticc@isequences true, then the truth of
its Ramsey-sentence follows as a theorem of setylw@ second-order logic. On the
basis of the above association between the Ranesdgree and structural realism,
they claim that Russell's position collapses intepomenalism® Given the gravity

of Newman’s objection and associated results, | dévote chapter four to a

thorough analysis of these issues.

4. The Years in Between

After Russell, the next systematic epistemic stmadtrealist was Grover Maxwell.

In between the two, a number of eminent philosoplespoused different forms of
structuralism, but these were not systematicallyettgped and have not contributed

much to the current debate. In this section | briebte their views.

%3 For Russell's post-1928 work on structuralism, lsisé\n Inquiry into Meaning and Trutand
Human Knowledge

** Ladyman (1998) has argued that the Newman objeistimfentical to an argument put forward by
Jane English (1973).

> The only thing that distinguishes phenomenalismRustell’s structural realism, according to
them, is that the latter makes a cardinality assiompvith regard to the external world.
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It was Demopoulos and Friedman who first pointed that Moritz Schlick’s
position in General Theory of Knowledge quite similar to Russell’s structural
realism. Like Russell, Schlick distinguishes betwestructure and quality/content
and holds that our knowledge of the world is restd to its structure. Unlike
Russell, Schlick rejects the idea that we knowdtracture of our experience. For
him, the term ‘knowledge by acquaintance’ is anmayon. We can know the
structure of the world but we are only acquaintetth\the content or quality of our
experience. Schlick thus draws a line between kedgé and acquaintance that

perfectly coincides with his distinction betweerusture and content/quality.

One of the oddest types of structuralism ever medds that of Arthur Eddington
(see his (1939)). In Eddington’s mind, our knowledxd the world is structural. Thus
far his epistemological stance is in agreement wRihssell's and not at all
unreasonable® The oddity can be found in his rejection of areid@mmon to most
scientists and philosophers of science, i.e. thatkkaowledge of the physical world
is at least justifieda posteriori According to Eddington, our knowledge of the

physical world is purely priori!®’

Needless to say, it is hard to get used to tha ide
that a statement as implausible as this one conoas & physicist of such grand

Stature.

The implausibility of his position notwithstandinitjjs worth bringing up one of the

main motivations for Eddington’s structuralism, redyngroup theory. The spread of
group theory in the twentieth century, from geométr quantum mechanics, seems
to have made a lasting impact on his philosots Eddington acknowledges, his
understanding of the notion of structure is grdugetetical. He thus says: “What

sort of thing is it that | know? The answer is stame. To be quite precise it is

% Steven French (2003) offers a more detailed aisabf<Eddington’s structuralism. Among other
things, he argues that Eddington’s structuralissiw@h epistemological and ontological
implications, the latter leading to a position ¢amto the one advocated by French himself, viticon
structural realism. This form of structural realismliscussed in a section below.

" As Solomon (1989) has pointed out, this rejectimkes Eddington’s structuralism immune to
Newman'’s objection because the latter is directedbims that our knowledge of the external world
is purely structural and a-posteriori.

*8 For more on this, see Steven French and James laad§2803a: 50-51) but also French (2003).
French and Ladyman argue that one other major nimtivéor Eddington’s structuralism was the
implications quantum physics had for the issuénefindividuality of particles.
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structure of the kind defined and investigatedhie thathematical theory of groups”
(147).

Another structuralist from the same period as $khind Eddington is Ernst
Cassirer. French and Ladyman (2003a: 38-41) recesgliscitated Cassirer’s views.
More precisely, they make a convincing case thas{tar advocates an ontological
version of structuralism, according to which redas, and hence structures, are the
primitive ontological components of the world. Qesscertainly drew ontological
lessons from the developments of the quantum dativistic revolutions. He thus
asked questions like “Is there any sense in asgibdo them [i.e. electrons] a
definite, strictly determined existence, which, lewer, is only incompletely
accessible to us?” (1936: 178). His answer to gisstion and others like it is a
resounding ‘no’, since he conceives of electrons a® individuals but simply
“describable as ‘points of intersection’ of certagtations” (180). He thus seems to
reject the traditional object-based ontology forredation-based ontology that

reconceptualises an object in terms of relatidns.

At around the same time as these authors, Carnaje reaveral decisive steps
towards structuralism. That Carnap had structuraddinations was first suggested
by Demopoulos and Friedman (1985). In thefbay as is well known, Carnap
advocates the reconstruction of all scientific @pts on the basis of private
experience. Yet, it is unclear what precisely Cprmaants to achieve (see Creath
(1998)). Some, for example, suggest that Carnaplgitnied to reduce physical
objects to observable phenomena, implying a phenahst¢ project. Against this
interpretation, Demopoulos and Friedman suggest there is an undeniable
structuralist streak in theufbau More specifically, they claim that for Carnap)yon
those statements that express the structure ofrierpe reveal the objectivity of

science. Here’s a telling passage quoted by Dentopaund Friedman:

Science wants to speak about what is objective wdradever does not belong to the
structure but to the material (i.e., anything tbah be pointed out in a concrete
ostensive definition) is, in the final analysisbmctive. One can easily see that
physics is almost altogether desubjectivized, salo®st all physical concepts have
been transformed into purely structural concep@281 816).

%9 See also Cassirer (1944).
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Carnap, they point out, sets up a program of dagirscientific concepts as ‘purely
structural definite descriptions’. The importantirgoto note is that these definite
descriptions contain only logical vocabulary. Tlisa move similar to the Ramsey
sentence, the only difference being that Carnapstail the terms, i.e. not just the

theoretical ones, into variables.

Recent work by Psillos (1999; 2000) has uncovehed Carnap defended a more
robust form of structuralism in the fifties and tgs. For example, in ‘The
Methodological Character of Theoretical Conceptsgrr@p holds that theoretical
variables range over natural numbers but only bezthe domain of the naturals has
a kind of structure that is isomorphic to the siwmue of the domain of the theory.
Carnap signifies the importance of structure owusrelements, saying that “the
structure [of the domain of the theory] can be uelyg specified but the elements of
the structure cannot” (1956: 46). In the years thbdw, his structuralism becomes
even more pronounced. The most important developisehnis reinvention of the
Ramsey-sentence approach, under the name of ‘thetemttalised form of
theories™®® He avoids a realist interpretation by holding tiraRamseyfication the
theoretical terms are to be replaced by variableg tange over mathematical

entities.

Carnap’s agenda, throughout this period, seemsawe Ibeen to uphold a neutral
stance towards the realism-instrumentalism deba®. made obvious above,
however, his insistence on the interpretation @botktical variables ranging over
mathematical entities, as opposed to physicaliestitips the balance in favour of
the instrumentalist side. In a move to avoid inseatalism, Carnap explains that
the variables in his system have two interpretatioone extensional and one
intensionaf’ From an extensional point of view, the theoretizatiables of the
Ramsey-sentence range over mathematical entitresn an intensional point of
view, the theoretical variables of the Ramsey-ga@ecan be seen as ranging over

physical entities in that the intensions of theiogdtterms are physical concepts not

% psillos cites a letter from Carnap to Hempel (ddtebruary 12, 1958), where Carnap reveals that
he had read Ramsey many years before he develipedih existentialized form of a theory but had
completely forgotten about it.

®1 See Psillos (1999: 54) where he cites a letten fe@igl to Carnap (dated July 21, 1958).



51

mathematical ones. This tips the balance in fawduhe realist side since he allows
the Ramsey-sentence to make existential staterabotg unobservable entities.

Carnap struggles with these issues through varimasmuscripts, letters, and
articles®® As Salmon (1994) indicates, it is not until Growaxwell’s intervention
that Carnap’s attitude towards the Ramsey-sentsetides. Through Maxwell’s
influence, Carnap comes to see the Ramsey-sentascencompatible with
instrumentalism, since it can both attain a trudhse and make existential
statements about physical entities. Even though&paadopts this view by 1974, he,
unlike Maxwell, neither associates the Ramsey-seetavith structural realism nor
embraces the latter. With these brief remarks am&as structuralism completed, it

is time to turn to the Ramsey-inspired structuealists, starting with Maxwell.

5. Epistemic Structural Realism, Ramsey-Style

Maxwell

In the late sixties, Grover Maxwell published a mamof articles, defending an
epistemic version of structural realism that owascimto Russell. Maxwell traces
the position to Poincaré, Schlick, Wittgenstein ,andturally, Russell himself
Echoing his predecessors, he speaks of the inatmlihave direct knowledge of the

external world in distinctly Kantian terms:

On the one hand there is the realm of phenomereseTare whollyn the mind(in
our sense). Of the phenomena and only of the phenando we havelirect
knowledge On the other hand, there are the things in the®seand here our
divergence from the views of Kant is great; althowge have nalirect knowledge
of the latter, the bulk of our common sense knogtednd our scientific knowledge
is of them... all of this knowledge is purely structufa®68: 155).

Closely adhering to Russell's version of structuralalism, Maxwell urges
commitment to the view that “all of the external ndoincluding even our own

bodies is unobserved and unobservable” (152). Hethiss using the term

%2 |n the end, Carnap manages a type of neutralityobe that is between realism and the Ramsey-
sentence, not realism and instrumentalism (se®$1999: 58-61)).

% He also mentions Beloff (1962), Mandelbaum (198dine (1967), Pepper (1967). Maxwell
(1970b: 24) also claims that it is similar to tledtical realism’ of, among others, Roy Wood Sdlar
as well as to the representative realism of Lockeiged certain modifications are made.
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‘unobservable’ in a way that is different from itse today. Like Russell, he does not
discriminate between macro and micro-physical dbjed-or them, the term
‘unobservable’ denotes the set of all things intiapithe external world, i.e. the set
of all non-mental entities. Their claim, of courgenot that our observations have no
causal origins in the external world, but ratheattivhat we directly observe is
‘wholly in our mind’. Unless otherwise noted, | Wilenceforth employ Russell and

Maxwell’'s meaning for the term ‘unobservable’.

Despite their agreement on what ‘unobservable’ tEemothere are certain
differences between Russell and Maxwell that arglwpursuing. One difference is
that Maxwell dissociates himself from reifying obssble units, avoiding reference
to things like sense-data, sensibilia, percepts, €i51). Instead, he places the
spotlight on the linguistic level, with observatisentences and predicates as
primitives. Somewhat paradoxically, Maxwell is b&sbwn for his critique of the
distinction between observational and theoretieahs (see his (1962)). Yet, he here
seems to advocate a strong distinction betweenraddsle and unobservable that is
essential for his version of structural realisme Hpparent tension is dissolved if one
takes into account that, for him, the entire exdémorld is unobservable. That is,
this way of delineating the observable from the hssyvable avoids the kinds of
objections Maxwell raised in his earlier work. Fexample, seeing through
instruments is no longer a threat to the observabtdbservable distinction sinedl

seeing is restricted to the perceptual world.

Given the sense of ‘unobservable’ just sketcheay bhan knowledge of a wholly
unobservable external world be had? The answes, B&axwell, lies in the causal
theory of perception. An important feature of tthisory is that “it isnot essential to
the position [i.e. structural realism] that the senimpressions or perceptual
experiences, or whatever we decide to call therselrdle’ the physical objects
which may be among their causal antecedents” (1B88). What is necessary is that
“at least a certain subset of the features ofskage] impression are isomorphic with
a subset of the features of the physical objecB6]1 Without this type of
‘resemblance’, Maxwell insists, there can be nowedge of the external world.

His justification for this requirement proceeds Vamiliar Russellian techniques
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such as the claim that causal chains leading uputoperceptions are structure-
preserving (1970b: 25) and the H-W principle (19686).

Maxwell, like Russell, argues that the motivatian the causal theory “is virtually
forced upon us by common sense as well as by &igi®70b: 23). In some
limited sense, this is right. Most of us, after, albuld agree that the causes of our
perceptions originate in the external world. Howevihere is no widespread
agreement on how the ‘information’ coded in ourcggtions represents the external
world if it does so at all. In other words, theiglathat perceptions preserve the
structure of their causes is more difficult to daal Maxwell admits that “there are
no purely logical or purely conceptual reasons thate be structural similarities
between objects in the external world and itemsour experience” (25).
Nevertheless, he claims that well-confirmed theorgipport this assumption,
arguing that “if such [structural] similarities veerfewer or, even, virtually
nonexistent, knowledge of the physical realm wdogdmore difficult to come by

but not necessarily impossible” (25).

Maxwell claims that we cannot know the first-orggoperties of physical objects;
we can only know their second or higher order prige what he calls ‘structural
properties’ (18). This is supposed to follow frone tidea that first-order properties
of phenomena, like colours, need not resemble itlse-drder properties of their
causes. Maxwell’s conclusion is that “jvgt holds of colors must also be true for all

of the first order properties that we perceive dtt¢’ (19) [original emphasis].

Maxwell praises Russell, among other things, fer tbconciliation of realism with
the logical positivist verificationist principle.his is achieved, Maxwell claims,
through Russell’s principle of acquaintance anddissinction between knowledge
by acquaintance and knowledge by description. Tirgciple of acquaintance is a
close relative of the verificationist principle,rfat states that to understand a
proposition we must be acquainted with all of istituents. With some perhaps
not so trivial adjustments to the terminology, Ma&kwransposes this idea to the
current context, claiming that all descriptive terin a meaningful sentence must

refer to ‘items’ of our acquaintance, i.e. all dgstive termsmustbe observation
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terms (as opposed to theoretical terfis¥et realism requires that we have
knowledge of items with which we are not acquaintélis is where Russell’'s
knowledge by description comes in, for it allowsdect to be known by a list of
descriptions — i.e. without our first being acqueth with it. Needless to say

Maxwell takes knowledge by description to be thaesas knowledge via theory.

As | mentioned earlier, one of Maxwell’s contrilaris to the debate is the bridge he
forges between the Ramsey-sentence approach ardustd realism. It is at this
point that the utility of the principle of acquaante and the acquaintance vs.
description distinction becomes evident. Accordibg Maxwell, knowledge
representation via the Ramsey-sentence approaictatesd both the principle and the
distinction. This is so, because the Ramsey-seateapproach existentially
guantifies over all theoretical terms but leavéhbtervation terms intact. Maxwell

explains:

[We] can formulate propositions that refer to uresbable properties or to classes
of unobservable things by means of existentiallgrgified predicate variables and
other purely logical terms plus terms whose diregfierents are observables.
Fortunately any theory whatever can be transformvétiout loss of significant
content into such a proposition. It is only necessa replace the conjunction of the
assertions of the theory by its Ramsey sentenge (16

In accordance with Russell's principle of acquaict the ‘items’ that theoretical
terms supposedly refer to, unlike the items of olzgeon terms, are not ‘ingredients’
of a proposition. For Russell, this means thatesasds expressing such a proposition
will not contain a name or descriptive constant tfediers directly to the alleged
items. Diverging from Russell's viewpoint, Maxweligues that there is a sense in
which a propositiomefersto the items that its theoretical terms prescribeefers to
them indirectly, through “(1) terms whodé&ect referents are items of acquaintance
and (2) items of a purely logical nature such asiabées, quantifiers and
connectives” (1970a: 182-3).

The advantage of employing the Ramsey-sentenceagpis that its assertions are

restricted to properties of properties of unobseles i.e. it does not uniquely

% He thus assumes that the terms ‘observation’ acgifaintance’ are co-extensive (1970a: 182).
Notice that his deliberate choice of the term ‘iteeilects his avoidance of what exactly the natfre
the objects of our acquaintance is.
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identify the properties of unobservables. Tégg@msn accord with Maxwell’'s view
that we do not have epistemic access to the fidgroproperties of unobservabf8s.
Nonetheless, “our (Ramseyfied) theories tell ug thay exist and what some of

their (second and higher order) properties are” (1910bjoriginal emphasis].

To appreciate the marriage between structural smaknd the Ramsey-sentence
approach, it is worth considering one of Maxwelsamples. Suppose that given
numerous observations we pronounce the truth ofath@wving sentence:[(x)((y)
[(Ax & Dx) O (Oy) Cy] whereA andD are theoretical predicates which stand for ‘is
a radium atom’ and ‘radioactively decays’ respeaatiy andC is an observation
predicate which stands for ‘is an audible clickieiger counter’. If this sentence is
true then its Ramsey-sentence, namély) () (Ox) (Oy) [(bx & ¢x) O (Cy) Cy]
where U and ‘¢’ are predicate variables, will also be true. Thengple of
acquaintance holds that we cannot know sentenkedHe first one, because they
mistakenly include fully interpreted theoreticaégicates, i.eA andD. The Ramsey
sentence version circumvents this problem by measgerting that such properties
exist. Maxwell explains that our knowledge of thgseperties “is by description
and, as in all such cases, we refer to them ngirbglicate constants, but indirectly
by means of purely logical terms plus an obsermaigom, in this case, ‘C’ ” (1970a:
186-7).

Despite the strong case that Maxwell makes, Russadtsion of structural realism
and the Ramsey-sentence approach are inconsistart.both Russell and Maxwell
advocate a notion of structure that identifies props preserved by isomorphic
mappings? It is also true that the notion of abstract stietl presented earlier
seems ideal for the purposes of both. In spithdisfagreement, the Ramsey-sentence

of a theory preserves thegical structureof the whole theory, something directly at

% As | argue in the next chapter (see section thtke)Ramsey-sentence approach is not in accord
with Maxwell's idea about first-order propertiesr ft quantifies over any theoretical properties, i
not just those that are first-order.

% In a puzzling footnote, Maxwell notes that theaott he offers in his (1968) is incomplete and
incorrect in that “structure should not be idestifiwith form; rather it is form plus causal coniats
with experience” (154). | do not know what to makehis, though my suspicion is that he might be
attempting to fend off objections on how much tb&an of abstract structure can tell us about the
world.
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odds with Russell's insistence that we infer theicttire of the world from the

structure of our perceptions.

To elucidate the point, consider the following exdéen Suppose that we have in our
hands a theory, call it ‘K’, and that all it sayisoat the world is captured by the
claim: (Ox) [(Twx O T2x) & (O1x O ~0.x)].8” Now, according to Russell, we find out
about the structure of the physical world throulgé $tructure of observations. First
of all, we take the concrete observational strctfrK, i.e. (Jy) (Oy O =Oyy), call

it ‘Ok’. We then deduce the abstract structure gfi@. (IP)(CW)(Oy) (Py O -Wy),
call it ‘Ax’. Finally, via principles H-W and MR we postulateat there is a unique
concrete physical structure, call its’P which instantiates A and whose domain
members are the causes of the domain members otdherete observational
structure. We can expresg & (ly) (Fy O -Gy), where F and G are predicates
referring to physical properties. Qua structurallists, we do not have epistemic
access to the properties F and G are referringoteye cannot say that we know. P
All that we can say is that we know that there tetai® predicates that: 1) refer to the
physical properties that cause observablea@d Q and 2) that these predicates
instantiate the predicate variables ip. AVe can call this last claim & The point
that | am making here is thagpks obviously different to the Ramsey-sentence pf K
R(K): (0)((X) (Ox) [(Gx O 2x) & (O1x O =0Oxx)]. One major difference is that the
Ramsey sentence of K asserts the existencat déasttwo physical properties,
whereas Ik asserts the existencejast twophysical properties. Moreover, the latter
states that the two properties are the causal eséets of @ and Q, something
R(K) does not do. Another major difference is ttieat logical properties of R(K) and
Kp, at least in this example, are different. Thatfise$ to establish that the two
methods, i.e. Ramseyfication and Russell’'s metlaoel,not equivalent. No wonder
then that even Maxwell remarks in passing that “tRamsey sentence is
approximatelyequivalent to Russell’'s contention that we do hiavewledge of the

structural properties of the unobservable” (19708):[my emphasis].

" Worrall objects that this example is artificiady &K does not involve any intricate logical relatso
between the observational and theoretical terms, Bleicording to him, makes the theoretical part of
the sentence content-free. | will address thisdgsisection three of chapter four.
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Worrall and Zahar

Worrall’'s and Zahar’s variety of epistemic strueturealism, initially also branded
‘syntactic realism’, is inspired by Poincaré’s bistal arguments, and in this respect
differs from both Russell's version and Maxwell'srgion. The recent interest in
structural realism was instigated by the publicatd Worrall’s ‘Structural Realism:
The Best of Both Worlds?' a decade and half agorrsMothere argued that a
sensible position in the scientific realism debateds to take into consideration two
warring arguments: the no-miracle argument and pessimistic induction
argumenf® In short and as already sketched in chapter ohéioRls that since
predictively successful scientific theories haverdually been discarded, we have
inductive evidence that even our current theokespite their great successes, will
also be discarded one day. NMA holds that realisrthéonly view that does not
make the predictive success of science a miractara offers ESR as a position
that underwrites both of these arguments and ssudtself midway between
constructive empiricism and traditional scientifealism. It underwrites the NMA
because it argues that the success of sciencetsefle fact that we have got the
structure of the world right. It underwrites Pl base it concedes that non-structure
gets abandoned.

Following Poincaré, Worrall takes the Fresnel-Makwase as historical evidence
for ESR. He indicates that the structwkFresnel’'s theory, as it is for example
expressed through his equations for the relatitensities of reflected and refracted
light at the boundary between two transparent medidiffering optical densities,
was carried over to Maxwell’s theory unscathed.sTWorrall argues, if we look at
theory change solely from the perspective of matiteral equations, the Fresnel-
Maxwell case counts as evidence for the essent@liypulative development of
science® The underlying assumption is that it is reasonablehold that what
survives theory change is what has really latchedoothe world. According to
Worrall, Fresnel was completely wrong about tieure of light, viz. that light
consists of vibrations that are transmitted throagh all-pervading medium, the

ether. Fresnel was probably right, however, abtastructure i.e. that optical

8 Worrall traces Pl and NMA to both Poincaré and €mh(see (1989: 140-2)).

% Heinrich Hertz’s often quoted comment that ‘Maxieetheory is the system of Maxwell’s
equations’ is congenial with Worrall and Poincard&am that the essence of the theory is the
relations it postulates.
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effects depend on something or other that vibrategyht angles to the direction of

propagation of light, just as required by the eipunast

A question that naturally arises from the aboveosipn of Worrall's views is
whether the mathematical continuity found in theowab case is a widespread
phenomenon within the history of science. Worradirgs that the Fresnel-Maxwell
case is ‘unrepresentative’ in that Fresnel's eguatiare entailed by Maxwell’s
theory without any modificationd. It is more often the case that equations of an
older theory reappear only as limiting cases ofaéiqus in a newer theory. Indeed,
the two great theories of the twentieth centurg. the theory of relativity and
quantum mechanics, depart from classical physicwags that prima facie seem

difficult — some people have argued impossible retmncile.

Redhead (2001a), himself an ESR sympathiser, titesases where the structural
continuity between old and new is difficult to mi@im. The first case involves the
relationship between Minkowskian and Galilean sganes. Unlike Galilean space-
time, Minkowskian space-time admits a non-singuetric. If, however, we let the
speed of light tend to infinity, the metric becom&sgular. This leads to the
disappearance of the relativity of simultaneitypwing for the recovery of Galilean
space-time. The second case involves the relagtwden the Poisson and Moyal
bracket formulations of classical and quantum meidsarespectively. The latter
formulation generalises the former by introducirgnitommutative multiplication
for phase space functions. If we set Planck’s @misto zero, commutativity is

recovered and so is the Poisson formulation.

Redhead’'s two cases are meant to illustrate anptlygualitative discontinuity
between the new and the old. Regardless of thisodigwity, Redhead notes an

apparent affinity between old and new structures:

Qualitatively new structures emerge, but there definite sense in which the new
structures grow naturally, although discontinuopslyt of the old structures. To
the mathematician introducing a metric in geometyy, non-commutativity in

algebra are very natural moves. So looked at floenright perspective, the new

" That the Fresnel-Maxwell case is atypical has aésn pointed out by, among others, Howson
(2001), Redhead (2001a), and Kitcher (2001).
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structures do seem to arise in a natural, if nesdéapable way out of the old
structures (195

In other words, if, like the mathematician, we Bew natural the leap is from old to
new structure, then we realise that the discornainot debilitating. Seeing as this
argument rests on a metaphor, it is no wonderRlealhead is reticent regarding its
force. A major task for the structural realist therto find a way to make concrete

the correspondence relation between old and newtstes.

Zahar has recently claimed that a proper defendeSit requires a departure from
standard semantics. By interpreting relations dnigugh their relata, he maintains,
standard semantics fails to give due priority t® tblations, which are, after all, the

focus of structural realism. Here is what Zahassay

...according to structural realism, we often haveoadyreason for supposing that
‘R’ [i.e. a specific relation] reflects a real caution between elements about
whose intrinsic nature we know next to nothing. €baditions under which we are
entitled to make such a realist claim obtain whenewve have a highly unified

hypothesis H which both involves R and explains lole host of seemingly

disparate facts in a non-adhoc way (2001:38).

Implicit in this passage is an association betwesswledge of the intrinsic nature
of objects and classical semantics. In rejectireg fdrmer, Zahar believes that we
must also reject the latter. The presumed assogjakiowever, is highly dubious
since not knowing the intrinsic nature of objectesl not force us to abandon the
characterisation of relations in terms of individuaVe can simply stick with the
less radical view that the individuals are knowtyarp to isomorphism, expressing
our knowledge of relations as higher order clailmsua sets of individuals. What is
more, Zahar's and Worrall’s support for the Ramsegtence approach does not
seem to square with his call for a new semantiétheE the Ramsey-sentence
approach plus the associated classical semantidsswm which case there is no
need for a new semantics, or it does not work aadis (potentially) why we must

look for a new semantics.

" See also his (2001b: 346-347).
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Another interesting development has seen the rdadmn of structural realism
with a position proclaimed by many (see, for exampliiniluoto (1999)) as its main
competitor in the realist camp, namely entity ali In a noteworthy article,
Chakravartty (1998) has sought to bring the twoetbgr under the banner of his
own position, ‘Semi-realism’. He argues that theparties we detect in experiments
should be central to both accounts. Commitmenh&existential claims of entity
realism, says Chakravartty, can be achieved onfgutih relying on relations
between detectable properties. Conversely, thdatores, which are the focus of
structural realists, contain substantive informa@dout entities. Thus, he concludes,
properly understood entity and structural realisgntail one another; they are, in

fact, one and the same position: semirealism” (407)

6. Psillos’ Objections

In a recent succession of articles ((1995), (200(0)01a), 2001b)) and a book
(1999, ch. 7), Psillos has attacked various vessminstructural realism, especially
those of Russell, Maxwell and Worrall. Since a grogxposition of these criticisms
would take rather long, | merely list them here as#k the reader to wait for a
detailed treatment in the ensuing chapter. Thersewast important objections that
emerge from Psillos’ attack, all of them directhatlenging ESR, are:

(PS1) ESR commits us only to uninterpreted equatibnt these are not by

themselves enough to produce predictions (19994153

(PS2) Structural continuity through theory change de explained better by
traditional scientific realism than by ESR (1998718).

(PS3) Some non-structural theoretical contenttsimed in theory change, and this
is better supported by current evidence and mkedylito be true than non-structural
theoretical content in the past (1999: 147-8).

(PS4) The structure vs. nature distinction that EEpReals to cannot be sustained
(1999: 157).
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(PS5) ESR faces a dilemma: On the one hand, the ptiiple by itself can only
establish a relation of embeddability between tkieraal world and the ‘world’ of
percepts, not a relation of isomorphism as requingdESR. Without a relation of
isomorphism, the structural realists cannot eghbhferential knowledge about the
structure of the external world. On the other hadlV together with its converse,
viz. different stimuli/physical objects imply diffent percepts, allow for the
establishment of isomorphic relations but, in dasing concede too much to idealism
(2001a: S13-S16).

(PS6) The claim that the first-order properties aeldtions of unobservables are
unknowable in principle cannot be justified (19296; 2001a: S20-21).

(PS7) Knowing the abstract structure of the extewwId is not enough since it
merely amounts to knowing formal properties suchraasitivity, symmetry and
reflexivity (2001a: S16-S17).

7. Ontic Structural Realism

An altogether different species of structuralisms Haeen proposed by James
Ladyman (1998). Ladyman argues that structuraismashould be understood not
just as an epistemological, but also as a metagdlypbsition. He claims that this
much is suggested by Worrall's version of strudtuealism, which, according to
Ladyman, is ambiguous between the two manifestatidiet, neither Worrall nor
any other ESR-ist adopts any substantive metapdiypsitions but rather asserts
the epistemic inaccessibility to physical objecéydnd the level of isomorphism.
Steven French (1998; 1999; 2003) has joined fondgsLadyman (see their (2003a)
and (2003b)) in advocating what they call ‘OnticuStural Realism’ or OSR for
short. As | have already indicated, they claim &vétraced the roots of OSR to
Ernst Cassirer. But let us take things from therr@gg.

Appealing to some of the aforementioned objectidos structural realism,
particularly Newman’s objection and Psillos’ objeatthat the distinction between
structure and non-structure cannot be drawn, Ladymaatily concludes that ESR is

incapable of solving the problem of ontological cdistinuity through theory
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change’? He ties this problem to a type of underdetermamathat originates in the
philosophy of physics, namely whether elementarytiggas are individuals. A

solution to this latter problem requires drastiaswres, according to Ladyman:

What is required is a shift to a different ontolzadibasis altogether, one for which
guestions of individuality simply do not arise... 8@ should seek to elaborate
structural realism in such a way that it can deftlse problems of traditional

realism, with respect to both theory change anderdetermination. This means
taking the structure as primitive and ontologicallypsistent (1998a: 420).

This is the crux of OSR. Crudely put, OSR presaithat all that exists in the world
is structure. Consequently, all that can ever mwknabout the world is structure.

The motivation for OSR comes from considerationsualonodern and, in particular
quantum, physic& In classical physics, elementary particles areertako be
indistinguishable individuals. More precisely, thaye only distinguishable with
respect to their spatio-temporal coordinates but with respect to any other
properties they posses. Their individuality is thlouof as something over and above
these latter properties. The quantum view of eldargnparticles, say French and
Ladyman, underdetermines the metaphysics of elemeparticles. That is, they can

be viewed as either individuals or non-individuals.

To illuminate this point let us take French’'s exdnpf two indistinguishable
particles that are distributed over two states [8e€1998)). The scenario obviously
offers four possibilities: (1) particlesandb in stateA, (2) particlesa andb in state
B, (3) particlea in stateA and particleb in stateB, and (4) particla in stateB and
particleb in stateA. Under the orthodox view of quantum statisticg,dBd (4) are
thought of as one and the same possibility withhimgt distinguishing between
them’* That is, according to the Bose-Einstein statistioplicit in the orthodox
interpretation of quantum theory, these two pobgds are considered to be the very
same thing. French takes this to mean that théclgamtmust be thought of as non-
individuals. He concedes, however, that there isttar view within quantum

statistics that, at least in principle, takes (8d g4) as distinct. From this, he

2|t is puzzling how Ladyman comes to think that thpeoblems have anything to do with the
problem of theory change.

3 paradoxically, French (1998) argues that we careaat metaphysics off current physics.

" In classical statistical mechanics, (3) and (4)taought of as distinct.
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concludes that quantum physics underdeterminess iresutral, between the view of
particles as individuals and that of particles as-imdividuals.

Astonishingly, French and Ladyman claim that thiglerdetermination supports
OSR. Yet, at most, the underdetermination seemgaise doubts about the
individuality of particles”> A defence of the view that we should throw away an
individual-based ontology and reconceptualise thle of individuals in terms of
structures, as French and Ladyman suggest, wolddsttrequire demonstrating that
elementary particles are non-individuals. Their owmsistence on
underdetermination between the two possibilitie$e@s any such approach. If
anything, the underdetermination counsels agnestidietween the two views of

particles and, by extension, agnosticism about JSR.

It is worth noting that in his original article, dgman offers the model-theoretic
(a.k.a. semantic) approach to theories, accordinghich theories are conceived of
as sets of models, as a general framework for rfetnhent of theories. Together
with French, they have since then extended thiadork with the so-called ‘partial
structures approach’, developed first by Newton Qmsta (see, for example, Da
Costa and French (1990)). Among other benefits, dpproach allegedly provides a
better representation of continuity through theochange, especially those cases
where continuity is only approximate. As French dratlyman have admitted,
however, the radical shift in ontology requireseavrsemantics to go with it. What
remains wanting, is the fleshing out of this mudvextised new semantics. Many
have questioned the very possibility of conceivinfj objects as structures.
Moreover, even if the vaunted reconceptualisati@menpossible it is doubtful that

this would be a good reason to abandon an objessebantology.

In view of the fact that my dissertation deals Bolwith the epistemological
dimension of the scientific realist debate, OSR wilt be investigated further. It is

mentioned here only in order to cover all majorelepments in structuralism of the

> This objection, as well as many others, has alsa baised by Tian Yu Cao (2003a; 2003b), Anjan
Chakravarrty (2003) and Matteo Morganti (forthcog)in

8 Ladyman seems to have had a change of heart. Whéset! this point at a BSPS lecture given by
French and entitled®rom Poincaré's Crutch to Melia's Weasel: Having @Gr@ntological Cake and
Eating it tod Ladyman agreed that what the underdeterminatignraent warrants is agnosticism.
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natural sciences. Notwithstanding the perhaps msuntable difficulties it faces,
OSR is at the cutting edge of metaphysics, its @apas radical as they get.

8. Empiricist Structuralism

Van Fraassen (1997; 1999) has vehemently attackedtwgal realism, both its
epistemic and ontic forms, arguing instead for @mpiecist version of structuralism,
which he aptly calls ‘empiricist structuralism’. ldgrees with Worrall that there is a
preservation of structure through theory changeabgues that the type of structure
involved is the structure of the phenomena, notdtinecture of the unobservables
(1999: 30-1) In van Fraassen's eyes there are two realms oéntfic
investigation: 1) the phenomena and 2) the mathealatructures. We represent the

structure of the phenomena with the help of mathieadsstructures.

Van Fraassen claims that the empiricist can expghaw and why earlier theories
were successful. Instead of the realist explanatian requires old theories to have
latched on to the structure of the unobservablssalleged explanation requires that
the new theories imply “approximately the same otezhs for the circumstances in
which the older theories were confirmed and foudeécmately applicable” (25).
This, according to van Fraassen, doubles up asegi@n for theory acceptance. That
is, a new theory must at least be able to makeoappately the same confirmed
predictions as the old one. It also satisfies thamniracles intuition, continues van
Fraassen, without making the success of scienceiracls “because in any
theoretical change both the past empirical sucecetsned and new empirical

successewere needed as credentidts acceptance” (25) [original emphasis].

The maotivation for van Fraassen’s structuralisrdifferent from any of the ones we

have seen so far. It is worth quoting him in full:

According to the semantic approach, to presentiensfic theory is, in the first
instance, to present a family of models - thatriathematical structures offered for
the representation of the theory's subject matéthin mathematics, isomorphic
objects are not relevantly different; so it is espky appropriate to refer to
mathematical objects as "structures”. Given that rifbdels used in science are
mathematical objects, therefore, scientific theoattdescriptions are structural,

" As van Fraassen notes: “There was something theeytje theories] got right: the structure, at
some level of approximation, of those phenomenayj.(3
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they do not "cut through" isomorphism. So the sdinaapproach implies a
structuralist position: science's description sfdtibject matter is solely of structure
(1997: 522)®

Given that mathematical objects can only be desdribp to isomorphism, van
Fraassen says, our use of mathematical structor@sscribe the phenomenal world
makes us structuralists. The motivation is thusngrily linguistic, in that he is
arguing that language, in particular mathematicgeggrise to, and perhaps even
necessitates, structuralisthThis linguistic motivation is reminiscent of théew,
held by Poincaré and Russell, that nothing othan structure is transmissible. It is
worth noting that, despite the jargon used by se¢imaheorists, the semantic
approach is superfluous in the above argument saneeneed not be a semantic
theorist to hold the two premises, i.e. that mathigsal objects are describable up to

isomorphism and that we use mathematical objeatspieesent the world.

Following in van Fraassen’s footsteps, Otavio Bugrfi97; 1999; 2000) argues for
a position that he calls ‘structural empiricism’isHosition inherits some of the
main features of constructive empiricism, suchhasrtotion of empirical adequacy,
but also van Fraassen’'s recent emphasis on stegctiitis notion of structure,
however, is a bit more idiosyncratic. Like Frenciddadyman, Bueno relies on a
partial structures approach to scientific theori®githin this framework, he
introduces variant notions of empirical adequacighsas the notion of degrees of
empirical adequacy, characterised in terms of thteon of partial isomorphism (see
his (1999: section 3)). Indeed, Bueno takes himaslfextending van Fraassen’'s
account by fleshing out a more flexible relationvieen structures, provided by the
partial structures approach. This has been a ralbgady suggested by van Fraassen
(see his (1997: 524)), and Bueno acknowledges ak.mu

9. The Main Structural Realist Obstacles
Given the above elaboration of the historical depeient of structuralism and in
particular structural realism, we can identify foomain obstacles that structural

realists need to somehow account for:

8 See also his (1999: 31-2).

" Though van Fraassen does not elaborate on thig ppiesume that his claim is not restricted to
the language of mathematics but any language wstagements can be translated into the language
of mathematics.
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(SRP1) The Newman objection: The ESR claim thatwedl can know about the
world is that it has a certain abstract structuskes scientific knowledge trivial. It
presumably makes it trivial because saying, axfstral realists do, that for a given
class there exists a system of relations that 8pscan abstract structure is not
saying anything of empirical importance, since ttieam follows a-priori by appeal
to theorems of set theory and logic plus knowledféhe cardinality of the given
class. In order to avoid the triviality accusati@ppeal must be made to non-

structural considerations. This amounts to abamdppure ESR.

(SRP2) The structural discontinuity objection: Teis insufficient historical
evidence for structural continuity through theohaoge. The Fresnel-Maxwell case
is atypical. Most current theories’ immediate pEtsors are, even at the level of

structure, discontinuous with their successors.

(SRP3) Psillos’ medley of objections: PS1-PS7.

(SRP4) The Empiricist Structuralist Challenge: Bheés continuity of structure
through theory change, but it is continuity of 8teucture of phenomena not of the

structure of unobservables.

These are added to the obstacles faced by sotergdiism outlined in chapter one.
The only exception is SRP2, which, naturally, ozpsl with RP2 to a certain extent.

10. Conclusion

The history of structuralism in the natural science rich and varied. Among the

many structuralist positions, ESR, especially Wbsraersion, has been hailed by

many as a refreshing new hope for realism. As we Isaen, it has also been heavily
criticised. The rest of this dissertation will be avaluation of ESR in light of the

objections raised against it and, more broadly, tigections raised against

traditional versions of realism. First in line isapter three where | address Psillos’
objections PS1- PS7, who spearheads the critiqgggwdftural realism. In addressing
these objections | will try to clarify and make @se the notions and principles on

which structural realism depends. Chapter foureigoted to the Newman objection,
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SRP1, hailed by many #se fatal blow to structural realism. In chapter fivpursue

a historical case study in an effort to addresshiseorical objections SRP2, and
RP2. Following that is a chapter on underdeternonawvhere RP1 and, for reasons
that will become clear later, SRP4 are tackledalynthe seventh chapter offers a

glimpse into the future directions the researcthisf dissertation can be taken.
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3

Recent Objections

Among ESR’s critics, Psillos seems the most conaaitb the position’s overthrow.
In the last few years he has launched a barragijettions against ESR (see his
(1995), (1999), (2000a), (2001a), and (2001b)). dine of this chapter is threefold:
1) to evaluate Psillos’ offensive against both ®aincaréan/Worrallian and the
Russellian versions of the position, 2) to elab®naiore fully what ESR involves,

and 3) to suggest improvements where ESR is infiekaa.

1. Introduction

Psillos has praised Worrall’s revival of the Poigea version of ESR, saying that it
gives us an important insight into the scientiBalism debate. The insight it gives is
that we need not believe to an equal degree dlltisaientific theory ascribes to the
world. In spite of this acknowledgement, Psillogkis that ESR faces a number of
insurmountable objections. | have already listezséhin the previous chapter but |
reproduce them here for the reader’s convenienbe. fifst three objections have

been raised primarily against the Poincaréan/WMaraVversion of ESR:

(PS1) ESR commits us only to uninterpreted equafidout these are not by
themselves enough to produce predictions, andefibrer, do not deserve all the
epistemic credit (1999: 153-4; 2001a: S21).

(PS2) Structural continuity through theory change de explained better by
traditional scientific realism than by ESR (1999718).

(PS3) Some non-structural theoretical contenttisimed in theory change, and this
is better supported by current evidence and mkedylito be true than non-structural

theoretical content in the past (1999: 147-8).

One of Psillos’ objections seems to apply to alRESts, namely:
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(PS4) The structure vs. nature distinction that EEpReals to cannot be sustained
(1999: 157f°

Psillos has also put forward three objections thia directed at the Russellian

version of ESR. These are:

(PS5) ESR faces a dilemma: On the one hand, the pitiple by itself can only
establish a relation of embeddability between tkteraal world and the ‘world’ of
percepts, not a relation of isomorphism as requingdESR. Without a relation of
iIsomorphism, the structural realists cannot eghbhferential knowledge about the
structure of the external world. On the other hath# converse of H-W, viz.
different stimuli/physical objects imply differepercepts, together with H-W allow
for the establishment of isomorphic relations tdoing so, concede too much to
idealism (2001a: S13-S16).

(PS6) ESR cannot justify the claim that the firsday properties and relations of
unobservables are unknowable in principle (1998)1&001a: S20-21).

(PS7) Knowing the abstract structure of the exieww!d is not enough since it
merely amounts to knowing formal properties suchrassitivity, symmetry, and
reflexivity (2001a: S16-S17).

In what follows, | evaluate these objections byasapng them into two groups, one
comprising the Worrallian/Poincaréan objections, ather comprising the Russelian
objections. Albeit having an equal right to be ottbgroups, | place PS4 in the first
group because Psillos raises this objection indbmtext of criticising Worrall's
ESR. Finally, since the second group of objectimghematically identical to
objections made by Michael Bradie (1977) and Bas aassen (1997), | include

these there.

8 See also Ladyman (1998) and van Fraassen (1999).
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2. Terminological Issues

I must first clarify some terminological issues,igi) as we shall shortly see, are the
sources of some of the above objections. Psilles dwt sufficiently explicate the
notion of structure, and, as a consequence, dramg snistaken conclusions about
the commitments made by ESRHe employs a number of terms, some of which
introduced by the structural realists themselvésit toosely refer to what the
structural realists have in mind but that are atgsleading in their own peculiar
way. These are: ‘mathematical structure of thegrighe logico-mathematical
structure of theories’, ‘mathematical content addhes’, ‘the mathematical form of
laws’, ‘mathematical equations’ and ‘uninterpretedthematical equations’.

The first one, viz. ‘mathematical structure of thieg’, may be too narrow. If we take
logic as not subsumed under mathematics, then welemving out structures
specifiable by logic but not by mathematics. Foviobs reasons, this problem is
remedied by the term ‘the logico-mathematical streec of theories’. Both terms,
however, as well as the term ‘mathematical condétiheories’ may be too broad in
that there is plenty of mathematical machinery Wwhidoes not play any
representative rol&. Typically, structures taken to represent the ptajsivorld are
embedded in broader mathematical structures. Thessxmathematical structure is
obviously not the target of the structural reasistommitments. Hence, to say that a
structural realist is interested in the whole mathgcal content of theories is

misleading at best.

The next term, ‘the mathematical form of laws’aiso misleading for at least two
reasons. One important reason is that the noti@tro€ture should not be restricted
to laws. Laws typically express relations betwebagsgal entities, properties and
relations, but they are not the only theoreticalteshents that do so. Functions,
equations, symmetries, principles, covariance statds, etc., postulate relations
between terms that can usually be expressed smtetiwlly in the above-mentioned

way ® Take, for example, the inequality relations of nemtum-position Ap,Ax =

81 See also Redhead'’s criticism of Psillos (200115)34

82 See Redhead’s (2001a) for an interesting discussiso-called ‘surplus structure’, i.e.
mathematical structure that has no representatiee r

8 It is worth noting that whether we get to call shing ‘law’, ‘principle’, or ‘equation’ is often a
historical accident.
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h/2, and time-energyAEAt > h/2, where4(z) denotes ‘spreads’ of the value of a
measurable quantit x a position co-ordinatgy the momentum at, E energy, and

t time. These are relations, and hence specify tstres, just as much as Newton’s
inverse-square law and Boyle’s law for gases. Rersame reason the last two terms
on the above list, ‘mathematical equations’ andiriterpreted mathematical
equations’, are problematic since they restrict dpplicability of the notion of
structure to equations. As a matter of fact, sitiee structural realist’s epistemic
concerns are with relations, theoretical statemexpsessed in natural language can
also qualify as specifying structures so long ay tire expressing relations that have
logico-mathematical properties. For example, ttetestent ‘Diamonds are harder
than topaz gemstones and topaz gemstones are hasederapatite minerals’ is
entailed by Moh'’s scale of hardness, and reflectsrdering of minerals that, among

other logico-mathematical properties, exhibitsghgperty of transitivity.

The other reason why the term ‘the mathematicahfof laws’ is misleading is that
it is not entirely clear what ‘mathematical formeans. Perhaps Psillos is alluding to
the idea expressed by the last term on our ligt, dninterpreted mathematical
equations’, with particular emphasis on ‘unintetpde Yet ESR does not subscribe
to uninterpreted equations as Psillos suggesis.tit precisely this issue that | now

turn to in order to tackle Psillos’ first objection

3. The Objections Against the Poincaréan/WorralliarESR

Objection PS1

Scientific realists, argues Psillos, deny the E&cthat ‘all of what is retained is

empirical content and (uninterpreted) mathematcpiations” (1999: 147) [original

emphasis]. The reasoning is that “mathematical opus alone — devoid of their
theoretical content — [cannot] give rise to anydpgons... [p]redictions require

theoretical hypotheses and auxiliary assumptio@§3). Hence, Psillos concludes,

uninterpreted mathematical equations cannot beegntiesponsible for the success
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of the scientific theories in which they appearisT¢iaim reflects an objection that

Psillos echoes throughout his wé#k.

Is the structural realist arguing that uninterplegguations are entirely responsible
for the success of scientific theories? More speadlf/, is the structural realist
arguing that we should believe only in uninterpde¢guations? A careful review of
the literature reveals that no structural realisresupported such a view. Even
Worrall, the subject of Psillos’ objection, comdsse to holding such a view but
does not take the plunge. He comes dangerouslg,dimsexample, when in arguing
that only structure gets preserved through thebgnge, he asserts that “Fresnel’s
equations are taken over completely intact intosthygerseding theory — reappearing
therenewly interpretecbut, as mathematical equations, entirely unchan(eibe:
160) [my emphasis]. If one looks at the contextvimch this sentence was uttered,
as | will soon be doing, one can ascertain thatneyly interpreted’ Worrall is
referring to the reinterpretation of these equationnder new ontological
assumptions. He does not require any other typeioferpretation of the equations,

or that the equations be entirely uninterpreted.

If Psillos is referring to the interpretation thadsigns values to the terms of the
equation, then he has completely misread the shaictealist project. This latter
type of interpretation links the terms of an equat- or any other relation for that
matter — to our observations, thereby allowingtfa production of predictions. This
in turn makes verification of the equations possiblake Worrall's example of
Fresnel's equations: (1) R/l = t&0,) / tan@:1+6,), (2) R/I' = sin®:-6,) /
sin©:+6,), (3) X/I = (2sirB,-co®1) / (sin@1+62)-cosP:1-6,)) and (4) X' =
2sim,-co®; / (sin@1+6,), whereB; and 6, are the angles made by the incident and
refracted beams with the normal to a plane refigcsurface, and I, R, and X
represent the amplitudes of vibration of the innideeflected, and refracted beams
respectively; these are the square roots of tlemsities of the components polarised

(1) in the plane of incidencé, IR?, and X, and (2) at right angles to the plane of

8 For example, earlier in the book he says ‘it istlm®t to treat theories as abstract structures, bu
instead to appeal to the succesmtdrpretedscientific theories in order to argue that the kind
posited by them populate the world” (1999: 69)his (2001a), he repeats: “...in empirical science
we should at least seek more than formal struckKmewing that the world has a certain formal
structure... allows no explanation and no predictibthe phenomena” (S21).
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incidence ¥, R?, and X?. The interpretations of thenglesand theintensitiesare
indispensable to the successful application of #wuations. Each of these
interpretations assigns a measurable and henceallproanstruedobservable as
opposed to theoretical, property to a term.

Worrall does not question the interpretation ofmt&6; and0, as angles made by the
incident and refracted beams, or of terfsR?, and X as the intensities of the
components polarised. Questioning these would m@n#unt to renouncing one of
the most spectacularly successful set of equatimeposed in the nineteenth
century; equations that produced such amazing aecpected predictions as the
bright spot at the centre of the shadow of an opatisc when placed in the path of

light coming from a single slit.

Nowhere in the above discussion of the interprtatito the terms of Fresnel’s
equations have | mentioned the ‘ontological’ intetption that Fresnel attached to
them, i.e. that light consists of vibrations tramsed through an all-pervading
medium, the ether. But it is only thisntological interpretation that Worrall
specified as being re-interpretable, not anythilsg.eThe ontological interpretation
affects only the amplitudes I, R, and X which ir$irel's framework are understood
as vibrations of the ether. One can simply reimtrghese as amplitudes of some
sort of vibration/oscillation without any loss ofeglictive power. That is, Worrall
questions what kind of thing is vibrating or ostilhg: Is it the ether, the electric and
magnetic field strengths, or something else? Adogrdo him, we should remain
agnostic only with regard to what is doing the aibrg, i.e. only with regard to the
‘ontological’ interpretation of Fresnel’'s equatioms other words, we hang on to the
idea thatsomethingis doing the vibrating without being able to speavhat that

something is beyond the level of isomorphism.

The above example illustrates that the structugalist is very much in need of
interpreted equations. Indeed, Psillos’ accusédtianthe structural realist subscribes
only to uninterpreted equations rests on a senmisseading of the ESR position.
The structural realist does subscribe to interpre¢guations, but attempts to

distinguish between interpretations that link therts to observations from those that
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do not. The hoped-for outcome is interpreted equatithat represent relations
between measurable, in a broad sense observabigs.tin Worrall's version of
ESR this information is represented via the Ransstence, which preserves the

interpretations of observables.

Objections PS2 & PS3
Psillos acknowledges the historical claim thatdtite, in one form or another, often
survives scientific revolutions. But he points dliat this phenomenon requires an

explanation. One explanation, according to hinthésfollowing:

One might argue simply that retention at the legklequations is merely a
pragmatic feature of scientific practice: the stifem community finds it just

convenient and labour-saving to build upon the mmaidtical work of their

predecessors. This predilection for mathematicab&qgns, the argument would go
on, signifies just the conservativeness of the ndifie community rather than
anything about the real relations in the wq®99: 152).

Psillos’ point is that Worrall needs to show whyustural continuity between
successive theories is not merely the result ofveoient scientific practice, but
rather the result of mathematical structures adelyraepresenting the structure of

the world.

It is, of course, quite obvious that the same dlgaccan be raised about any type of
continuity through theory change. Is it just anidental, convenient or conservative
feature of history or does it reflect a latchingamthe world? Thus, it is not just the
structural realist that needs to provide a bridgenveen historical continuity and
accurate representation. Psillos, like many otherknowledges that the defence of
realism in any of its forms needs an argument pha¥ides such a bridge. For most,
including Worrall and Psillos, the NMA fits the bilThus, the bridge can,
presumably, be constructed through an appeal tprigictive success of a theory.
In other words, the fact that the surviving elerseat scientific revolutions are
employed in the production of successful prediciomakes it unlikely that these
elements are not accurately representing the world.

According to Psillos, the structural realist canappeal to traditional versions of the

NMA, since they attempt to correlate predictive cggs with more than just the
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structural features of a theory. Thus, Psillos asguf NMA is to support ESR, it
must be formulated in a way that structures, anly structures, get credit for the
predictive success of a theory. He offers two reasehy he thinks that this cannot
be achieved: 1) uninterpreted equations cannot usedoredictions or explain
anything so should not take all the credit, andn@p-structural components are
preserved across scientific revolutions and thesebatter supported by current

evidence and more likely to be true than the smatielements.

As the reader might have noticed, 1 and 2 corra$porPS1 and PS3 respectively.
Psillos uses them to buttress PS2, i.e. the objethiat traditional scientific realism

can explain the preservation of structure throdggoty change better than ESR.
Thus, Psillos’ case for PS2 hinges on the poteridyS1 and PS3. | have already
shown that PS1 lacks potency. To reiterate ladicses resolution, the structural

realist never championed uninterpreted equatiorsat\@bout PS3?

This objection is more serious and therefore demataser scrutiny. Psillos claims
that the historical record exhibits continuity begothe structural level, thereby
lending credence to the view that ‘non-structucaimponents of a theory deserve at
least some credit for its predictive success. ltoidy the combination of
mathematical equations with theoretical hypothesmas$ auxiliary assumptions, he
holds, that suffices to produce a theory’s preditti According to him, “scientists
now have good reason to believe that the [non-&firall content of current
theories... is better supported by the evidence, had¢ce, more likely to be true”
(147)% In other words, not only is non-structural theima@tcontent retained, but it
is also better supported, and, therefore, mordylike be true than non-structural
theoretical content in the pa&Stindeed, Psillos maintains that scientific realfstsn
explain the fact that mathematical equations have beesinest through theory

% psillos’ phrasing equivocates the contrast clasgs he mean that current theoretical content is
better supported and more likely to be true thartloéoretical conterdr that theoretical content is
better supported and more likely to be true thacaire? | take him to mean the former since the
latter conflicts with his belief that the preseigatand success of structure is an important asgect
the realist picture.

8 Compare this to what he says a page later, \at.itis “more likely to be true than false” (148).
should be obvious tha@t being more likely to be true th&his not the same thing d&sbeing more
likely to be true than false.
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change by saying that they form an integral parttté well-supported and
(approximately) true theoretical content of thegti@47) [my emphasis].

The sole, and somewhat detailed, illustration othswalleged non-structural
components that Psillos offers, appears in his @aon of Fresnel's theory of
light, where he lists three assumptions that Fileased in the derivation of his

laws2’

(&) A minimal mechanical assumptidghat the velocity of the displacement of the
molecules of ether is proportional to the amplitodéhe light-wave.

(b) The principle of conservation of enerdyis viva] during the propagation of
light in the two media. Applying the principle dfe conservation of energy to the
effective components of light in the interface béttwo media, he arrived at a
general relation of the form s-cos8; (1-R) = sinB;-cos- X

(c)A geometrical analysisf the configuration of the light-rays in the irfece of
two media. (158) [abbreviated].

According to Psillos, these are theoretical assigngtthat are ‘fundamentally
correct’ but cannot be completely accounted fastractural terms. In any case, they
were purportedly carried over from Fresnel's to Malt's theory, and therefore

deserve at least some of the credit for the predistuccess of those theories.

The first thing to note here is that Psillos seémendorse the view that the success
of Fresnel's laws must rub off onto the premisesiaty employed to derive these
laws. Yet, this type of reasoning is fallacious.idtcommon knowledge that if
evidencee confirms a hypothesibl, it does not follow that it confirms any theory
that entailsH. The point can also be made in the context of cekilogic. A valid
argument with a true conclusion need not have glesittue premise. The premises
may very well be true or at least approximatelgdout that is an issue that needs to
be confirmed independently. In the current contétis thought to be false because

of the reference it makes to the ether.

Setting aside the above fallacy, | find no goodsogato view (a), (b), and (c) as
‘non-structural’. The first of these, the minimaéamanical assumption, bears all the

hallmarks of a structural component since it statesathematical relation between

87 What follows is a shortened excerpt that contalhthe important points.
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two things, viz. the amplitude of the wave andvhkcity of the displacement of the
molecules of the ether. The fact that the latterthef two is now considered a
fictional quantity just means that the relationtestlaby (a) is not verifiable and can
thus be replaced by an electromagnetic facsiffiileis not strange then, to find in
Psillos an eventual acknowledgement that the mihimechanical assumption is not
really performing a substantive role in the deimatof Fresnel's laws. He thus says
that the only assumption required is to “take ep@ga function of the square of the
amplitude of the light waves” (159). Indeed, Psillootes that Fresnel himself had
recognised that “no specific assumptions about ttagectories of the ethereal
molecules were necessary” (139)he resulting assumption is devoid of reference
to the ether, expresses a measurable relation tlaungl,is completely sanctioned by
ESR.

It is even more puzzling to see the second assertwiz. the principle of
conservation of vis viva, on Psillos’ list of nomstural elements, since this
principle expresses a mathematical relation. Thiacimle had been stated in
mathematical form as early as the seventeenth eatal, despite the appearance of
competing accounts, it continued to be treated emagtically until it was replaced
by the modern principle of the conservation of ggeOne form this principle has
taken is the following: avi? + mv,? = my(vi')? + my(v2')”> wherem is massy is
velocity, different subscripts indicate differemdies, and the prime indicates the
velocity of those bodies after the collision. Netiihat all the terms in the equation

are measurable and hence broadly construed obszrvab

Finally, no realist would support the view that geatrical analysis, (c) on Psillos’
list, represents any aspect of the world. Geonatramalysis is simply a tool
available to the theorist to facilitate modellingdacalculation. Its preservation
through scientific revolutions, therefore, has p&s&mic significance for the realist,

structural or other. Even if it had epistemic sigmaince, | do not see how this would

8 That not all structure gets preserved is a poidtessed in chapter five of this dissertation.

8 Jonathan Bain also makes this point when he $ayswhat Psillos calls the ‘minimal mechanical
assumption’, “was used solely to express the enasggciated with a light-wave as the square of its
amplitude with no essential reference to the medifioscillation. Hence, again, one can argue that
the aether was not used in the derivation” (1963) 1
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help Psillos’ case since geometrical analysis wme®lnothing but mathematical
structures and, as such, would support ESR, nditiaal scientific realism.

All in all, it seems unclear how Psillos’ examptargls as evidence for continuity at
the non-structural levéf. If anything, his three assumptions appear to beotighly
structural, and, hence, encourage the correlateawden preservation of structure
and predictive success. Given these results anthttehat Psillos fails to provide
any evidence or arguments to support the claimttigatontent of current theories is
better supported by the evidence and thus moréylikebe true than that of older
theories, PS3 seems unwarranted. Even if we fiedrctases of non-structural
component preservation, we must still ask whetheh £omponents are essential in
the prediction-making and explanatory aspects ebtiles”™ As | indicated a few
paragraphs ago, Psillos’ case for PS2 dependseopatiency of PS1 and PS3. Since
both PS1 and PS3 seem impotent, | conclude thagipg further evidence and

arguments, PS2 remains unsubstantiated.

A more powerful objection to ESR that does not appen Psillos’ list is SRP2.

Many authors, including Worrall in his original atenent, have rightly pointed out
that the neat preservation of equations found enRiresnel-Maxwell case is atypical
in the history of science (see, for example, How§2001), Kitcher (2001), and

Redhead (2001a; 2001b)). This is an important diojeavhose discussion | must
postpone until chapter five. There, | will considemong other things, whether the
correspondence principle can assist the structedist to find more evidence of

structural preservation.

Objection PS4

One of the weaker features of Worrall's work on ESRcerns the way in which he
contrasts structure to other things. Psillos rigldtiticises Worrall for not being

clear on “what exactly the distinction he wantsdimaw is” (1999: 155). While

Worrall sometimes talks about the structure of eoti versus its theoretical

% Redhead makes a similar observation when he 4Yasiios presents detailed case studies for the
examples of caloric and ether but what the disoudsoils down to seems to be that structural aspect
of the old theory are preserved in the new the@@01b: 344).

L In chapter five, | argue that there are case®nfsiructural preservation, but point out that ¢hés
not seem to be essential in the prediction-makapgets of theories, i.e. they do not have any
independent confirmation.
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interpretation, this being sanctioned by his adegcaf the Ramsey-sentence
approach, at other times he talks about the streictian entity or process versus its

nature. Regrettably, he does not explain exactlgtwle means by nature.

Psillos’ critique begins by complaining that theeusf the term ‘nature’ is

anachronistic. To talk of ‘nature’, Psillos saysvér and above [the] structural
description (physical and mathematical) of a caagaht is to hark back to medieval
discourse of ‘forms’ and ‘substances’... [but sudilkthas been overthrown by the
scientific revolution of the seventeenth centur{5%-6). Without a doubt, the term
‘nature’ carries too much unwanted baggage witha/ing been used in numerous
philosophical debates for a variety of reasons. \éxactly is meant by it in the

present context?

Russell, Poincaré, Maxwell, and Worrall all appéalthe term because of the
Kantian undertones of their epistemology. The idethat we do not have direct
access to things-in-themselves, or to ‘the natdréhings’, since direct access is
limited to perceptions or phenomena. Unlike Kantegaistemology, knowledge of
things-in-themselves can be had under ESR, ystiidirect, i.e. mediated through

perception, and only of a structural kind.

How can we best express this idea of natures? @peach,implicit in Worrall’s
work, is to reduce talk about natures to talk albeoretical interpretations. The aim
here is to turn the structure vs. nature distimctido the more familiar structure vs.
theoretical interpretation distinction. The lattas | have already mentioned, is
sanctioned by the Ramsey-sentence approach, whigs s theory’s theoretical
terms of their interpretation and leaves the ldgisiucture and observational
interpretation intact. Since Ramsey-sentences rasgertions about the properties of
theoretical properties, the theoretical propertieemselves are presumably the

unknowable natures.
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This understanding of the notion is similar to Raliss understanding® Russell
thinks that we can only have knowledge of the logitathematical properties of the
properties that things-in-the-world possess, i.e.can only have knowledge of the
abstract structure. Demarcated thus, the natutieirgs-in-the-world is restricted to
that part of physical properties whose descriptimes beyond isomorphisti.in
other words, we can knoull physical properties (of any order) up to isomosphi
That this knowledge does not uniquely specify thgspcal properties is a trivial
point, and will be made clear with examples in It subsection of section four of
this chaptef? Nature thus refers to any non-isomorphically Sfieguie part of
physical properties.

What | have just said suggests a widening of tfiebatween Russell and Grover
Maxwell. According to Maxwell, the nature of thingsthemselves is restricted to
just their first-order properties. Russell's viely contrast, takes the nature of
things-in-the-world to be restricted to that paft mhysical properties whose
description goes beyond isomorphism. To give armgia of their disagreement,
take a second order property of a physical obj&ttereas for Maxwell this can be
knowable, for Russell that part of the second-opteperty that is not captured by

an isomorphic description will be unknowable.

As | pointed out in chapter two, Maxwell is influmd by Russell’'s idea that the
properties of phenomena need not resemble the piepef their external world
causes. However, he mistakenly restricts theseeptiep to first-order properti€s.
But, why, we may ask, should second (or highergeonoroperties of phenomena
necessarily resemble the second (or higher)-ondgyepties of their causes? It is not
clear where Maxwell acquired this idea, but it éstainly not a consequence of his
accepting the Ramsey-sentence approach. The Rasastsnce quantifies ovany
theoretical properties. It thus does not forceaisocates to espouse an epistemic
distinction between first-order and higher-ordeedtetical properties. Owing to

Maxwell’'s interpretation of Russell, Psillos takde distinction to be the central

%2 One must not forget that there are also impodiferences between Russell's ESR and Ramsey-
style ESR, notably those discussed in the previbapter.

% Thus ‘nature’ in this context is not restrictedhie essential properties of physical objects, but
covers accidental ones too.

In the same section, | will make clear how prajsrtan be known up to isomorphism.

% He may have thought that Russell held this view.
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tenet of epistemic structural realism, and, as asequence, needlessly raises

objection PS6 to countert.

Having looked at the principal way in which struelurealists understand the
structure vs. nature distinction, let us returPgillos’ critique. The main objection
that Psillos raises is that “it is doubtful thahdtdistinction] is well-motivated”

because: (P1) “the nature and structure of anyefiotiln a continuum” and (P2) “the
nature of an entity, process, or physical mecharismo less knowable than its
structure.” (155§’ Take P1 first. According to Psillos, the natureaotheoretical

entity is not distinct from its structure. Whenesdists talk about the nature of an
entity they “talk about the way in which this ewntis structured” (155). Indeed,
Psillos offers as an example the concept of ‘masg/ing that “by discovering more
about the properties of mass [including its strradtyproperties] we discover more
about its nature” (156). This is just P2, accordimgvhich, knowing the structure of
an entity means knowing its nature, and so, preblyn¢he structure of an entity

cannot really be clearly distinguished from itsumat

There are various problems with both P1 and P2uketonsider problems with P2
first. Despite having criticised the term ‘natuas’ anachronistic, Psillos in the above
quotation takes it as signifying all the propertiest entities possess. Defined in this
way, it is obvious that knowing the (abstract) staue, i.e. the logico-mathematical
properties, of an entity just means knowing someperties of that entity, and,
hence, something about its nature. Should we dégidaderstand ‘nature’ as Psillos
does, knowing the (abstract) structure of an engitginowing something about its
nature. Even so, the advocates of ESR can stilhtaiai that the nature of an entity
cannot becompletelyknown since properties of external world entiti@sgording to
them, can only be known up to isomorphism. Psitloss not provide any specific

arguments to counter this last claim.

% That is not to say, of course, that Psillos’ obfetts not still worth mounting against Maxwell’s
particular brand of ESR.

" Psillos borders on contradiction when, on the leered, he claims that there is something beyond
structure that gets carried over through theoryngbhaand, on the other, he argues that the disiimcti
between structure and non-structure cannot be dckeanly.
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Alternatively, we can adopt the Russellian undeditag of the term, according to
which ‘nature’ simply refers to that part of propes of external world objects
which is left out of an isomorphic description. ®etyet, we can baptise some new
unloaded term and infuse it with Russell's ideateAfll, what is important is what
the term denotes. The distinction between structum@ non-structure would then
express the distinction between the logico-mathe@gbroperties of external world
objects on the one hand, and that part of thospepties going beyond the logico-
mathematical description on the other. In sum, &hs groundless and reduces to

no more than terminological quibblifig.

What about P1, i.e. the claim that structure andreaform a continuum? Consider

what Psillos has to say:

An exhaustive specification of this set of propestand relations leaves nothing left
out. Any talk of something else remaining uncapdusden this specification is made
is, | think, obscure. tonclude then, that the ‘nature’ of an entity forms a ¢omtim
with its ‘structure’ (156-157) [my emphasis].

Suppose for this discussion, that by ‘nature’ weameavhat Psillos means, i.e.
presumably all the properties possessed by a gingty. First of all, let me reiterate
that by ‘structure’ the structural realist means lbgico-mathematical properties of
physical objects. This means that there could eoa ltomplete overlap between a
set so specified and a set that contalhproperties concerning an entity. That is, the
set of logico-mathematical properties of an ensta proper subset of the set of all
its properties. More to the point, from the viewatttthe properties specified by
structure and those specified by nature coincideoés not follow that they form a
continuum. A continuum presupposes two distinct apposite ends that define an
interval between which lies a set that can be drbugo a one-one correspondence
with the reals. One would assume that what Psitiesins by a continuum here is
that on one end we find structure and on the o#hvet we find nature. The
continuum analogy can be used to express the idea privileged dividing line, but

it is inconsistent with the idea that the extensidrthe predicate ‘structure of an

% Redhead raises a similar point: “Surely part oatwlie mean by the nature of an entity is the
structural property of the relations into whicleiitters. | don’t at all disagree with this point.tBhis
is really asemantic red herringAll that the structural realist needs to claim,roy account, is that
part, i.e. the structural part, of the nature ef plosited physical entities is all that we cannclt
know” (2001b: 346) [my emphasis].
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entity’ is a proper subset of the extension of pnedicate ‘nature of an entity’ or
even with the idea that the two predicates havednee extension.

In sum, Psillos is right to criticise Worrall foohbeing clear on what the structure
vs. nature distinction represents. As we have seewever, the distinction can be
drawn quite clearly so long as we define ‘nature designating the non-

isomorphically specifiable part of the external idor

Before we carry on to the next section, | want twnsider Worrall's recent

suggestion that there is no such distinction betwsteucture and non-structure.
More accurately, he suggests that it is not medning speak of non-structural
theoretical content since all theoretical assestiare structura® When Poincaré

says that ‘the ruins of science may be still gomdsiomething’, Worrall argues, he
means that in reality there are no ruins. Hereiadoé’s passage in full:

The ephemeral nature of scientific theories takesurprise the man of the world.
Their brief period of prosperity ended, he seesntladandoned one after another;
he sees ruins piled upon ruins; he predicts thattthories in fashion to-day will in
a short time succumb in their turn, and he condubat they are absolutely in vain.
This is what he calls theankruptcy of science

His scepticism is superficial; he does not takeo iatcount the object of
scientific theories and the part they play, or fwuld understand that the ruins may
be still good for something ([1905]1952: 160).

Worrall’s claim is that, instead of understandihg tuins of science as a metaphor
for the non-structural stuff that gets left behindhe wake of a scientific revolution,
we should recognize that there are no ruins. Howldcohere be, he asks, if a
scientific theory properly construed is just therRay-sentence?

That Poincaré can be read in this way is argudhbidl not dwell on this however.

What is even more arguable is the idea that thetstre vs. non-structure distinction
becomes obsolete if one construes scientific tkeoas nothing other than their
Ramsey-sentence counterparts. It seems to me thdbng as scientists posit
metaphysical theses about the properties of pHysijacts, there will be ruins in the

aftermath of scientific revolution. Even if sciestfi are wrong in doing so, it happens

% He expressed this opinion in various talks and @lgrivate communication with me.



84

and that means ruins are generated. Worrall suggest the ruins are only apparent.
Even so, | don’'t see why this interpretation foressto abandon the structure vs.
non-structure distinction, and, more importantlgwhstructural realism can survive
without the distinction. How else can structuralalimn be understood as
underwriting the pessimistic induction argumentndt for the ruins? Indeed, the
very fact that Ramseyfication is a process by whigh strip away theoretical

interpretations should be sufficient to dissuaderflbfrom giving up the structure

vs non-structure distinction. After all, the stripgp away must be directed at

something other than structure.

4. The Objections Against the Russellian ESR

Russell's Principles Revisited

Michael Bradie’s critique of Russell’s principlesrges as a good launch pad into a
discussion that will throw more light on the HelntheNeyl principle (H-W) and
the Mirroring Relations principle (MR). Let us takkeW first. Bradie protests that
the principle is strictly speaking false. This, axing to him, is made “clear from
the case of colour blind persons or others whoseiviing mechanisms (brains) are

defective in some way” (1977: 444).

This objection is clearly misdirected at the H-Wnpiple. Colour-blindness gives
rise to perceptions of the same colour, where gewathout the condition perceive
different colours. It is, thus, a case of same gaicgiven different stimulus/physical
object. This counts against the converse of the lgriffciple, namely that different
stimuli/physical objects imply different percept®t us call this converse the ‘W-H
principle’ (just for the sake of convenience notdgse either Helmholtz or Weyl
advocated it). As | shall indicate soon, Russailgh off the W-H principle because
he recognises that we often have different stimlisical objects that lead to the

same percepts.

Bradie’'s example fails to counter the H-W principBut other examples, some of
which involve defective perceptual mechanisms, mae compelling. It is, for

instance, possible that the same stimulus can eeeto different perceptions in
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different subject$® Indeed, one would expect this to be the case wiesubjects
concerned have very different neurophysiologiesstinulus that produces the
sensation of redness in me could produce a conhpléiéerent sensation in, let's

say, a Martian.

Though indeed correct, | do not think this last anhan effective counterexample to
H-W. Russell insists that since our access to atiieds is indirect, for all we know
the same stimulus gives rise to different percegtion different people. This is
vindicated by neuroscience, which holds that beaitivity in experiments where the
same stimulus is given to different subjects isidentical; at least not in the token-
token sense. This result is compatible with H-Wicsiit states that different percepts
in any given subjedrise because tiiat subject’s exposure to different stimuli. The
emphasis here is on individuals. H-W does not dfaé two or more individuals
each of whom experiences a different percept vallehbeen exposed to different
stimuli, but rather that the same individual wh@eences different percepts will

have been exposed to different stimuli.

H-W, properly understood, is not easily violatadislhard to imagine that the same
person would form a different perception if exadtlg same stimulus was present at
two different times. Of course, we can imagine tlthianges in a person’s
neurophysiology over time could bring about sudlesult. This, however, does not
seem to be the norm but rather the exception. Maktiduals would, when given
the same stimulus, identify the same percept miosteotime. Were this not to hold
then neuroscience in particular, and science asi@ewwould be difficult, if not
impossible, to pursue. Quine, indicating that weusth not even require sameness of
perceptions but rather similarity of perceptionsinforces the argument for the
indispensability of H-W, saying that “[p]erceptusimilarity is the basis of all
expectation, all learning, all habit formation” ¢@5]1998: 19). One need only

suppose the contrary to see how everyday relialidednces become unavailabié.

190 Remember that H-W can be stated in its contraipediorm, i.e. ‘If same stimuli, then same
percepts’. When stated like this, it is easieree that the principle is violated by cases wheee th
same stimuli give rise to different percepts.

1011f the same stimuli gave rise to different persapbre often than not, then we would have to
accept that whenever members of a team synchrtreéewatches a miracle takes place.



86

The fact that H-W refers to individuals, insteadgobups, does not mean that it has
no intersubjective or objective implications. Aftelf, the inference from different
percepts is supposed to tell us all something tkga@bout the external world,
namely the presence of different stimuli. Perhapsenmportantly, H-W’s reference
to any given individualamounts to a universal generalisation, i.e. id&dbr all
individuals. For those who would like a formulatithrat is a little less centred on the
individual, we could offer the following reformulah: ‘Same objective state of
affairs, same perception’, where by ‘objective estait affairs’ we include facts about
sense organs. This last formulation brings out nubearly that which objectively
matters, so that any individual in the same obyecsitate of affairs would have the
same sensation. This could be further modified otoedance to Quine’s

qualification that similarity, not just strict samess, is in order.

Let us see how H-W works in practice. We alreadyg faat even though the same
stimulus may induce different percepts in differentlividuals, the very same
stimulus will almost always induce the same perdéephe same individual. This
spectacular fact allows for agreement between iddals. Even if two or more
individuals have different perceptual experiencesthe presence of the same
stimulus, language allows them to express theieegent that each is experiencing
the same thing. For example, if, whenever stimuduss present, individuaX
experience8 and individualY experience€, where Bz C, then even iK andY call
their experiences by different names, their coasisuse of those names in the
presence oA allows for the discovery that they are talking atbthe same thing.

Figure two below illustrates this point.

Although individualsX andY do not experience the same percept, Bund C
respectively, and they give their own nam@ndc respectively, to stimulug, each
experiences the same percept at various titpes,, t,, i.e. always percef for X
and percepC for Y. Despite the fact that percepts, liBeandC, are private, each
individual’'s consistent identification of stimulus as the cause of their percept is
sufficient ground for agreement at timethatb and c name the same stimulus,
which they decide to call ‘d’. Quine makes an altridsntical point when he says:

“...if two individuals jointly withess one scene, asdbsequently jointly witness
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another scene, and the one witness’s global sttrookon the two occasions qualify
for him as perceptually similar, usually the othveitness’s stimulations will so
qualify for the other witness ” (20).

Timeline: ] L t
Stimulus: / A \ / A \ / A \
Individual: X Y X Y X Y
Percept: B C B C B C
Naming of

Stimulus: b c b c d

Figure 2: Agreement between individuals
in light of different percepts.
A slight modification of the above conditions, adistering two different stimuli
that lead to two different perceptions for eachivitial, allows us to extend this
point. In accordance with H-W, each individual webukason that given the two
different percepts there are two different stimuiach individual's consistent
identification of each stimulus with a particularpept would eventually lead to the
discovery that both individuals agree that they talking about the same two

different things.

Let us now turn to MR — the principle that relasdmetween percepts are isomorphic
to relations between their non-perceptual causesenAsible question to ask is

whether Russell argues for it. Here’s one argurhbate uncovered:

Let us confine ourselves to the angular co-ordmghs an example]. My point is

that the relations which physics assumes in assigangular co-ordinates are not
identical with those which we perceive in the visfield, but merely correspond

with them in a manner that preserves their logjosdthematical properties). This
followsfrom the assumption that any difference betweemdimultaneous percepts
implies acorrelativedifference in their stimuli (1927:252) [my emptsjsP?

192 Russell’s focus on the correspondence betweenamgprordinates and the visual field simply
reflects the fact that he is giving a concrete gxdarof what he thinks holds in general. Also, the
reference to simultaneity does not appear to becassary ingredient of H-W.
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Thus construed the argument is valid but only bseaRussell sneaks the term
‘correlative’ into the formulation of H-W found irhis passage and thereby
guarantees the preservation of the logico-mathealapiroperties of relations. But
this is obviously question begging since he assuwtest he wants to derive. The
argument properly construed is invalid. H-W does pitself entail that relations

between percepts have the same logico-mathemagioaperties as (i.e. are

isomorphic to) relations between stimuli. In shdrts possible that H-W is true and
MR false.

Perhaps the argument is an enthymeme. Earlieeibabk, Russell made the remark
that “This principle [i.e. H-W] together with spattemporal continuity, suffices to
give a great deal of knowledge as to #teucture of stimuli” (227). Russell’'s
principle of spatiotemporal continuity asserts,gloly speaking, that non-perceptual
causes and their perceptual effects are spatiot@ityp@ontinuous, i.e. there is a
continuous series of events that links the causéh¢oeffect. Setting aside any
difficulties facing the principle itself, it is #tinot all that clear why spatiotemporal
continuity can help with the task at halfid.Maybe Russell’s idea is that any
spatiotemporal relations between percepts mirratigggmporal relations between
their causes in the physical world. Even if trdes fpostulate would not license the
inference from non-spatiotemporal relations betwgerepts to non-spatiotemporal
relations between their non-perceptual causes. €udd, of course, reduce all
physical relations to spatiotemporal ones, in whieke the only relations between
percepts that matter for our purposes are spatpdeah Without speculating further,
pending a clear account of how the principle ottispemporal continuity is meant to

support MR we must remain sceptical.

Perhaps the implicit premise we were looking foRmssell’'s argument was not the
right one. Another candidate that might turn thdhgmeme into an explicit

argument can be found in this passage:

...perception as a source of knowledge concerningsiphly objects would be
impossible if there were not, in the physical wpddmi-independent causal chains,

193 Among the difficulties facing the principle is opeinted out by Bradie, namely that Russell never
explains how spatio-temporal continuity works bedwéhe space of percepts and the space of physics
(1977: 444-5).
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or causal lines as we may call them. The light Wwhiomes to us from a printed
page contains retains the structure of the pagé; did not, reading would be
impossible (314).

The idea here is that structure is preserved waasumption that the causal chains
leading from a physical object to the formatioroaf perception of it are sufficiently
independent of causal interference. This allowsouget a clear picture of the cause
of our perception. Russell emphasises the oveetithhility of visual perception,
saying that “light-waves travel with extraordingittle modification through empty

space, and without very great modification throagtiear atmosphere” (164%

This is certainly an important principle, withouthiwh the preservation of any
information about the external world would be imgmbke. But it does not really

establish that the relations between perceptssaraarphic to the relations between
their external world causes. Otherwise put, thagiple of semi-independent causal
chains is a necessary condition for the presemvadiostructure or relations, but

certainly not a sufficient one.

Bradie sums up the nature of the difficulty well:

But what gives us the right to infer structure? Yé¢ the right by assuming certain

postulates to be true. But, then why should weassume certain other postulates
to be true... This is an extremely important questidnich needs to be thoroughly

examined. Without a clear reason for preferringdtrral properties to qualitative

properties, Russell's epistemological position seéighly arbitrary (1977: 450).

Why, as Bradie indicates, should we accept MR atdsame other principle(s) that
preserve(s) ‘qualitative’ properties over struckanzes?

But surely, it is hard to imagine how we can evavenknowledge of the external
world without MR. Epistemological realism requirbslief in the correspondence
between language and reality, i.e. belief in sernapalism. As many have argued,

the only type of correspondence that says anytbatgerent about the world is one

194 Russell goes on to speak of the ‘causal purityightt-waves and concludes that “[t]his is the
physical merit of sight as a source of knowledgeceoning the external world” (164).
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that says something about the relations objectsénworld stand in® That is, it is

assumed that the correspondence between our thisenéences/mental
entities/percepts and the external world reveads l#tter's relations. To be sure,
traditional scientific realists like Psillos critse ESR for offering too little, claiming
that we do not only have knowledge of structure dso of something morg® A

more pressing question to the above then is whétleee is licence to infer anything
more than structural properties? Since the scopki®ijuestion coincides with that

of objection PS6, | defer its discussion for later.

Percepts, Phenomena and Observation Sentences

Before resuming my evaluation of Psillos’ objeciamgainst Russellian ESR, there
is one more issue that needs brief discussion.eTisea deep worry that commitment
to percepts, and other such items of direct act@ade, entails commitment to ‘the
given’. Among others, Wilfrid Sellars famously atkad, and to the eyes of many
defeated, the myth of the given, i.e. the idea #xgierience is given without prior

conceptualisation. Is there reason for concerngletepts reincarnate the given?

No such reason exists. As is well known, Russalhdbned the idea of sense-data,
the allegedly pure objects of our perception, by time he wrote thédnalysis of
Mind, replacing them with percept¥. Unlike sense-data, percepts are conceived of
as impure, yet, nonetheless, “the only part of {tleeld] that we can know without
the help of rather elaborate and difficult inferesic(1927: 264). Russell’'s percepts
can, thus, be thought of, not as entirely un-con@dized, but as un-conceptualised a

mental entity as we can possibly get.

We need not even appeal to entities that soundlesve as percepts. In my
discussion of Grover Maxwell’'s ESR in chapter twppinted out that he avoids the

reification and mystification of perceptual unitsading talk of percepts for talk of

195 the context of theories of truth, Marian Dasilys: “A correspondence theory is usually
expected to... tell us about the workings of theegpondence relation, about the nature of facts, and
about the conditions that determine which truthbeacorrespond to which facts. It is natural to
tackle this by construing correspondence ais@morphisnmbetween truthbearers and facts” (2002)
[original emphasis].

1% so far as traditional realists accept that weehknowledge of the world’s structure via a
correspondence principle they should not find MiReasonable.

197 See ch.2, §3 for more on this transition.
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observation sentences and predic&tgsThis shift is meant to focus on less
objectionable units, like observation sentences @edicates, yet leave Russellian
ESR essentially unaffected. All that is requiredasne sort of correlation between
the epistemically relevant aspects of perception d arpbservation
statements/predicates. It seems clear to me thatcthrelation comes naturally.
Consider my discussion of the intersubjective/dibjecimplications of H-W once
more. The idea was that individuals employing H-Wuld reach the same
conclusions in the presence of the same stimulspitde experiencing different
percepts. How would they come to such an agreenfentargued earliefanguage
allows distinct individuals to express their agreemthat each is experiencing the
same thing. The particular language involved iseolaional. The epistemically
relevant aspect of perceptions is thus transmisstimough observation sentences
and predicate¥? In sum, even though percepts are ‘mental’ entiies observation
sentences are linguistic ones, the shift of focamfone set of entities to the other
does not compromise the main tenets of Russell&R, Eince nothing epistemically

relevant is lost.

One further issue concerns the relationship thahpmena have to percepts. It is not
exactly clear what the term ‘phenomenon’ denotesm&imes phenomena are
thought of as entities existing solely within oumdy much like percepts — if not
identical to them. This reading is suggested byetiyenology of the term, for in its
original form it literally means ‘appearance’. Afdrent reading takes phenomena to
be intermediaries between the physical objectscamanind, existing independently
of the latter. In spite of the disagreement betwibese two readings, it is generally
agreed that phenomena have an immediate effecthenntind*® It is this
immediatenessand the epistemic privilege that it purportedbnfers, that is so
crucial for the empirically motivated Russelliarmbd of ESR. Thus, whether we talk

about phenomena or percepts does not matter muhbk miven context'*

198 Of course, there is no need to deny the existehperceptual entities; there is only a need to
avoid making any substantive metaphysical assumptdout their nature.

199 van Fraassen believes that observation sentencesapture the epistemically relevant content of
phenomena.

110 For a notable exception see Bogen and Woodwa@Bj19ccording to thendatacan be

observed, wheregghenomendin most cases are not observable in any intergsénse of that term”
(306).

111 should one insist on distinguishing between pescapd phenomena, it would still be plausible to
maintain that the relationship between physicatctsj, phenomena, and percepts takes the following
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Henceforth, and unless otherwise noted, | will esyplthe terms ‘percept’,
‘observable’, ‘phenomenon’ and any of their derwedé more or less
interchangeably, not because | assume that thegsgsadly amount to the same
thing, but because, as | have just argued, sudreusaes not compromise the spirit
of Russellian ESR.

Objection PS5

The First Horn of the Dilemma

According to Psillos, the H-W principle can onlytasdish a relation of
embeddability between the external world and thddvof percepts, falling short of
a relation of isomorphism required by ESR. Withautelation of isomorphism,
Psillos argues, structural realists cannot estabhgerential knowledge about the
external world. But in what way exactly is the H-inciple able to establish a

relation of embeddability but not one of isomorphits

Let us identify any set of percepts by the lefeeand any set of external world
causes, i.e. stimuli/physical objects, by the te@e Psillos argues that the H-W
principle cannot give us isomorphic mappings betwBeand C. To remind the
reader, the H-W principle expresses the followiongditional: If different percepts,
then different stimuli/physical objects. This piiple guarantees that a givéhwill
have at least as many members as the correspoidifdore importantly, the
principle is equivalent to saying that there isigactive mappingf: P —» C, such
that if x andy are distinct members &, then their images i€, fx andfy, are also
distinct. Now, for a mapping to be isomorphic ihist enough to be injective, it must
also be surjective, i.e. for evegy] C, there is at least o P, such thaf(p)=c.
To establish this, we need the converse of H-W, Ww¥-H: if different
stimuli/physical objects, then different perceffsH-W and W-H together guarantee
that there is a bijective mapping between the depercepts and the set of

form: At one end lie the physical objects and atdther the observation sentences. In betweehdie t
percepts and the phenomena, the former causadjinating from the latter which, in turn, causally
originate from physical objects.

112 Notice that gurely surjective mapping leaves open the possibility tiva or more percepts may
correspond to one and the same cause.
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stimuli/physical objects. A relation of isomorphistan be established when this
bijective mapping also preserves all the relationsd in the structured domaifis.

Psillos correctly points out that the H-W princigl@nnot by itself give us the much-
desired relation of isomorphism. He is wrong, hogrevn arguing that the H-W
principle allows us to establish embeddability tielas, unless he is using the term
‘embedding’ to mean injective mappings. The terrmbedding’ is more often
reserved for injections that also map relationsickeappeal to this notion implies
one is already dealing with a structured domain.w&shave just seen, H-W only
takes us as far as plain injective mappings, t.@&oes not map any relations —
something required by embeddings. More formallyearbedding of structure; 8A,

R) into structure $(B, R") is a one-one mappifi@f A into B such that: (1)g)=b;
for all g0A and (2) <a, ..., &>UR iff <f(ay), ..., f(a)>UR’; for all iJl and all a,
..., &UA. It is worth noting that embeddings are isomocpimappings of a
particular kind. In general, we can say that acstme S is embedded in a structure

S, if and only ifS; is isomorphic to a substructure of S

More crucially, Psillos is wrong in assuming tha&HE requires a commitment to
isomorphic relations only. Russell acknowledges the W-H principle is unreliable
because we often have different stimuli that leathe same percepts. This can be
easily illustrated in cases involving distanceRassell’'s example shows: “If we are
observing a man half a mile away, his appearanaeoischanged if he frowns,
whereas it is changed for a man observing him faodistance of three feet” (1927:
255). Because of such examples, Russell suggestsdifferences in the percept
imply differences in the object, but not vice-vérg839-340). Moreover, he
recognises the limitations of the inferential posvef the H-W principle, when it is
not accompanied by W-H. Paradoxically, Psillos sakete of this when he says that
“[p]recisely because Russell doesn’t have the cagvprinciple, he talks of ‘roughly
one-one relation’ ” (2001a: S15). In other wordsillBs acknowledges that Russell

was never committed to isomorphic relations dify.

113 Thjs is an important detail that Psillos fails tention in his discussion.
114 The above illustrates why Russell refrains fromirsgghat we can know the structure of the
physical world and instead holds that we can ‘iafgreat deal’ about it.



94

The more serious objection Psillos puts forwarthé it is meaningless to speak of
roughly one-one relations. Yet, even without the help ofHWMR is a strong
enough principle to guarantee inference at the aphic level. This can be seen in
the following way: Injective mappings can easilydieen inverse mappings, i.e. for
any injective mapping: D — E we can give an inverse mappifig. E* — D where
E’ = ranf. That is,E’ contains as its members all and only those objbetsare
contained in the range df =4 {fx: xOdom f}. Notice that by doing so we
immediately satisfy the requirement of a surjectivepping, since for every object
in E” there is at least one — in this case only onerresponding object i. In
short, we get a bijective mapping betw&andE’— whereE”may or may not equal
E.*° The MR principle, i.e. that relations between pets have the same logico-
mathematical properties as relations between thaarnal world causes, allows us
to turn a bijective mapping into an isomorphic ofwg,it allows us to preserve any

relations the set of external world causes may have

Psillos complains that “[flrom a realist viewpoirit,should at least in principle be
possible that the (unobservable) world has ‘extracture’, i.e., structure not
necessarily manifested in the structure of the phema” (S15¥° If there is such
extra structure, he continues, the required raidtistween the world of percepts and
the external world should be that of embeddabiiot isomorphism. Yet, Psillos
argues, ESR cannot be upheld by appeal to embdidigainice under this relation
“the structure of the percepts doesn’t determireedsbmain of the stimuli” (S16)

[original emphasis}’’

Let us first reflect on the idea that the unobseleavorld could have some extra
structure that is not manifested in the structdrdhe phenomena. There seems to be
no reason why ESR should be inconsistent with ide®. ESR simply says that
structures of phenomena mirror the structures efufiobservable world. It requires

that every phenomenal structure has a correspongiofservable structure. It does

15 E” will be different from E only if the cardinalitf E is greater than the cardinality of D.

116 Notice that Psillos uses the terms ‘percept’ aftthomenon’ interchangeably. Though it is good
practice to keep the two apart, | follow Psillosuging them interchangeably since they do not
compromise the spirit of Russellian ESR.

17 This quote appears in the midst of Psillos’ disimrssf the second horn of the dilemma but can be
mustered here since it is an objection to the et ESR sanctions embeddings.
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not require the converse, i.e. that every unobsdéevstructure has a corresponding
phenomenal structure. In other words, ESR is coilmleawith the idea that not every
unobservable structure will have a correspondingnpmenal structure, i.e. that the
unobservable world may have extra structure. Tl objection to ESR in this
context would be to show that at least some strastof phenomena do not mirror
the structures of the unobservable world.

What exactly does Psillos mean when he says thaeédings do not support ESR,
since under embeddings the structure of the pesai®s not determine the domain
of the stimuli/physical objects? One way of undanging this claim is to take the
absolute determination of the domain of the stifpbiysical objects as the complete
description of the domain’s objects. If this is tfase, his argument clearly falters on
account of the fact that the relation of isomorphisloes not require such a
determination either. Indeed, one of the centraintsoof ESR is that the
stimuli/physical objects along with their propestiand relations cannot be fixed
absolutely, but onlyip toisomorphisnt*® In short, this sort of underdetermination is
not only compatible with ESR but constitutive ofTihe only other plausible reading
of Psillos’ claim is that a relation of isomorphisequires that the sets mapped have
the same cardinality, whereas embeddability alloms to infer the minimum size of
the set from which the range of the mapping is drawhis difference does not
amount to anything significant because there iclaose in ESR that requires the

exact determination of the cardinality of a giveh s

As Psillos admits, Russell's epistemic commitmeants restricted to embeddings.
These, as | have indicated, still offer isomorpimigppings, albeit of a special kind,
namely that the structure of perceptions is isomicrgo a substructure of the
external world. This still allows inferential knosdge from the structure of
perceptions to the structure of the external wohhdleed, that the whole of the
unobservable world might have extra structure, steucture not reflected in the
structure of the phenomena, is a possibility thatinsistent with ESR. Thus Psillos’

first horn of the dilemma crumbles.

118 This type of underdetermination is independentlykied up by a host of different arguments. One
such argument is the ontological relativity argutrgoepounded by Quine (1969). Demopoulos and
Friedman (1985: 628), in particular, make a conipgltase for this.
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The Second Horn of the Dilemma

It is not entirely clear what Psillos means whenshgs that H-W and W-H allow
inferences at the level of isomorphism but condedemuch to idealism. In support
of this claim he quotes certain passages from Hemm&eyl, where it seems that
Weyl takes W-H to be “the central thought of ideadi and asserts that “science
concedes to idealism that its objective realityn@d given but to be constructed”
(1963: 117). On the basis of this quote, Psillomygiains that it should not be a
priori false for a realist that there is a divergemetween the structure of the world
and the structure of the world of percepts. Acaggdio Psillos, “[flor all we know,
the unobservable world may differ from the world glienomena not just in its

‘intrinsic nature’, but in its structure too.” (208: S16).

At least two things lend themselves to scrutinyehéfirst, Weyl seems to be too
quick to judge W-H the central thought of idealistthether one is an idealist
depends on what one takes the stimuli (referrethtthe W-H principle) to be.
Nothing prevents one from taking stimuli to be afbgein the mind-independent
physical world, or, as Russell does, as physicantss Moreover, there is no
inconsistency in holding the belief that there imad-independent physical world
and the belief that this world can only be known@psomorphism. The point needs
no belabouring. W-H does not imply belief in ideaii Even if it did, ESR does not
employ W-H.

Second, and more importantly, when Psillos argasit should not be a priori false
that there is a variance between the structurbetkternal world and the structure
of perceptions, he mistakenly implies that thishis ESR-ist view. | do not see any
good reasons why this should be the case. Nobodydwmdeny that perceptual
apparatus casometimesnalfunction. This means that the structure of ékeernal

world need not always be correctly reflected in stricture of our perceptions. A
similar qualification should be made with regardHéVN. As we saw earliemost

individuals would, when given the same stimulugniify the same perceptostof

the time. Hence, ESR-ists can, and should, acdeptview that some variance
between the structure of the external world andstihecture of perceptions exists.

This qualification does not fundamentally undermiteir programme, for the
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overall reliability of inferential knowledge abotlte structure of the external world
is safeguarded.

Objection PS6

The claim that we can know only the structure & thorld, charges Psillos, is
ambiguous. It may mean one of three things: (al) e¢karything is knowable apart
from the individual objects, or (b) that everythimg knowable apart from the
individual objects and their first-order properties (c) that everything is knowable
apart from the individual objects, their first-orgeoperties and their relations. Each
of these, Psillos claims, creates a different wer®f epistemic structural realism.
But which one do we choose? In other words, wheeetey do we draw the line
between what is knowable and what is not? Psilo¥ks that option (c) “is the only
characterisation of ESR which can impose a priedplimitation on what is
knowable” (S21). But (c), according to him, is dimsable since it commits us to

the idea that some properties are unknowabpeinciple. He says:

...it isn’t clear why the first-order properties aiebservable entities are unknowable.
They are, after allpart and parcel of their causal raleso, if all these entities are
individuated and become known via their causal, iblere is no reason to think that
their first-order properties, though contributing tausal role, are unknowab(&17)
[my emphasis}™®

It is thus implied that traditional varieties ofiexatific realism, of which Psillos is an
advocate, are more reasonable than ESR becauseldhagt preclude first-order
properties from being knowable in principle.

Let us, first of all, make a clarification. Altholug(c) comes close to a faithful
characterisation of ESR, it misrepresents the jposih one important respect. ESR
does not hold that we have absolutely no knowleafgdhe first-order properties of
external world objects. This is a mistake thatwassaw earlier, originates in Grover
Maxwell’'s misconstruction of Russell's account. E&BIds thatall properties of

external world objects are knowable up to isomawhiMore precisely, ESR really
means (9: Everything in the external world, i.e. objegisoperties, and relations, is

knowable up to isomorphism.

119 See also (1999: 156).
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Since | presented isomorphism as a relation thdtishdetween relations or
structures, | must explain what is meant by theckhatobjectsandpropertiescan
be known isomorphically. Structures specify objemtations, and, potentially, one-
place propertie$?° We take abstract structures to represent a ceigamorphism
class of concrete structures, i.e. to representémerete structures isomorphically.
Given this character of abstract structures, th@esds of their domains of objects
and any one-place properties (understood as s&igptbe uniquely specified. Only
their cardinalities and the (logico-mathematicaigarties of the) relations they stand
in can be specified. For example, we can say thaiguty P has three objects and
property Q has two objects and that a certainiogld® with formal properties X, Y,
and Z holds between objects in P and®8Thus, to say that we know objects or
properties isomorphically just means that we knbent to the extent that they are

specified by abstract structures.

Despite Psillos’ misconception of Russellian ESR,dbjection can be reformulated
thus: Why should properties of the external workl dpistemically inaccessible
beyond the level of isomorphism? This question gsivealent to the question |
promised to return to in the section on Russellingiples, namely: Is there licence
to infer anything more than structural properties?

A satisfactory answer to this question can be giaed finds some support in

science. Optical science, for instance, tells na¢ When | see a coloured object it is

the result of incident light waves of a given wargth hitting my retina and

producing nerve impulses that travel all the waymyp brain where the relevant

perception is formed. It thus tells me that colgiwes us some information about the

external world, namely that incident light wavesaofiven wavelength are hitting
122

my retina.“ If | see two otherwis@erceptually identicabbjects, one of which is

red and the other green, thewteris paribus| postulate that there must be some

120 Recall that in the beginning of chapter two it viradicated that a structure may also specify one-
place properties and not just relations, i.e. nst {+n-place properties, whereis a positive integer.
12IAn additional, crucial, component of ESR knowledignes that is not contained in the
isomorphism claim and is therefore sidelined hethé idea that the physical system exemplifying an
abstract structure S* can be indirectly identifeedthat system which is causally responsible fer th
concrete observational structure that led us teriSf.

122| am aware of the voluminous philosophical literaton colours. What | say here bodes well with
eliminativist theories of colour, according to whighysical objects have no colour. For more on this
and other theories see David Hilbert (1998).
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difference in the two objects responsible for tifeetence | identify in perceptiotf?

In optics, this difference arises from the diffdrproperties of the surface of the two
objects, which determine the wavelength compositibrihe light reflected from
them. This is just the H-W principle in use. | infhat there must be a non-empty set
of properties that one object has while the otlwasdot. (NB: If | am colour blind |
may not be able to tell the difference but that jugans that | will not pick up on
this relation. The H-W principle holds that prowideve identify a difference in
perception, we should postulate that this corredpda a difference in the world. It
does notguarantee that we will identify a difference. stthe W-H principle that
requires that there be a corresponding differencperception provided there is a

difference in the world).

On the basis of Russell's programme of epistemoldgieconstruction, although |

can infer that there is a non-empty set of propsrthat one object has while the
other does not, | cannot infer exactly what thesgpgrties are. To gain more
information about these properties and their objéchust make more observations.
In particular, I must find out whether any relasohold at the perceptual level.
Placing the two objects under the microscope, fan®le, would presumably reveal
such relations. Supposing MR to hold, | infer ttieg perceptual relations revealed
under the microscope reflect relations betweencthestituent parts of the objects.
So, at best, | know certain relations between tlhessstituent parts of the objects,
but | do not know the constituent parts themselBzg.knowing a relation without

knowing the relata just amounts to knowing the dognathematical properties of
the relation. This is equivalent to saying that kew these relations, and the
structure they specify, up to isomorphism. Moretipently, it means that the

properties of the relata can only be specifiedauig@morphism.

Psillos insists that first-order properties arert@and parcel of their causal role’ and
thus must be knowable. ESR does not deny thatdidgr properties are an essential

or integral component of the causal chains that lgato our perceptions. But it is

123 One potential worry here might be that colourwai as other such properties, do not correspond
to things or the structure of things in the woldt rather are products of our neurological apparat
and the external world. Such an objection wouldsrttie point however since, as | have detailed in
chapter two, the external world, according to Rlissel Maxwell, encompasses all that is non-
perceptual which includes the neurological. Aftéria not our nervous system composed of physical
entities?
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one thing to argue for this, and quite another lnt that it shows we have
epistemic access to the first-order propertiesndeed higher-order properties, of
physical objects beyond the isomorphic level. Pegpda more detailed argument
explaining why this is the case, | do not see amgd to this dimension of Psillos’

argument.

Objection PS7

Van Fraassen has recently complained that ESRoisvéak a position to be realist,

for it leads to the view that “[s]cience is nowadrireted as saying that the entities
stand in relations which are transitive, reflexie&;. but as giving no further clue as
to what those relations are.” (1997: 516). SimylaRsillos thinks that the position’s

commitment to abstract structure makes it too wedlke a genuine realist position.

In this vein, Psillos echoes Van Fraassen’s concern

[Grover Maxwell] thought that formal properties,chuas transitivity, are purely
structural, but added that ‘not all structural pds are purely formal'... Yet, he
leaves us in the dark as to what these non-formadtsiral properties which are referred
to by theories are (2001a: S16-17).

The implication here is that Maxwell’'s recognitioh the insufficiency of formal
properties to capture all that is of epistemic Wwagstompts him to view them as a
proper subset of structural properties. Hence, Rsiilos and van Fraassen object
that knowing the abstract structure of the extemafld is not enough since it
merely amounts to knowing its formal properties.what follows, | reply to this
objection by arguing that the characterisationsstoficture that structural realists

adhere to are broader than some of their opposagtsr imply.

Hereafter and until otherwise noted, let us caltriial properties’ of relationsnly
the properties of reflexivity, irreflexivity, traiiity, symmetry, and antisymmetry.
Neither Van Fraassen nor Psillos specify what éxdxtlongs to this collection of
properties but give as examples those propert&snentioned. This vagueness is
part of the problem, as we shall shortly see.

First of all, it should be acknowledged that formpabperties are unable to uniquely

determine specific relations. An example will heallpstrate the point. Take the
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following two relations R= {<1,2>, <2,1>, <1,1>} and = {<1,2>, <2,1>, <2,2>}
defined on set U = {1,2,3}. Both relations share 8ame formal properties, in the
sense specified above, i.e. they are not reflexnd, irreflexive, not transitive,
symmetric, and not antisymmetric. Suppose, forrtitment, that Ris the target
relation. Knowing these formal properties plus tloatent of U does not allow one
to infer which of the two relations is the targkt.fact, the underdetermination is
even deeper since there are a number of otheioredadefined over the same set that
have the same formal properties. More specificdligre are seven other relations,
viz. Rg = {<1,2>, <2,1>, <3,3>}, R={<1,3>, <3,1>, <1,1>}, R= {<1,3>, <3,1>,
<2,2>}, R = {<1,3>, <3,1>, <3,3>}, R= {<2,3>, <3,2>, <1,1>}, R = {<2,3>,
<3,2>, <2,2>}, and R= {<2,3>, <3,2>, <3,3>}.

This underdetermination resurfaces at a more altstevel, i.e. the class of
isomorphic relations. This is the level at whicle tRussellian structural realist
claims that our knowledge becomes delimited. Fifsall, we abstra¢t* from our
domain U to domain Uwhere the only information we end up having alduis its
cardinality, namely that it has three objects. Vda give arbitrary labels to these
objects. Let us call thena”, ‘b’, and ‘c’. We can then proceed to abstract from each
concrete relation: i.e. from;Ro R = {<a,b>, <b,a>,<a,a>}, from Rto R’ =
{<a,b>, <b,a><b,b>}, from Rto Ry’ = {<a,b>, <b,a>, <c,c>}, ett?® Notice that the
formal properties are of course preserved deshédeptocess of abstraction. Hence,
the same underdetermination also holds here forsimple reason that the new
relations share the same formal properties.

Having established that knowing the formal progsris not sufficient to determine
the target relation, at the concrete or abstraet Jeve can now proceed to show that
this underdetermination is more severe than thefaoed by ESR. According to
ESR, relations can be known up to isomorphism. 8spas before, that the target
relation is R. Knowing R then means not being able to describe it beyond
isomorphism. Five other relations are isomorphi®kipi.e. R, Ry, Rs, R, and R.

This eliminates three out of the nine relations, i, Rs and R, when compared to

124 The process of abstraction referred to here isahee as that explained in ch. 2, §3.
1251t is important to note that nothing dictates betw R” = {<a,b>, <b,a>,<a,a>} and,R= {<a,b>,
<b,a>,<b,b>}. In this context, the two are equivaléy choice is thus inconsequential.
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the underdetermination that ensues from knowing jbe formal propertie¥®
Hence, the underdetermination has been consideraldlyced. The result is even
better if the target relation is3Rn that case, only two other relations are isghar

to it, i.,e. R and R. This eliminates the other six relations, reducitige
underdetermination even more dramatically. The ¢lantlearly illustrates that
knowing the formal properties of a relation, in tbense we have unpacked the
notion of ‘formal properties’ above, is often timast the same thing as knowing the
abstract structure/isomorphism class to which riiation belongs?’ The latter can

be much more informative than the former.

At first glance then, an isomorphism seems to He &b preserve more than just
formal properties. But there is a trick here. Wevéhalefined the term ‘formal
properties’ in a narrow way. The reason for doimglies in the fact that Van
Fraassen’s and Psillos’ objection draws preciselysoch a narrow meaning, or at
least on the ambiguity that looms. In reality, wall cformal properties’ any
properties that can be described in the languageattiematics. But whatever can be
described in the language of mathematics will bkecdieed only up to isomorphism.
As Michael Resnik aptly remarks “no mathematicadoity can do more than
determine its objects up to isomorphism” (1981:)52%is is a view not just typical
of structuralists in the philosophy of mathemabos also of the wider mathematical
community. An isomorphic mapping preserves any firme. logico-mathematical,
properties we can think of. Hence, all that carcéptured by an isomorphism is a
list of formal properties, where the latter concepphow properly understood in a
broad way. This is probably what Russell had indmirien he made such comments
as “[lJogical properties include all those whichnche expressed in mathematical
terms” and “structure is what can be expressed laghematical logic, which
includes mathematics” (1927: 251, 254).

Since science employs mathematical objects asgatas for its own objects, it is
reasonable to argue that scientific objects camseédves only be described up to
isomorphism. | indicated in the previous chapteat than Fraassen pushes this

126 R,", for example, cannot be instantiated hy $nce the same constant cannot name two different
things. That is, for Rto instantiate IR, one ofa or b would have to name either 1 and 3 or 2 and 3.

127 Sometimes the severity of the underdeterminatidhé same in both cases. Consider, for example,
intended relation R= {<1,1>} defined on set U= {1, 2}.



103

argument with regard to phenomenal objects, whichjis opinion, are the only

objects science should study. Considering that Ma@aaseen adopts this view, it is
ironic that he then turns around to criticise tt8REsts for not being able to describe
relations beyond isomorphism. If anything, on tlssue, the two positions seem to

stand or fall together.

One may complain that we still end up with undezd®eination on our hands. The
appropriate response to this complaint is that E8kmits underdetermination by
setting constraints on the type of objects, progertand relations that are suitable
candidates for the role of correctly representimg ontology of the world, namely
those that belong to the same isomorphism class. liflit must be appreciated for
it leaves realism with some breathing space. tval us to get some, admittedly

loose, grip on reality.

5. Conclusion

In reply to Psillos’ objections we can now give tbBowing answers:

Reply to PS1: ESR does not involve a commitmenurnmterpreted equations.
Worrall’'s version, in particular, involves a commént to structures (including
equations), whose observation terms are fully preged and whose theoretical
terms are presumably implicitly defined throughithegical relations with one
another and with the observation terms. This jusbunts to the Ramsey-sentence
approach to theories. Contrary to Psillos’ objettsuch structures have the capacity
to produce observable predictions. On the badikisfobjection, the claim cannot be

made that structures do not deserve all the episterdit.

Reply to PS2 and PS3: Psillos employs PS1 and ®S@pport PS2. PS1, as | have
just reiterated, is unwarranted. The examples @$gmved non-structural components
that Psillos gives in support of PS3 are eitherotewf epistemic significance or

unmistakably structural. The further fact that Bsildoes not back up his claim that
the content of current theories is better suppobtgdhe evidence and thus more
likely to be true than that of older theories, kesaWwS3 unwarranted. Thus, PS2

remains unsubstantiated.
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Reply to PS4: Though the distinction between stmgctand nature is unclear in
Worrall's work, the structural realist can appeaRussell’s distinction which is both
precise and wards off Psillos’ objections. In martar, Psillos’ claim that the nature
of an entity is no less knowable than its structaanot be upheld if we adopt the
Russellian view that ‘nature’ just means the namvierphically specifiable part of

entities. Moreover, Psillos’ idea that the natunel atructure of an entity form a
continuum is a badly chosen and ineffective metaghwe: a) Russell’s definition

allows for a crisp distinction between nature atrdcture, and b) it is inconsistent
with the idea that the extension of the predicateutture of an entity’ is a proper
subset of the extension of the predicate ‘naturaroéntity’, or even with the idea

that the two predicates have the same extension.

Reply to PS5: The so-called ‘dilemma’ for the upavpath to ESR is ill conceived.
The first horn of the dilemma rests on a misrepreg®n of ESR as a position that
relies strictly on isomorphic mappings. In any ¢aggen MR, it was shown how
one can arrive at isomorphic mappings from weaki@ims about injective
mappings. Psillos’ claim, that the structural rélafiannot account for the possibility
that the unobservable world may have extra stractwot manifested in the
perceptual world, was shown to be false. ESR jaquires that every perceptual
structure has a corresponding unobservable strjatot vice-versa. The bottom line
is that some inferential knowledge about the stmectof the world can be
safeguarded, and that is all that is needed. Toensehorn of the dilemma rests on
the mistaken idea that H-W and W-H concede too ntaddealism. Contra Weyl,
whom Psillos supports, it was indicated that W-Hias$ the central tenet of idealism
for it is compatible with epistemic realism abobe tmind-independent physical
world. At any rate, ESR does not require commitmenthe W-H principle. Nor
does ESR stipulate that there is absolutely ncamag between the structure of the
external world and the structure of our perceptidRather, there is evidence to
believe that such variance is limited enough to ibheapable of significantly
undermining the reliability of inferential knowleegabout the structure of the
external world that ESR demands.

Reply to PS6: ESR does not support the view thst-éirder physical properties are

completely unknowable. Rather, it supports the vieatall physical properties can
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be known up to isomorphism. This mistake notwithdiag, the question can still be
asked as to why knowledge should be restricted. thhe answer to this question
takes the following form: We can know the physicghtions without knowing the
relata, on the presupposition that these relataresreflected in relations between
observables. Knowing a relation without knowing takata just amounts to knowing
the logico-mathematical properties of the relatibnis, in turn, amounts to knowing
the isomorphism class to which these relations fgeldndeed, to know just the
isomorphism class entails that the properties @& thlata cannot be uniquely
identified, but only up to isomorphism. Psillos’ riiver claim that first-order
properties must be knowable in their entirety beeathey are part and parcel of their
causal role does not, as it stands, carry any weigle no argument is provided to

support it.

Reply to PS7: Knowing the abstract structure ofwloeld does not merely amount
to knowing narrowly construed formal propertiestsas symmetry, reflexivity, etc.
The narrow construal is unsatisfactory since we tmkmal properties to be all the
logico-mathematical properties. In fact, this i® ttvay Russell understood the
concept. Under such a broad construal, the notfoabstract structure coincides
fully with that of formal properties. This is soahe takes the view, which is correct
to my opinion, that mathematical objects can ordydiescribed up to isomorphism.
Since mature science is mathematical, it is notaswnable to assume that scientific
objects can only be described up to isomorphismnally, although
underdetermination is unavoidable, ESR imposesifgignt curbs on its impact,

curbs that realists should rest content with.
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4
THE NEWMAN OBJECTION

1. Introduction

The aim of this chapter is to evaluate whether EBR withstand a cluster of
objections that fall under the umbrella of the ‘Ne&n objection’. | will first present
a detailed account of the objection and some aa®atresults. This will be followed
by an assessment of various replies to the objedtiat have been proposed in
recent years. Finally, | will offer my own solutiom the objectiort?®

2. Newman'’s Bifurcated Challenge

As we have seen, it was not unfihe Analysis of Matte(1927) that Russell
wholeheartedly embraced and developed the struistuxgewpoint. In 1928, one
year after its publication, M.H.A. Newman, a famousathematician and
subsequently Bletchley Park code-breaker, publishexitical notice of Russell's
book. There he argued that the ESR claim that wekrew only the (abstract)
structure of the external world trivialises sci@otknowledge. Moreover, he argued
that the only way to get around this problem ineslgiving up ESR.

The First Fork ESR Knowledge Claims are Trivial

Newman begins by noting that Russell’'s view, that wave no knowledge of the
physicalrelations over and above their formal (i.e. streaijufeatures, amounts to
the assertion that t]hereis a relatiorR such that the structure of the external world
with reference toR is W’ (1928: 144). By this, | presume, he means that th
structural realist cannot state the particular ti@ts that the external world
instantiates. Rather, the structural realist cdy state that there exist such relations
of which the only thing we can know is their abstratructureWW. Newman then
urges us to consider the logical theorem that fory“aggregate A, a system of
relations between its members can be found having assigned structure
compatible with the cardinal number of A” (140). odeding to this theorem, the

mere number of members in an aggregate entaildtibeg are systems of relations

128 A shorter version of this chapter has been pubtisis Votsis (2003b)
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definable over those members having any specifiedctsire. Thus saying, as
structural realists do, that for a given class @hexists a system of relations that
specifies a structure, is not saying much since ¢tdim follows as a matter of logic
by employing the above noted theorem plus the nalit of the given class. But
surely anything that is known about the externalrldvanust be discoverable
empirically, not a-priori. Yet the only thing opéor empirical determination under
Russell's view, according to Newman’s argumentthis cardinality of the given

class.

Newman’s argument can be understood asodus tollenslif epistemic structural
realism is true, then scientific knowledge impanm$ormation only about the
cardinality of the external world. But surely, swe gives us more knowledge than

this. Therefore, epistemic structural realism Isda

We can now state the theorem upon which Newmasidtres based:

(NT) Newman’s theorem: Let S = (UsR...., R) be a structure and V be a set.
Suppose that there is an injectipnU — V. Then, there exists a structurevéose

domain is V, and which has a substructure isomeorfuh5.

The proof for this theorem can be given as folldf¥sWe begin by defining the
image of mapping asp(U) :={x O V: [n O U, p(a) =x}. From this we know that
p(U) O V and sincep is injective we know thap: U - p (U) is a bijection. Its
inverse is thusp™. p(U) -~ U. We can now define a relation’ Ror each n-place
relation Ron U, on the sat(U) as follows: R:= {(X1, ...,.%) O V": Xg, ....% O p(U)
O@? (x0), ..., p (%)) O R}. In other words, R is an n-place relation on V. Note
that it follows from the definition of eadR' thatay, ...,0, O U, (p(a4), ...,p(0n))

O R iff (ay, ...,an) O R. This is the condition for an isomorphism. By rateg this

for every relation Ron U we define relations;Ron V and hence have a structute S

=(V, R/, ...., R). If we now take theestriction of S to the subdomaip(U) 00 V
we observe that it is just the substructw@J), R/, ...., R’) which is isomorphic to
S, i.e. p(VU), Ry, ...., K') = S. This just means that save for cardinality a@mnsts

129 Many thanks to Jeff Ketland for providing this pfo
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we can impose any structure on a set; that stridiaing of course set up bpme
relation(s). Thus, saying that ‘There exists soelation R which has a specified
structure S’ is not saying much, since that follotsisially modulo cardinality

constraints.

The Second ForlESR cannot be Salvaged

Newman correctly points out “that it is meaningléssspeak of the structure of a
mere collection of things, not provided with a eételations” and “[tlhus the only
important statements about structure are thoseetoed with the structure set up ...
by a given, definite, [set of] relation[s]” (140)he only way to avoid trivialization,
according to him, is by specifying the particulafation(s) that generate(s) a given
structure. That is, if we uniquely specify R, irsleof just saying ‘There exists some
relation R which has a specified structure W', thet that R has structure W is no
longer trivial. The problem is that to uniquely sipg R, one inevitably goes beyond
the epistemic commitments of the structural realist ESR in its pure form must be

abandoned.

Let us remind ourselves of the structural realisfgstemic commitments. Russell
claims that we can at most know the abstract straadf physical relations but not
the relations themselves, for we have no epistesess to theri° A consequence
of this view is that there is an underdeterminatibrthe physical relations by the
abstract structure (URS for short), since infiryitelany such relations correspond to
any such structure. For some, this is the essehdEwman’s problem. Ladyman
certainly thinks so when he says: “[tlhere ardoser difficulties... which were
raised by Newman (1928)... the basic problem [beihg] structure is not sufficient
to uniquely pick out any relations in the world'9@8: 412). To explain the objection
better, consider first the following example (takaum of context from Newman'’s

paper) that illustrates two different relationsttblaare the same abstract structure:

Let a set,A, of objects be given, and a relati®which holds between certain
subsets oA. LetB be a second set of objects, also provided witlaionS which
holds between certain subsets of its membeFar.exampleéA might be a random
collection of people, an the two-termed relation of being acquaintednapof A

130 The use of the term ‘physical relation’ carriesimention, either by Russell or by me, to reify the
relations found between physical objects.
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can be made by making a dot on a piece of papeepesent each person, and
joining with a line those pairs of dots which regget acquainted persons. Such a
map is itself a systen®, having the same structure Asthe generating relatios,

in this case being “joined by a line”. (1928: 139)

Newman, like most mathematicians, tends to avoingudifferent symbols for aet
and for somestructure with that set as domain, since it is usually clzam the
context what he is referring to. For the sake afritl, we shall use asterisks to
indicate a structure as opposed to the set thaititaties the structure’s domain.
Thus, structureA* and structureB* have setA and setB respectively as their
domain. The two relations, ‘being acquainted’ ardined by a line’, are
undoubtedly distinct from one another both intenalty (i.e. what they mean
differs) and extensionally (i.e. what they denotigeds). In this context, however,
they are employed in such a way that the structilreg give rise to are isomorphic
to one another. Hence, they share the same abstracture. Now suppose that we
are interested in only one of these relations rihave epistemic access to neither.
If all we have knowledge of is (abstract) structuae the structural realist suggests,
we cannot distinguish between the two relationsd,Axf course, we do not just have
two relations to choose from but infinitely manince there can be infinitely many

bijective mappings that preserve the same strugbuoperties.

Newman explores several ways in which the struttuealist might try to
distinguish between intended and unintended syswmelations, i.e. structures.
Two of these ways stand out. The first one is &ngit to dress the distinction as
one between real and fictitious relations. Newmafings a relation as fictitious
when “the relation is one whose only property iattit holds between the objects
that it does hold between” (145). Real relations ttzen be implicitly defined as
those relations that have more than just this ptgp€&his, according to Newman, is
obviously not going to be of help, since thdy knowledgea structural realist would
have of the real relations is exactly the same kedge he would have of the
fictitious ones, viz. that they hold between sonigects. But what if we know
something about these objects apart from theimggaigiven structure, could we not
then claim to have a way to distinguish the rekdtiens from the fictitious ones?
For instance, if we fix the domain in the aboveresgke to the sef, i.e. the set

whose members are people, then, at least prime, f@re is no longer a question of
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being unable to distinguish between the two retetitoeing acquainted’ and ‘being
joined by a line’.

Anticipating this reply, Newman argues that evethé# domain of the objects has
been specified, we are still left with the problémt we must “distinguish between
systems of relations that hold among members givan aggregate” (147) [my
emphasis]. Demopoulos and Friedman elaborate fijats‘is a difficulty because
there isalwaysa relation with the [given] structure” (1985: 6889). This point can
be extended by showing that isomorphic relatiordindd over the same domain,
can yet be different in some important respectaniple: Suppose we make another
mapping of A by painting a line between all, and only thoseopte who are
acquainted. Let us call the resulting structure’ ‘@id its generating relation ‘T.
Notice thatC* is isomorphic toA*, which means that they share the same abstract
structure, let us call it ‘S*. Notice also th@ and A* have the same set of objects
as their domain, viz. sé&t However,A* and C* are generated by different relations
— at least if these relations are considered asioak-in-intensionA* is generated
by R while C* is generated byl. Thus, knowing the abstract structure S* and @xin
the domain to sef does not allow us to uniquely pick out the so-chlletended
relation, whatever that relation may be. But surtéig argument goes, being able to
point to the intended relation must be an esseptal of scientific enterprise and

knowledge.

Newman’s other attempt to distinguish between idéehand unintended relations
takes the form of a distinction between important ainimportant (or trivial)

relations. But how is this distinction to be madéewman asks, if we are to
“compare the importance of relations of which noghis known save their incidence
[i.e. occurrence] (the same for all of them) ineatain aggregate” (147). The only
way to do that without giving up ESR, Newman reasavould be to take the term
‘importance’ as one of “the prime unanalyzable diesl of the constituents of the

world”, something he considers completely absud¥}1

Newman concludes that if we are to avoid trividiaa we must surrender “the
‘structure vs. quality’ division of knowledge insitstrict form” (147). But to

surrender this distinction, he claims, is to renB&R false. As Demopoulos and
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Friedman explain “since it is indisputably true ttloaur knowledge of structure is
non-trivial — we clearly do not stipulate the haolgliof the structural properties our
theories have — it cannot be the case that our latdge of the unperceived parts of
the world ispurely structural” (1985: 6303

In a letter sent to Newman shortly after the pwtian of his critical notice, Russell
acknowledged that he was wrong in saying that dimdéy structure of the physical
world can be known (see his (1968: 176)). ThereaRessell abandoned pure ESR

(see for example Russell (1948)), and never retbtm@ddress Newman'’s problem.

A Note on the Ramsey-Sentence

As indicated in chapter two, Demopoulos and Frietdmeast Newman’s objection
against the Ramsey-sentence approach. Their maint igothat if a theory® is
consistent and all its observational consequences then the truth d®’s Ramsey
sentence is guaranteed and hence structural realisrarly) collapses into
phenomenalism. Indeed, the only thing separatin BE&m phenomenalism, say
Demopoulos and Friedman, is the cardinality condtrahis is so because it is taken
to say something, i.e. how many types of objectd aroperties exist, about the

unobservable worlf?

Building on Demopoulos’ and Friedman’s work, Je#tkand (forthcoming) argues
that Ramseyfication “yields a claim which is, rolygspeaking,equivalentto the
claim that the theory is empirically adequate” ®)More precisely, he argues that
saying that the Ramsey sentence of a given th@piiR(©), is true is equivalent to
saying that® has an empirically correct full model whose thé&oet domain
possesses the right cardinality. By ‘empiricallyreat’ he means that thabservable
domain and relations designated by the model imasphic to the appearancts.

From this, he concludes that “the ‘structural catitef a theory®, at leastf it is

31| presume that by ‘unperceived parts of the wotley simply mean what Russell and Maxwell
mean by the term ‘unobservable’ (see ch.2, §5).

132 Russell raises this point in the aforementionéeiéo Newman, saying, however, that it “is not a
point upon which | wish to lay stress”. He alsoawothat the cardinal number under consideration
must be finite if the claim is to have any empirigignificance.

133 page numbers are from the preprint.

134 Ketland assumes a two-sorted interpreted langwhgee first-order variables range over two
domains, one for observable and another for unsbbbs/theoretical objects.
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identified with what R ®) ‘adds’ to the claim tha® is empirically adequate, is just
this Newman-esque cardinality constraint” (11). §hietland’'s claim is that
structural realism a la Ramsey is not very difféfesm anti-realist positions such as
constructive empiricism. The difference, agains liea the cardinality constraint,

which presumably says something about the unobiskerveorld.

3. Various Replies to the Objection

As we have seen, Newman argues that if we wantefwesent empirically

determinable scientific knowledge, structure is eobugh. Epistemic structural
realists such as Grover Maxwell, John Worrall, MiehRedhead, and Elie Zahar
share so much with Russell’s structural realism ithi no surprise that Newman'’s
objection is dusted off and pitted against themerEsince the Demopoulos and
Friedman paper, many authors (see, for example,Rraassen (1997), Ladyman
(1998), Psillos (1999) and Ketland (forthcomingdlve appealed to the objection to
attack some version of ESR. In this section, | Wil appraising replies to the
objection offered by Psillos, Redhead, French, inaaly, Worrall and Zahar.

Psillos

Although not a structural realist, Psillos (199000a; 2001a; 2001b) has ventured to
show that the only way to overcome Newman’s obpecis to espouse a traditional
scientific realist position, forsaking the purelyrustural claims of ESR. In
particular, Psillos argues that if the world isustured in a unique way, then we can
simply pick out the right relations, and, hence, tight structure. He thus says, “[i]f
the domain is already ‘carved up’ in natural kinttsgn it is a far from trivial
exercise to find a network of relations which gewera certain formal structure...
instead of being a matter of logic, this issue bee® an open empirical problem”
(1999: 68). How does he propose to pick out thitniglations? Psillos only hints at
how this may be done when he says that what isufred is getting the extensions
right, i.e. identifying those anonly thoseextensions which mark off the boundaries

of — and relations among — natural kinds” (68).

The claim that the world is carved up in naturaddd does not, by itself, solve the

Newman problem. After all, if the claim is trueniterely guarantees the existence of
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physical properties and relations, but says notlahgut our epistemic access to
them. Psillos, in fact, acknowledges that the ratkinds claim is compatible with
ESR. He says “[t]he thesis that the world possessasque natural-kind structure is
surely compatible with the claim that, without alspecifyingwhat exactlythese
natural kinds are, of this structure the only thingtcanbe asserted is that it exists”
(68) [original emphasis]. What Psillos could sayaddition, and perhaps he implies
it, is that we have direct access to the extermaldy Under these conditions, we can
empirically discover its physical relations and,nbe, its unique natural-kind
structure. The problem with this suggestion is thaimply assumes what ESR
denies, i.e. that we have direct access to thedwdttillos does not offer any
justification for this assumption and for this reasve must leave this discussion

aside.

Strangely enough, though Psillos admits that thterabkinds claim is compatible

with ESR, he claims that acceptance of the claimddeto two unwanted

consequences for ESR: (1) ESR is rendered falsg,(2nthe Ramsey-sentence
approach, that some structural realists advocateendered unsatisfactory. Does
Psillos’ natural-kinds answer to Newman’s objecti@gnit indeed is an answer,

exclude ESR from partaking in it?

Let us consider Psillos’ allegedly unwanted consegas for ESR one at a time. It is
not entirely clear what he means by the first ¢texhaps what he wants to say is that
the natural-kinds claim, i.e. the claim that therddas carved-up in natural kinds, is
itself ‘non-structural’. That is, it is an assungptiover and above those allowed by
ESR-ists, so if it is adopted one cannot maintgaurely structural knowledge of the
world. Yet the natural-kinds claim is an ontologiaasumption about what the world
is like, and, as such, it adds nothing to the episiogical commitments of the
structural realist. Moreover, even if these comraitis were to be burdened with a
non-structural claim, it is far from clear that thesulting ‘impure’ ESR must be
abandoned for the sake of full-blown realism, aslddsultimately wants. Unless
Psillos provides some justification as to why weudt accept the first consequence,

or, indeed, any of the other claims | just mentthrieSR emerges unscathed.
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Disappointingly, Psillos’ justification for his saaed consequence is also mere hand

waving. He claims that the Ramsey-sentence appno@ses unsatisfactory,

...for when it comes to the defence of the thesis shgence captures the structure
of the world already carved up in natural kindsisitbest not to treat theories as
abstract structures, but instead to appeal to tleeess ofinterpreted scientific
theories in order to argue that the kinds positethem populate the world (69).

In other words, the success of interpreted sciertiieories presumably provides a
better defence of the natural kinds claim. The iogpion here is that the structural
realist commits himself to uninterpreted theories, accusation that we have
witnessed on Psillos’ list of objections under PBargued in the previous chapter
(see section three) that this objection fails sitice structural realist does not
subscribe to uninterpreted, i.e. purely syntadteoties. Rather, the structural realist
requires that the observational terms of the théaynterpreted. In particular, the
Ramsey-sentence of a theory contains interpreteédreational terms, so it cannot be
the case that the structural realist is commitedentirely uninterpreted theories.
Similarly, the Russellian account commits one tmoag other things, concrete

observational structures.

Redhead

Redhead’s (2001a; 2001b) stab at solving Newmanoklem involves an attempt to
dissociate ESR from the Ramsey-sentence approaehdisinisses the Ramsey-
sentence formulation, viz[kd (W(®P, O)), and opts for a logically stronger
formulation, viz. W(R, O), wher@ is an existentially bound theoretical varialile,
an observational termW is an abstract structure, aril a specific physical
relation®*®> Obviously, the truth of W(R, O) cannot be a tily established. But
how do we justify our specification & in the first place? Redhead’s solution is that
we takeR as being “hypothesised in some explanatory theatatontext so it exists
as an ontological posit” claiming that “all that Wwave epistemic warrant for is the
second-order [i.e. abstract] structure of [W]” (200 346). Thus, we may remain
epistemologically agnostic with regard to the specelationR, while still asserting

knowledge of its abstract structufé

13 The formulations are abbreviated for the sake pediency.
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The perhaps not so obvious difficulty with Redhsasblution is that our epistemic
warrant for (abstract) structul® must somehow be derived from the nonexistent
epistemic warrant of the hypothesised physicalticeiaR. Psillos makes precisely
this point in his reply to Redhead’s review of bk, when he says that he “cannot
see how we can have epistemic warrant to belieaetlte structure is [W] which is
not parasitic on having epistemic warrant to beiévat R is the required (definite)
relation” (2001b: 369). He goes on to say thatt“j§ the knowledge of (or
commitment to) the definite relation R... that issties warrant to believe that its
structure is [W] and hence issues the warranttttetrelevant domain has structure
[W]” (369). Even though the (abstract) structikeof a relationR, i.e. the broadly
construed formal properties & is logically weaker thaiR, and thus presumably
more epistemologically warranted, one needs fiostestablish thaR has some
epistemic warrant in order to be able to inférThe problem is that admitting that
has epistemic warrant amounts to abandoning puRe E8 we can no longer claim

that only abstract structure can be known.

French and Ladyman
Ontic structural realists French and Ladyman hasteapother solution to Newman'’s
objection. They argue as follows:

Worrall's approach is thoroughly embedded in thecalted syntactic view of
theories that adopts first-order quantificatiormgit as the appropriate form for the
representation of physical theories. We will ndiearse our reasons here, but we
consider this approach to be deeply flawed, noy dwicause of its inadequacy in
reflecting scientific practice, but also becaus¢hefpseudoproblems that arise once
one has adopted it. So for example, the Newmanlgmols obviated if one does
not think of structures and relations in first-arégtensional terms (2003a: 33).

If, in their view, we forgo the syntactic view ofidories of which the Ramsey
sentence approach is a cornerstone, then the Neywmaiem will no longer be an
obstacle. Their alternative is the model-theorapproach to theories. At no point,
however, do they really elaborate how the Newmanblem can be obviated with

the adoption of this approadff.

13 For an argument against the idea that by abang@itensionalism we can avoid Newman'’s
objection see Demopoulos and Friedman (1985: 629-30
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The problem seems equally threatening to ontic rf8Bardless of which approach
one takes to theories, for taken together (onti@8&the Newman problem) lead to
the view that we can have no non-trivial knowledg¢he world. That is, assuming
the following two premises are true, (a) The Newnpaoblem, i.e. if all we can
know about the world is structure we cannot knowtlaing of importance, and (b)
all we can know of the world is structure, for tlere exists is structure, we derive
(c) we cannot know anything of importance about Warld. There is nothing
particular in ontic SR, or any of the accompanytfajms that French and Ladyman

make, that saves it from Newman'’s problem.

Worrall and Zahar

Another reply to Newman’s objection originates ioiéll (2000) who, as we have
seen, advocates a version of ESR augmented byaimséy-sentence approach. He
argues that provided a distinction between obsemailt and theoretical terms is
made, “the fact that, for every [theory] S, S at®lRS [Ramsey sentence] S* are
empirically equivalent, [entails that] S* is coddlable with S and hence for any
falsifiable S, its RS S* cannot tell osly about the size of the universe” (8). In other
words, if the theory itself is empirically falsibée then its Ramsey-sentence must
also be empirically falsifiable for the two are anwgally equivalent. Hence, the

Ramsey-sentence of such a theory cannot be trivial.

An elaboration of this argument can be found inagpendix to Zahar (2001), co-
authored by Worrall and Zahar. There it is clainteat Russell’'s mistake was to opt

for a purely structural representation that corsta@ia observational terms:

It was admittedly unfortunate that in his 1927 Risspoke of gpurely structural
description of reality being inferred from percegltuesults. The fault lies... with
the implicit assumption that once the inferencecaried out, an exclusively
structural account is obtained in which no obséowal terms occur (238) [original
emphasis]‘l.37

137Worrall, in private communication, claims that fhaint does not come out correctly in the text
just quoted. According to him, it is Newman who taienly viewed Russell as giving a purely
structural description that affords no observatideans. Russell’'s only fault, claims Worrall, was
forget that his whole view was based on the acdaiaie/description distinction, a view that
necessitates observational terms.
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A sentence expressing this pure structure would,cofirse, be completely
uninterpreted. If that is then Ramseyfied, the anfgrmation it would yield would
be that the unramseyfied sentence has at leashodel whose domain can be taken
to be countablé® Worrall and Zahar instead opt for sentences witlerpreted
observation terms. Ramseyfying these sentences kbepobservation terms intact,
l.e. interpreted, which means that the resultingn&ay-sentences are empirically

falsifiable and, therefore, not trivially satisflab

Worrall and Zahar claim that Newman’s objection leggponly if a distinction
between observational and theoretical termmignade. Indeed, according to them,
the distinction must be made. Once made, they Raymsey-style ESR only faces
Demopoulos’ and Friedman’s extended objection, martieat what the Ramsey-
sentence asserts ‘over and above’ its observatmmaknt is reducible to logic or
mathematics. In more detail, Demopoulos, Friednmahracently Ketland argue that
Ramsey-style ESR collapses to phenomenalism/catisttuempiricism, since the
only epistemically-relevant thing left (after treduction of what is ‘over and above’
to logic/mathematics) in a Ramsey-sentence is ltiservational content. To be more
precise, the accusation is onenefar collapsesince, as Demopoulos, Friedman, and

Ketland admit, there is always the something ‘caust above’ to worry about.

Against these claims, Worrall and Zahar argue ‘ftjiis ‘over and above’... seems
to us to be not only badly defined but also indaie in any non-trivial way” (240).

They cite two reasons for this. First, the Ramsaytence does not logically follow
from its observational content. The Ramsey-senterommtains empirical

generalisations and hence cannot be deduced frerolibervational content of the
theory since, according to them, the latter costamo such generalisations.
According to them, to include empirical general®as in the observational content
would be to go “against the canons of even the titostal version of empiricism”

(241). In this sense, they argue, the Ramsey semteiakes non-trivial claims, i.e.
claims over and above the observational conteritahea not reducible to logic or

mathematics.

138 Strictly speaking, Worrall and Zahar should not this ‘Ramseyfication’ since no observation
terms are present in the original sentence.
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Second, Worrall and Zahar argue that if we wereawnt empirical generalisations
as part of the observational content of a theottyert the Ramsey-sentenceght
well be one of them; in which case Demopoulos’ &medman’s thesis would
collapse into the trivial claim that the Ramseyteane follows from itself” (240)
[my emphasis]. What Worrall and Zahar seem to sathis blurry passage is that
under a broad construal of the observational conten a construal that includes
empirical generalisations, the Ramsey-sentencdf ite® be regarded as purely
empirical. In that case, there is absolutely ngHover and above’ to worry about,
hence Demopoulos’ and Friedman’s claim loses iteenmy. Presumably, this
empirical understanding of the Ramsey-sentenceotighmeatening to Worrall and
Zahar, because they assume that the observationtdnt broadly construed goes

beyond what an anti-realist is willing to accept.

There are several inadequacies with Worrall's antar's defence of the Ramsey
approach to epistemic structural realism. First ofintra Worrall's and Zahar’'s
remarks, there is a clear sense in which at leattqf the meaning of ‘over and
above’ is fixed. To wit, a Ramsey-sentence saysetioimy about the cardinality of
the theoretical domain and how it is structuredrédewer, Demopoulos, Friedman,
and Ketland complain that there is nothing in tterRey-sentence that restricts the
theoretical domain tethose and only those objedfsat are unobservabt& If no
such restriction can justifiably be made, Ramseyesee assertions are to be
understood as indiscriminately applying to abstagects, including mathematical
entities. The claim that a given number of mathé&wahbbjects can be structured in
a particular way then becomes a matter of logidieraiatics; that is, it follows from
Newman'’s theorem. The challenge for the Ramseg$#R-ist is to show whether
or not a restriction can be justifiably imposedtbe ‘theoretical’ domain, so that
theoretical variables range over all and only thaigiects that are unobservable, i.e.

physical object$?°

139 Ketland correctly recognises the need to have@mgreted language where first-order variables
range ovetwo domains, one for theoretical entities (i.e. unokaseles, mathematical entities, etc.)
and the other for observables.

140 My inclination is that a restriction to the thetical domain can be justified as an ontological
assumption and, hence, without any compromise @eiistemic commitments of structural realism.
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Another problem with Worrall and Zahar's defencehsir narrow construal of the
concept of observational content. The construalhighly questionable, for
empiricists, like van Fraassen, have traditionalgssified empirical generalisations
as part of the observational content of a theoeyh&ps there is no good reason for
empiricists to do so, but Worrall and Zahar needxplain why we should suddenly
alter our understanding of empiricism. Likewiseain unaware of any realist
positions in the literature that take commitmentempirical generalisations as
sufficient support for realist! Again, a lot more needs to be said on this issue

before Worrall's and Zahar’'s argument can gain ibigty.

The problems do not stop there. If empirical gelisatons provide sufficient
support for structural realism, why do we need Ramrsentences at all? The answer
would most probably be that a Ramsey-sentence natesierely provide empirical
generalisations, but also makes existential aneéngéised claims about theoretical
predicates. Worrall and Zahar fail to explain why meed these existential claims, if,
as shown above, what delineates structural rediiem empiricist antirealism is
empirical generalisations. Moreover, their assertimat the theoretical terms found
in existential claims are ‘indissolubly entangledith the observational terms
remains suggestive, pending further elaboratiotheir behalf. How, one may well
ask, could theoretical terms be indissolubly enthgvith observational ones if
indefinitely many Ramsey-sentences, with syntaliyiddifferent existential claims,
are compatible with the observational content biso@dnstrued? To create such
‘rival” Ramsey-sentences, all one needs to doke the observational content of a
given Ramsey sentence and simply construct othensBa sentences at will by
appending syntactically different theoretical staats to the original observational

content and then Ramseyfying.

The doubtfulness of the claim that theoretical geare indissolubly entangled with
observational ones is reinforced by the followirapsiderations. Suppose is a

theory that entails a set of senten§eand thatS can be subdivided into two disjoint
sets:O which contains true observation sentences Emdich contains theoretical

141 Even Russell, who comes close to supporting swiva demands that empirical generalisations
mirror the structure of the physical world. In dgiso, he commits himself to something more than
the empirical generalisations, namely to the (at)dsomorphic correspondence between the physical
world and the phenomenal world.
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sentences. Suppose further tBatontainsall the observation sentences true of the
world, and nothing else. We know thdi and its Ramsey-sentend¥®) are
empirically equivalent. So i® entailsO, thenR(®) entailsO. SinceO contains all
true observation sentences (and no false ones)phservation sentence can
undermine the theoretical part of the Ramsey-seetdBut then, how can one decide
between various different manifestations of theotbgcal part of the Ramsey-
sentence? For example, how could we decide bet{@py{p)(Ox)[(yx v ¢@x) O

Ox] and (b)(Hp)(UX)[(—Wx & @x) U Ox]?

Jane English (1973) has proved that two or more ®®grsentences with the same
observational consequences cannot be inconsigteatproof is a reductio. Here’s a
reconstruction: We start by assuming that there tare inconsistent Ramsey
sentences, R@J = ({p)... Op)T1 (Oy, ..., O; @1, ..., @), and R(B) = ([Qy)...
(OPm)T2 (O, ..., O Wy, ..., Uy that are compatible with all possible observation
Reversing the process of Ramseyfication, we suibstdistinct predicate letters for
the second-order variables and geiCti, ..., O Fy, ..., ) and B(Oq, ..., Q; Gy,

vory Gm). Trivially, T1 & T, implies R(T) & R(Ty). If the pair R(T) and R(T) is
inconsistent, so is;land . The next step requires appeal to Robinson’s starsty
theorem, which holds that;TI T, is satisfiable if and only if there is no senteirte
the common vocabulary of their languages suchdhattheory entails this sentence
and the other entails its negatityd By the completeness theorem we infer that T
and T, are inconsistent if and only if there is at leasé sentence in the common
vocabulary of their languages such that one theotsils this sentence and the other
entails its negation. The common vocabulary in ttése is the observational
vocabulary, for Ramseyfication turns the theoréticacabulary into variables.
Hence, it follows that there is a sentence O indbgervational vocabulary of both
T1(F) and T(G), such that J(F) O O, and B(G;)) O -~ O. Suppose O is true. By
modus tollens, we infer that, Ts false in virtue of its being not compatible hvall
possible observations. Since dnd R(T) are empirically equivalent, this means that
R(T,) is also not compatible with all possible obsensag. Contradiction! Suppose
O is false. By modus tollens, we infer that i§ false in virtue of its being not

%2 The theorem is stated thus: Letdnd L, be two languages where L 3 b L,. Suppose that,T
and T, are theories satisfiable in Bnd L, respectively. Then 0] T, is satisfiable if and only if there
isnosentenceinL suchthatT=oand T, = —0.
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compatible with all possible observations. Sinceg ahd R(Th) are empirically
equivalent, this means that R]Tis also not compatible with all possible
observations. Contradiction! Therefore, any Rams&ytences that are compatible
with all possible observations cannot be inconstsiéth one another, i.e. they will

be consistent.

Although the starting assumption in the above prediiat the Ramsey-sentences are
compatible withall possible observationsve can replace this with the assumption
that the Ramsey-sentences have shene set of consequencespressed in the
observational vocabulary. Notice that it still tmlis that there is a sentence O in the
observational vocabulary of;{(F) and B(G;), such that I{F) O O, and KG)) O

= 0. This, in effect, means that the two theoriesnmid share the same set of
consequences expressed in the observational vercgpsbmething that contradicts
our starting assumption. Thus we can concludeahgttwo Ramsey sentences that
have the same observational consequences cannotdiesistent, i.e. they will be

consistent.

The severity of the problem becomes apparent whnenamnsiders that there are
indefinitely many inconsistent alternatives to aedty that have the same
observational consequences. The Ramsey-sentence#i of these theories are
logically consistent with each other. Yet, the ora (non-Ramseyfied) theories
were inconsistent! The reason for this mismatcimstérom the substitution of
theoretical predicates for existentially quantifieariables. Take, for example, two
contradictory statements such dasx)Px and [x)-Px, whereP is a theoretical

predicate. When we Ramseyfy these statements w¢ iggtix)gx and (p)(0x)

- X respectively. Notice that nothing prevent$ = .

Worrall and Zahar suggest that we can choose thlet iRamsey-sentence by

recourse to such considerations as unity and siityplHere’s what they say:

The more demanding structural realist can go mucthér than this, but only by
appealing to a metaphysical principle similar te tne invoked by both Poincaré
and Einstein. The latter put it as follows: the Mas the realisation of what is

mathematically simplest, while Poincaré held thgrde of unity-cum-simplicity of

a hypothesis to be an index of its truth-liken@g0(: 249).
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Presumably then, the right Ramsey-sentence isnbetlmt offers the most unified
and simple account of the observables and unoldses/aNeedless to say, this claim
requires fleshing out if it is to be taken serigus¥hy should we take the notions of
unity and simplicity as epistemically significarit1s well known that such notions
are notoriously difficult to pin down, and that argalists like van Fraassen dismiss
them as merely pragmatic considerations. Suppasarfmment’s sake that they are
epistemically significant. Why should there beumique Ramsey-sentence that
captures all the true observational consequencdsoéiars the most unified and
simple account of the observables and unobservablesll return to this issue in

chapter six, where | will be considering argumedris underdetermination.

In sum, the Ramsey-style structural realist hagt afl explaining to do before she
can gain a foothold in the scientific realism debat

4. Overcoming Newman’s Objection

| have already indicated in my discussion of GroMexxwell's ESR (see ch.2, 85)
that Russell's version of structural realism isompatible with the Ramsey-sentence
approach. Attacks on the Ramsey-sentence rendifiddSR, led by Demopoulos
and Friedman and more recently by Ketland, theeefoiss their target when it
comes to Russell. | will argue in this section thybdn closer scrutiny the accusation
of triviality mounted against Russell's version B8R fails, because the position’s
knowledge claims are informative. Moreover, | vepose as a myth the idea that

we can uniquely pick out physical relations or ied¢heir relata.

First of all, it should be made clear thaaiff the structural realist is arguing for is the
claim that there exist relations with particulaustures, then this is obviously trivial
for the reasons Newman mentions. But no structrgalist makes such a claim!
Russell, in particular, claims that our epistenomeitments extend to cover REC1,
REC2, and REC3. That is, concrete observationattires, abstract structures (i.e.
iIsomorphism classes) corresponding to the conofetervational structures, and the
existence of concrete physical structures that @aesally responsible for the
concrete observational structures and belong tosttree isomorphism classes as

them. According to this view, weempirically identify logico-mathematical
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properties of the unobservable world via the assiomphat causally linked concrete
observational structures and concrete physicaktsires share the same abstract

structures, i.e. belong to the same isomorphisssel

Is Russell's claim trivial? Before we can answeis tQuestion, we first need to
understand what exactly is meant by the charaat@isthat ESR knowledge claims
are trivial? Customarily, the term ‘trivial’ meatisat the information on offer is of
little or no importance. So, in what way are thewtedge claims of ESR of little or
no importance? The well-rehearsed answer is traintiormation these claims offer
can also be derived-priori from set theory together with a cardinality coastt.

Hence, the answer goes, the only important infaonatontained in the structural
claims concerns the cardinality of the domain. Theems to imply that any

information contained in a statement that is alsavdble a-priori lacks importance.

There is a very simple and straightforward waytowve that this view is mistaken.
Consider the following example: Take the number8 &B8d 123. | can, restricting
myself solely to arithmetic, perform various operas on these numbers. One such
operation is addition. Similarly, if | had two ocetitions of 133 and 123 physical
objects respectively, | could count them one by ane would reach the same
result'*® Despite the similarities, there is an importarffedénce between the two
cases. In the latter case, the result is a propleatyis then ascribed to the physical
world, in particular to the physical objects undensideration, and not merely an
exercise of arithmetic. This claim is warrantedthg employment of aempirical
methodo arrive at the given number. The fact that argtimmallows me to perform a
calculation between the numbers 133 and 123 atpriaumbers that happen to be
the same as those involved in the two collectidnshgsical objects — does not mean
that the information | reached counting the phyisadgects in the two collections is
devoid of importance. One need only consider thesequences had | made an error

in counting.

The same type of argument can be applied to thes ia$ hand. Provided that we

have the right cardinality, we can set up any $tmgc— and by extension any

143 Assuming that the objects retain their individtyalvhen | add them.
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abstract structure — we want a-priori just by appeaet theory and in particular the
theorem employed by Newman. But we can also rdaelsame abstract structure a-
posteriori. Empirical investigation leads us to thiscovery/postulation of relations
between observables. By deduction, we can themhgeabstract structures of these
relations. Appeal to H-W and MR, principles tha¢ guestionable but not the target
of Newman’s objection, allows us to infer that telas between observables and the
corresponding relations between unobservables sharsame abstract structures.
The methodof arriving at the abstract structures is at Igastly empirical in that the
discovery of relations between observables is apirezal matter. Thus, the fact that
set theory allows me to arrive e same abstract structures a-priori does not mean

that the information | have reached via observasatevoid of importance.

One further consideration should make the genexiak gharper. It is a feature of the
expressive power of mathematics that it can givalluhe structures that satisfy any
given cardinality constraint. No structure is peged in this sense. Russell's a-
posteriori method guarantees that some structures pavileged over others.
According to this method, we choose those absstaagttures that are instantiated by
concrete observational structur&ge choose them because of the assumption that
concrete observational structures are isomorphtbeés causal antecedents, namely
concrete physical structures. In the above exantpige,would be analogous to the
fact that although arithmetic allows me to sum amg numbers, there is only one
number that can be correctly ascribed to the aggeegf the two collections of
physical objects under consideration.

The critic may object that the weight of Newmanlgeation is that knowing only
the abstract structures is not enough. But why it enough? Demopoulos and
Friedman suggest, borrowing a concept from Quih@t without appeal to a
background theory the abstract structure cannalesiout the intended from the

unintended interpretations:

From a contemporary, model-theoretic standpoinis th just the problem of
intended versus unintended interpretations: Newstamws that there is always
some relation, R, (on the intended domain) withs{edrt] structure W. But if the
only constraints on something's being the intendéekrent of ‘R’ are observational
and structural constraints, no such criterion fistiniguishing the intended referent
of 'R' can be given, so that the notion of an ideshinterpretation is, in Quine's
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phrase, provided by our background theory, and dnenannot be a formal or
structural notion in Russell's sense (1985: 633).

Demopoulos and Friedman correctly point out thaseokational and structural
constraints are not sufficient to determine theneit of ‘R’. Indeed, Quine argues
that a background theory is required to fix theiptetation. Yet, he also argues that
this fixing is by no means absolute. For Quine,agkiground theory provides an
interpretation to the logical form of a theory bpicking a new universe for its
variables of quantification to range over, andgssig objects from this universe to
the names, and choosing subsets of this universextassions of the one-place
predicates, and so on.” (1969: 53-54). Even witbaakground theory at hand,
however, “the intended references of the namespaedicates have to be learned
rather by ostension, or else by paraphrase in sortezedently familiar vocabulary”
(54). But, Quine goes on, “the first of these twayw has proved inconclusive”,
since it faces the usual problems of the indetesnyrof reference. That is, learning
by ostension cannot uniquely identify the undedyphysical objects, as the familiar
example of the term ‘Gavagai’ illustrates. The setavay then “is our only
recourse; and such is ontological relativity” (5#).other words, paraphrasing in
some antecedently familiar vocabulary just bringdack to where we started, for it
is an appeal to another background theory. As Quotes, “[since] questions of
reference of the sort we are considering make senferelative to a background
language [or theory], then evidently questions eference for the background
language make sense in turn only relative to ahéurtbbackground language [or
theory]” (54). That, of course, leads to a regrd$se moral of the story is that the

very choice of ontology, i.e. the background the@a relative matter.

The above illustrates that Demopoulos and Friedsmappeal to Quine, in order to
support their claim that we can avoid the probldnurntended interpretations by
employing a (non-structural) background theoryts@s a serious misrepresentation
of his work. Ontological relativity is the idea thae cannot eliminate unintended
interpretations altogether, i.e. that we cannotjuely pick out physical relations or
indeed their relata. It is in this spirit that Qeisays “we cannot require theories to

be fully interpreted, except in a relative sen€gl)( What we can do, according to
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him, is impose observational, behavioural, andcttinal constraints to narrow down

the number of unintended interpretations.

Some peculiarities of Quine’s approach should bedoQuine promotes the idea
that one can reinterpret a theory, i.e. give itea background theory, without any
essential loss. He favours reinterpretation bechesthinks that “what makes sense
is to say not what the objects of the theory absohutely speaking, but how one

theory of objects is interpretable or reinterprégtab another” (51). In more detail:

Suppose... that in the statements which comprisetibery, that is, are true

according to the theory, we abstract from the nmegof the nonlogical vocabulary
and from the range of the variables. We are lefh wie logical form of the theory,

or, as | shall say, thiheory form Now we may interpret this theory form anew...
(53).

Though this technique is similar to the Ramseyeyesrd approach, it must not be
confused with it. The main difference is that, kaelthe Ramsey-sentence approach,
Quine’s technique affects (by re-interpretation}hbtheoretical and observational
terms. In Quine’s eyes, the difference betweentweis that “Ramsey’s treatment
brings out indeterminacy of reference not feynterpretation but by waiving the
choice of interpretatich([1995]1998: 74) [my emphasi${’ Whether this marks a

real difference is an open question that will n@fploirsued here.

Importantly, Quine draws an epistemological lessbat is similar to that of
epistemic structural realism. This comes out cle@l many of his writings. For
example in the discussion section of Grover Maxwaeltiginal article on structural
realism, he makes the following comment. “One adnfplank in Professor
Maxwell’s platform is that our knowledge of the erttal world consists in a sharing
of structure. This is to my mind an important trudin points towards one” (1968:
161). A decade and a half later he repeats, “streds what matters to a theory, and
not the choice of its objects” (1981: 20). Alsoaimore recent article he says: “The
conclusion is that there can be no evidence foramelogy over against another, so

long anyway as we can express a one-one correld@vween them. Save the

144 Note also that Quine’s position is called ‘globilicturalism’, because he advocates structuralism
about concrete and abstract objects alike. F.P sBamdvocated structuralism only with regard to
theoretical objects.
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structure and you save all’ (1992: 8). Hence, famf being critical of ESR, as
Demopoulos and Friedman have suggested, Quineis\aad especially his idea of

a relativised background theory lend more credémde

Returning to URS, i.e. the underdetermination o fthysical relations by the
abstract structure, we can say that this type dérgetermination is not a real threat
for ESR but rather another way of endorsing it. &xding to the epistemic structural
realist, the limit of knowledge is description upisomorphism. That may seem too
little for some but this knowledge is already a siderable improvement over
complete ignorance and, more importantly, over knewledge claims of the
empiricist. To understand the extent to which thian improvement, let us contrast
URS with all-out underdetermination. Suppose weehalbsolutely no information
about the world, i.e. we know nothing of the obgetttat inhabit it, nothing of their
number, none of their properties and relations, s state of knowledge allows
for a complete underdetermination of what the waddlike if it were to be
accurately described. Thus any logically possitligeat, property, and relation is a
candidate for the role of correctly representingftirniture of the universe. Consider
what happens if we adopt ESR. Certain relationsvéen observables, and hence
their corresponding abstract structures, are gihglg for their ability to produce
highly accurate predictions. These abstract strast@ean be thought of as setting
constraints on the type of objects, propertiesratations that are suitable candidates
for the role of correctly representing the ontologfythe world. In terms of our
discussion of intended vs unintended interpretatitims just means that the abstract
structures will set constraints as to which baclkgrb
theories/ontologies/interpretations are allowed & consistent with the abstract

structures.

The overall claim is not that the problem of unitted interpretations does not pose
an epistemic obstacle. Rather, the claim is thatatkind of obstacle that realists can
live with and, if the structural realist or Quinearright, one they must live with, for

there is noempirically justifiable way in which we can uniquely pick out the
ontology of the world. A ‘non-structural’ realistay of course object that there are
ways in which we can justifiably eliminate undeeteatination altogether or at least

restrict it even further by appealing to non-stmuat considerations. This is a
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legitimate reply but one which needs to be backpdby evidence. Until that
happens the ‘non-structural’ realist cannot sulistn his claim that ESR cannot

deliver as much knowledge of the world as can lok ha

5. Conclusion

Newman’s objection and the associated results atethe knock-down punch to
ESR as critics maintain. Yet, the perception tha & knock-down punch persists in
the wider philosophical community. In a way, thésriot surprising, seeing as the
attempt to rebut Newman’s objection is a recentnphenon. Indeed, if my
assessment of the various replies offered to teEcbbn is correct, most attempts to

rebut the objection have been largely unsuccessful.

Worrall and Zahar’s attempt represents the onlyeption. They convincingly argue
that Ramsey-style ESR’s knowledge claims cannotrivéal, thereby disarming

Newman'’s objection. Things do not look as rosy Ramsey-style ESR, however,
when it comes to associated objections. As | hageierl, whether Ramsey-style
ESR avoids collapsing into phenomenalism/constracempiricism depends on
whether its advocates can justify a restriction tké domain over which the

theoretical variables (of the Ramsey-sentence) eatwg unobservables. More
damagingly, Worrall and Zahar’s narrow, and unadgioe, construal of the concept
of observational content goes against the concept'sentional meaning. Indeed,
their suggestion that commitment to empirical gehsations is enough to

distinguish ESR from non-realist empiricism fligs the face of well-established
ideas. At any rate, if support for structural re@i comes through empirical
generalisations, it is not at all clear why we ndRaimsey-sentences. The only
defence to this claim that Worrall and Zahar comidster is their assertion that
theoretical variables in Ramsey-sentences are s$otlibly entangled’ with the

observational terms. Yet, as | have argued, théeréien remains at best highly
suggestive. The same holds for their appeal totti®ns of unity and simplicity, by

which they hope to show how we can choose betwespeting Ramsey-sentences.

Being endemic to the Ramsey-sentence formulatidBSR, these objections do not
affect Russellian ESR. That leaves open the questitether this version of ESR

can overcome the Newman objection. | hope to h&esvs that Russellian ESR is
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impervious to this objection. Newman unfairly ditried the simplistic claim ‘There
exists a relation with a particular abstract sutetto ESR. No epistemic structural
realist accepts such a claim, which is obviousiyial. The Russellian structural
realist, in particular, holds that we empiricallgentify logico-mathematical
properties of the external world via the assumptioat causally linked concrete
observational structures and concrete physicaktsires share the same abstract
structures, i.e. belong to the same isomorphisssek To be precise, the Russellian
ESR claim is this: 'There is a unique physicaltretathat is causally linked with this
unique observational relation and the two are igpimo’. Russellian ESR identifies,
even if only up to isomorphism, a concrete physgtalcture by its causal role in
producing perceptual relations in observers, ism. producing the concrete
observational structures. Finally, | hope to haveve that the idea of being able to

uniquely pick out physical relations or their ralaésts on a myth and must be given

up.
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5
HISTORICAL CASE STUDY: THE CALORIC
THEORY OF HEAT

1. Introduction

The 1960s marked a turning point for the scientialism debate. Thomas Kuhn
and others undermined the orthodox positivist tradiby showing that a careful
study of the historical record speaks against theatr accumulation of scientific
knowledge. But, as is so often the case, reacbotiné admittedly naive positivist
view was disproportionate and resulted in an egualive and diametrically
opposite view, namely that there is no significaotumulation whatsoever. Realist
philosophers like Richard Boyd and Hilary Putnamrevguick to reply that not
everything is lost in the wake of a scientific reamn. Successive scientific
theories, they claimed, preserve the theoreticlltioms and referents of earlier
theories so long as both belong to a mature sciélfue attempt to rescue realism
did not last long, for in the late seventies andlyesighties a more sophisticated anti-
realist argument appeared. The pessimistic inductewgument, most often
associated with Larry Laudan, is now widely consedeto be one of the two main
obstacles for realism (see, for example, Kitch&9@t 136), Leplin (1997: 136) and
Worrall (1982: 216); the other being the underdaeteation of theories by
evidence® Put simply, the argument holds that since pastligiigely successful
scientific theories have eventually been discardes have inductive evidence that
our current theories will also be discarded one. dHyis landmark attack has
stimulated a realist counter-strategy (see, fomgta, Clyde Hardin and Alexander
Rosenberg (1982), Philip Kitcher (1993), Jarretlire(1997), Stathis Psillos (1994)
and John Worrall (1989)) that is primarily concetrne show that the historical
record provides grounds for optimism. More pregisat is argued that some
theoretical components survive theory change, laatddnly those are responsible for
any success enjoyed by the rejected theories. Sthasegy is now the mainstream

approach for scientific realists.

15 The pessimistic induction argument can be vieweal @structive demonstration of
underdetermination since the new theory, despitegiacompatible with the old theory, entails its
correct empirical consequences.
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The aim of this chapter will be to address RP2 8R#P2. That is, | will investigate
whether theoretical components, structural or styive scientific revolutions and,
if so, whether they are indeed solely responsible the success of abandoned
theories. Of course, to settle this issue in asfatiory way is an enormous task,
since it would require a detailed analysis of h# televant historical episodes. For
this reason, | have chosen a more tractable probiehmiting my investigation to a
single case study, namely the caloric theory oft.h@his choice reflects three

considerations:

A) The caloric theory appears on Laudan’s list ae of those successful theories

that have been abandoned together with their dehtraretical terms.

B) It is a case that has not yet been investigayestructural realists.

C) It has received significant attention in red@etature. Therefore, it will be easier
to compare any structural realist claims to thok®ther parties in the scientific

realism debate.

The chapter will unfold as follows: | will first psent a historical account of the
caloric theory of heat. Then, | will proceed to kexadie claims made by realists and
anti-realists with regard to the caloric theory aitgl central theoretical terms.
Subsequently, | will examine whether epistemic treal realism can make better
sense of the history of the caloric. Even thoughimwestigation and results will be
restricted to this case study, whenever reasonatiletry to extrapolate more wide-
ranging results about the history of science. ldd#ee final topic in this chapter will
be a general assessment of the import of histasigaiments in the scientific realism
debate.

2. The Rise and Fall of the Caloric Theory of Heat

The Pre-Caloric Era
Chemistry and the study of heat were in their injaprior to the eighteenth century.
The Aristotelian tradition, despite its sterilityas dominant for centuries. According

to this tradition, there were four elements or fameéntal substances, namely earth,
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water, air and fire. Unsurprisingly, phenomena @aathwere understood with
reference to the element of fire. After all, it wesmmon knowledge that objects
could be heated by placing them on fire. The Atdsnend the Epicureans had
roughly the same conception, viewing heat/fire asilastance with weight® Thus,

in both traditions ‘the materiality of heat hypatig was central. Needless to say,
the explanations furnished under either traditi@mercrude and qualitative in nature.

It was only with the rise of alchemy that some tadi progress was achieved.
Despite the magical underpinnings of their vievr® &lchemists developed several
techniques that contributed to the advance of céteyniThey were, for example,

good at distillation and the production of concated acids, alcohols, and perfumes.
They were also very good at metallurgy, especiatlyamalgams and on acid/metal

reactions.

In the seventeenth century, Robert Boyle attackesl four elements of the
Aristotelian tradition and popularised mechanidalgsophy. His mechanical world-
view took particles as elementary and explained tiehaviour through forces such
as gravity. Chemistry could not benefit from thierid-view, however, since at the
level of elementary particles there was not mucte amould predict about
macroscopic phenomena, which constituted the sotgath of chemistry at the time.
Nonetheless, some advances in the study of heatoptena were made, for
example, in the studies of adiabatic phenomenatf@aonstruction of instruments
(see Robert Fox (1971: 41)).

The eighteenth century brought with it an excitetradrout the study of the nature of
air and of combustion. The Aristotelian idea thatis one of four elements was
unambiguously rejected. Instead it was conjecttiatl air is composed of different
gases and that heating eventually turns matterang@aseous state. Stephen Hales
introduced methods for collecting and measuringviblame of gases, prompting the
development of pneumatic chemistry. The experimaiftsloseph Black, Henry
Cavendish, Joseph Priestley, and Carl Wilhelm Sehpeogressively identified

various gases, each with its own set of properidsck, for example, discovered

148 For more on the Atomistic and Epicurean conceptiairheat, with an emphasis on Lucretius’
work, see Jesls M. Montserrat and Luis Navarro@R00
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some of the properties of carbon dioxide, ,C@nd gave it the name ‘fixed air’.
Cavendish did the same with hydrogen and call&dfiammable air’. Thus, one of
the main achievements of this period was the ideat tair has various

manifestations, i.e. it is not just one kind ofiior substance.

At the beginning of the eighteenth century, GeongskE Stahl developed the
phlogiston theory of combustion. ‘Phlogiston’, ae€k term which means ‘that
which is set on fire’, was conceived of as the pdaismanifestation of heat. The
materiality of heat hypothesis thus found a newieam phlogiston. Phlogiston was
thought to reside in all combustible objects andbaoreleased during burning. The
more heat given off by an object, the more phlagistvas taken to be contained
within that object. Among the theory’s main advesatvas Joseph Priestley. He
managed to isolate oxygen, shortly after Scheatelspendent discovery, but also to
recognise its central role in combustion. To explavhy objects burn more
vigorously in the presence of oxygen, Priestleytylated that the gas that we now
call ‘oxygen’ was entirely devoid of phlogiston amas therefore more receptive of
the phlogiston present in objects than ordinary lde thus appropriately named it

‘dephlogisticated air’.

The Caloric Theory of Heat

Lavoisier's role was pivotal in discrediting thelgdiston theory of combustion.
More important for our aim, however, was Lavoissecentral role in proposing and
developing the theory that in one sense replacedainely the caloric theory of
heat'®” As its name suggests, the theory’s concerns were confined to
combustiort*® Lavoisier’s first steps towards the formulationtbé theory can be
traced back to 1766. However, a reasonably detatsmbunt of his theory only
appears in print about a decade later in M@moiresof the French Academy of

" For a detailed account of the relation between Isiaos theory and his rejection of the phlogiston
theory see Morris (1972: 16-17).

148 Morris describes the many functions of the theamyollows: “A single theoretical framework
accounts for a vast array of heat phenomena inguelkpansion and contraction, changes of state or
form, the role of heat as an agent in promoting nkemical combinations, and temperature changes
in chemical reactions, especially combustion asgiration” (1972: 35). Fox concentrates on the
caloric theory of gases, though he explains th§ar‘the period covered in [his] book it would be
quite impossible to separate the study of gases frat of heat, because from the late 1770s to the
1850’s acceptance of the static theory [of gasesgrally implied belief in the imponderable, highly
elastic fluid of heat, or caloric” (1971: 2).
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Sciences?® Lavoisier coined the term ‘calorique’ sometimedsef1784 — though it
was used in print for the first time in 1787 (sexK1971: 6) — and he listed caloric
on the first table of chemical elemeht$The theory blossomed in the first half of
the 19" century, after the death of Lavoisier, partly doghe development of more
precise methods of calculation and measurementin®@uhis period it came to
dominate most of the work done in the study of heat

Somewhat like phlogiston, the caloric is thoughtaefthe physical manifestation of
fire or heat, i.e. it is thought of as the substargsponsible for phenomena of heat. It
iIs also thought to be an imponderable, i.e. imp#rcke or at least hardly
perceptible, and&lmostweightless fluid. Given its imperceptibility, omeay well
ask, how can we make any inferences regardingrédsepce? The most common
answer is that it is intimately related with tengtere, the latter of course being a
measurable quantity. More precisely, it is thoutjtst the addition of caloric to a
body raises its temperature, while its subtradibovers it. Not all properties ascribed
to the caloric were as widely accepted as the ustsnentioned. The following list,
therefore, does not reflect a consensus, but ratihese properties that were
discussed the most at the time: (1) it is an impoable almost weightless elastic
fluid, (2) it is composed of indestructible partéis] (3) its particles are mutually
repulsive but attracted by ordinary particles,ifgjaccumulation in a body is the sole
reason for the sensation of heat, (5) its comtnatith, or release from, ordinary

matter is responsible for changes of state, (§)atconserved quantity.

Independent developments and ideas facilitatedbttte of the caloric theory’*

First and foremost, the theory subscribes to théenadity of heat hypothesis, an
idea that as we have seen predates the caloricytbgaat least two millennia. This
hypothesis was certainly prevalent all through éighteenth century, taking centre

9 For a thorough account of the development oflieerty see Morris (1972).

130 Etymologically, the term originates from the Latiator’ which means heat. It can, for example,
be found in Lucretius’ poeme Rerum NaturalLavoisier, together with Guyton de Morveau, Claude
Louis Berthollet, and Antoine Frangois de Fourcrgstematised the terminology of chemistry in

their Méthode de Nomenclature Chimiqts Traité Elémentaire de Chimiffered the first table of
elements, many of which were to comprise the bugdilocks of chemistry. Lavoisier also brought
about the modern notion of chemical element. Indé®dhis and other contributions he is considered
one of the founders of modern chemistry.

31 For a succinct account of which aspects of thertheere Lavoisier’s innovations and which were
not see Morris (1972: 30-34).
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stage in the works of reputable scientists suchVdem ‘sGravesande, Wilhelm
Homberg and Nicolas and Louis Lemery. The most editheory advocating the
materiality of heat, well known by Lavoisier’s timeas that of Herman Boerhaave
(1732). According to this theory, fire was composdédveightless particles, whose
self-repulsive property resulted in elasticity. $bedeas eventually resurface in both
the phlogiston and caloric theori®é.Boerhaave’s theory, however, departed from
the caloric theory in one important resp&CtFire particles, Boerhaave held, are in
constant motion, a motion that is ultimately respble for phenomena of heat.
More precisely, the motion of fire particles causattl sustained the motion of
ordinary patrticles, the latter being directly resgible for phenomena of heat (see
Fox (1971:. 12-13). Despite the popularity of thigtgre of heat amongst his
predecessors, Lavoisier opted for a static viewabdric particles where the accrual
of caloric particles alone would explain the ragsiof a body’s temperature —
property four on the above list.

Fox, justifiably in my opinion, notes that “[tjhérength of eighteenth-century belief
in the materiality of fire is undoubtedly one oktmost important elements in the
background to the emergence of the caloric thebheat in the 1770s” (14). At the
same time, he admits that this “does not constitoéewhole story” (14). Another
crucial part of the story concerns the developmamd eventual acceptance of
theories of electricity, magnetism, and light ie time leading up to the emergence
of the caloric theory. One prominent example is jBein Franklin’s theory of
electricity. Theories like Franklin’s postulatedgonderable fluids, whose properties
had much in common with caloric. Aside from the @eption of electricity,
magnetism, and light as fluids composed of weightlparticles, there was also the

idea that a mutually repulsive force might dictidueir behaviour.

These ideas eventually led fire-theorists to trewwthat fire itself is a fluid. Two

important historical figures in this context werey8n Higgins, a physician and

152 According to Morris, the majority of chemists hreteighteenth century considered the self-
repulsive force between fire particles on par withvity. Apart from Boerhaave, Morris also cites
Pierre Joseph Macquer as a theorist who adopteddiveof fire particles having a self-repulsive
property.

133 The idea of motion generating heat was at leaslyparine with the caloric theory’s main
competitor in the nineteenth century, i.e. theatbry theory of heat, to be discussed in the next
subsection.
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chemist, and William Cleghorn, a professor of amgto Though working

independently, they proposed theories of heat Hestr strong resemblances to
Lavoisier’'s theory. Higgins, for example, descrildgd in 1775 as an elastic fluid,

and claimed that its elasticity was due to repelsiorces between its particles.
Cleghorn’s conception of heat, found in his 1778sdrtation for the degree of MD,
bears an even closer resemblance to Lavoisieryhéle describes fire as a fluid
with all the essential properties of the caloritdil abové> A case can thus be
made that at least Cleghorn had independently tedetine caloric theory at roughly

the same time as Lavoisier.

The exact relationship between the works of LaeojgHiggins and Cleghorn is not
entirely clear. Fox claims that Cleghorn was dedigi ignorant of Lavoisier's and
Higgins’ works. But there is no indication whethidiggins and Lavoisier were
aware of each other’s work or of the work of CleghdVhat seems certain is that all
three had knowledge of the various fluid theorigailable at the time. As Fox
indicates, given the prominence of fluid theoriesing the latter half of eighteenth
century, “it is inconceivable that Cleghorn (or basier and Higgins, for that matter)
would not have been thoroughly familiar with the(@®). Indeed, he points out that
Lavoisier had acknowledged the influence of Boevkeaand Franklin. Fox also
indicates that Cleghorn was familiar with the wark Boerhaave though he says
nothing about Higgins’s familiarity. All in all, wean say that the developments in
fluid theories as well as Boerhaave’s theory of facilitated the emergence of the
caloric theory.

In addition to the six properties listed above, al& need to consider a few central
concepts that had a lasting impact on chemistryou@h not his own invention,
Lavoisier distinguished between (chemically) corebicaloric, i.e. caloric found “in
bodies by affinity or elective attraction, so asféom part of the substance of the

body”, and free caloric “which is not combined imyamanner with any other body”

34| could not find any indication whether Cleghotbscribed to the sixth property, viz. the
conservation of fire particles. It is worth poirgiout, however, that the second property, i.e. that
caloric particles are indestructible, together wifite assumption that there is a fixed number afraal
particles, guarantees their conservation.
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(1790: 19)**° In its combined form it was undetectable but bezatetectable,
typically via a thermometer, when it was set fl@esumably then, whenever a body

was producing an increase in a thermometer’s rgadiwas freeing up caloric.

Lavoisier’'s distinction, which first appears in mriin 1772, seems to have been
formulated independently of Black’s similar distilon postulated about a decade
earlier’® Black’s distinction was prompted by observatiofgtt contrary to
common-sense, melting ice maintains the same tenper To explain this, he
distinguished betweelatent andsensibleforms of heat. According to Black, when
ice melts the caloric is converted, i.e. not de&dy into a state that cannot have an
effect on the thermometer, i.e. latent H84By contrastsensibleheat is conceived
of as being able to affect the thermometer. Thudh tBlack’s distinction and
Lavoisier's make use of the idea that one stateeat affects the thermometer while
the other one does not. One difference betweertvtbeconceptions is that, contra
Lavoisier's conception, Black seems, at least unid2, not to have thought of latent

heat as heat chemically combined with ordinary endtt

Another important concept that was to have a lgstifiect on chemistry is that of
heat capacity. As he notes in his manuscripts, Blstarted thinking about the
concept of heat capacity around 1780Black first noticed that, contrary to the
mainstream view, “the quantities of heat which atiéint kinds of matter must
receive, to reduce them to an equilibrium with ceneother, or to raise their
temperature by an equal number of degrees, arsmpybportion to the quantity of
matter in each” (1803: 79). In considering experiteeconducted by Boerhaave,

Gabriel Daniel Fahrenheit, and George Martine, Blaalised that the same mass of

135 Morris indicates that “[tJhe idea that heat matten exist in two distinct states, free or combjned
was used by his predecessors and contemporamepliaining various phenomena” (1972: 31). In a
footnote on the same page, he cites these as Bioguer, Gabriel Francois Venel, and Guillaume
Francois Rouelle. It is also interesting to not th the posthumously publish&tEmoires de

Chimie written in the years 1792-3, Lavoisier takes tiee fand combined states of caloric to
represent the ends of the spectrum, everythingtwden being represented by a mixed third state
that he calls ‘th@dherentstate’ (see Morris (1972: 25)).

16 According to Morris (1972: 27-8), it seems that dimier’s distinction was not based on Black’s
since there is no indication that Lavoisier was feanwith Black’s work prior to his postulation of
the distinction. Chang mentions also “the indepahdentribution of Johan Carl Wilcke” to the
discovery of latent heat (forthcoming: 2).

157 Notice that this provides tacit support for theservation of matter (including the matter of heat)
%8 See Morris (1972: 27-28).

19 See his posthumous (1803). Niels H. de V. Heathaotl Douglas McKie (1935) provide a
comprehensive account of the discovery of the quince
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different substances require different quantitieheat for their temperature to be
raised by the same number of degrees. From thesdweed that different substances
have different capacities for heat. More exactlgy finit masses of any two

substances that have unequal capacities for hdan vgtarting from the same

temperature and aiming to increase their tempexabyrthe same degree, the one
with the lesser capacity will require less heathigown words:

We must, therefore, conclude that different boda&tough they be of the same
size, or even the same weight, when they are rediacéhe same temperature or
degree of heat, whatever that may be, may contin different quantities of the

matter of heat; which different quantities are rsseey to bring them to this level,
or equilibrium, with one another (83).

In 1780, Jean Hyacinthe de Magellan coined the tehaleur spécifique’, ‘specific
heat’ in English, to convey the concept of heatac#ty. Today we distinguish the
concept of heat capacity from that of specific h@dte former is defined as the
quantity of heat required to raise the temperatfige given substance by one degree.
The latter is defined as the heat capacity of thestance per gram, i.e. the quantity
of heat needed to raise the temperature of one gfasubstance by 1°C. In some

contexts, the terms ‘heat capacity’ and ‘speci@athare used interchangeably.

The view that caloric could be found in two form®,. latent and sensible, soon
became a major point of contention amongst thericats. Lavoisier and Pierre
Simon de Laplace led those favourable to the distin, while William Irvine, a
student of Black’s in Glasgow who helped him pearfaxperiments on latent heat,
and Adair Crawford, a physician who developed lesnviews, led those against it.
Irvine thought that there was only one state obrial and that the amount of caloric
in a given object was the product of its absolataferature, the relative amounts of
heat present in equivalent weights of different stalces at any particular
temperature, and heat capacity. He explained amaagtate of latent heat by arguing
that phenomena associated with it were merely dwatiations in the heat capacity
of a substance. An analogy that is often emplotednake sense of Irvine’s
explanation involves a bucket of water: As the mickidens the level of water goes
down and thus more water is required just to kdepwater on the same level.

Similarly with latent heat phenomena, when ice mglto water, there is an increase
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in the heat capacity leading to more heat beingired just to maintain the same

temperature.

Chang (forthcoming: 4) notes that although Irvintisory of heat capacity did not
remain a serious contender beyond the earfycEitury, his legacy was reflected in
the subsequent debaf&%.0One important aspect of this legacy was his wank o
specifying an exact relationship between heat anmgpérature capable of generating
quantitative, albeit inaccurate, predictidfis.Prior to this work, quantitative
predictions were virtually unheard of in theoridsheat. Lavoisier, for example,
claimed that the quantity of heat contained infaan state wasnore thanthat
contained in liquid state areen more thathat contained in solid state (see Morris
(1972: 15, 34)).

As indicated above, another eminent figure who adiexd the caloric theory was
Laplace. He favoured a Newtonian foundation to ¢tladoric theory. This was
reflected in his demand that caloric particles Hepgeone another but were attracted
by ordinary matter. A universal repulsive forcemsar in spirit to Newton'’s law of
gravitation, was conceived between the caloricigag. The following colourful
description by Stephen Brush and Gerald Holton gwdew more details of what

exactly was involved:

If heat is applied to a material object, the calamay be pictured as diffusing
rapidly throughout the body and clinging in a slelatmosphere around every one
of the corpuscles. If these corpuscles (whose icahrells repel one another) are
free to move apart, as indeed they are in a gag, Wil tend to disperse, and more
strongly so the greater their crowding or the teailied... If, however, a heated
object is in solid or liquid form, the mutual attt'on among the corpuscles
themselves (considered to be a gravitational oag)redominates that the caloric
atmospheres can provide mutual repulsion sufficiey for the well-known slight
expansion on heating. Or at any rate, the attnagtiredominates until enough
caloric has been supplied for eventual meltingaporisation ([1952]2001: 235).

Under this Newtonian framework, rough explanati@osild now be given. For
example, as Brush and Holton point out, the expansi body with temperature
could be explained as the result of the repulsoreef between caloric particles. In

sum, the caloric theory became closely associatéd this Newtonian picture, an

180 Chang (forthcoming) lists John Dalton, Sir Johnlieegnd John Murray as notable Irvinists.
181 For more on this see Chang (forthcoming: 3-5), @®71:27-39) and Morris (1972: 13)).
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association that, as we will shortly see, would m#mat the latter’'s eventual demise
would hasten the demise of the former.

The Vibratory Theory of Het

The idea that heat is due to the motion of padiclen be traced to the Atomists and
Epicureans. Whether it survived through the ceesumr was reinvented is not
clear’®*What we do know is that it started gaining promiceeagain in the sixteenth

century. Francis Bacon, for example, remarked thedt itself, its essence and its
quiddity, is motion and nothing else’. Galileo, BeyHooke, and Newton all agreed.
Daniel Bernoulli had proposed a vibratory theorygafses in 1738, but it went

almost completely unnoticed for a century or so.répopular in the eighteenth

century were hybrid theories, combining elementsnfboth material and vibratory

accounts. These postulated that heat phenomenaduerd¢o particles of heat in

constant motion. We have already seen an exampléhisftype of theory in

Boerhaave.

At the end of the eighteenth century, the main pngmt of the vibratory theory is
Sir Benjamin Thompson, who is better known as ‘Gdeuimford’. The central tenet
of the vibratory theory is that the motion or vitiwa of ordinary matter particles
produces heat. Yet, the exact nature of the meshmaremains unspecified. Rumford
admits as much when he says “I am very far frontgmding to know how, or by

what means, or mechanical contrivance, that pdatickind of motion in bodies,

which is supposed to constitute heat, is excitedficued and propagated” (1798:
99). In an effort to justify this lack of knowledgke cites Newton as being in an
analogous situation. That is, not knowing its uétien mechanism, did not bar

Newton from articulating the law of gravity.

Rumford’s sustained attack on the caloric thedestd three decades and was often
backed up by experiments. One of his most famogerghtions came in 1798 while

overseeing the boring of cannons in Munich. Rumfooticed that the metal chips

182 The vibratory theory is also referred to as thechamical’, ‘dynamical’, or ‘kinetic’ theory of
heat. As in the case of the caloric theory, thesis more than one vibratory theory.

183 Given the pervasive propagation of ancient GreekRoman texts throughout the history of
western philosophy it seems more probable thatithe of heat as motion was merely inherited, i.e.
not reinvented, by philosophers of the sixteentiturny.
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produced in the boring had a high temperature. &@anation according to the
caloric theory would have been that caloric wasi¢pesiqueezed out of the cannon in
the boring process. That is, the chips were gaiheat from the cannon and so the
latter should have been losing heat and, consegudamperature. Against this
explanation, he found that the cannon was also ketylt thus seemed to him that
more caloric was being released than could have bestained. Indeed, Rumford
generalised that, in order to sustain friction, @h@ount of heat produced would have

to be inexhaustible. He concluded:

It is hardly necessary to add, that any thing whinkinsulatedbody, or system of
bodies, can continue to furnishithout limitation cannot possibly be material
substanceand it appears to me extremely difficult, if mptite impossible, to form
any distinct idea of any thing, capable of beingitexi, and communicated, in the
manner the heat was excited and communicated e tBgperiments, except it be
MOTION (1798: 99) [original emphasis].

For the caloric theory to hold, Rumford claimedljnaitless outpouring of caloric
would be required. No material body is limitlessdao the cause of heat could not
be material. By contrast, if heat was the resulthef vibration of particles, then the
heating up of both cannon and boring instrumenticcobe more easily
accommodated and explained. It was only necessaagdume that the motion was

transferred from the borer to the boring instrureerd from there on to the cannon.

One problem with Rumford’s reasoning is that ibesed on the strictly speaking
false claim that heat can be produced by frictiexhaustibly Obviously, friction
between two or more bodies has to stop after samte fperiod of time due to the
diminution of the bodies involved. This idealisatimotwithstanding, Rumford’s
claim remains threatening to the caloricists, siaggeat deal of heat would still be
produced in such experiments. The question theorbes whether the caloricists
could explain the presence of such quantities @it lie a non-ad-hoc manner, a
question whose answer remains unclear. Rumfordjsnaent that, contra what a
caloricist would expect, both the cannon and thénlganstrument were gaining heat
seems more effective. Yet, even against this argtrtiee claim could be made that,
for some reason, caloric was squeezed out of batiman and boring instrument.
Whether a claim like this could be explained inam+ad-hoc way is again unclear.
The fact is that Rumford’s two arguments were maidkdown arguments.
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Unaware of the experiments performed by Rumfordnplory Davy conducted his
own experiments and reached more or less the sanw@usion. According to Sir
Harold Hartley, a modern historian, Davy was “amsido decide between the rival
theories, that heat consists of an elastic fluiéedacaloric, or is due to a peculiar
motion of the particles of matter” (1971: 94). Qufehis most famous experiments
involved the rubbing of two plates of ice. It wagpected that not enough caloric
was present to melt the ice yet the friction aleasulted in the production of
sufficient heat. In another experiment, he melteakx in a vacuum using heat
produced by the friction of a wheel rubbing agaswne metal. The apparatus sat on
top of a block of ice, maintaining a temperatureefo degrees Celsius. He argued
that no heat could enter the system and concludadheat was the result of the

vibration of ordinary matter particles.

Davy reported the results in his first publicatidy99), resolutely concluding that
caloric does not exist. Yet, as numerous authore painted out, Davy’s conclusion
is a non sequitu"® Just like with Rumford’s experiments the eviderntié not
conclusively refute the caloric theory. The calstienight not have expected the ice
to melt under such circumstances, but it was hattitykind of evidence that was
irreconcilable. All that the caloricist needed tospiite was how well the
experimental set up was insulated. In other wattks caloricist could always claim
that caloric was leaking into the apparatus. Aoteefwhether this claim could be
explained in a non-ad-hoc way is not altogethearcle

Among the many experiments Rumford performed, sdesdt with conduction and
convection® By conduction he understood the transmission aft héa direct

contact between particles, while by convection hdeustood the transmission of
heat via the motion of particles in a fluid. Inde®&lmford thought that heat in air
and water, as well as probably other liquids ansegawas transmitted only via
convection, i.e. not via conduction. His justificet was that the molecules of liquids
and gases are constantly moving, and so would motalble to sustain the

184 Brush and Holton ([1952]2001: 237). Roller (1986:87) argues that Davy’s experiment of
rubbing plates of ice was flawed.
185 See Chang (forthcoming: 12-14).
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transmission of heat via direct contact betweenemdés. Among the experiments
Rumford employed to support his view, one involvied heating of the surface of a
vat of water. With this experiment, he showed thate was no detectable increase
of temperature below the surface. If conductiona@¢ayperate in liquids then the heat

on the surface would be propagated below via doentact between the molecules.

More precise experiments revealed a slow conduaifoheat in liquid$®® These
results were compatible with the caloric theorpgsi for caloricists, conduction just
meant the flow of caloric between molecules. Ineotivords, there was nothing in
their theory that precluded conduction in liquidgumford must have seen the
acceptance of conduction in liquids as giving tacipport to the caloric theory. In
what probably was an ad-hoc move to avoid thisreéuwdi support for the caloric
theory, he argued that the phenomena presumed t¢ludoéo conduction in liquids
were actually due to the radiation of heat.

Phenomena of radiant heat, however, were moretafzard than a refuge for the
vibratory theory. The reason was the perceivediogsiship between heat and light at
the time. Many scientists in the first half of thmeteenth century thought of light
and heat as qualitatively identical entities. A seguence of this conception was the
view that the nature of heat depended on the nafulight, which, at the time, was
generally regarded as particulate. Independentrempets carried out by William
Herschel, Macedonio Melloni, and James Forbes sigddhat radiant heat exhibits
all the properties of light, i.e. properties such eeflection, refraction, and
polarization*®” Through the independent work of caloricists Manegdste Pictet
and Pierre Prévost, whose experiments and expbensatin radiant heat in the 1790s
attained great prominence, the caloric theory ghthe upper hand in this domain of

phenomena.

186 Chang (forthcoming: 13) notes that the caloridahin Leslie, among others, rejected Rumford’s
claims.

187 Brush and Holton indicate that, at the time, theas no distinction between radiant heat and other
forms of heat and “it was therefore believed thmt @onclusion about the nature of radiant heat
would be valid for the nature of heat in generfil962]2001: 238). By transitivity, since the natofe
radiant heat and the nature of light do not seémhat different, it was assumed that the nature of
heat and light must not be all that different.
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The Demise of the Caloric Theory

The current view in the historiography of sciensethat Rumford’s and Davy’s
experiments did little to overturn the caloric themf heat:®® Historical facts
notwithstanding, one needs to consider whetheeWmence presented at the turn of
the nineteenth century was strong enough to reffigtealoric theory or any material
theory of heat for that matter. It is certainlyarnhat the caloric theory together with
its auxiliary assumptions was in conflict with tlfiéction experiments, since it
rejected the idea that heat is merely due to mdfioThis evidence was not
sufficient to refute hybrid theories, like Boerhamy since they could employ
explanations that ultimately relied on the motidrfie particles. In other words, to
the extent that the vibratory theory could explaiction phenomena hybrid theories
could do so, too. More importantly, even the caldiieory’s inability to square itself
with such phenomena did not make a strong casétdambandonment since the
vibratory theory also faced several anomalies. &ample, the vibratory theory
could not yet explain phenomena that involved tlmservation of heat in
mixtures’® This was partly due to the vibratory theory’s weleped state, which
meant that it was unable to gain the upper handr&ly we can say that, at least
until after the first quarter of the nineteenthtcey, the reasons to replace the caloric
with the vibratory theory were not sufficiently atig.

The question as to why the caloric theory was exadhyt abandoned has not been
answered in a satisfactory way.Various explanations that are neither exclusive no
exhaustive have been put forward over the years, 60 example, notes that the
rejection of the Laplacian approach to scienceraf@l5, which was based on
Newtonian principles and advocated belief in impenatble fluids, was “a major
cause of the discrediting of the caloric theorydq{1: 2). Another development that
cast doubt on the caloric theory was the electnmited theory of Jon Jacob

Berzelius. His theory explained phenomena of heait arise in chemical reactions

18 See, for example, Fox (1971: 4) and Morris (183): The older view that saw Rumford’s
experiments as crucial was propagated by Tyndaé3).

1891t is worth reminding ourselves here of Duhem’inpabout the inability of testing theories in
isolation. The friction experiments cannot be caaile, i.e. crucial experiments, against the calori
theory unless we can establish the innocence tfi@lhuxiliaries accompanying it.

170 See Brush and Holton ([1952]2001: 238).

"1 Fox, whose historical study of the caloric is thest definitive, offers only a patchwork of reasons
for the theory’s demise.



145

as having an electrical origin. For the first tinlge hegemony of the caloric theory
in providing explanations for this domain of pherara was challenged. Berzelius’
theory vied with the caloric theory for the prowisiof explanations of phenomena

involving chemical heat.

As we have seen, an altogether different explandtiothe fall of the caloric theory

invokes the close relationship attributed to ligimd heat. When the Newtonian
particle theory of light, which took light as a stdnce, held sway, it was easier to
think of heat as a substance, too. Eventually, kewehe tables were turned. By the
second quarter of the nineteenth century, Fresseksessful wave theory of light

emerged as the victor, replacing the particle $hedrconsequence of this change
was the abandonment of the view that light washstsunce, thereby making it easier
to espouse a non-substance theory of Héathis can be seen, for example, in Sadi
Carnot's posthumously published notes, where tlee@eance of the wave theory of

light is taken as evidence in support of the vilmatheory of heat.

Whatever the exact reasons, the outcome was dgrfaal. Fox summarises the
attitude of scientists at the end of the caloremtly’s life nicely:

...the result in the 1820s was not a sudden turromgtds our modern vibrational
theory but a period of generally acknowledged aticismm with regard to the
nature of heat, a period that lasted until the rgaltheory was finally abandoned
about 1850 (3-4).

During this period, the research potential of tA@c theory continued to decline
until it was relegated to a merely pedagogical .roldhe advent of energy
conservation, supplanting heat conservation, demdt final blow to the caloric
theory. Experiments performed by James Prescote Jmnfirmed the principle of
energy conservation by illustrating the intercomiadity of heat and work. These

experiments eventually paved the way for the vidmattheory’s coming to

172 According to Fresnel’s theory, light is transmittrough vibrations in an all-pervading elastic
medium, the ether. Once this story was acceptaedsteasier to accept the idea that radiant heat was
in a manner similar, the result of vibrations adioary matter particles. One needs to recognise,
however, that this similarity between light wavesl aadiant heat could also be accommodated by a
hybrid theory, by supposing that it is the firetjdes that are transmitted through the ether.dfoin-
depth account of the relationship between thearfiéight and theories of heat during this period se
Brush (1970).
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dominance in the 1850s. By that time there wasradible resistance offered by the

caloric theory.

3. Scientific Realism and the Caloric

Laudan criticises the connection that realists nizd®een success on the one hand
and approximate truth and reference on the othwat iB, he criticises the inference
from the explanatory and predictive success ofearthto its approximate truth and
referential success. Laudan believes he has shbainthere are plenty of past
theories that invalidate that infererid@More pertinent to the historical context of
this chapter, Laudan argues that the caloric theadong with other fluid theories of
the nineteenth century, is an example of a suagessfory whose central theoretical
concept turned out to be non-referring (1981: 2B-RY this section, | will examine

the realist reactions to Laudan’s claim.

Is‘Caloric’ a Referential Term?

Attempts to argue that theoretical terms employethée past can be interpreted as
referring to entities posited by current scientiffeeories originate with Putnam

(1975; 1978). These attempts go hand in hand vatsa theories of reference.

According to the latter, although scientific thesricome and go, some theoretical
terms latch onto real entities, properties, andtia@hs by virtue of causal chains
stretching back to the original dubbing of the ehjeegardless of whether the
descriptions employed were corréttAs Boyd (2002) indicates, many, if not most,
scientific realists now accept a causal theory eference that incorporates

descriptive elements (see, for example, KitcheB89Papineau (1987), and Psillos

(1999)). These hybrid accounts go by the name aladesscriptivism’.

Realising that the rampant disregard for descmgti@an only lead to trouble,
Putnam augmented the causal theory of referendeamgrinciple of charity (a.k.a.
the principle of benefit of the doubt). In shohtetprinciple allows us to brand an old

theoretical term referential if the descriptionsasated with it do not diverge

13n fact, he construes the inference as two infegeni.e. one from explanatory and predictive
success to approximate truth, the other from exghtay and predictive success to referential success
174 Of course, the dubbing in these cases cannotterped indexically, since the terms purportedly
refer to unobservables. It is assumed, howevetthieadubbing can be performed through the effects
unobservables have.
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unreasonably from those of its modern counterparg realists advocating this
principle charitable enough to include the caloncaheir list of referential terms?
Putnam does not directly answer this question. étiddcbe understood as implying
that it is not unreasonable to take ‘caloric’ asfarring term when he says, speaking
also on behalf of Boyd, “we do not carry [the piple of the benefit of doubt] so far
as to say that ‘phlogiston’ referred” (1978: 25)Also adhering to the principle of
charity but being more resolute, Hardin and Rosenbay that “[i]f one is to draw
such a line in chemistry, for example, it would m@$ausibly come with the
publication of Lavoisier€€lements of Chemistgnd thus would exclude phlogiston
theory as a counterexample” (1982: 612).

Many have pointed out that the approach resultiognfthe combination of the
causal theory and the principle of charity is fetched and suffers from several
difficulties (see, for instance, Laudan (1984), @umskey (1992) and Worrall
(1994))}7° | will here only briefly mention the most seriowse. If we allow
reference fixing in the above way, many past tecars with a little help, qualify as
referring to entities postulated by current themriBhat is, if at least one description
associated with a past term is partially correctohy lights, referential success or
failure depends on how reasonably close peoplé tthiat description is from the
aggregate of descriptions associated with the outeem. Needless to say, opinions
vary on what is partially correct and reasonablgsel As | pointed out in the
previous paragraph, Putnam leaves open the issatharm'caloric’ refers, whereas
Hardin and Rosenberg are convinced that it does.refdeed, even ‘phlogiston’ can
be made to refer under some interpretations. Pstlmgiwas thought of as the cause
of combustion, a role afterwards assumed by oxytfeone takes the description
‘cause of combustion’ as reasonably close to theerg#ions associated with the
term ‘oxygen’ today, it could be argued that ‘phiign’ referred all along to the
element oxygen. The problem is that it is certaialglesideratum of an adequate
account of reference and scientific theory chamgealtle to providaunambiguous

answers to questions of referential failure or sssc

75 This reading of Putnam presupposes that he cledsliie phlogiston and caloric theories as
belonging to the same science. Only thus, wouldevpistified to take his comments as implying that
the caloric theory was mature, and, consequethidy,the ‘caloric’ was a referring term.

% Wworrall’s article is particularly relevant, for mejects Hardin and Rosenberg’s claims in the
context of defending structural realism.
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Given the above specification of the propertiesribed to it by its advocates, |

cannot see how one can reasonably maintain thatethe ‘caloric’ refers to any

currently accepted entity. Not a single one ofeisential properties (see the list in
subsection ‘The Caloric Theory of Heat’ above) basrived to the present. Unless
we help ourselves to an unrealistically charitablelerstanding of continuity of

reference, the caloric must be accepted as a ganatic case of reference failure. |
do not think existing accounts of reference, inclgdcausal-descriptive ones, offer
persuasive reasons why the term ‘caloric’ refera tgpe of entity that we today call
‘heat energy’. The term ‘caloric’ simply does neem to refer to anything. Indeed,
as we shall soon see, some realists accept thésterfarence failure and seek other

ways to protect their turf from Laudan.

Is Caloric Central to the Caloric Theory?

Hardin and Rosenberg (1982) were among the firatgoe that realists need not tie
the approximate truth of a theory to referentiatceass. More recently, Psillos has
given a new twist to this approach by arguing theit all instances of abandoned
terms within successful, and presumably approxilpatelie, theories should be
alarming to the realist, for at least some of tham simplynot central to those
theories. He thus strives to separate refereni@ess from a theory’s predictive and
explanatory success by arguing that the latter metdentail the former. Psillos’
extensive study of caloric (see (1994); (1999: phadd his attempt to undermine

Laudan’s argument makes him a prime target forghissectiort’’

For Laudan’s argument to have any impact on thésteaholds Psillos, we must
examine whether the abandoned theoretical terme veally central to the theories
they are customarily associated with. If they weoe central, then their eventual
abandonment is inconsequential to the preservatiwnmitments of the scientific
realist, for their referential failure does not engine the success, and presumably
the truth content, their theories enjoyed. What esak term central? A term is

central, says Psillos, if it satisfies the follogithree condition$®

Y7 The first half of Psillos (1999: ch.6) is simplglaorter and revised version of Psillos (1994).

178 See his (1999: 129). Notice that the conditiorsrafative to the time period when the theory
under consideration was reigning. This is a comdestissue that | plan to return to later on irs thi
section. Notice also that it is not altogether cighat Psillos means by the term ‘indispensable’.
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(CT1) It appeared in a genuinely successful theory.
(CT2) Its descriptionsvereindispensable in the derivation of predictions and
explanations of phenomena.

(CT3) It was thought of by the supporters of theotty as denoting a natural kind.

Caloric, argues Psillos, is not a central term,itféails on account of CT2 and CT3.
According to him, though the caloric theory is iadesuccessful, i.e. CT1 is
satisfied, the caloric posit is neither indispemsat the derivation of predictions and
explanations, nor thought of as denoting a nakira by the main advocates of the
theory.

To substantiate his claim that caloric is not ati@@rterm, Psillos presents a brief
history of the transition from the caloric theonythermodynamics. That condition
CT3 is not met by the caloric, argues Psillos, liwious when one looks at the
epistemic attitude of the eminent scientists més$ety associated with the caloric
theory. As evidence, he cites these admittedly tem@ppassages from leading

scientific figures:

It has not, therefore, been proved by any experirtigat the weight of bodies is
increased by their being heated, or by the presehdmat in them... It must be
confessed that the afore-mentioned fact [i.e. tt@tfra the caloric theory, heating
does not bring about an apparent or measurableagserin weight] may be stated as
a strlc;glg objection against this supposition [ite taloric theory] (Black (1803:
45)).

We will not decide at all between the two foregoimgpotheses [i.e. the caloric
theory vs the vibratory theory]. Several phenomseam favourable to the second
[i.e. the vibratory theory], such as the heat posdlby the friction of two solid
bodies, for example; but there are others whicheamained more simply by the
other [i.e. the caloric theory] — perhaps they blotitd at the same time (Laplace
and Lavoisier (1780: 152-3}°

The fundamental law [i.e. that heat is a state tionf which we proposed to
confirm seems to us however to require new vetifics in order to be placed
beyond doubt. It is based on the theory of heat essunderstood today [i.e. the
caloric theory], and it should be said that thiarfdation does not appear to be of
unquestionable solidity (Carnot (1824: 46/100-101))

79 For more on Black’s sceptical attitude, see del&athcote and McKie (1935: 27-30).
180 psillos also quotes from Lavoisier (1790: 5).
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From these passages he concludes that “the stsemtisthis period were not

committed to the truth of the hypothesis that tlaeise of heat was a material
substance” and that “[t|herefore, caloric was motcantral a posit as, for instance,
Laudan has suggested” (1999: 11%9).

Kyle Stanford (2003) has rightly criticized Psillfusg presenting a biased reading of
the history of calori¢® To be specific, Stanford holds that the passaggito$
guotes are unrepresentative of their authors’'uatii$, since they are drawn from
isolated remarks made about the caloric and alsoether®® In the case of the
caloric, he elaborates, Psillos does not take awoount the fact that Black was
simply exhibiting a widely shared aversion towattsorising that was prevalent
amongst Scots in the eighteenth century. Even maiglematic for Psillos’ account,
argues Stanford, is the fact that Black dismissedvibratory theory as incoherent
on the basis of his own discoveries of latent h€haus, Stanford concludes, insofar
as Black does take an epistemic stance, it is beadorsing the caloric conception

of heat as at least the more probable of the two.

Fox would no doubt agree with this assessment giBsn comments on the

relationship between Black and the caloric theory:

There is certainly a danger of being misled by Bepublic show of caution into
underestimating the closeness of the relationshefwéen his work and the
development of the material theory of heat. Black| have argued, did a great deal
to further the theory, however indirectly or uniiglly; and it is also hard to believe
that he himself thought of heat as anything builzs&nce when he was arriving at
and elaborating the concepts of specific and lateat (1971: 25)*

The same bias, says Stanford, is found in the &duidence Psillos cites from
Lavoisier and Laplace. The point of tMemoire sur la Chaleyrhe claims, is to

present the ice-calorimeter, an instrument meaguha quantity of heat in relation

181 The vibratory theory of heat, says Psillos, wadlaity not fully accepted. Unlike in the case of

the caloric theory, Psillos here blames the insigfit development of the vibratory theory.

182t is important to note that Stanford does notradsl Psillos’ claims about Carnot.

183 |n the case of the ether, Stanford concedes #ito$correctly identifies sceptical attitudes
towards particular models of the ether. He comglaiowever, that Psillos ignores the general
conviction of scientists that there mustdmnemechanical medium through which light propagates,
even though no one was wholeheartedly committeshyoparticular model.

184 Fox (1971: 51) indeed makes similar remarks aBietet, arguing that even though he had doubts
about the nature of heat he nonetheless workelleohdsis of the caloric theory.
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to the weight of ice melted. Since the measureneetiniques of the calorimeter
were compatible with both the caloric and vibratdheories of heat, it is not
surprising, Stanford suggests, that Laplace andis@r attempted to address the
widest possible audience by taking a neutral stamteahe nature of heat. More
convincingly, he indicates that despite their alitiemarks in théMémoire the rest
of the book finds Laplace and Lavoisier unequivacatheir commitment to the
caloric theory*® This is especially true for their explanatory aous of various
phenomena. What is more, Stanford says, Lavoisiepsated endorsements of the
theory and its posit through the years, coupled his appeal to the caloric for
explanations, and his view that it is confirmed dwdence, should be enough to

dispel the idea that his attitude towards it wasoatjc.

Historians of science, like Fox and Morris, agrbattLavoisier was undoubtedly
committed to the caloric conception of h&4tMorris, for instance, points out that
“[a]ithough in the 1783 joint memoir on heat thehars stated they would avoid a
commitment to a particular theory of heat, subsetjuexplanations of specific

phenomena reveal Lavoisier's commitment to the ephof heat as a material
substance” (1972: 30-1). Indeed, he goes on toeaitgpt even in those texts where
Lavoisier sounds more sceptical, he ultimately eyplthe material conception of
heat in his explanations of various phenomena (8i9.only Laplace’s commitment

that is genuinely brought into question. Yet, agx F®71: 30) notes, even Laplace’s
scepticism eventually waned, so that by 1803 he agasommitted to the caloric

conception of heat as Lavoisier had b&&n.

Stanford’s critical remarks about the bias in Bsiltextual evidence are reasonable
by any standards. Psillos might object that thet that scientists like Black,
Lavoisier, Laplace, and Carnot had any doubts isand of itself sufficient to
undermine the significance of the caloric. It seémme, however, that this dispute
is merely a red herring. Any effort to reconstrticeé epistemic attitudes of past

scientists often relies on tenuous speculationsitaibe extent to which each of them

185 Morris agrees with this point, saying that “[i]f L@isier wavered in his view, he did so only in the
first half of this memoir” (1972: 31n).

186 Fox (1971: 30) lists a number of other historiau® agree on Lavoisier’s loyalty to the caloric,
namely E.M. Lémeray, G. Bachelard, C.C. Gillispieg d.R. Partington.

187 Morris suggests that Lavoisier's material conceptibheat may have been due to Laplace (see
(1972: 9)).
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was committed to a given posit. In his contributiora symposium on Psillos’ book,
Redhead rightly complains, “the discussion looks s@ much like philosophical
analysis, but rather involves peering into the psymgy and/or private notebooks to

ascertain what scientists really meant by terms Y#ther’ or ‘phlogiston’ ” (op.cit:
344). Whether or not a scientific communsigesa term as central is not important if
the term isreally indispensable for the predictions and explanatmnghenomena.
After all, the scientific community may well haven @pistemic attitude that is
inconsistent with the indispensability status dheoretical term. For example, they
may not yet realise its indispensability. Altermaty, they may think it is
indispensable in cases where it is not. The maimt p@am trying to make here is that

condition CT3 can be dropped, since it is merehagitic on condition CT2%

Before | take up the issue of Psillos’ evidencethar claim that the caloric does not
satisfy condition CT2, | want to make some preliamnremarks on his choice of

this condition. While CT3 is a criterion specifw Psillos’ defence against Laudan’s
arguments, CT2 conveys an idea familiar to theigealamp. In order to save

scientific realism from prima facie damning histadli evidence, the realists seek to
drive a wedge between those parts that are redpermi even indispensable for the
explanatory and predictive success of theoriestlaoske that are not. In other words,
realists try to show that we should not expectcalinponents of theories to be
preserved through theory change, but only those aha genuinely supported by

evidence.

It is worth mentioning, even briefly, two prominentalists who employ this
strategy. Kitcher, for example, has argued in fawafudrawing a similar distinction

betweenworking positandpresuppositional posit$n his own words:

Distinguish two kinds of posits introduced withicientific practiceworking posits
(the putative referents of terms that occur in fobsolving schemata) and
presuppositional positéhose entities that apparently have to exishéf instances
of the schemata are to be true) (1993: 149).

188 A notion might still be central to a theory, desphe fact that scientists have doubts about the
theory and the notion itself. This point separa@w®mitment to truth and centrality, a distinction
overlooked by Psillos. Leplin raises a similar pa@rguing that Psillos confuses “the question oftwha
entities scientists believe in with the questionvbfat entities they needed to get predictive siglces
(2000: 981-2).
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The reply to Laudan’s argument, holds Kitcher, d$tiobe that only the
presuppositional posits are suspect. The realist s these be rejected in the
history of science. According to Kitcher, the ethead the caloric were such posits,
therefore their rejection should not be seen asrgts for pessimism. After all, large
parts of their corresponding theories got preservddfortunately, Kitcher's
thoughts on the caloric are limited to these femarks.

Devitt (1984) has criticised Laudan’s argumentsrira variety of angles, one of

which is rooted on a distinction similar to the gmreposed by Kitcher. The realist,

he claims, is committed only to ‘necessary’ poditereby implying a category of

unnecessary ones. Devitt does not apply this ideany historical cases. His

comments, thus, remain merely suggestive, as hedffimotes: “Perhaps many of
the historical cases of elimination the radicals.[Laudan, Kuhn, Feyerabend, etc.]
produce are of posits which scientists did notlygabke” (144).

Having made these initial remarks on the prevalefidc@T?2 in the realist literature, |
return to Psillos’ evidence for why he thinks tbatoric does not satisfy CT2. This,
Psillos claims, can be seen through an investigaifadhree cases where the caloric
theory enjoyed success during this period. Theselgrthe laws of calorimetry, 2)
Laplace’s prediction of the speed of sound inaig 3) Carnot’s cycle. Let us take

each one in turn.

Calorimetry is concerned with measuring changeshe amount of heat. Psillos
correctly points out that the laws of calorimetrgrer developed independently of the
caloric conception of the nature of heat. The thgoal basis for these laws
consisted of two assumptions closely associateldl tivé caloric conception, namely
(1) the conservation of heat in the mixing of twdstances, where no chemical
reactions occur, and (2) a concept of specific.hEa¢ basis, according to Psillos,
was sufficiently minimal to maintain independencetween calorimetry and the

caloric theory*®® Thus, Psillos concludes, “since calorimetric lawese independent

189 psillos’ claim, at least with regard to the prisiei of the conservation of heat, seems to be
vindicated by Laplace and Lavoisier’s view that fiieciple could be upheld without commitment to
any theory about the nature of heat.



154

of considerations about the cause of heat, theldamat be used to test either of the
theories of the cause of heat.” (1999: 118-9).

The second case on the list, argues Psillos, igasiynindependent of the caloric
theory. Laplace’s prediction of the speed of soumair was both successful and
novel, yet it did not rely on the hypothesis of thateriality of heat. In making this
prediction, Laplace had corrected Newton’s theoatttalculation, which was based
on the assumption that the expansions and cortdractif a gas occur isothermally,
l.e. at a constant temperature. Against this apiom Laplace suggested that the
propagation of sound occurs adiabatically, i.ehaut loss or gain of heat. The main
point that Psillos tries to raise here is that thdiabatic conception of the

transmission of sound was not dependent on theicaonception.

The third case also supports the idea that theical@s dispensable in predictions
and explanations of phenomena, says Psillos. Befege proceed to Psillos’
argument, | need to explain what a Carnot cyclelwes. Carnot considers two
reservoirs that are kept at constant temperatufeend@ T, where T > T,. A tank
with gas contained by a movable piston is subjetdedfour-step process:

Step 1: The gas at state A with initial volumg ¥ brought in contact with the hot
reservoir at constant temperature@ Where it undergoes an (infinitely slow)

isothermal expansion to state B with volumg V

Step 2: The reservoir is removed and the gas isttefundergo an adiabatic
expansion from state B to a state C with volume Which results in a decrease of

temperature from i1to To.

Step 3: The gas at state C is brought in contattt thie cold reservoir at constant
temperature Fwhere it undergoes an isothermal compressiorate § with volume
Vb.

Step 4: The reservoir is removed and the gas undergn adiabatic compression
from state D to its initial state A with volumesVwhich results in an increase of

temperature fromJto T;.
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Figure 3: Carnot’s Cycle.
Source: Adopted from Kondepudi and Prigogine (1998)

Note that the four-step process is repeatableAi:-e.B—-C—->D—>A —>B— ....

Psillos indicates that although Carnot adoptedpttieciple of the conservation of
heat, a principle that was closely associated thighcaloric theory but certainly not
necessitating it, he purposely avoided referenceh#o principle in his famous
exposition of what is now known as ‘the Carnot ey¢kee figure three abovEY.
Psillos notes, moreover, that in his descriptiorth&f cycle as a four step process,
Carnot “never explicitly said that the quantity ledat released by body [the hot
reservoir] was absorbed by bo@y[the cold reservoir]”, a statement that would
amount to the conservation of heat (124). IndesdloB cites Clausius (1850: 133-
4), who noted that Carnot’s theorems did not depgenthe assumption that heat is
not consumed in a Carnot cycle. Put differentlyeythdid not depend on the

assumption of the conservation of heat.

Having presented his case for why the caloric isaa@entral term of the caloric
theory, Psillos turns his attention to Laudan’sinoka on the relation between

evidence and theory. He accuses Laudan of intémgreealists as confirmational

199 The reader will notice that Psillos’ comments hemesinconsistent with his earlier comments. In
discussing the first case, i.e. the case involtfreglaws of calorimetry, he claims the independearice
the principle of conservation of heat from the caltheory. Here, he emphasises their dependence in
order to depict Carnot’s avoidance of the princgdea general avoidance of the caloric theory.
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holists, i.e. as committed to the idea that theeplaional evidence for a theory
confirms the whole theory equally. According tolBsi Laudan’s view originates
from a misreading of Boyd (1981), who claims thaidence confirms not only
observational claims but also theoretical ones., ¥t Psillos asserts, Laudan
mistakenly takes this to suggest tladlt theoretical claims — presumably within a
given theoretical system or framework — are equalltified by the evidence.
Against Laudan, he argues that it is possible dodlise the relations of evidential
support’, identifying those claims of the theonatttare supported by the evidence
and to what extent. More precisely, he argues ‘tieatlism requires and suggests a
differentiated attitude to and differentiated degrees of belief,irthe several

constituents of a successful and mature scieniiéory” (1999: 126).

Naturally, those theoretical claims deemed esdetdidhe successful prediction-
making and explaining of phenomena inspire gredwgrees of belief in their
truth/approximate truth than those deemed inesder®sillos takes the laws of
calorimetry, Laplace’s adiabatic process, and Qanoycle as inspiring high
degrees of belief in the truth/approximate truththe caloric theory, independently
of the caloric posit, which he takes as inspirimghelief at all. He summarises this
point in the following passage:

...the laws of the caloric theory can be deemed toabproximately true
independently of the reference failure of ‘caloric®. irrespective of the absence of
a natural kind as the referent of the term ‘calo®o, a point worth highlighting is
that when the laws established by a theory turn toutbe independent of
assumptions involving allegedly central theoretigams, it can still make perfect
sense to talk of the approximate truth of this tii€®27).

Chang (2003) argues that none of the above thisesdands any support to Psillos’
conclusion. More exactly, he argues that thereh@oemajor problems affecting the

three cases:

(D1) Some predictively and explanatorily succestdws, beliefs, and practices of
this era were developed independently of the catbeory. Hence, any of these that
were preserved would not count as supporting tleevthat parts of the caloric

theory were preserved.
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(D2) Although certain assumptions about caloric enadlispensable contributions
to the successes of this era, these assumptioesneesubsequently preserved.

According to Chang, the first and third of Psillagises suffer from D1 while the
second case suffers from D2. With D1, Chang chg#erPsillos’ view thatertain
parts of the caloric theory were preserved. With Bkang challenges the more
general view that theoretical parts crucial to siecesses of a theory always get

retained through scientific revolutions.

Let us look more closely at Chang’s analysis oheaicPsillos’ three cases. The first
case, Chang argues, is susceptible to objectionHRlagrees with Psillos that the
laws of calorimetry are independent of the calonaception of heat, but reaches a
different conclusion from him. To remind the readBsillos concludes that the
independence is evidence that the caloric theoopgaty construed, i.e. devoid of
the metaphysical statements about the nature dfthe#aencompassing such things
as the laws of calorimetry, deserves to be crediti¢tal the predictive success drawn
from the laws of calorimetry, and hence deservebetaconsidered approximately
true. Contra Psillos, Chang argues that the lawsatdrimetry cannot be seen as
evidence for the preservation of the caloric themfrizeat precisely because they are

independent of it.

The second case, claims Chang, is susceptible jextain D2. In the years after
Laplace’s prediction, Poisson derived a generalddadiabatic expansion of gases
that Laplacians then used to underpin Laplaceimal prediction. Chang points out
that Poisson’s derivation was carried out by apgeabntological assumptions
central to the caloric theory, namely (a) that ¢tladoric is a discrete fluid, and (b)
that it consists of point-like particles that repele another but attract particles of
ordinary mattef®* Despite the eventual abandonment of these ontalbgi
assumptions, Chang argues, they were indispengeblesillos’ somewhat vague
sense of the term) in the derivation of the cordeet of adiabatic processes.

According to Chang, we have a counterexample tditkebetween indispensability

%11n a perplexing manoeuvre, Psillos (1999: 120+i)ds up the issue of Poisson’s derivation and
its dependence on assumptions about the caloriddag not attempt to square this historical fact
with his own account.
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and success on the one hand, and preservationpgnoxanate truth on the other.
That is, a theoretical component may have beemgak#r the production of some

successful prediction without being preserved @raximately true.

Still in the province of the second case, Changesghat the ‘explanatory rationale’
behind Laplace’s correction of Newton’s theoreticalue for the speed of sound in
air rests on assumptions about caloric. More pedgishe argues that Laplace
understood adiabatic heating as the result of @namécal compression leading to the
release of caloric. Since at the time no otherrheffered a plausible explanation
for adiabatic heating, says Chang, it is reasonebippose that the caloric-based
explanation offered by Laplace was indispensaljaitain Psillos’ vague sense of
the term) for the success enjoyed by Laplace’sigtied of the speed of sound in
air. Just like above, this then serves as a coexaenple to the link between
indispensability and success on the one hand, sesggvation and approximate truth

on the other.

Psillos’s third case, Chang argues, also suffenfD1. The first thing to note, he
claims, is that Carnot’s work was not central te taloric tradition. His work came
during the twilight of the caloric era, and mosttbé leading caloricists paid little
attention to it. Indeed, according to Chang, Caitred already forsaken Laplacian
microphysics and was working within a ‘macroscopienomenalistic’ framework.
This was evident, he claims, in Carnot’s view of #diabatic law as an empirical
regularity, devoid of any reference to Laplaciarcnmphysics:>> Where Carnot did
employ the caloric theory, argues Chang, the reshé derived from it were
subsequently abandoned or at least considerabisekvAs a case in point, he cites
Lord Kelvin's revision of Carnot’s theory, replagiteat conservation with energy
conservation. In addition, he cites the abandonroétite picture of the production
of mechanical work in a heat engine, where calanerely gets redistributed
amongst the engine’s parts. What got preservedngldaims, were elements
independent of the caloric theory; elements like tbrinciple of maximum
efficiency, which anticipated the second law ofrthedynamics.

192 For an exposition of the adiabatic law see sedtian below.
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Three issues arise from the above discussion. if$tecbncerns the independence of
a successful theoretical component from a giveonrthelhough Psillos and Chang
agree that the first and third cases are examplesmoponents independent from the
caloric, their claims about the extent of this ipeledence are quite different. Psillos
takes the independence to be between the lawshanchtoric conception of heat as
a material substance. Chang, on the contrary, thleegidependence to be between
these components and the caloric theory as a whotffect, they disagree on what
the caloric theory really was. They thus draw dédfeé conclusions. Psillos presents
these cases as supporting the view that an edspattaof the caloric theory was
approximately true, despite the caloric’s refe@nfailure. By contrast, Chang
thinks that these cases do not support the calbwory’s approximate truth,
presumably because their total independence framihthory means that the theory

cannot reap the benefits of their success.

In my opinion, this dispute misses what is of valNe matter whether one chooses
to classify the laws of calorimetry and the Cartyatle as components of the caloric
theory, the fact of the matter is that these coreptsihave survived into the twenty-
first century. That in itself lends some creder@éhe view that scientific knowledge
is to a certain extent a cumulative enterpti8eOf course, it all depends on what
kind of epistemological status these componentse.hd¥ they are merely
phenomenological in nature, then this does not dedwma of any help to the realist. |

will return to this issue in the next section.

The next issue concerns Psillos’ second case, gdmelace’s adiabatic conception
of the transmission of sound in air. While PsiNesnts to maintain the independence
of this conception from the caloric conception ey Chang wants to show that the
conception was very much embedded within the caltadition. It is certainly
undeniable that (i) Laplace’s explanations of tH&latic propagation of sound and
(i) Poisson’s derivation of the general law ofauhtic processes were given on the

basis of the caloric conception of heat. Chang #ems to win the argument here.

193 Naturally, the fact that the laws of calorimetndaCarnot's cycle have been preserved is not
sufficient to establish thatl or evermostsuccessful posits get preserved, but at leastatreeq step
in that direction.
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Let us consider these two cases in turn. Allegéallpwing Psillos’ definition of a
successful theory or component, as one that giwserb explanations when
compared to its contemporaries, Chang lists a gstah explanations that were,
according to him, the real successes of the catbgory'®* The most important of
these were “the flow of heat toward equilibriumg #xpansion of matter by heating,
latent heat in changes of state, the elasticityasies and the fluidity of liquids, the
heat released and absorbed in chemical reactionsyustion, the radiation of heat,
and the gas laws” (907)hese explanations, says Chang, were given onatie bf
certain ‘essentially contributing’ assumptions bé tcaloric theory. To cite a few:
heat is a self-repulsive substance, temperatusariply the density of the caloric,
caloric is a chemical substance, etc. Chang makeshnof the fact that these
assumptions were later abandoned. He suggestsuports the view that even
components that are responsible for the succeadlofory can be, and often are, in
due course discarded.

Do we want to call the explanations present on Gisdist ‘the real successes of the
caloric theory’, just because no alternative exgleomms were as ‘plausible’ at the
time? All they had going for them was prima faclaugsibility as explanations. But
even that evaporated in time. It is true that we @all these ‘the real successes of the
caloric theory’ under Psillos’ criterion of successit it is also true that Psillos’
account is not adequate. For a scientific statefwebé successful it does not suffice
to have some plausibility as an explanation. Wetrdamand that these explanations
have their own predictive merits, i.e. that they imdependently confirmed> Here |
side with Psillos. The three cases he considersi deebe the best examples of
successful components of the calogca, for they have their own predictive
merits'®® Incidentally, Chang never explicitly denies thatllBs’ three examples are
real successes of the caloei@, though he contests that the first and third examp

are successes of the caldtieory*’

19| say ‘allegedly’, for | have not found the relexgassage where Psillos makes such a claim.
195| would say that a component has independentmafion if: (i) it directly contributes to the
calculations of values that can then be checkethsigsting and (ii) the testing involves varyihg
background conditions and the auxiliaries.

19 This will become clear in the next section.

197 By ‘caloric era’, | mean roughly the chronologipariod during which the caloric theory was
popular.
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Although not a view espoused by either Psillos bar), it is worth noting that the
fact that a law is derivable on the basis of caerfmemises, does not entail that the
success of the law must carry over to the premifesvidencee confirms a
hypothesidH, it does not necessarily follow that it confirmsyaheory that entails
H. I am here thinking of Poisson’s derivation of #ukabatic law. Even though there
is confirmatory evidence for the adiabatic law,ttegidence need not confirm the
premises Poisson used to derive it. A similar poart be made without resorting to
confirmation theory but simply by way of deductiegic. We have all been taught
in elementary logic that a valid argument with aetrconclusion need not have a
single true premise. In other words, even if Paissad validly inferred the law, as
Chang maintains, the premises employed in the a@oiv need not be true. Indeed,
given their lack of independent confirmation we nthink that the premises under

consideration are false.

Whether a set of sentences partakes in the confomabtained by any of its

entailments depends, among other things, on whetia¢rset can be independently
confirmed. The premises employed by Poisson irddrevation of the adiabatic gas
law, i.e. that the caloric is a discrete fluid ahdt it consists of point-like particles
that repel one another but attract particles ofnamy matter, had no independent
confirmation'®® Today the adiabatic law is derived from differgmemises. It is

derived from the first law of thermodynamics, itkat energy is conserved, plus
certain other assumptions. The first law, unlike daloric assumptions, has the
benefit of independent confirmation. That, of ceyrss no guarantee of the
truth/approximate truth or even preservation offthet law, but it is certainly good

reason to maintain its superiority over the calassumptions.

The third issue regards Psillos’ requirement ofspdnsability, as it appears in CT2.
Psillos formulates CT2 so that the indispensabdityhe descriptions attributed to a
term are relative to the period when the theonguestion reigns. That is, these
descriptions must be indispensable to the scientisthat era, though, presumably,
they can become dispensable for a later one. Célangs that the caloric posit and

its properties were indispensable, if we followllBsi formulation, to Poisson’s

19 |ndeed, post-caloric theoreticians of heat woutflia for something stronger, namely that these
premises have been disconfirmed by evidence.
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derivation of the adiabatic law during the era urestion, i.e. in the early nineteenth

century.

Indispensability must surely be something fixed thg relationship between the
theory, the relevant auxiliaries, and the evidentemust not be something
dependent on the whims of scientists of a particeta, as Psillos maintains. Had
Psillos opted for a period and scientist-free dote of indispensability, he would
have been able to distinguish between the origared modern derivations of
Poisson’s law. He could thus reply to Chang tha&rehis more support for the
modern premises than for the original ones, singce modern ones enjoy

considerable independent confirmation.

4. Structural Realism and Caloric

So much for the history of the caloric theory ahd various attempts to reconcile it
with scientific realism. It is now time to turn &pistemic structural realism in order
to investigate whether it can offer a more plagsitcount of the components that

were responsible for the successes of the cadoaic

Let us consider those components that had sucésssve have seen, they can,
without gross inaccuracies, be identified with Bsil three cases. To remind the
reader these are: 1) the laws of calorimetry, )ld@e’s prediction of the speed of
sound in air, and 3) Carnot’s cycle. | presume thathe first one of these, Psillos

(but also Chang) means the following two principles

(L1) Q=mieUT:—T)

L2) Q=-Q

The first principle states that the heat cha@ge a substance that does not undergo
any other, especially chemical, reactions will bea to the product of the mass

the specific heat at constant pressgeand finalTr minus initial T; temperature of
the substance. The second principle simply stdtas bn the assumption that the
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calorimeter is a closed system, an obvious iddalisathe heat lost by objeatmust
be gained by objedt'°

Laplace’s prediction of the speed of sound iniadt,the second case on Psillos’ list,

was derived from the following formula:

(L3) V?= (c/c) dPib

wherev is the velocity of soundg, the specific heat at constant pressuyethe
specific heat at constant voluniethe pressure, andthe density of air. The general
law employed to buttress Laplace’s derivation issf®mn’s adiabatic gas law

typically written as:
(L4) POVY=constant

It states that for a fixed mass of gas, which &rtally insulated, the product of its
pressureP and volumeV will be constant;y = ¢/c, is the ratio of the two specific
heats, i.e. specific heat at constant pressysnd specific heat at constant volume

cy, of a gas at a given temperature.

Finally, Carnot’s cycle, Psillos’ third case, givese to what is hailed as ‘Carnot’s

principle’ or ‘the principle of maximum efficiency®

(L5) n=1-Tow/Thigh

This states that a heat engine operating betweenm regervoirs atdifferent

temperatures, wher@o, is the low temperature anblign is the high temperature,
will have a maximum efficiencyy, i.e. given a certain input of heat there is atlim
on how much of that heat can be converted into winideed, it states that no actual

engine can be one hundred percent, i.e. perfegffigient. That is achievable only

19 This statement is idealised in at least two wayst dalorimeter is not a closed system, and 2)
some heat will be converted to work in the proaddsansfer. See below for more on the relationship
between heat and work.

20 The mathematical expression of maximum efficiersogie to Emile Clapeyron’s mathematization
and reformulation of Carnot’s views.
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by anideal Carnot engine. The principle of maximum efficiensythe cornerstone
of the second law of thermodynamics.

These equations may not all have been postulatddmtihe caloric tradition but

they have certainly survived through the scientiégolutions of the nineteenth and
twentieth century. They can now be found in modextbooks on thermodynamics
(see, for example, Kondepudi and Prigogine (1998))at can the structural realist

make of them?

Recall that Worrall argues that the preservationn@thematical equations, as
opposed to the ontological interpretations undegyihem, is to be expected from
the structural realist perspectite.His case study, as we have seen, involves the
survival of Fresnel’s equations into Maxwell's tingoontologically reinterpreted to
avoid reference to the elastic-solid ether. Theialss way to extend Worrall's
argument here is to simply say that the above emmsashould be seen as relations
devoid of any ontological interpretation. In othveords, Worrall would say that the
caloricists got something right, namely the strtetof some heat process8s.
Given that these structures have been preservedghitwo hundred years of theory
upheaval, whereas the ontological assumptions alheubature of heat associated

with them have not, they provide evidence for gtread realism.

The Phenomenological Character of L1-L5

In a certain sense to be specified shortly, L1-t& ghenomenological laws Al
the terms appearing in L1-L5 dendieoadly construedbbservable quantities. By
this, 1 do not have in mind that the terms’ wholeeamning can be captured
observationally. Rather, what | have in mind istth@ should only be concerned
with the observational dimension of their meanisigce that is the only dimension

291t js worth pointing out that McMullin has expressviews that are broadly sympathetic to the
historically motivated version of structural readisthough there is no indication that he acceps th
Ramsey-sentence approach. In a discussion on howeteome pessimistic induction he says: “I
would argue that these [i.e. ethers and fluidsjenadten, though not always, interpretive additions,
that is, attempts to specify what ‘underlay’ thei@ipns of the scientist in a way which the equegtio
(as we now see) did not really sanction” (1984: 17)

292 Notice, | don't say ‘there is something in theatad theory that was right. | am concentrating on
the fact that some successful structural compomeatte their appearance during teeg, not on
whether or not these components were indispengalnle of the caloric theory.

293 Chang (2003) also stresses the phenomenologiasater of the principles of calorimetry, i.e. L1
and L2. In conversation, he opposed only the phematogical character of L5.
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that is testable. Each term is tied to one or notaservational tests, which fully and
completely determine its numerical value. More @&y, the values of these terms
are determined either through direct instrument sueaments or through a
calculation that relies on such measurem&litsor example, measuring mass and
temperature typically involves taking direct measoents from instruments like the
triple beam balance and the thermometer. To deternhieat changdQ in a
substance requires first measuring mass, specdat ht constant pressure, and
temperature, and second calculating a value fra@sethin either case, reading the
results of measurements is an act of observatmmhjrathis sense the relevant terms
should be thought of as broadly construed obsemali Consequently, L1-L5

should be thought of as phenomenological laws.

That the terms in L1-L5 denote observable quastitean be demonstrated by
looking at the units employed in measuring themtha International System of
Units (SI), mass, thermodynamic temperature, lengtie, electric current, amount
of substance, and luminous intensity make up lblase quantities These are
measured ifbase unitsnamely the meter, the kilogram, the second, thpeae, the
kelvin, the mole, and the candela respectively. base units are the elementary
units upon which all other units are defined. Afdglya the base units are
phenomenological in character, for they are fixgdplbirely empirical means, i.e.
without reference to theory. For example, the kidmg is equal to the mass of the
platinum-iridium cylinder kept at the Internatiorlireau of Weights and Measures
at Serves, France. That cylinder is, in fact, theerhational prototype of the

kilogram?%°

My claim that L1-L5 are phenomenological laws islersed by the fact that each of
the quantities in L1-L5 is either one of the Sldasits or defined in terms of these.
To be precise, the five equations identify seveangties, namely velocity, heat,

specific heat, pressure, density, volume, and maxirafficiency, that are defined in

204 One may complain that under this definition nartevould count as theoretical/unobservable. This
complaint misses the point however, since, astlgasl, | do not think the whole meaning of these
terms can be observationally captured.

295 The other six base units are similarly fixed byghyempirical means. Admittedly, the empirical
fixing of some of the other base units is more clicaged, for it does not rely on a physical

prototype.
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terms of the first four base units, mass, tempegatength, and timé&° Even if one
doubts the phenomenological character of someeob#se units, these four seem the

Mmost secure.

It is insufficient to state that a quantity is ohable just because it is measurable in
units that are eventually defined on the base unditthat were true, the critic would
complain that many quantities would qualify as obable merely bystipulatingthat
they are measurable in terms of the base unitsekample, according to Fresnel’s
theory of light, the distance between two partiacdéshe elastic solid ether under
certain well-defined conditions is measurable isebanits — essentially in meters.

Yet, we consider this quantity as fictional, nosetvable.

One must simply concede that science can makejrmle®d has made, mistakes
about what is observable or measurable. Peter K{@€8@8) makes precisely this
point with respect to the Michelson-Morley experimhe The experiment was
conducted because it was assumed that the etheolveasvable or measurable in
some way. The fact that the expected effects oether were not observed is not at
all surprising to us, because we now believe thatdther is a fictional posit. The
moral of the story is that, at best, we should iem&gnostic with respect to
quantities that are said to be measurable, yet Imateactually been measured.
Indeed, not only must they be measured with a flEgree of accuracy and
consistency, but also the values obtained mustesuiesitly be rigorously tested.
One key way to test them concerns the successfplicapon of a variety of
equations that rely on these quantities to prguieinomenaSince the quantities in

L1-L5 meet these criteria, it is reasonable to sgphat they are indeed observable.

After that small digression, it is worth considgrinow the seven quantities at hand

are defined in S1°” 1) Velocityis measured in terms of meters per second. Toajive

2% Strictly speaking, it is thermodynamic temperatmeasured in the Kelvin unit that is taken to be
the most basic. However, it is interdefinable vather units of temperature such as the Celsius and
the Fahrenheit, which, under Sl, are taken to eelbunits. Also, | have left, the ratio that
represents the two specific heats of a substant@f ¢his list simply because it expresses aimiat
between items on the list, i.e. two types of spetiéat, and hence is defined in terms of them.

27 To pre-empt any objections similar to those diréetethe Logical Positivists, it is not my

intention here to present theseeatbaustive definitionfor these quantities, but rather to show that the
value of the terms denoting these quantities cdixbd using measurements.
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value to (average) velocity, all one needs to dméssure the distance covered and
the time elapsed. 2) The units with which we meashe quantity oheat namely
the joule, the calorie and the BTU, are interddflaaThus, | need only state the
relationship expressed by one here: One Britishriibke Unit, or BTU, is the
quantity of heat required to raise the temperatfrene pound of water by one
degree Fahrenheit. As before, the quantities is deffinition, i.e. temperature and
mass are directly measurable. 3) Similarly wgpecific heat measured as a
combination of units of heat, mass, and temperaf®ne combination of these units
sees specific heat as the quantity of heat in ie@oequired to raise the temperature
of one gram of some substance by one degree Celshes calorie, as | just
mentioned, is interdefinable with the BTU. The otlt@o quantities are simply
temperature and mass. Bjessureis measured in the pascal unit, defined as one
newton per square meter. The newton is itself @éfim more basic units as the
force required to produce an acceleration of oneemeer second per second to a
mass of one kilogram. Acceleration is ultimatelgueible to a relation between the
measurable quantities of time, direction and lenititice that all of the terms in the
definition of the newton are directly measurablamities, namely length, time, and
mass. 5) The definition is simpler with the unitfmass)density being specified in
kilogram per cubic meter. 6) The same level of sicity follows volume It is
measured in units of cubic meter. 7) Finallyaximum efficiencys measured in

terms of the joule, which, as | have just pointat] & interdefinable with the BTU.

If the testable aspect of L1-L5 brings out theiepbmenogical character, as it is
here suggested, how can any version of realismggiport from their preservation?
More pertinently, where does this leave the stmattrealist? Ramsey-style ESR
does not seem able to benefit from such laws. Rgimagon takes theoretical terms

and replaces them with variables, existentiallyng@iging over them. The above

equations, as we have construed them here, presuheale no theoretical terms but
only observational ones. Hence, there is nothiag tieeds Ramseyfying. This does
not mean that L1-L5 count against Ramsey-style HSBoes mean, however, that
they do not lend any support to it since their presation seems to be evidence for
the accumulation of observational/phenomenal/egdiristructure, not of any

theoretical structure. Indeed, it is this kind @fidence that van Fraassen uses to
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support SRP4, namely that there is continuity fctire through theory change, but
only of the structure of phenomena not of the $tmgcof unobservables.

One possible reply for the advocate of Ramsey-dB8& would be to dispute the
claim thatall of the above quantities are observable. ObviouRgmseyfication is

no longer redundant once some of the above tereghamught of as theoretical.
Another possible reply would be to argue that,hiére is no theory, there’s no
question of theory preservation arising. Yet anofhassible reply would be to say
that it is not the equations that must be Ramseyig the whole theory. After all,
since the caloric theory makes claims about theadeentities, for instance by

employing theoretical terms like ‘caloric’, thesesomething to be Ramseyfied.

How do L1-L5 fit with the Russellian approach toRESFirst, since ESR a la Russell
is not expressed via the Ramsey-sentence appraacvoids the problem of

redundancy. Second, far from posing a problemptienomenological character of
L1-L5 lends credence to it. According to Russellesst ESR, the rational

reconstruction of scientific knowledge starts with concrete

observational/phenomenal structures. As | pointedab the beginning of chapter
two, laws and other categories of scientific staet®m can be understood as
mathematical structures. Thus, L1-L5 specify phemmological structures of the
kind needed to advance Russell’s programme. Theste is to extract the abstract
from the phenomenological structures. The lastfara step involves an appeal to
H-W and MR in order to establish the claim that thleysical causes of the

phenomena have the same abstract structure abé¢hempena.

As an illustration of how the Russellian treatmimictions, | will here consider L1
in some more detail. L1 is a concrete observatiatalcture that can be written
down as follows: §= (Uo, Ro = (M(X, ti) = m, &(x;, ti) = ¢, T(x, t) =5, Q(m, G, S)

= @), where | is the (finite) domain of observable objects angliRa class of

functions defined on that dom& . Function Q(m g, s) = g represents L1. Now,
according to the Russellian picture, frora Be can extract abstract structurge S

208 A function is a special kind of relation. They dans be represented by sets of ordered n-tuples.
For example, a functioffx)=y is a sef of ordered pairs such that whenever <x(yfand <x, z>1f
then y=z. In the above example, | employ functimssead of set-theoretically specified relations fo
the sake of expediency.
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(Ua, Ra), where U is the class of all sets equinumerous ¢ &hd R is the class of
all relations isomorphic to the relations ig.RIn other words, §is an isomorphism
class that containspSas one of its members. By appeal to H-W and MR jnier
that there is a unique concrete physical structunese members stand in causal
relations with the members o SWe can call this concrete physical structurg.‘S
The claim is that Sis isomorphic to & Trivially, Ss is another member of the
isomorphism class S The complete Russellian claim then is that thisrene
concrete physical structure p,Swhich is causally responsible for concrete

observational structureond can only be specified up to isomorphism,we.can
only specify Q.

The Russellian structural realist can find hope fine preservation of
phenomenological laws, since she assumes that ioredat between
observables/phenomena are isomorphic to relaticiesden unobservables. For
Russell, if you recall, the unobservables are thtereal world causes of the
observables. Thus, the phenomenological laws sigmiflerlying relations between
unobservables that are isomorphic to the relatimt&een the phenomena. Provided
one accepts the H-W and MR principles, this resuliurely realist in spirit, for it
says something about the external world. Of coutbe, traditional way of
understanding the scientific realist debate distdbat phenomenological laws are
not supportive of realism in any way. However, th®rthodox way in which the
Russellian sets up realism means that this paaticype of realism derives its force

from phenomenological laws.

5. Structural Realism and the History of Science

Is Everything Structural Preserved?

The answer to this question must be obvious by mav.all that is structural will be
preserved. Examples of structural components thaemmade it past a scientific
revolution are plentiful. In the historical contextamined in this chapter, one can
cite the following: (a) that the quantity of heasarbed or freed by a given body is a

state function of its properties of pressure, vauend temperature, (b) the Irvinist
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equation for the determination of the absolute zmimt of temperatur®?’ (c) that
specific heat is constant under temperature chaege, These statements are
structural, for they state relationships betweeffedint quantities, yet they have

been discarded as false.

This fact is by no stretch of the imagination leétteathe epistemic structural realist.
The preservation claim must simply be qualifiedefiect a more realistic picture of

the development of science. One suggestion isoflening:

(MSSS) Not all structures may survive, bubstpredictively successfukelements

that do survive are structural.

The ESR-ist can concede that some structures, ialpethose with little or no
predictive power, are left behind in the wake stentific revolution. Moreover, the
ESR-ist can concede this and still claim that melsiments that enjoy genuine
predictive success and survive scientific revohaiare structuraf® In the previous
subsection, | indicated that those componentsateagenerally acknowledged as the

caloric era’s lasting contributions to our knowledgf heat have all been structural.

Does Structure Always Survive Intact?

Worrall's study of Fresnel’s theory of light and mstudy of the caloric theory of
heat exemplify cases where structural componemgvsuintact — into classical
electromagnetism and thermodynamics respectivdthoAgh both of these theories
are still in use today, they co-exist with theotiest are considered to be even closer
to the truth, namely quantum electrodynamics aatissical mechanics respectively.
The relation between the two sets of theories, kewas not as straightforward as
that between classical electromagnetism and Fresrnleory of light or
thermodynamics and the caloric theory of heat. Qumiger certain limits, can one
recover approximate versions of classical electgpmatism from quantum

electrodynamics and thermodynamics from statistite¢hanics.

29 See section six below. For a more thorough acceemiChang (forthcoming).

219 That not all surviving components need be struttilabe made clear in the next subsection. It
will be pointed out that preservation sometimespeag for reasons other than truth/approximate
truth.
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Critics of ESR complain that, more often than ratl equations reappear only as
limiting cases of new equations. As Worrall pointsit, this fact can be
accommodated by structural realism when appealddemo the correspondence
principle. According to Heinz Post's well-receiveformulation of the
correspondence principle, “this is the requirentbat any acceptable new theory L
should account for its predecessor S by ‘degemgyainto that theory under those
conditions under which S has been well confirmeddsys” (1993: 165* What Post
has in mind is a correspondence between matherhstinatures. Indeed, given that
the principle applies solely at the level of matlagios, Worrall notes correctly that
its applicability “is not evidence for full-blownealism — but, instead, only for
structural realism” (1996: 161).

The challenge is to spell out exactly what thisregpondence involves while at the
same time avoiding a trivialisation of the relasbip between old and new
structures. Without entangling myself into a lenygtidiscussion of the

correspondence principle, | would like to offer daeiliar type of correspondence
that can be spelt out more precisely and that feugigoort from the historical record.

Here’s my own rendition of it:

(NC): A structureL” that has a predecess&r becomes isomorphic to, or

approximatesl. when a parameter Id is neutralised.

The neutralisation of a ‘parameter in a structjust means that the relevant relation
in the structure is redefined from aftuple to an i§-1)-tuple, since one of the terms
is neutralised. Typically, the neutralisation pregén equations involves one of two
things: (1) setting the parameter to zero (asekaimple, in cases where the value of

the parameter is to be added to some other vatugg) setting the parameter to one

21 Though the correspondence principle is customattjbuted to Niels Bohr, its spirit has been
around at least since Newton pronounced that heleaded his theory from Kepler's laws (see
Zahar (2001: 118)).

A recenfestschrifton Post’s contributions to our understanding efdbrrespondence principle
reveals diverse manifestations of these correspmadeslations (see French and Kamminga (1993)).
Stephan Hartmann (2002) summarises these and argias®ur of a pluralistic view. He raises
doubts about the existence of a universal corredgruze principle. It is worth noting that nothing in
ESR stipulates the need for a universal corresparderinciple.
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(as, for example, in cases where the value of #rarpeter is to be multiplied by

some other values).

Three examples that feature centrally in their eespe theories will authenticate the
validity of NC. Take momentum in the special theadfyrelativity (STR) and in
classical mechanics (CM) firs? In STR we express momentum with the formula

=mev / V1-Vv?*/c®. In CM we express it as p myv. In the limit, as v— 0, the
denominator of the STR equation for momentum istnaéised and the classical

formula p =myv is recovered.

The second example concerns the relation betweerkdiskian and Galilean
space-times. Minkowski space-time allows for a sowular metric which is
represented by the matrix diagonal (1, *1/cl/@, - 1/¢), wherec is the speed of
light in a vacuum. Since the metric is non-singule above matrix diagonal has an
inverse, namely (1, 2c-c2, -c). If we let c=o, that makes 1/c = 0, and the metric
becomes singular (1, 0, 0, 0), allowing no inverBg. doing so, relativity of
simultaneity disappears and we recover Galileatestiane. As in the case above,

neutralising the term 1/c allows the recovery @f éid structure.

The third example concerns the relation betweerPthieson bracket formulation of
classical mechanics and the Moyal bracket formaadf quantum mechanics. The
latter introduces non-commutative multiplicatiom filnase space functions. If we set
Planck’s constanh to zero, thereby neutralising it, commutativityrézovered and

so is the Poisson bracket formulation of classioathanics.

That some old equations can be recovered wholpmogimately whole simply by
neutralising one of (often many) parameters of pgwations cannot be dismissed as
mere mathematical trickery. NC-correspondence itgediifficult to meet. To test
this, we can use a computer program that generareom pairs of equations.
Because a great many different equations are pessiile odds of getting a pair that

N-corresponds are very small. This result holdsafeve allow for the most liberal

12 This example is taken from Hartmann (2002). Thelusake of this example varies from
Hartmann’s.
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understanding of approximation acceptable in s@enih other words, N-
correspondence is not only supported by histoesddlence but it is also far from

trivially satisfiable.

One way to justify the legitimacy of NC as a cop@3dence principle is to think of
neutralisation as a process of idealisation. Thaive can think ok as an idealised

version ofL". When we neutralise a term Il we sacrifice a certain degree of
predictive accuracy and, by extension, concreteri@ssversely, the move fromto

L” can be thought of as one of de-idealisation. Théw is common amongst

scientists. It is also shared by some philosopbérscience, notably those of the

Pozna School (see, for example, Krajewski (1977)).

To repeat, | am not here suggesting that all cabesrrespondence take this form.
Rather, given that NC is not easy to come-by, tistence of structures that exhibit
NC-correspondence lends some credence to the Viatvsbme robust structural

continuity exists even where the surviving struesuare not intact.

In light of the necessity to employ correspondepdaciples, | suggest that we
modify MSSS thus:

(MSSS’) Not all structures may survive, abstpredictively successfuklements
that do survive, either intact or suitably modifigor example, according to NC), are
structural. Indeed, most, if not all, predictivelyccessful structures survit/g.

A measure of vagueness in MSSS’ is unavoidablestlipdicated one way in which
new structure can, with reasonable modification, nbede to correspond to old
structure. That, of course, is not sufficient tothhe meaning of the clause ‘suitably
modified’. More needs to be done in order to shbe overall history of science
bears the mark of MSSS". My intuition is that orac¢heory gets on the road to

mathematization and starts producing accurate gpehtable results, it becomes less

13 |n other words, not only are most predictivelyaesgsful elements that survive structures, but also
most predictively successful structures survive.
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likely that non-structural components survive amatenlikely that those components
that do survive, in some form or other, are stratttt*

The Criterion of the Maturity of Science

Realists who seek to establish some continuity detwpast and present theories rely
on a criterion of the maturity of science. Theaatéle is to relegate those theories
and terms that feed Laudan’s cause to immaturexsejehereby avoiding the need
to justify why these theories and terms have bdémmadoned. This ploy is true even
of some structural realists. Worrall's solution ltaudan’s challenge incorporates
such a criterion. More precisely, his criterion uggs that a science be branded
‘mature’ only when it predictaoveltypes of phenomena. Worrall makes use of this
criterion to distinguish between those sciencesnfrawhich we should expect
structural components to be preserved and those Which we should not. He is
thus indirectly telling us that structural compotsefrom immature theories will,

most probably, not be preserved.

This seems like overkill to me. Theories that amssciences deemed immature on
Worrall's account may still contain structural coonents that are preserved for
good reasons, i.e. for their ability to make actaipedictions, though not obviously
for their ability to predict novel types of phenamae That is, a structure may be able
to accurately predict existing types of phenomema t its having latched onto the
world, without being able to make predictions abaoovel types of phenomena.
Worse yet, we can easily imagine a scenario wh@estulated structure, which can
predict novel types of phenomena, eventually getevin away because no one
realises that it can. If this sounds fictional,aléthat it was not Fresnel who realised
that his theory entailed the occurrence of a brggut at the centre of the shadow of
an opaque disc lit from a single slit, but Poissbimis consequence of the theory is
not at all obvious. Itould have been missed altogether. Nothing guarantessvin
can see all the consequences of a particular theotyleast because it is unlikely
that we have all the relevant auxiliaries requitedest a theory at hand. Another
reason that could prohibit scientists from reafisine potential of a theory for novel

214 Mathematization on its own is not sufficient. Thigvident if one looks, for example, at
econometrics, where there is a high level of matiaation and comparatively very little predictive
power.
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predictions concerns the unavailability of the iheegl technology to build test
instruments. We would certainly not want to excletieictures that may otherwise
be predictively successful from our evidence of twnulative development of

science. Yet, if we follow Worrall's account, we wd have to.

In general, it seems to me that criteria of mayuoitfer quasi-arbitrary divisions of
the history of science that are unable to impute epistemic benefits to those who
use them. The epistemic structural realist can thwaati-realist claims, i.e. that
successful theories have nonetheless been abandonsdnply appealing directly
to the preservation of structure. Whether a stmectcomes from a mature or
immature science or theory, or even from no theanall, makes absolutely no

215
(S

difference > What makes a difference is whether the structurgivyes in some

recognisable form and is directly responsible fone predictive success.

6. What the History of Science Cannot Teach Us

In the last four decades, historical arguments haleged a central role in the
scientific realism debate. In one corner, antiistal argue that no theoretical
preservation takes place. That, they claim, shdoddindicative of the falsity of
theories past, and the likely falsity of theoriggegent and future. In the opposite
corner, many realists argue that at least somedheal components get preserved, a
detail that, they claim, should be indicative oéithapproximate truth. Both sides

thus agree that the historical record is esseintiséttling the debate.

Without doubt, the realist needs to provide a rger to the anti-realist’s historical
arguments. Yet, the expected returns from a refaiestdly interpretation of the
history of science have been overestimated. Reatisem to behave as though
realism will defeat its foes on the basis of esshinhg historical continuity. Yet, on a
strict reading, that would require belief in theewi that the preservation of a
componentX is a necessary and sufficient conditionXd approximate truth/truth.
No realist, | hope, would be happy to adopt sushreng claim. Indeed, it can easily
be shown that the preservation of a theoreticalpmrant through theory change is

15 |n support of this point, | can point the readeatrecent collection of essay®dels as Mediators
(edited by Morgan and Morrison (1999)), whose ardlffor, example, Nancy Cartwright and
Margaret Morrison) argue that many structures iarg® are significantly autonomous from theory.
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neither anecessarynor asufficientcondition for its truth or approximate truif.
Realists should not even adopt the weaker, thouiijh sdrong, claim that
preservation is either a necessany a sufficient condition for the approximate

truth/truth of what gets preserved.

It is not a necessary conditiolmecause even though a component may be
true/approximately true, its preservation is notamgmteed. Suppose a scientist
postulates a law that is actually true or approxatyatrue in its domain of
phenomena. Many reasons, quite a few of which acekécultural, could transpire
to make the general scientific community cast #ve &side. For example, if the law
seems incompatible with well-established theotieste will be no guarantee it gets
adopted. This will especially be the case whenpteglictive accuracy of the law
cannot yet be fully tested — as when the instrusmemperform such measurements
are inexistent, unreliable or inaccurate. An examplf, at least temporary,
unreliability/inaccuracy in the current historicalontext involves the Irvinist
equation for the determination of the absolute zmimt of temperature,)c+ L =
cwX, Wherec; is the heat capacity of ice, the heat capacity of watdr,the latent
heat of fusion, and the absolute temperature of ice/water at the ngejioint. The
equation was contested at first but the issue cooldbe settled due to a lack of
reliable and accurate measurements. Eventuallyatiaracy and reliability of the
measurements improved sufficiently to tell agairbe equation. This fact
notwithstanding, the point here is that there isgnarantee that we will always be
able to construct instruments that can assess fbeicpve power of theories.
Moreover, even if we do acquire the required imsats, the theory may already
have been shelved. For this and other reasonsge tieerno guarantee that

true/approximately true theoretical components léllpreserved.

A potential realist reply may take the followingrim Had the scientific community
tested the law, they would have discovered its weoindl predictive powers, making
its rejection difficult, if not completely out ohé question. In other words, the
predictive success enjoyed by the law should gueeathat scientists, following the

canons of rationality, would preserve it for posgyerThough this may largely be

“®That it is not a sufficient condition is a poinatthas also been made by Chang (2003).
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true, notice that now it is the predictive sucoafsthe law that takes centre stage, not
its preservation. In fact, the issue of preservabecomes parasitic on the issue of

predictive success. Preservation becomes supesfluou

It is not a sufficient conditiorbecause the mere survival of a given theoretical
component does not guarantee that it has latcheal the world. Various reasons
may be responsible for a component’s survival. diyrbe a convenient feature of
scientific practice, or it may be a useful tooltthas no power of representation.
Plenty of examples can be drawn from the historgaxdnce to make plain that the
preservation of a theoretical component is an figeht condition to its
truth/approximate truth. In the case study preskimethis chapter, we traced the
hypothesis of the materiality of heat for at leasbd millennia until its wholesale
rejection in the middle of the T%century. Its long preservation guaranteed neither

its survival nor its truth/approximate truth.

In the recent history of science, there has beeunlstantial correlation between
preservation and approximate truth. This corretatitowever, can be explained by
the fact that scientists are more likely to presetllose components that have
predictive success and independent confirmatiamceSone of science’s chief aims
is to procure accurate predictions, any presernvethents are likely to have
predictive merits. Indeed, as the demands for ptiedi accuracy increase, it will be
reasonable to assume that so does the presendattipredictively powerful, as
opposed to merely convenient, elements.

To be fair, very few realists would take presemwatas a necessary or sufficient
condition for a theory’s truth/approximate trdtfi.But then, what role exactly does
preservation play in the scientific realism debadtefm not claiming here that we
should completely dismiss the importance of hisiarthe scientific realism debate.
Given that the pessimistic meta-induction argunieat real threat to the realist, one
can employ cases of genuine preservation to defugeealist objections stemming
from the history of science. That, however, isasas the preservation strategy will

take the realist. The most telling, though admistatbt conclusive, test for which

217 Exceptions can always be found. Worrall, for examnpikes preservation to be a necessary
condition for a theory’s truth/approximate truth.
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components have latched onto the world is whetlmy thave independent
confirmation. Testing this can be done indepenglentf any historical

considerations, and, therefore, makes the requitethat a component be preserved
superfluous. Realists should thus focus more ohoe#ing such prediction-based

criteria'®

7. Conclusion
The primary aim of this chapter was to evaluate Boigntific realism and structural

realism perform when confronted with the caloriedty of heat.

In assessing scientific realism, two main strategiere considered. The first tries to
establish that the caloric is a referential ternkeLmany others, | argued that this
strategy fails to justify in a principled way whiderms can be thought of as
referential and which cannot. The second strategilos’ own, tries to establish that
caloric was not a central term in the theory. Emiplg, among other things,

objections from two critics of Psillos, i.e. Stardoand Chang, | indicated that
Psillos’ arguments by and large fail. On the ba$iBsillos’ own definition of what

counts as central, the caloric posit was neitherbte by leading figures of the

theory as central nor was it entirely dispensablaariving explanations.

Indeed, what Psillos hoped to achieve by thisetpais unrealistic. First, scientists’
epistemic attitudes towards a given theoreticainteannot always be trusted. A
glaring example from the given historical contexthe trust scientists placed — or,
should | say misplaced — in the hypothesis of tla¢enmality of heat. A more reliable
factor seems to be whether the term’s descripiarally indispensable in producing
predictions and explanations. Second, by beingiveldo a given epoch, Psillos’
criterion of indispensability is vulnerable to Clgé&objection that the caloric posit

and its properties were indispensable-at-the-time.

In assessing structural realism, | argued thatld3sithree cases of successful
components are structural. The three cases indnleeequations that | listed as L1-

L5. What seemed as prima facie support for stratttgalism, however, had to be

218 Of course, if radical underdetermination holds ewn prediction-based criteria can save realism.
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re-evaluated when the phenomenological charactefi-&f5 was revealed. Worrall-
style ESR does not seem to benefit from such lawse they have no theoretical
terms to replace with variables and quantify overRamseyfication prescribes.
Though there are plausible solutions to this pnobleone were pursued in detalil

because Ramsey-style ESR faces other difficultiasrhake it unattractive.

| believe to have shown that Russellian-style ESR more easily benefit from L1-
L5. These laws are the concrete observational tstres from which the abstract
structure of the physical world is derived. In theapacity as concrete observational
structures, they are, of course, supportive of ttaoBve empiricism, too. The
crucial difference again depends on whether or or@ is willing to accept the
principles H-W and MR. These principles allow thaiéver to cross the boundary

from anti-realism to realism.

It has been pointed out that belief in ESR doesimdiscriminately commit one to
the belief that all structures will be preservedn® structures never make it past
scientific revolutions. Moreover, when they do suey structures are not always
found intact. More often than not, old structureappear only as limiting cases of
new structures. | suggested, following Worrall amany others, that this fact can be
accommodated by ESR when appeal is made to thespmmdence principle. |
offered one concrete version of the correspond@niceiple, which | called ‘NC’,
arguing that it is corroborated by some well-knosases in the history of modern
physics. | believe to have shown that NC is diftido satisfy, i.e. it is non-trivial,
and that it should therefore not be taken lighttythe end, |1 conceded that more
work needs to be done to establish whether thergisif science corresponds to
MSSS’, i.e. that “not all structures may survivet most predictively successful
elements that do survive, either intact or suitabtydified (for, example, according

to NC), are structural.”

The criterion of the maturity of science is onetbé last issues | took up. My
conclusion was that the structural realist does me¢d to draw quasi-arbitrary
distinctions between mature and immature sciemsgehd, what matters is whether
a structure survives in some recognisable formeeud even this last claim is not

strictly speaking correct, since preservation sepatasitic on the predictive power
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of structures. For this reason, | urged the paicis in the scientific realism debate
to not overestimate what can be achieved by hcgtbcontinuity.
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6
UNDERDETERMINATION OF THEORIES BY
EVIDENCE

1. Introduction

So far my discussion of underdetermination waseeifieripheral as in the case of
Newman'’s objection and the pessimistic meta-indugtor non-traditional, as in the
case of the underdetermination of relations byavelsr construed formal properties
(see chapter three, section four). In this chaptenn to the more traditional forms
of underdetermination and discuss some of the &eissues surrounding this topic.
The aim will be to evaluate to what extent, if Bt the realist, and in particular the
structural realist, can overcome the difficultiessed by underdetermination. In
pursuing this aim, | will thus be addressing RPlttumlist of challenges any realist
position must overcome. To remind the reader, tialenge is to show that from a
pool of empirically equivalent theories, at leastme are more epistemically

warranted than others.

As | have already indicated in chapter one, argusnom the underdetermination
of theories by evidence have been criticised asgoahable to deliver all that the
anti-realist wants to derive from them. Today, ttiebate over the epistemic
significance of underdetermination centres on Lauaad Leplin’s seminal article.
To repeat, Laudan and Leplin present a two-prongeiiqgue of those
underdetermination arguments that rely on the notib empirical equivalence?
On the one hand, they question the view #ikatheories have genuine empirically
equivalent rivals. On the other, they argue thatnewvhen theories have such rivals,
there are still justifiable ways to choose betw#eam. Let us look at these prongs

one at a time.

219 Though they focus on defeating the inference frampigcal equivalence to underdetermination,
the tenor of their claims suggests that they wadefeat underdetermination altogether. For example
they say: “The thesis of underdetermination, attleaso far as it is founded on presumptions about
the possibility of empirical equivalence for thexsri- or ‘systems of the world’ — stands refuted”
(1991: 466).
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2. Does Every Theory have Empirically Equivalent Rrals?
Laudan and Leplin cite three theses which, wherertalogether, allegedly “cast

doubt on empirical equivalence in general” (19914 These aré®

(VRO) What is observable varies through time.
(NAP) The derivation of observable consequencesdjly requires auxiliaries.

(IAA) Auxiliaries vary through time.

On the basis of these, they argue that the obsenahiconsequences of a theory are
not fixed but vary over time, and conclude that/thee not clearly identifiable and

that empirical equivalence is, therefore, defeasilnl their own words:

. any determination of the empirical consequenasslof a theory must be
relativized to a particular state of science. Werithat empirical equivalence itself
must be so relativised, and, accordingly, thatfarding of empirical equivalence is
both contextual and defeasible (454).

One immediate reply to this argument is that whetliee observational
consequences of a theory are fixed or vary ovee tisna matter independent of
whether theories are empirically equivalent. Undégdnination is supposed to hold
for any given body of observational evidence, giving rige infinitely many
empirically equivalent theories that diverge onirthtbeoretical claims. We can
capture the variability of a theory’s observationahsequences over time by saying
that out of a clas® which containg sets of observation sentences as members, i.e.
O1, O, ..., Q, the theory (plus any auxiliaries) at any titnentails just one set,
though we may not know which one. Given the dabnitof UTE-CE, i.e. the
underdetermination thesis, any memberoD classQ will be a set entailed by
infinitely many theories that diverge on their thetacal claims. Hence, if the
underdetermination thesis is correct, whateveistteof observational consequences
entailed by a given theory plus auxiliaries, otimeompatible theories will also have
that set as their set of observational consequeiNagsrrally, the correctness of the
underdetermination thesis cannot be assumed, sinsewhat is at stake here.
Nonetheless, if Laudan and Leplin are to assummdtsrrectness in order to prove

that their objection holds, then they are simplgdieg the question. It thus seems

0 The acronyms are those used by the authors.
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that raising doubt about the stability of a thesrgbservational consequences does

not dent the underdetermination thesis.

Laudan and Leplin anticipate this reply and, asoasequence, devote a whole
section of their paper trying to underminé?it.Their argument consists of two
strategiesFirst, to reject the view that there exists an algorititnat can generate
empirically equivalent rivals for any given theoi§econdto deny that the cases

offered as examples of empirically equivalent theoare genuine.

I will begin with the second claim since it canrhere easily dismissed. In pursuit of
the second strategy, Laudan and Leplin concocixample, inspired by one of van
Fraassen’s examples irhe Scientific Imageand show how it fails to be a case of
empirical equivalence. We need not delve into te&its. Showing that the two
theories under consideration are not empiricallyiaent is, of course, a correct
step on the path to showing that examples of eoglyi equivalent theories are not
genuine. It is, however, a far cry from showingtthaither hasany empirically
equivalent rivals. It is this latter claim that deeto be established in order for
Laudan and Leplin’s conclusion to go through, naniethere is at least one theory
that has no empirically equivalent rivals, thenyiobsly, not all theories have

empirically equivalent rivals.

In pursuit of the first strategy, Laudan and Lepbmamine the prospects of
algorithms that reduce theories to their instrurakstt counterparts, and claim that
these would invariably faf??> There are at least two problems with Laudan and
Leplin’s suggestion. Firstly, such algorithms da soffice to produce rival theories,
for they need to be augmented with a mechanismekaands the instrumentalist
counterpart of the original theory into the themadt vocabulary. The expansion
must be conducted in different ways so as to yietnsistent, i.e. rival, theories.

Unsurprisingly, after a short discussion of the itations of instrumentalist

21 Here’s what they say “[t|he response we anticipateur argument is a challenge to its assumption
that empirical consequence classes must be idamhfibr their empirical equivalence to be
established” (455).

222 Though they do not give any examples of instruniishi@gorithms, they may have something

like the Ramsey-sentence in mind. Naturally, gaifew philosophers, including Grover Maxwell and
John Worrall would oppose this identification, ®rtbey believe that the Ramsey-sentence of a
theoryT is not an instrumental reductionBfbut rather iS when properly construed.
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algorithms, Laudan and Leplin state the obvious, fwhat application of an
instrumentalist algorithm to a theory produces ianifestly not an alternative
theory (456) [original emphasis].

Secondly, after their rejection of instrumentabdgorithms, they hastily conclude:
“We know of no algorithm for generating genuinedtetical competitors to a given
theory” (457). Laudan and Leplin start this sectadrtheir paper by claiming they
can defeat the idea that there exist empiricallyivedent theories for any given
theory. All they end up showing, however, is thayt cannot themselves devise an
algorithm to produce such theories. As we have,gberonly type of algorithm they
consider, viz. instrumentalist algorithm, is noteeva suitable candidate, for it
produces instrumentalist versions of theories aotl genuine rival theories. In
general, we can say that our inability to devise agorithm for producing
empirically equivalent theories does not entait wch theories do not exfSt.

This point can be supported by a lesson learnetthentheory of recursion. Two
definitions will help us here: (1) We say that & Aeas recursive(or decidable if
there exists a Turing machine, i.e. an algorithrhjclv can determine in a finite
number of steps whether or not any given objeatnsember oA. (2) We say that a
setA is recursively enumerablé it can be written as a sequence A 3,{&, &....}
which can be generated by means of a Turing maclithe@ecursive sets are also
recursively enumerable but not vice-versa. A hglset, for example, is recursively
enumerable but not recursi?®. Some sets are not even recursively enumerable,
namely non-diophantine sets. The moral of the stotiiat these are non-empty sets
that cannot be specified algorithmically. Likewig® our context, should it turn out
that there is no algorithm for producing empirigadlquivalent rivals, the conclusion
need not be that sets containing such rivals apeff?

223 |n the formulation of underdetermination argumetitsre is no requirement that empirically
equivalent alternatives must be produced firstratiter that such alternatives exist.

224 A halting set is a recursively enumerable setisting of all inputs on which a computer program
halts.

225\We can even apply this moral to the issue abauidténtifiability of a theory’s set of observatidna
consequences, which Laudan and Leplin contest. Thakisan think of sets that are purportedly not
clearly identifiable as sets that cannot be prodwatgorithmically. These can nonetheless be non-
empty and well-defined sets.



185

Algorithmically Produced Rivals

Is it really the case that not all theories havepieically equivalent rivals? To
evaluate this claim, let us consider some of thetaabes that arise when we try to
devise rival theories. A simple algorithm for prothg rival theories has the
following form: Take an existing theory and add itoa hitherto un-included
theoretical claim. Suppose we have a theory X. \dgt ta it theoretical claim T
making sure that X does not contain or entail The result X&T is a new theory
rivalling the old one. We can repeat this proceseiinitely, each time adding a

different theoretical claim that is not includedin@ original theory.

Obviously, this method is grossly inadequate. Orgomproblem is that it does not
guarantee empirical equivalence. To rectify thi® wmust require that the new
theoretical claim does not, when taken togetheh whe original theory, affect its
observational consequences. | can think of thriferdnt types of theoretical claims

that might conceivably satisfy this condition:

(1) Theoretical claims that have no observatiopalsequences whatsoever.

(2) Theoretical claims whose observational consecg® are already amongst
the consequences of the original theory.

(3) Theoretical claims that have observational egnsnces only when
conjoined to other statements, none of which atailed by the original

theory.

The first type of theoretical claim seems straigivfard enough. Are there any
examples of such claims? Take Newton’s notion cfollie space. According to
Newton, “[a]bsolute space, of its own nature withmference to anything external,
always remains homogeneous and immovable” ([17281210). Many of us
would doubt whether the sentence asserting théeexie of absolute space has any
observational consequenc®%. It is, however, always possible to construct
conditional sentences that endow observationalezprences to theoretical claims of
type one. In the example just mentioned, such aitonal sentence would take the

form ‘If there is absolute space, then P’, whermist be an observation sentence.

226 stephen Brush and Gerald Holton go as far asadisuch claims meaningless (see ([1952]2001:
163).
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This just means that no theoretical claims of thst fype exist, since we can always
find additional sentences that when conjoined waitly theoretical claim produce

observational consequences.

The second type of theoretical claim comprises éhtdsat have observational
consequences already entailed by the theory intigne§ his preserves the original
set of observational consequences, and thus theieahgquivalence is not violated.
It may be objected that if the extra theoreticaliral does not contribute any new
observational consequences then why append iteootiginal theory in the first
place. In particular, it may be argued that théasms can be rejected on account of
parsimony. Though this objection is intuitively sol it does not eliminate all
theoretical claims of this type, since such claio@ be desirable for reasons
independent of their observational consequeffédsor example, a theoretical claim
of this type may be explanatory in some way thatdhginal theory is not. Given
that realists value the explanatory power of thiecak claims, they would find it
difficult to dismiss this possibility. Finally, is worth recalling that the notion of

parsimony is notoriously difficult to define andfeled.

The third type of theoretical claim finds suppadrh Duhem’s thesis, according to
which theories or statements cannot be tested dlatisn, for they never have
observational consequences of their own. LaudanLaptin would have to accept
this type of claim, since their thesis NAP is preed on an almost identical point,
I.e. that theories often require auxiliaries inartb entail observable consequences
(see (1991: 452Y¥2 The point here is that the additionagfrtain theoretical claims
T to a theoryT yields a theoryf& T;' that is empirically equivalent 6, since forT;’

to have any observational consequences, they havbet supplemented with
additional theoretical claimg’. An example of this type of theoretical claim, taken
from Duhem, is that light consists of projectilesttare emitted at great speed from
luminous sources like the sun. Taken on its ows, ¢entral claim of the emission
theory of light does not entail anything observablee projectiles are so small and

travel so fast that we cannot directly observe thdm derive observational

27| am not claiming here that the reasons are epistagically significant. They could very well be
merely pragmatic.

228 Unlike Duhem, we can concede tlatne but not all, theories/theoretical claims candsted in
isolation. Laudan and Leplin also make this point.
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consequences we need to assume additional thedref@ims, i.e. that these
projectiles penetrate all transparent bodies, thay experience attractions and
repulsions, etc. The collection of these proposgi@allowed the derivation of the
observational claim that light travels faster intevathan in air. Contrary to this
claim, Jean Foucault showed in 1851 that the spédidht in air is greater than in

water.

Laudan and Leplin never really elaborate what dtarsstics a rival theory should
have to be considered genuine. They mention theoobynamely that they do not
consider logically equivalent theories as rivalsieif only other remarks on this
issue are obscure: “As we do not question the ecapiequivalence of logically
equivalent theories, we ignore this suggestion asglime henceforth that theories
whose empirical equivalence is at issue are lolgicahd conceptually distinct”
(1991: 455). | presume that by ‘logically and cgotclly distinct’ they mean ‘not
logically equivalent’. So far, the focal point of ymdiscussion of producing
empirically equivalent theories has been the auhlitif theoretical claims to existing
theories. This allows the production of logicallpequivalent rivals but not
necessarily the production of incompatible riv&fsWe thus come to the question:
Does every theory havegically inconsistentivals that are nonetheless empirically

equivalent?

One obvious way of producing such rivals involveplacing — instead of adding —
theoretical claims with claims incompatible witheth. Like before, eligible

theoretical claims can take one of the followingris:

(1) Theoretical claims that, (a) have observatimmssequences but only when
conjoined to other statements none of which aréuded in the original
theory, or (b) have observational consequenceadlreontained in the

main theory. These must be replaced with theoletieaams that are either

229 Adding a theoretical claiffi; to a theoryT does not always mean that the new theory T&ill be
logically inequivalent to the original theoly This is a simple logical point. The result of gBning
some sentend® to some sentend® i.e. P&Q, is not always logically inequivalentRolndeed, it is
equivalent if and only if P entails Q.
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of form (a) or (b), and that result in a theoryttisalogically incompatible to
the original?*°

(2) Theoretical claims with observational consegasnthat, if removed, will
alter the observational consequence set of a themist be replaced with
theoretical claims that will return the set toatgyinal state and will result in
a theory logically incompatible to the original.

There may not exist historical examples for eacthefabove ways through which
replacement can be performed, but, as we saw kardlee point about

underdetermination can be made independently dfi sxamples. The above two
methods’ logic of constructing empirically equivatietheories that are logically
incompatible is quite straightforward: Replace tietioal claims so that 1) the
resulting theory is incompatible with the origirtakeory, and 2) the observational

conseguence set remains untouched.

The realist might object that these are not genuvads. Yet, the notion ‘genuine
rival’ remains elusive. As we have seen earlieydan and Leplin’s scant remarks
were insufficient to pin it down. Until an elabamat and defence of this notion
appears, the realist cannot simply rely on the #ddly innocuous-sounding
proclamation that some theories have no empiricadlyivalent rivals. That is not to
say that the anti-realist is better off, for th@kdem of defining the concept of a
‘genuine rival’ concerns both parties in the debatesum, it is not clear where the
burden of proof lies.

3. Can we Justifiably Choose between Empirically Hejvalent Theories?

This takes us to the next prong of Laudan and bé&ptritique. They claim that even
if two theories are empirically equivalent, we cill choose between them. More
precisely, they hold that (1) a theory may be sujgobby evidence that does not
form part of its observational consequences, ahdh@ observational consequences

of a theory need not provide support for it. Inesthvords, they are claiming that

230| treat the two types of theoretical claims disaesabove jointly, because the empirical
equivalence between original and modified theor still hold even if the theoretical claim replate
is not of the same type.
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empirical equivalence does not entail co-confiromti i.e. two empirically
equivalent theories need not be equally confirmethb evidence.

In support of their second claim, Laudan and Leplmply point out that the fact
thatH entailse does not necessarily mean thatonfirmsH. This seems correct, but
presents no problems to empirical equivalence caSege need only restrict a
theory’s observational consequence S¢b a subse& containing as members all
and only those observational statements that Hav@awer to confirm. Notice that
this restriction is equivalent to simply taking leeéry whose set of observational
consequences & to begin with. But there is no reason to suppbsg this latter

theory has no empirically equivalent rivafs.Thus, all that Laudan and Leplin’s

point achieves is to trade one empirical equivaderiass for another.

In support of their first claim they make use c fbllowing argument. Suppose that
hypothesisH entails evidence and thate confirms H. Evidence that confirms a
hypothesisH will also confirm (a) any theory that entailsH and (b) any other
hypothesiHy entailed byT. The point is that whilél entailse, Hx need not. In other
words, a hypothesis may be supported by eviderateittloes not entail. Here’s a
reconstruction of the form of argument that Laudad Leplin sanction (see (464)):

For anyi, j, andk:

Hi~e (1) - premise
e confirms H (2) - premise
T,  H (3) - premise

Oe confirms T (4) - by CCC (see below)

31 Recall that, following Laudan and Leplin’s artickee assume in this subsection of the chapter that
empirical equivalence holds for any given theorye Thntested point here is whether there are ways
to choose between theories that we have alrea@ytaswed as empirically equivalent.
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T,  Hq (where ki) (5) - premise

Hy 4k e (6) - premise

Oe confirms H (7) - by SCC (see belotiy

Samir Okasha (1997) has correctly criticised tbrenf of argument by saying that it
relies on two principles that Hempel showed to heompatible, namely the
‘converse consequence condition’ (CCC) and thecigpheconsequence condition’
(SCC). According to CCC, if some evidence confianstatemen$ it also confirms
any statemen8 that entailsS. According to SCC, if some evidence confirms a
statementS it also confirms any stateme8t that S entails. Hempel demonstrated
that SCC and CCQan when used together, lead to absurdity. The faligw

argument is an example of how the principles candsel to derive confirmation for

anytheory:
Hi confirms H (a) - self-evidert®
(T; & Hi) + H; (b) - self-evident

Hi confirms & H; (c) - by CCC
(Ti&Hj) - T (d) - self-evident

O Hi confirms T (e) - by SCC

On the basis of CCC and SCC, this argument showas ahything can confirm

anything, an obviously absurd result.

To Okasha’s critique | want to add that, even ifptoyied on their own, the two
principles can lead to incorrect inferences. el known that employing CCC on
its own still allows us to derive that evidence ehiconfirms a hypothesis will
confirm any theory, no matter how ridiculous, that entails thgpothesis>*

232N.B.: Lines 1-4 count as additional premises toséaeond argument.

23 This assumes that a statement can confirm itself.

4 This is a point | briefly raised in section thrdebapter three when | was tackling objection PS6.
The result is also known as the ‘tacking paradox’.
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Similarly, employing SCC on its own allows us toride that evidence which
confirms a theory will confirmany hypothesis, no matter how ridiculous, that is

entailed by the theory.

It is important to note that this does not mean #lanferences made on the basis of
either or even both principles will be incorrectitBiow would we set about showing
which inferences are warranted and which are na@dan and Leplin offer no
qualification on their use of CCC and SCC, assuntimat the logical relations
between theories and hypotheses are enough. Asawe $een, this leads to the
above absurdities. Contra Laudan and Leplin, wéethmferences seem to involve

theories and hypotheses that are intimately, rsbtiqgically, related.

The sort of consideration referred to by the tiaddl scientific realist as indicating
the intimacy of various parts of theories umity. Together with simplicity,
explanatory power, and comprehensiveness, thefreqaently cited as the ultimate
defence of realist claims (see, for example, Nel&®96) and Psillos (1999}
Possession of these virtues is viewed as extranadigenal evidence that can
overcome claims of empirical equivalerfc®More precisely, that Tand T are
empirically equivalent does not entail that thedewice equally confirms;Tand T.
This is a trivial point once one accepts that thesgssion of the above virtues counts
as (non-observational) eviden@é.In the Bayesian framework, for example, these

theoretical virtues can be reflected in the choicpriors®*®

Van Fraassen objects that the so-called ‘theotetvtrdues’ are nothing but
pragmatic features of theories (see, for exampls, (h1980: 87-89)) with no

epistemic significance. In other words, he denieat tthese virtues have any

2% Some take these virtues to denote one and the thémgethat is merely expressed in different
ways.

2%t is worth noting that Laudan and Leplin try to el&f underdetermination without recourse to
extra-observational considerations.

237 Another realist approach to theoretical virtuemideny that they are evidential, but assert that
they still have a role to play in the truth or appmate truth of a theory. One can thus argue filoen
platform that they are ‘extra-evidential’ consid@as pertinent to the truth content of the theory.

238 Of course, being a Bayesian does not necessagi@ynrthat one takes theoretical virtues as formal
criteria for restricting one’s priors. Thus, in sifering the role of the notion of simplicity in
Bayesianism, Howson and Urbach (1996) state that&tdition ofiny criterion [including

simplicity] for determining prior distributions ismwarranted in a theory which purports to be arheo
of consistent degrees of belief, and nothing m{4&8) [original emphasis].
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evidential status, i.e. that they can confirm ascdnfirm a theory. They can, of
course, be used as pragmatic criteria for acceptah@ theory, but their role is
restricted to just that. The lack of consensus@m to understand theoretical virtues
certainly makes things easier for Van Fraasseresv,visince it motivates the
suspicion that they might be conventional and/agpratic features of theory choice.
Even more damaging is the insufficiency of evidetita nature is amenable to a
unified, comprehensive, simple, and explanatordwerful account. This view finds
some proponents in the realist camp. Nancy Carhwritpr example, argues in

favour of the disunity of sciené&’

There is thus a standoff over the epistemic sigaiifce of theoretical virtues. In the
current context, this means that to the extentttiedretical virtues might be able to
substantiate Laudan and Leplin’s claim, i.e. théiheory is supported by evidence
that does not form part of its observational conseges, we must reserve our

judgment.

Evidential Equivalence
I will not enter into the dispute over the epistenmport of theoretical virtues.
Instead, | propose to look at some of the ramiificet in case either side wins.

Suppose the anti-realist wins. In that case, weldveay that a theory cannot be
confirmed or disconfirmed on the basis of theoedtidrtues. Does that mean that
only observational consequences are evidentidkyaat to a theory? The answer to
this question depends on whether the realist cad &nything other than the
aforementioned theoretical virtues that could sl be considered as evidentially
relevant to the confirmation of theories. It mushatheless be noted that the current
state-of-affairs does not provide much hope thaheot non-observational
considerations may eventually succeed where theatetirtues such as unity and

simplicity have failed.

Suppose the realist wins the argument, therebylesiang that theoretical virtues

are evidentially relevant. In that case, we woudg that a theory can be confirmed

2 That does not mean that she rejects any kind afagpo unification, let's say within specific
domains, but rather that she rejects overall claifriie unification of the science.
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or disconfirmed on a non-observational basis, &ffely going beyond the epistemic
commitments of constructive empiricism. This saids the issue of
underdetermination settled? The answer is ‘no’.nENdéwo empirically equivalent
theories are evidentially inequivalent, there mid/ lse theories that are evidentially
equivalent to each! What needs to be establishedhisther or not there are
evidentially equivalent rivals for any theory, ivhether the following sentence is

true:

(EVE) OT O [(T"+=T) & T  is evidentially equivalent to T].

Even if empirical equivalence claims can be defiblteappeal to theoretical virtues,
there remains the issue of evidential equivaleac&VE for short. If EVE is false,
there are at least some theories that the evidearceiniquely identify. If, however,
EVE is true, then underdetermination remains afbeit in a restricted form that no
longer supports constructive empiricism. The dédfere consists in the extent to

which underdetermination can be mollified.

The suggestion that arises here is that realisms doet need to defeat
underdetermination altogether to be able to detmmistructive empiricism. To
achieve the latter, it suffices to provide non-abagonal constraints to
underdetermination. To achieve the former, theofoilhg sentence must be shown to

be true:

(EVE2) =007 Or" [(T"+-T) & T" is evidentially equivalent to T].

That is, if we want to defeat underdeterminatiotirely, we need to show thab
theory has evidentially equivalent rivals, i.e. thiéories are uniquely identified by

some set of (observational and non-observationaleace.

EVE2 seems too strong a claim, since it requiréghalories to lack evidentially
equivalent rivals. Realists, it might be argued) aahieve their aim of vanquishing

underdetermination with the weaker claim that taelle theories lack evidentially
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equivalent rivals. That is, they can achieve them if they can show the following

sentence to be true:

(EVE3) =0T 00" [(T"+=T) & T  is evidentially equivalent to T], whefeis any true

theory?4°

Suppose EVES is true. What follows? Once scienitifijpiry arrives at a true theory,
this theory will have no evidentially equivalentais. Since EVE3 refers only to true
theories, theories that do not possess this trayt well have evidentially equivalent
rivals. To the extent that all of our current thesrare at best approximately true, i.e.
not true simpliciter, establishing EVE3 is of nonmdiate help to the issue of
underdetermination. In other words, a realist nalsb require that approximately

true theories lack evidentially equivalent rivals:

(EVE4) - O07 O07 [(T'+=T) & T is evidentially equivalent to T], wherk is any

approximately true theory.

The reference to the concept of approximate trutinglicates the evaluation of
EVE4’s truth conditions. Without a clear understagdof this slippery concept,

EVE4 would be hard to establish. This adds comptioa to those already present
due to the concept of evidential equivalence. Fewen though we have been
supposing that theoretical virtues have evidestatus, there is still the issue of how
to unpack the concept of evidential equivalence.

| hope to have offered a glimpse into some of thesequences for theory choice
should theoretical virtues be more than just pragn@nsiderations. One lesson to
take away from this sub-section is that theory chanay well remain indeterminate
even after a potential defeat of the constructivepigcist brand of

underdetermination.

240 |n a sense, EVE3 says something triviall I§ true, then surely ' must be false since it
contradictsT. Why then do waeedto show that EVE3 is true? Presumably becausedssiblefor
two or more theories to be evidentially equivaland true with respect to all possible observations,
yet still have inconsistent components.
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4. Structural Realism and Underdetermination

The Inverse Relation of Epistemic Commitments tethretermination

To get a firmer grip on the general notion of um@éermination we need to

circumscribe it. At one end, we have the most @dierm of underdetermination.

This arises if no constraints can be given to tbetent of theories — not even
empirical constraints. In short, any theory is asdyas any other. At the other end,
we have a complete lack of underdetermination. phésumably arises if sufficient

constraints can be given to uniquely determine eorh In the middle lies a

spectrum of different degrees of underdeterminat@ch arising on account of the
strength of the different constraints that can beery Whether or not a set of
constraints mitigates underdetermination in an piat#e way depends on whether

or not these constraints are warranted.

There is thus an inverse relation between conssrand underdetermination. The
stronger the constraints the weaker the impact rafetdetermination on theory
choice. What kinds of constraints are we talkingua® In the above subsection we
talked about observational and non-observationattraints. Here we will look at

constraints from a slightly different angle, namdipm the perspective of the

epistemic commitments of positions in the scientrealism debate. We will thus

take a position’s epistemic commitments to acthesdonstraints itlaimsto place

on underdetermination.

Reformulating the inverse relation in terms of &gisc commitments, we get: The
stronger the epistemic commitments of a positiothescientific realism debate, the
more rival theories (to any currently successfabtly) carpotentiallybe eliminated,
and, consequently, the more constrained underdetagtion becomes. | say
‘potentially’ because, all things considered, wieettival theories can be eliminated
depends on the available evidence. If the epistennemitments of a position in the
scientific realism debate are correct, then onelaveMpect that the most successful
theories would tell us something about the world aocordance with those
commitments. For example, if structural realismss#lyat we can only know the
structure of the physical world, then our most sgséul theories will at best be able

to tell us something about the structure of thesptal world. Thus, if structural
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realism is correct, there are structural constsathat theories must satisfy. Any
given theory of optics, for instance, will havedescribe the structure of light in a

way that more or less approximates the descrigiioen by Fresnel's equations.

The four positions considered in this dissertatioa, (non-structural) scientific
realism, Ramsey-style structural realism, RusselliBSR, and constructive
empiricism, can thus be ordered according to teeistemic commitments, and,

consequently, according to their potential to atiate rival theories.

Commitments—> Concrete Ramsey | Abstract | Concrete
Viewpoints Observational| SentencesStructures | Physical
N% Structures Structures
Constructive Empiricism °
Ramsey-style ESR ° ° o
Russellian ESR ° ° o
Scientific Realism ° ° o* °

e indicates full specification.

o indicates specification up to isomorphism.

* this holds with certain qualifications; see dission below.

The table provides a rough classification, foryitably, some degree of idealisation
is involved. Recall that scientific realists thittkat we cannot really divide things
into observables and unobservables. They allowagiknobservables’ but only as a
fagon de parler, for they think that ‘unobservabéee merely indirectly observable,
i.e. observable with the help of instruments. Thgcts of observation, for scientific
realists, are the objects inhabiting the physicalrldy i.e. electrons, bicycles,
molecules, etc. By contrast, empiricists beliewa the objects of observation are the
phenomena, i.e. some sort of intermediaries betwpbysical objects and
perceptions. Van Fraassen, in particular, thinks the line between observable and
unobservable, though hazy, can still be drawn. Goatjvely, the structural realists
believe, like the scientific realists, that whetsemething is observed with unaided
vision does not affect its status as an observahiéke scientific realists and more
like constructive empiricists, they draw a line Vbe¢n observables and
unobservables. Contrary to both scientific realéstsl constructive empiricists, the
term ‘unobservable’ for structural realists encosgas all physical objects, whereas
the term ‘observable’ has as its objects the péue¢gontents of our heads. This is

not to deny, of course, that these contents haveatarigins in the external world.
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Despite these discrepancies, there is still enczaynmon ground to uphold the
above classification. Take sub-atomic particlesebommple. These are unobservable
according to the constructive empiricist and theucgtiral realist, but indirectly
observable according to the scientific realist. yih&re unobservable to the
constructive empiricist and the structural realfst different reasons. The
constructive empiricist will say that they are siyjnpeyond the scope of unaided
vision. The structural realist will say that submato particles populate the external
world and as such are unobservable. These diffesenotwithstanding, all parties
agree that photographs of tracks in cloud chaméerobservable. They also agree
that the content of these photographs can be esgueda observation sentences.
This includes any relations or empirical generélse that might be inferable from
the photographs. In other words, all parties umdertan epistemic commitment to

concrete observational structures.

Without further ado, let us consider how differgypes of constraints are supposed
to curtail underdetermination. The first line offelece against underdetermination is
logical consistency and observational constraintise-latter in the form of concrete
observational structures. Innumerable theories lbanweeded out as non-rivals
solely on the basis of these two criteria. One regdyl consider that out of the set of
all possible theoriesempirically adequate and internally consisteroties form
proper subsets® All abandoned theories together with any empiljcahuivalent
rivals they might have fall under this category @iynon account of their empirical
failures®* Moreover, we can quite easily contrive examplegnefigible rivals by
making them entail observationally false conseqgasncor by making them

internally inconsistent.

So even at the level of observational evidencegthee constraints that mitigate the
absolute relativisation of theory choice. Naturallipgical consistency and
observational constraints are not meant to distsigbetween realist positions and
constructive empiricism, as these are constraasall parties in the debate take on
board. Indeed, what we have just restricted is afreme version of

241 Here the notion of empirical adequacy is emplayedhean ‘adequate with regard to available
observations’, i.e. not in Van Fraassen’s sensadaquate with regard to all observations'.

242 Current theories also have their own share afifesi and thus must also be weeded out. Of course,
this is not an argument to abandon current thearig®ut first finding a better alternative.
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underdetermination that would probably be uncorgjeneven to social
constructivists like Bruno Latour. What about theoren familiar forms of
underdetermination, like UTE-CE, that take obseovet evidence constraints for

granted? Is there a way to mitigate these too?

ESR goes one step beyond constructive empiricisits igpistemic commitments. If
ESR is correct, there will be structural constititat theories need to satisfy. In
other words, it has the potential to eliminate eware rival theories, i.e. it has the
potential to mitigate UTE-CE. In addition to thenststency and observational
constraints, ESR endorses the existence of, astleepc accessibility to, structural
constraintslt thereby purports to classify more theories as-neals on account of
their failure to satisfy the structural constraintddvocates of Ramsey-style
structural realism take these structural constsaiotbe manifested in the Ramsey-
sentence of a successful thedf/Advocates of Russellian structural realism take
these to be the abstract structures that can kereaf from concrete observational
structures. In both cases, the concrete physioattares are specifiable only up to

iIsomorphism.

Arguably, scientific realism takes epistemic commahts even further. In addition
to the consistency, observational, and structusabktraints, its advocates claim that
there are constraints that allow the full spectfaraof concrete physical structures.
According to scientific realists, one or more ttheories could one day reveal the
physical world as it is to us, with all true obssion sentences included. By
contrast, the ideal case for structural realismldidae¢ an isomorphic description of
the physical world, plus all true observation seoés. The ideal case for

constructive empiricism is just the set of all talEservation sentences.

A closer look at the relation between the episternimmitments of scientific realism
on the one hand and each of ESR’s two versions@wther can be instructive. The
epistemic commitments of scientific realism arequieocally stronger than those of
the Ramsey-style ESR. Recall that the Ramsey-semteha theoryT, i.e. R(T), is

243 0f course, if Ramsey-style ESR collapses to somma & empiricism, as some have argued, its
structural constraints would not amount to anythiegond the observational level.
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logically weaker tharl. Thus advocates of the truth/approximate truthl cdire
necessarily advocates of the truth/approximaté wéR(T) but not vice-versa.

Things are not as clear when it comes to the Rlimsefersion of ESR. Since there
iIs nothing about scientific realism that requiretherence to the view that the
structure of our perceptions reflects the structirthe external world, commitment
to abstract structures seems out of place. Priro@,féhen, the set of Russellian
ESR-ist epistemic claims is not a proper subs¢hefset of scientific realist claims.
If this is true, the two sets intersect only at tbacrete observational structures. Can
we still make sense of the view that the episteroimmitments of Russellian ESR

are weaker than those of scientific realism?

In so far as scientific realists allow the full spgation of concrete physical

structures they commit themselves to abstract tstres. After all, from the concrete

physical structures one can deductively infer tbeesponding abstract structures,
i.e. the isomorphism classes whose members inthedeoncrete physical structures
in question. Of course, if they can fully specifpncrete physical structures,
scientific realists would probably have no needntier the corresponding abstract
structures. The point, however, is not whetherrgiie realists have a need to infer
abstract structures, but rather whether commitni@rdoncrete physical structures
entails commitment to the corresponding abstraatstres. | think this is clearly the

case, since one can deductively infer the latmnfthe former and, as we all know,

deduction is non-content increasing.

Still, there is a difference in the abstract stoes of Russellian ESR and of
scientific realism that cannot be ignored. Theat#hce lies in the way each arrives
at the abstract structures. According to RusseliEEBR, we infer the abstract
structures from the concrete observational strestuhgainst this, the above method
of inferring abstract structures in accordance sitkentific realism takes concrete
physical structures as premises. In view of thi$edBnce, the particular abstract
structures each position infers need not be thees&wen so, we can say that both
positions make a general commitment to abstracictstres. In this sense, the
epistemic commitments of Russelian ESR are weakan tthose of scientific

realism.
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To avoid confusion, a proviso needs to be madehiat goint. My discussion of
constructive empiricism, structural realism, andestfic realism was somewhat
caricaturist. Nothing prevents particular versioos these viewpoints, whose
epistemic commitments and potential effects on toetermination vary
significantly. Without radically changing the coniments of these viewpoints,
however, any such manifestations will fall withier@in limits. For example, on the
strongest reading of scientific realism, perhaps tvat incorporates belief in a final
theory of everything, the constraints defeat unelennination in its entirety. On a
weak reading of epistemic structural realism, eve® abstract structure of the

unobservable world is underdetermined to some &xten

The upshot of this whole discussion is that diffiees between the epistemic
commitments of the four positions reflect differeacin how far each position
promises to restrict underdetermination. It is oeable to assume that as rational
agents we want to maximise our rewards. For sohe,would mean opting for a
strong version of scientific realism, since it offéhe highest rewards. Yet, there is a
trade-off. High rewards are often tied to high siskhis also holds true here. We can
think of the epistemic commitments as risks depamndin the extent to which these
are warranted by the available evidence and argtsmenthe scientific realism
debate. The question to ask then is: How far shouéd take our epistemic

commitments given the present state of evidenceaeguments?

Epistemic WarrantStructural Realism vs. Rivals

In this subsection, | will argue that there is adaase for taking our epistemic
commitments as far as ESR but not further. To effisct, | will utilize two groups
of considerations that | label ‘historical’ and het’ for the sake of expedience. |
take these to be telling with respect to the presette of evidence and arguments in
the scientific realism debate. The consideratiaesdrawn from results reached in
previous chapters. A number of arguments that upote received scant attention
will be developed further. This subsection hencebtes up as: i) a summary of the
main reasons for accepting ESR, and ii) agnalirect answer to the question of

underdetermination.
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- Historical Considerations

In so far as the history of science is concernei@nsific realism seems handicapped
when compared to structural realism. Worrall's vaviof ESR rests precisely on the
idea that it offers the only realist account of thistory of science that can
accommodate the pessimistic meta-induction argumanthe previous chapter |
evaluated realist attempts to overcome the metactiwh argument and argued that
these have so far been unsuccessful. By compalisifered several reasons why,
at least in this department, structural realismedabetter than scientific realism.
Some of the reasons appeared in chapter threegasents against Psillos’ claims
that certain non-structural components of Fresn#ieory were preserved. As |
argued there, the components in question are trsfacctural, and, hence, encourage
the correlation between preservation of structune @redictive success. More
crucially, my own case study in chapter five reedafurther preservation at the
structural level. In particular, 1 showed that strres postulated during the caloric

theory’s reign made their way to modern thermodyioam

Since components are rarely preserved whole, | lags@ taken into consideration
the correspondence principle. Many, if not mosslises agree that the principle
offers the best hope to resist anti-cumulativigiuanents and to make sense of
intertheoretic relations. This lends credence tacstiral realism for the principle

operates solely at the level of mathematical stinest Although a comprehensive
account of the correspondence principle has prahasive, | offered one concrete
version of the principle, what | called ‘NC’, arggi that it is corroborated by some
well-known cases in the history of modern physiargued that NC is not trivially

satisfiable and therefore cannot be easily disrdisse

Admittedly, more research needs to be carried@establish whether the history of
science corresponds to MSSS’, i.e. that “Not allcstires may survive, buhost
predictively successfukelements that do survive, either intact or sujtabbdified
(for, example, according to NC), are structuraMVek so, from the standpoint of the
current state of research, the historical evidessesms to support ESR more strongly

than it does scientific realism.
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A historical argument distinct from the above cdesations, yet potent in its
support of ESR, draws its force from the directminscientific theorising. It is
widely acknowledged that the trend in the histofysoience has been one of
increasing mathematization. Explanations in prei#€al times were almost
invariably devoid of mathematics. Though they wera certain extent abstract, they
would more readily rely on metaphors to explainrtBebject matter. Since Galileo
and especially since Newton, there has been a foramstion of scientific
explanations, moving away from the narrative-based ontologically profuse into
the more abstract mathematical explanations. Andiéawwick, in his study of the
history of the pedagogy of physics, notes thatctienging nature of the subject from
the late 17 century onwards led to a change in the way in Witisvas taught and

examined:

. the oral lectures, catechetical tutorial sessiogmsided readings and Latin
disputations, through which most university studewere taught and examined,
were ill suited to imparting the skills of advanomiked-mathematics. Unlike the
more elementary parts of Euclid’s geometry, in whithe propositions and
demonstrations were expressed in verbal form, e analysis relied on the
mastery and application of several new and highbcmlised symbolic languages
(2002: 29).

Nowadays, quantum mechanics is the prime exampéetiogory not at all amenable
to the narrative-driven styles of explanation. Asstof us would agree, quantum
mechanics primarily provides predictions rathemtfiatuitive explanation&** Our
understanding of it is almost entirely based onahstract mathematical structures
employed. It is interesting to note that one of tingt things students of quantum
mechanics are taught is to put aside their intogtiabout how the world works, and
concentrate on understanding the mathematics beéhéntheory. How else can they
come to terms with such unintuitive features aseaparticle duality, non-locality,
and the uncertainty relations? Indeed, unintuifeagures like these can be found in
other highly mathematised theories, and parts tfietecould thus ask the same

guestion about action at a distance, and a surigeglectromagnetic field.

24 \Wesley Salmon makes a similar, but more restrigietht when he remarks: “Because these fine-
grained causal explanations are not possible, mphilgsophers, myself included, have concluded
that quantum mechanics does not provide explarsatibthese correlations [i..e. correlations that
exhibit non-locality]” (1998: 76).
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Turning away from the issue of increased mathem@biz, how does an anti-realist
position like constructive empiricism account fdretpreservation found in the
history of science? Van Fraassen, if you recathfadhapter two, agrees with Worrall
that there is a preservation of structure througdoty change. Unlike Worrall,
however, he argues that it is not the structurth®funobservable that gets preserved
but the structure of the observable. | dubbed tBRP4' or ‘the empiricist

structuralist challenge’. Can the challenge be met?

| believe that the Russellian version of ESR caetrti@is challenge. Assuming, like
van Fraassen does, that we can only represenhdr®menal world is assuming that
the world of phenomena has come unstuck from thesipal world. How do the

phenomena arise, if not for the underlying physicalises? Is it reasonable to

assume that phenomena encode no information abailt the physical world?

Perhaps, it might be countered, the relation batvtiee physical and the phenomenal
worlds is not one of isomorphism. After all, onencaccept that there is some
relation between the two worlds without knowing whaat relation amounts to. In
other words, constructive empiricism is compatibiéth the view that the
phenomenal and physical worlds are intimately eelabut, owing to the lack of any
evidence to the contrary, remains sceptical thatwo worlds stand in a relation of

isomorphism.

I can think of two reasons why this comeback is nompelling. First, the

constructive empiricist is using double standaids. requires that the empirical
substructures of theories are isomorphic to thectitres in the phenomenal world
but dismisses any such the relation between thagrhenal world and the physical
world. Granted, the physical world seems more renfi@m our cognition than the
world of phenomena. Does this licence scepticismttie one case but not for the
other? The constructive empiricist needs a pergeasigument to show that this is

SO.

Second, there is an indirect way of testing theespondence between the physical
and the phenomenal world, namely through the cpamgence between oactions

in the physical worldand our observations of their effects. Why shobkte be any
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such correspondence if there is no correspondeateebn the physical and the
phenomenal worlds? The following example is ingtuec When | see the cue ball
lined up with the billiard ball | want to hit ante hole | want the ball to end up in,
why is it that | know shooting straight will do theck? It is because the two balls
and the hole stand in a certain relation to ealhrpaind if | do not guide my arms in
conformity to this relation, | will not be able shoot straight and experience that |
shot straight. Likewise, if | do not want to poethall, one way to achieve this is by
not shooting straight. In doing so, | can see ffectof my not shooting straight, i.e.

| can see the ball bouncing off the sides of thieakd table.

Even though we only have direct access to our éxpeg, all of us, realists and anti-
realists alike, assume that our bodies reside enpthysical world. Our actions are
causes in the physical world and they have effihetswe can perceive. This simple
idea provides a constant reminder of the correspacel between the physical and

the phenomenal worlds.

- Other Considerations
Three of ESR’s most forceful arguments are theragquis from the:

(1) structural source of predictive power
(2) limits of mathematical description

(3) linguistic intransmissibility of anything butracture

| have more or less introduced all three argumienpseceding chapters. Here, | will
restate the arguments and, where needed, preseoteathorough treatment than

that given eatrlier.

The first argument, i.¢éhe argument from the structural source of predictiavpr,
has only been hinted at in previous chapters. e g this, it does not need much
setting up. The argument rests to a great exteth@simple observation that out of
all the features of theories, only the mathemastaictures possess sharp predictive
power. This is significant because the testing loéoties primarily concerns
measuring how accurately its predictions matchotbegervable phenomena. In so far

as the epistemic warrant of theories is largelyidgzt under such testing,
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mathematical structures win this contest hands ddevrthey alone have the ability
to produce accurate predictions.

The critic may object, in the spirit of Duhem’s ¢ig that although mathematical
structures are necessary in the process of chumingpredictions, they are not
sufficient. Other non-structural components areived, it may be argued, and they
surely deserve some of the credit for the predectuccess and hence a share of the
epistemic warrant. Two things can be said in ogpmrsito this objection. First, we
must be wary of so-called ‘non-structural compogeris we have seen in section
three of chapter three, Psillos’ examples of nonestiral components turned out to
be structural. The onus is on the scientific reédbsfind legitimate examples. As |
argued in that section and elsewhere, the legiynmdcsuch examples depends on
whether they possess independent confirmation. éxamn if we find non-structural
components being preserved through the historgiehse, as was the case with the
hypothesis of the materiality of heat, we must asdiether these make a direct

contribution to the predictive aspects of theories.

The requirement that a component be independeptifirmed might prima facie

sound at odds with Duhem’s thesis, which, after iallholistic in its approach to
confirmation. It should not, for by ‘independentiéiomation’ | include those cases
where background conditions and auxiliaries VAry-he necessary ingredient in my
construal of independent confirmation is that tlenponent contributes to the
calculations of values, which can then be checkganst testing. Thus, my construal

of the notion of independent confirmation doesexatlude holistic confirmation.

This brings us to the second point, namely thatdbub lesson can be completely
accommodated within the structural realist framdw@®y and large, terms in any
given equation appear also in other equations.t@&ime for specific heat at constant
pressurec, that appears in three — L1, L3, and L4 — out & five equations

discussed in the previous chapter serves as a@adple. When some terms in an
equation require for the determination of theirueathe calculation of other terms,

we either turn to equations where the latter tempysear and are given values, or to

245 My rough definition of independent confirmatiomdae found in footnote 195. The variance |
have in mind does not involve inconsistent auxgiswr
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some experiment that evaluates such terms. Thé digunct, which is what
concerns us here, illustrates how equations caasaauxiliaries to other equations.
Another way to illustrate how the structural reafremework underwrites holistic
confirmation is by noting the following two intufé observations: 1) Equations, all
of whose terms are determined and which agree e@wadlue of any of their shared
terms, get a holistic boost in confirmation. 2) \Whdisagreement crops up, we infer
a la Duhem that at least one of the equations fawdt. Thus equations, or, more
precisely, mathematical structures, have no prolpéaying the role of auxiliaries.
The structural realist can thus give a holistidyrie of confirmation solely in terms

of structures.

Theargument from the limits of mathematical descriptizvhich | presented at the
end of the last subsection of chapter three, reliethe close link between structural
realism and mathematics. As | have just pointed seientists increasingly rely on
mathematics to describe the objects of scientifguiry. Indeed, science employs
mathematical objects as surrogates for its ownotdjedccording to the orthodox
view of mathematics, whatever can be describeberanguage of mathematics will
be described only up to isomorphism. By transiivib the extent that scientific
objects are describable only in mathematical tethesy will only be describable up

to isomorphism.

Van Fraassen makes use of this argument to sumomstructive empiricism,
claiming that phenomenal objects can only be desdrup to isomorphism. | see no
good reason why the same argument cannot be dtitigehe structural realist. The
main difference between the two is that while tlmmstructive empiricist takes
phenomena to be the only legitimate objects ofntifie enquiry, the structural
realist extends this list to include physical obgedAs | have argued above, the
phenomenal world does not float about freely buarishored in the physical world
via causal chains. This should be seen as an arguioe the legitimacy of the
structural realist extension of the scientific eingjg list of objects to physical

objects.

| briefly presentedhe argument from the linguistic intransmissibilifyanything but

structurein section three of chapter two, when | pointed itgiorigins in Poincaré,
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Russell, Quine, and Carnap. The argument is a mgereeralised form of the
argument from the limits of mathematical descriptior it extends the structural
limits of description to all languages, i.e. nastj;nathematical ones. The gist of the
argument is as follows: Assuming that we only hdirect access to our perceptual
experience and that this is private, how do we camoate knowledge to others?
Though language cannot transmit perceptual expsgjencan transmit relations that
hold between perceptio& Given that the relata cannot be transmitted, éhations
transmitted can only be specified up to isomorphishus, only (abstract) structure

can be transmitted through language.

A concrete example will help make this point cléamppose two people, let us call
them ‘A’ and ‘B’, are locked in separate rooms @&nid presented with an object that
she has to truthfully describe ® via a phone line. The catch is thatcannot
mention the object by name or any synonyms it meyehWhat happens during the
telephone conversation is pretty obvioAdries to convey the object ® by giving
certain characterisations of the object's appeararand function. These
characterisations are necessarily structural Afcannot transmit perceptions of the
object itself. That isA can only transmit information about the relatidhe object
and any of its partappearto stand in. This typically involves informatiom ats
geometrical features, the shade of its colour imgarison to some other shade of
colour A presume® to be acquainted with, its function with regardstume other

object, etc.

Now consider what happens wharshowsB the object. In casB did not know the
object prior to the whole episode, she would gaeéw nknowledge of it, i.e.
knowledge in addition to the structural knowledgeared during the telephone
conversation. The new knowledge would come in threnfof perceptions. In case
she did know the object already, she would sim@lygain any new knowledge, at
least not in the sense of perceiving the objectHervery first time. What other kind
of knowledge doe8 have of the object in this latter scenario? Ithe kind of
knowledge she could transmit tA if the tables were turned, i.e. structural

knowledge. Either way, the knowledge thaandB seem to have at their disposal is

248 Eor example, even though | cannot transmit myeget@l experience of two shades of green, | can
transmit the relation that one is darker than thero
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of two Kkinds: perceptions and relations betweensdhelf we accept the
correspondence story given above, this knowledipsvalone to infer the abstract
structure of the (physical) object in questidrandB thus end up having a third kind

of knowledge, one that concerns the physical world.

The following lengthy passage from Quine, whichpinrsd my own example,

explicates the structural character of the linguigsansmission of information:

Send a man into another room and have him come d&atkeport on its contents.
He comes back and agitates the air for a while,iamdnsequence of this agitation
we learn about objects in the other room whichvary unlike any agitation of the
air. Selected traits of objects in that room ardecbin traits of this agitation in the
air. The manner of the coding, called languagepisplicated and far-fetched, but
it works; and clearly it is purely structural, aakt in the privative sense of
depending on no qualitative resemblances betweerolfects and the agitation.
Also the man’s internal state, neural or whateuenvhich his knowledge of the
objects in that room consists, presumably bearg bom structural relations to those
objects; structural in the privative sense of tHeging no qualitative resemblances
between the objects and the man’s internal stategfly some sort of coding, and,
of course, causation. And the same applies to warlomowledge of the objects, as
gained from the man’s testimony (1968: 161).

In all stages of this process, the informationtisctural through and through. The
private acquisition of knowledge of the objects gguctural. The linguistic
transmission of this knowledge is structural. Tloguasition of knowledge by the
testimony of others is structural. Even the soudeg produced in speech encode

only structural information about the world.

Taking Stock

To the extent that historical and other consideratisupport ESR more strongly
than any of its rivals, we can say that its epigtesommitments are more warranted.
Given the inverse relation between epistemic comeritts and underdetermination,
it can be argued that we have at least some waltwabtlieve that the impact of
underdetermination on theory choican be restricted in accordance with the
epistemic commitments of ESR. Of course, just beeauve have reason to believe
that epistemic structural realism is correct, tdses not mean thany given
scientific theory will not be underdetermined witspect to structure. Whether a
particular theory satisfies certain constraintsamething that must be judged on an
individual basis. Thus, it is only those theories twhich we have evidence to
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believe that they have latched on to the structfréhe world that will not be

underdetermined with respect to structure.

It is not argued here that this indirect strategy restrict the impact of
underdeterminatiorsolves the problem. Rather, it is argued that there imeso
warrant for the view that we can appeal to stradtoonstraints on matters of theory
choice. Naturally, if the constructive empiricistrgion of the underdetermination
thesis is indeed correct, then no realist epistaroromitments will be correct, and,
correspondingly, the only constraints that theorels be able to satisfy will be
observational. Having said that, it is not cleattthe constructive empiricist version
of the underdetermination thesis holds, for asihfeal out at the end of section two,
the notion of a ‘genuine rival’ remains elusive footh parties in the debate.
Although for each body of observational evidenceréhare infinitely many
empirically equivalent theories that diverge onirtlieeoretical claims, it is not clear
how many of these, if any, are genuine rivals tsteng well-confirmed theories.
Similarly with the idea of evidential equivalendeis not clear whether any genuine

competitor theories can be evidentially equivalent.

5. Conclusion

In this chapter, | have addressed some central ébeim the debate concerning
arguments from the underdetermination of theoriegWdence. The starting point
was Laudan and Leplin’s influential article thatiticrses underdetermination

arguments on two fronts.

First, they question the view that all theories en@enuine empirically equivalent
rivals. Yet, their main claim, i.e. no algorithmsist that can produce empirically
equivalent rivals for any given theory, remains ubstantiated. To this effect, |
offered some concrete algorithms that seem to @ojab. Even if no genuine
algorithms can be constructed, | argued, it dogdaitmw that some theories have
no empirically equivalent rivals. The analogy fraetursion theory suggests that

such rivals may exist despite our inability to prod them algorithmically.

Second, they argue that, even when theories halersals, there are still ways to

justifiably choose between them. In support of #ngument, they offer two reasons:
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(a) that the observational consequences of a theeed not be evidential, and (b)
that evidential considerations go beyond the olagemal consequences of a theory.
| argued that even though (a) is correct, it fadsdefeat claims of empirical
equivalence, since all that it achieves is to trade empirical equivalence class for
another. Similarly, Leplin and Laudan’s appeal tee tconverse consequence
condition and the special consequence conditissupport of (b) fails to show that

evidential considerations go beyond the observatioonsequences of a theory.

A more promising avenue, not entertained by Lephd Laudan, towards the claim
that the observational consequences of a theony éoproper subset of the evidence
for or against it is the appeal to theoreticaluag such as unity, simplicity, and
explanatory power. Suppose that it can be showanttiese virtues have evidential
status. Even then, if two theories are empiricaliyuivalent it does not mean that
they will be equally unified, simple, or explanafprpowerful. Unsurprisingly,
whether theoretical virtues have such evidentiatust is a disputed matter. In
particular, the anti-realist denies the epistemignificance of these virtues,

emphasising instead their pragmatic character.

Avoiding a full-scale discussion of the evidentrakrits of theoretical virtues, |
concentrated instead on the possible ramificataire ‘yes’ or ‘no’ answer. What |
discovered is that even if the underdeterminatibat tcomes with empirical
equivalence claims is defeated by appeal to thieatevirtues, another type of
equivalence claims remains. Evidential equivaleiscihe idea that there is at least
one evidentially equivalent rival theory for anywen theory. If EVE is true then the
realist must come to terms with the idea that thebioice will never be completely
resolved, not even in the ideal limit. Indeed, édecdt underdetermination altogether,
the realist must sustain a thesis that is logicsiignger than the negation of EVE.
To this effect, | offered several stronger alteies to the negation of EVE, i.e.
EVE2-4, pointing out some of the difficulties inveld in trying to come up with the

right formulation.

A suggestion that emerged from the discussion odeatial equivalence was that
there is an inverse relation between epistemic ciomemts and underdetermination.

The greater the epistemic commitments of a positidhe scientific realism debate,
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the more rival theories it can potentially elimmatnd, consequently, the more
underdetermination can be constrained. In thiseseose can order constructive
empiricism, structural realism, and scientific i@ on the basis of the increasing
constraints they impose on underdetermination.h&t énd of the day, of course,
what matters is the extent to which the epistersimmitments of a viewpoint are
justified.

Summarising the results offered in this dissertatioargued that there are good
grounds to choose ESR, and in particular the Riimsefariety, over its rivals. To be
more precise, | offered two kinds of consideratidthat seem to give structural

realism the edge: (i) historical, and (ii) other.

With respect to historical considerations, | re&sbthat structural realism provides a
better account of scientific theory change than ditered by the scientific realist.
This is evident in the structural continuity we méss in the history of science.
Contra van Fraassen’s claim that the continuitgtaficture takes place only at the
level of phenomena, | argued that it is unreas@nédblassume that the structure of
the phenomena encodes no information about thetsteuof the physical world. In
particular, | argued that the structural correspoeg between our actions in the
physical world and their observable effects indisaa correspondence between the

physical and the phenomenal worlds.

With respect to other considerations, | utiliseteéharguments that go the longest
way in support of structural realism: 1) The arguaimigom the structural source of
predictive power rested on the idea that only nmattecal structures possess the
sharp predictive power necessary to test the epistezarrant of theories, and thus
only they should take the credit. 2) The argumeomnfthe limits of mathematical
description relied on the fact that scientists eympmathematical objects as
surrogates for the objects of physics. Since tkterla&an only be described up to
isomorphism, the former presumably inherit thait.trd) The argument from the
linguistic intransmissibility of non-structure madese of the fact that linguistic

communication cannot transmit perceptions but sirycture.
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Provided that the historical and other considenatisupport ESR more strongly than
any of its rivals, as | believe to have made a dasehere, there are reasons to
believe that underdetermination can be reducedcaordance with its epistemic
commitments. At any rate, there seems to be noigoimg reason to think that the
constructive empiricist version of the underdetaation thesis holds, and, hence,

no convincing reason that ESR is false.



213

v
SOME PROMISING AVENUES FOR FUTURE
RESEARCH

1. Introduction

Over the last six chapters | have sought to evaltla plausibility of the structural
realist answer to the epistemological questiorogett the beginning: ‘What kind of
knowledge, if any, does science reveal of the mlaysvorld?’ | began my evaluation
with an analysis of the debate and an outline efrtiain challenges facing scientific
realism. | then proceeded, in chapter two, to d@ohit-analytical account of
structural realism in its various guises. Concdimgaon the epistemic variety, |
distinguished between two prominent versions, Rgmssde and Russellian ESR. |
completed that chapter by identifying the main mges to ESR. The next four
chapters were then spent addressing these chalengmely those unique to ESR
and those affecting realist positions more gengr&bme were answered to my, and
| hope the reader’s, satisfaction. Others were dafy partly answered, hopefully
laying the groundwork for further research on tioigic. Others still were explicitly

bracketed from the onset.

In this short chapter, | will outline some promgiavenues for future research on
ESR. The plan is to divide the workload into twonageable sections. First, | will

consider certain avenues of research arising froallenges that were taken up in
chapters three to six. Second, | will briefly calesiways to develop answers to the

challenges logged in the first chapter but not estsid.

2. Outstanding Issues

From Within

Psillos’ remonstration of ESR, as it is reflectedhis seven objections listed in
chapters two and three, has been shown to be yangéunded. Having said that, at
least one issue in chapter three demands furtibentain. Russell’'s principle that

relations between percepts have the same mathamatioperties as relations
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between their non-perceptual causes, needs todoedlon a firmer footing. You
may recall, from section four of chapter threet Rassell's own justification of the
principle was muddled and inadequate. | tried tctifye this by offering some

reasons why we should accept MR, both in the afergimned section as well as in

section four of chapter six.

Specifically, in chapter three | argued that it as general commitment of
epistemological realism that there be some sortafespondence between the
mental or the linguistic on the one hand and thgsiglal on the other. Since
correspondence is not very informative unless iserves (the mathematical
properties of) relations, MR has at least some gtfiacie plausibility. The trouble is
that this correspondence, even if relation-preservseems to be merely postulated
to exist between the two realms. If we only haveedi epistemic access to the
perceptual realm, how exactly can we verify thet srrelations it bears to the

physical realm?

I made an effort to redress this issue in sectaur bf chapter six. There | argued
that the isomorphic correspondence between theeptral and physical world can
be tested in an indirect way. Instrumental to ttask is the more familiar
correspondence between actions and their obseneffdets. Since actions are
nothing but causes in the physical world, the @poadence between actions (or
indeed inactions) and their observable effects isspecial instance of the
correspondence between causes in the physical wnddheir observable effedts.
Although the link between the two correspondensemtuitive, more needs to be
said about the isomorphic nature of the correspareldetween actions and their
observable effects. To this end, one would do weldraw upon the wealth of
empirical and theoretical results from the fields psychology of perception,
neuroscience, cognitive science, Al, etc. A projcing these lines would throw

more light on the trilateral relation between agsiomind, and world.

The discussion of the Newman objection in chapoer faised a couple of issues

that | want to pursue further here. One such isameerns the call made by Worrall

24T There seems to be no good reason to expect thattians are different from other causes in the
physical world, at least not in a way that is relevto the current context.
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and Zahar, as well as by Ladyman and French thtargtfferent reasons, for a new
relation-based semantics. According to standardaséas, the interpreted terms of
first-order sentences uniquely pick out individugisSR advocates cannot accept
this, for they hold that we cannot uniquely pick mdividuals. One way out for the
epistemic structural realist is to resort to nagigdhat work without contravening
standard semantics. Notions like abstract structémother way out, the one
advocated by Worrall and Zahar, is to replace stehdemantics with a semantics
that takes relations, instead of relata, as pmwaitiThe challenge then for those
sympathetic to this proposal is to come up withratependent justification why we
should opt for such a radical approach, as opptwssticking with the more familiar
notion of isomorphism. More importantly, the chalje is to deliver a relation-based
semantics that is as efficacious and successfslaaslard semantics. The advent of
such semantics would not only solve ESR’s concéplifféculties, that some take it

to have, but also potentially revolutionise philpisy.

One of the dissertation’s most promising suggestioconcerns the relationship
between Quine’s ideas and structural realism. Assew in chapter four, Quine
advocated a form of structuralism that he thoughbé¢ intimately related to the
theses of underdetermination and of indetermindcyeference. | drew parallels
between these ideas and structural realism. Onelicimpparallel takes
(in)determinacy of reference to be circumscribeca@aordance with the limits of
knowledge. From the structural realist perspectis amounts to the idea that
reference can be fixed only up to isomorphism. Wheaid that objects cannot be
uniquely identified but only up to isomorphismwas implied thateferentsare so
identified too. Given the widespread concern réalsve about issues of reference,
a systematic study of these issues from a strdctaeaist perspective should
certainly be high on a list of priorities for fueuresearch.

Chapter five addressed the general challenge dadism needs to give a plausible
explanation of the upheavals in the historical rdcof science. In particular, it
requires that at least some components of theood#ser than observational
conseqguences, survive scientific revolutions, dahermore, that only those that
survive are responsible for the success of a gikieory. Structural realism, as we

have seen, tries to answer this challenge in tefmtise continuity of structure. This
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chapter also confronts the more specific challeahgéthere is insufficient historical
evidence for structural continuity through theoryange. In reply to this latter
challenge, | concluded, following Worrall's sugdest that appeal must be made to

the correspondence principle.

Alas, no all-embracing account of the correspondepdnciple has yet been
formulated. Many people in the debate now beliawx@san account is unlikely to be
found. A plurality of correspondence relationshie brder of the day. To this end, |
offered ‘NC-correspondence’, as one such correspacel relation, according to
which a structure.” becomes isomorphic to, or approximates, a preeck when

a parameter ih" is neutralised. | also refined the challengetirsgathat the ESR-ist
must develop and defend a list of corresponderiaéiars that substantiate the view
that not all structures may survive, lmaostpredictivelysuccessfuelements that do
survive, either intact or suitably modified (forxaenple, according to NC), are
structural. A list of this kind would mean that radristorical cases can be subsumed
under a structural realist explanation, and wotlidrefore, count more decisively in

its favour.

In chapter six, | looked at one of the most inabt¢ problems in the scientific

realism debate, the underdetermination problemmttated in terms of a challenge
to the realist, RP1 demands that we are able tmsshdetween empirically

equivalent theories. In evaluating the most promiretempt to overcome RP1 in
recent years, that of Laudan and Leplin, | congidezquivalence types other than
empirical equivalence. | pointed out that even H1® demands could be met, that
would not necessarily vanquish underdeterminafionpther types of equivalences
still lurk in the background. Evidential equivalendor example, is the idea that
there is at least one evidentially equivalent rivedory for any given theory, where
how well a theory stands up to the evidence istakén to be merely a question of
entailing true observational sentences but also involvagyhly speaking, thevay

the theory entails these sentences — an issubrihgs in the ‘theoretical virtues’.

Even though it does not mean complete victory ajainderdetermination, having
the ability to overcome empirical equivalence wohtltantamount to constructive

empiricism’s defeat. The fact that theoreticalwad can act as a lever against the
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deadlock of empirical equivalence was briefly menéid in section three of the same
chapter. A lot of research is currently being erout to show why theoretical
virtues should be evidentially relevant in mattefsheory choicé*® The challenge
for the structural realist is to show why they ddooe evidentially relevananly to
structures. In other words, assuming that theaktictues carry evidential weight
in matters of theory choice, why should they favaiructural realism over

traditional scientific realism?

From Without

Some topics deep at the heart of the scientifitsreadebate have had very little or
no exposure in this dissertation. This is trueved of realism’s central obstacles,
briefly mentioned in the first chapter and explicibracketed thereafter. To remind

the reader these are:

(RP3) It must be shown, or at least it is prefezaiol show, why the success of
science needs explaining and, furthermore, whynsifie realism provides a better

explanation than any alternative position.

(RP4) The notions of approximate truth, truthlikemand verisimilitude need to be
given rigorous characterisations. If no adequatenéb treatments can be given, as
indeed conceded by some realists, more robustnrdioaccounts as well as the

reasons why such accounts would work need to laelglexplained.

A lot can be said about the relation of either ®RE Suitably adapted, the second
part of RP3 takes the form ‘Why does structuraliseaprovide a better explanation
than any alternative position?’ To the extent the#¢ success of science needs
explaining — an assumption that thereby answerditsiepart of RP3 positively —
structural realism has a pretty strong case. | reeggood reason why the same
arguments | utilised in the last subsection ofisacfour in chapter six to support
ESR cannot also be used here. For example, givah e take historical
preservation to be a rough indicator of a theolstgcess and that the kind of

248 Elliot Sober, for example, has been spearheadimgainfluential programme in the philosophy
of science that takes the Akaike theorem, namexl tfe statistician who invented it, to be givirgg u
a good estimate of a theory’s simplicity basedrenway it deals with the evidence.
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preservation we witness is essentially structwstljictural realism can be said to
offer a better historical explanation of the susaafsscience. Similarly, the argument
from the structural source of predictive power dam utilised to explain the

predictive success of science on the basis of igw that mathematical structures

have latched on to the structure of the world.

An issue related to RP3 is inference to the beskaaation. This notion has a lot of
currency in the practice of science, where infeesnare seldom straightforwardly
deductive or inductive. Some form of IBE thus se@mdsspensable. | am inclined to
think that IBE can be structuralised as some sbrinhi@rence to the best causal
structure. That is, the best explanation for a mgiset of data would have to give a
causal account of the underlying structure. Inrgssgl have been making tacit use
of IBE all through the dissertation. When | claimedsection three of chapter two
that ‘observational data falls into certain patseallowing us to discover/postulate
relations between observables’ what | had in mird womething along these lines.
The test for the structural realist is to conca¥a version of IBE that delegates the

explanatory power of theories to structures andlingtbut structures.

As a final point, | suspect that a characterisatibthe notions of approximate truth,
truthlikeness, and verisimilitude finds more fertground in structural realism than
in any other type of realism. For one thing, theipon’s focus on the mathematical
notion of abstract structure makes it easier toidea formal treatment to measures
of truth. Yet, even if the venture of formalisatitails to take off, the fact that the
seat of predictive power seems to reside in strastgannot but bolster the belief
that informal accounts of the notions of approxinatuth, truthlikeness, and
verisimilitude will also adopt the structural poiof view. | have already talked
loosely of structures approximating other strucdure my discussion of NC-
correspondence. | can only hope that a methodicqliiey into the link between
approximate truth, truthlikeness and verisimilitugie the one hand, and structural

realism on the other, will eventually bear fruit.
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3. Conclusion
In light of the above assessment, | want to idgrittir topics that appear to me the
most alluring as avenues for future research. B&these is accompanied by a few

sample questions that | hope will whet the readapisetite.

(1) Theory of Reference: Does structural realisotade any particular theory of
reference? If reference can only be fixed up ton@ghism, what does this

entail for the conditions of successful reference?

(2) The Correspondence Principle: If there is reealbracing correspondence
principle, what are the conditions of adequacy dach individual type of
correspondence? How can we justify the claim tlatespondence relations
are neither trivially satisfiable nor socially ctmsted? Are all types of

correspondence supportive of epistemic structaalsm?

(3) Inference to the Best Explanation: Can a stmattversion of IBE be offered?
Something in the ballpark of inference to the [sgictural explanation, for
instance. If so, would this structural version BEI perform without loss of

vital inferential powers to the practice of sciehce

(4) Approximate Truth: Can we get a handle on tiséadce between theory and
truth solely in virtue of structures? How are weuttderstand claims about

one structure approximating another?

| trust that research into these four topics wilbyide ample data to peruse, in
addition to the data provided in this dissertatitveyeby facilitating a more informed
judgment about the merits and shortcomings of epist structural realism. If | may
be forgiven for the potential irreverence to thegthof William of Occam, | will

finish with an apt adjustment of his dictum thainidine with structural realism:

Do not multiply entities beyond the limits of sttu@al isomorphism!
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