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Stathis Psillos ((1995), (1999), (2000), (2001ap01b)) spearheads the critique of
epistemic structural realism (ESR). ESR comes in flavours, Russellian and

Poincaréan-Worrallian. Psillos raises objectionbdth. In this paper, | evaluate two

of Psillos’ leading objections against Poincaréaoriadlian ESR.

Epistemic Structural Realism

Before unsheathing Psillos’ objections, | musttfegplain what epistemic structural
realism asserts and why anyone would find it araetitve position to hold. ESR is,
simply put, the view that our knowledge of the pbgkworld is at best restricted to
structure. In more technical terms, we can onlyvkrnibe world up to isomorphism.
The recent interest in ESR was instigated by th#igation of John Worrall's (1989),
‘Structural Realism: The Best of Both Worlds?’. W&k (1982; 1989; 1994) traces
the position to the work of Henri Poincaré. Althbugraditionally regarded as a
conventionalist, not only with regard to geometwy also physics, many philosophers
agree with Worrall that Poincaré was in fact thistfepistemic structural realist (see,
for example, Grover Maxwell (1968), Jerzy Giedyn{it882), Elie Zahar (1996;
2001), David Stump (1989), Stathis Psillos (199899), Barry Gower (2000), and
Michael Redhead (20014)).

Poincaré was heavily influenced by German ideabsm subscribed to the view that
the non-phenomenal entities postulated by scientifeories are the Kantian things-
in-themselves. Unlike Kant, however, he thought ihas possible to gain indirect
knowledge of the things-in-themselves. What isxéaly that he thought we could
know about them? Poincaré is unequivocal: “[T]hen af science is not things
themselves, as the dogmatists in their simpliaityagine, but the relations between
things; outside those relations there is no reditgwable” ([1905]1952: xxiv). And



again later on in the same book: “The true relatibatween these real objects are the
only reality we can attain” (161). Despite the fHwat the term ‘structure’ does not
appear in these or other relevant passages, weerditeed to call Poincaré an
epistemic structural realist, for structures initlsemplest form are just collections of
one or more relatiorfs.

The motivation for Poincaré’s structural realismlasgely historical. He takes the
survival of theoretical relations through theoryaobe as indicative of their having
latched onto the world. To support this view, haves attention to certain historical
episodes. Following Poincaré, Worrall (1989) taltesstructural similarities between
Fresnel's theory of light and Maxwell’s electromato theory as historical evidence
for ESR. He indicates that the structwk Fresnel'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. @ precise, one can derive
Fesnel's equations from Maxwell’s theory. Thus, Ydbrargues, if we look at theory
change solely from the perspective of mathemastaicture, the Fresnel-Maxwell
case counts as evidence for the essentially cuivelatevelopment of science.

According to both Poincaré and Worrall, Fresnel wampletely wrong about the
natureof light, viz. that light consists of vibrationsat are transmitted through an all-
pervading medium, the ether. Fresnel was probaldgit,r however, about its

structure i.e. that optical effects depend on sometlongther that vibrates at right

angles to the direction of propagation of light.

One of Worrall's main achievements is that he esahis discussion to the current
debate on scientific realism. He argues that ailsiengosition in the debate needs to
take into consideration two warring arguments: ribemiracle argument (NMA) and
the pessimistic meta-induction argument (PfiIn short, PMI holds that since

predictively successful scientific theories haverdgually been discarded, we have

! Grover Maxwell coined the term ‘structural realisBtump (1989) does not seem to be aware of the
structural realist literature but in effect undargts Poincaré as a structural realist.

% See below for a formal definition of structure.

% Heinrich Hertz's often quoted comment that ‘Maxigetheory is the system of Maxwell’s equations’
is congenial with Worrall and Poincaré’s claim ttie essence of a theory is its mathematical
structure.

4 Worrall credits Poincaré and Duhem with the fissmulations of PMI and NMA (1989: 140-2).



inductive evidence that even our current theoriiespite their great successes, will
also be discarded one day. NMA holds that realisrtheonly view that does not
make the predictive success of science a miraclerrdlN offers ESR as a position
that underwrites both of these arguments and s#udtself midway between
constructive empiricism and traditional scientifigalism. It underwrites the NMA
because it argues that the success of sciencetseflee fact that we have got the
structure of the world right. It underwrites PMIdagise it concedes that non-structure

gets abandoned.

Though Worrall does not explicitly state what heam by ‘structure’ the notion is
generally understood in a set-theoretical Wakhat is, a structure S = (U, R) is
specified by a non-empty set of objetisi.e. the domain, and a non-empty set of
relationsR defined on those objectsTo express the epistemic structural realist idea
that one does not have any access to the rekat#ye objects in U, other than through
the relations they stand in, i.e. set R, the notiblabstract structure’ can be drafted in
(see Redhead (2001a)). To understand the noti@bsifact structure we must first
understand what it means for two structures tasbeorphic. A structure S = (U, R)
is isomorphicto a structure T = (UR)) just in case there is a bijectignU - U’
such that for all ¥ ....% in U, (x,...,X,) satisfies the relation ;Rin U iff
(@(x1),...,0(Xn)) satisfies the corresponding relation iR U'. An abstract structure

is an isomorphism class whose members are all,oahdthose, structures that are
isomorphic to some given structure. The notion lidtect structure comes in handy
because to ask whether something has a given abstracture is to ask whether it
has the right number of objects that stand in tgbkt melations. The nature of the
objects becomes irrelevant, exactly as the epistatnuctural realist requires. It is
worth noting that the notion of abstract structigecontrasted with what Redhead

calls ‘concrete structure’, a structure that unigepecifies its domain of objects.

® Against this view, Elaine Landry has recently ®sjgd category theory as a more suitable
representational framework.

® The definition of structure sometimes includebiedtcondition, i.e. a set O of operations on U
(which may be empty). This condition is optionat@ese operations are functions and thus can be
regarded as special kinds of relations capturapleobdition two. A structure may also specify one-
place relations, i.e. properties.



The proper way to express the knowledge claimgrottural realism, according to
Worrall (2000), is through RamseyficatiériThat is, structural claims about the world
are expressed through the Ramsey sentence of essfgcscientific theory. Suppose
sentencé¥ with n theoretical predicates amd observational predicates«(T..., Ty;
O, ..., On) expresses our theory. To obtain the Ramsey semtef¥ we turn its
theoretical predicates into bound variabl@s, (.., ®,) and existentially quantify over
them leaving the observational predicates intaet, N®;...[1b, (Py,..., Ppn; Oy, ...,
Om) .2

The idea of marrying ESR and the Ramsey sentengeagh comes from Grover
Maxwell who in the 1960’s and 1970’s worked on vawj Russell's ESR. Indeed,
Maxwell thought that Russell's work on ESR had ame respects anticipated the
Ramsey sentence approach. Maxwell praises Russeting other things, for the
reconciliation of realism with the verificationiptinciple. This is achieved, Maxwell
claims, through Russell's principle of acquaintaraed his distinction between
knowledge by acquaintance and knowledge by desmmiptThe principle of
acquaintance is a close relative of the verifigasib principle, for it states that to
understand a proposition we must be acquainted alitlof its constituents. With
some perhaps not so trivial adjustments to theiteiogy, Maxwell claims that all
descriptive terms in a meaningful sentence must ref ‘items’ of our acquaintance,
i.e. all descriptive termswustbe observation terms (as opposed to theoretiualsbé
Yet realism requires that we have knowledge of #ewith which we are not
acquainted. This is where Russell's knowledge Iscdption comes in, for it allows
an object to be known by a list of descriptionse-without our first being acquainted
with it. Needless to say Maxwell takes knowledgedegcription to be the same as

knowledge via theory.

It is worth noting the idiosyncratic use of thentelunobservable’ in the structural
realist literature. Following Russell, Maxwell usgeommitment to the view that “all
of the external world including even our own bodegeanobserved and unobservable”
(1968: 152). He is thus using the term ‘unobsem/aibl a way that is different from

"I argue below that Ramseyfication is not the aption available to the structural realist.
® This is a schematic way of presenting a Ramsetesea. Actual examples follow.
® He thus assumes that the terms ‘observation’ acgifaintance’ are co-extensive (1970a: 182).



its use today. Like Russell, he does not discriteinaetween macro and micro-
physical objects. For them, the term ‘unobservallehotes the set of all things
inhabiting the external, i.e. physical, world. Thelaim, of course, is not that our
observations have no causal origins in the extemoald, but rather that what we are
directly aware of is ‘wholly in our mind’. This ign indirect realist understanding of
our knowledge of the external world. Unless othseamoted, | will henceforth utilise
Russell and Maxwell’'s interpretation for the terfobservable’ and ‘unobservable’,

an interpretation advocated also by Wort4ll.

As | mentioned above, one of Maxwell's contribusaio the debate is the bridge he
forges between the Ramsey-sentence approach amusal realism. It is at this
point that the utility of the principle of acquaante and the acquaintance vs.
description distinction becomes evident. According Maxwell, knowledge
representation via the Ramsey-sentence approactated both the principle and the
distinction. This is so, because the Ramsey-seatapproach existentially quantifies
over all theoretical terms but leaves all obseoraterms intact. In accordance with
Russell's principle of acquaintance, the ‘itemsitttheoretical terms supposedly refer
to, unlike the items of observation terms, are ‘mgredients’ of a proposition. For
Russell, this means that sentences expressing asybposition will not contain a
name or descriptive constant that refers directlthe alleged items. Diverging from
Russell's viewpoint, Maxwell argues that there isemse in which a proposition
refers to the items that its theoretical terms prescribaefers to them indirectly,
through “(1) terms whoseirect referents are items of acquaintance and (2) i@nas

purely logical nature such as variables, quansifeerd connectives” (1970a: 182-3).

The advantage of employing the Ramsey-sentenceagpiis that its assertions are
restricted to properties of theoretical propertias, it does not uniquely identify the
theoretical properties. Thi&emsn accord with Maxwell’s view that we do not have
epistemic access to the first-order properties rafbservable$' According to him,
we can only know their second or higher order prige what he calls ‘structural
properties’ (1970b: 18). This is supposed to folltnem the idea that first-order

properties of phenomena, like colours, need naméxde the first-order properties of

0 This was made clear in personal communication Withrall.



their causes. But, Maxwell claims, “[ldt holds of colors must also be true for all of
the first order properties that we perceive dirgti{19) [original emphasis]. Since,
according to Maxwell, “our (Ramseyfied) theoriel tes that they [i.e. the first-order
properties of unobservables] exist and what somtheaif (second and higher order)
properties are”, the Ramsey-sentence presumablgsraberfect match for ESR (19)

[original emphasis].

To fully appreciate the marriage between structrtealism and the Ramsey-sentence
approach, let us consider one of Maxwell's exampBgpose that given numerous
observations we pronounce the truth of the follgasentence:[(x)(0y) [(Ax & Dx)

O (Oy) Cy] whereA andD are theoretical predicates which stand for ‘is diuia
atom’ and ‘radioactively decays’ respectively, a@idis an observation predicate
which stands for ‘is an audible click in a Geigeunter'. If this sentence is true then
its Ramsey-sentence, namelypj (b) (Ox) (Oy) [(Yx & ¢x) O (Oy) Cy] where
and ¢’ are predicate variables, will also be true. Thiegple of acquaintance holds
that we cannot know sentences like the first ormabse they mistakenly include
fully interpreted theoretical predicates, i&.andD. The Ramsey sentence version
circumvents this problem by merely asserting thathsproperties exist. Maxwell
explains that our knowledge of these propertiedbiislescription and, as in all such
cases, we refer to them not by predicate consthatsndirectly by means of purely

logical terms plus an observation term, in thise¢c&S’ ” (1970a: 186-7).

Despite Maxwell’'s best intentions to remain faithfRussell’s version of ESR is not
equivalent to the Ramsey-sentence approach. Thes®asentence preserves the
logical structure of an actual scientific theoryhexeas the Russellian approach,
which is an exercise in rational reconstructiofgua$ us to infer the abstract structure
of the external world from the concrete structur@wur perceptions. No wonder then
that Maxwell remarks in passing that “the Ramsentesge isapproximately
equivalent to Russell's contention that we do h&wewledge of the structural
properties of the unobservable” (1970b: 17) [my bagis].

" This is a point | contest below.



Psillos calls the Poincaréan-Worrallian approaeh‘downward path’ to ESR because
it is a top-down approach. It takes preservatiothefstructure of scientific theories as
indicative of what is true or approximately truesill®s contrasts this with the

Russellian approach, which he calls the ‘upwardh’p&d ESR. The Russellian

approach is bottom-up in that it relies on percabtioundations to provide a

reconstruction of our non-perceptual knowledge. sipite of these and other
differences, both approaches preach the same negssagat most we can know the
logico-mathematical properties of the external wofl

Finally, it is worth saying a few words about onsicuctural realism. Proposed by
James Ladyman and subsequently developed in assooréth Steven French, the
ontic structural realist thesis is taken to have t@mponents: 1) the epistemological
component outlined above, and 2) an ontologicalpmment which holds that all that
exists is structure. According to ontic structumslism, all that we know about the
world is structure because all that exists is $tmec French and Ladyman
controversially urge a reconceptualisation of tloée rof individuals in terms of
structures. Their views have attracted a lot @&raton, most of it negative.l will not
discuss ontic structural realism any further, as fbcus of this paper is the

‘downward path’ to epistemic structural realism.

The Two Objections
Without further ado, here are Psillos’ two objentio

(1) ESR commits us only to uninterpreted equatitms,these are not by themselves
enough to produce predictions, and, therefore,atalaserve all the epistemic credit
(1999: 153-4; 2001a: S21).

Though raised in the context of criticising WorslESR, the following objection

seems to apply to all versions of ESR:

2 The Russellian approach is explored in Votsistifimmming). Maxwell’s view has affinities to both
the upward and the downward path to ESR.

13 For more on ontic structural realism see the ctibe of papers in the special volume of Synthese,
vol. 136.



(2) The structure vs. nature distinction cannosimstained (1999: 1579.

Terminological 1ssues

| must first clarify some terminological issues,igf) as we shall shortly see, are the
sources of some of the above objections. Psillas dwt sufficiently explicate the
notion of structure, and, as a consequence, drame snistaken conclusions about
the commitments made by ESRHe employs a number of terms, some of which
were introduced by the structural realists themesehthat loosely refer to what the
structural realists have in mind but that are atésleading in their own peculiar way.
These are: ‘mathematical structure of theoriebe ‘iogico-mathematical structure of
theories’, ‘mathematical content of theories’, ‘tlmathematical form of laws’,

‘mathematical equations’ and ‘uninterpreted math&rabequations’.

The first one, viz. ‘mathematical structure of thes’, may be too narrow. If we take
logic as not subsumed under mathematics, then weleaving out structures
specifiable by logic but not by mathematics. Fowiobs reasons, this problem is
remedied by the term ‘the logico-mathematical gtree of theories’. Both terms,
however, as well as the term ‘mathematical contériheories’ may be too broad in
that there is plenty of mathematical machinery Wwhdoes not play any representative
roleX® Typically, structures taken to represent the ptatsivorld are embedded in
broader mathematical structures. The excess matloamstructure is obviously not
the target of the structural realist's commitmehtsnce, to say that a structural realist

is interested in the whole mathematical conterthebries is misleading at best.

The next term, ‘the mathematical form of laws’,also misleading for at least two
reasons. One important reason is that the notictrefture should not be restricted to
laws. Laws typically express relations between paysentities, properties and
relations, but they are not the only theoreticateshents that do so. Functions,
equations, symmetries, principles, covariance statgs, etc., postulate relations

between terms that can usually be expressed satetiwlly in the above-mentioned

!4 Similar objections are raised by Ladyman (1998) @ Fraassen (forthcoming).

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

16 See Redhead's (2001a) for an interesting discussiso-called ‘surplus structure’, i.e. mathengitic
structure that has no representative role.



wayl’ Take, for example, the inequality relations of nemtum-position ApAx =
h/2, and time-energyAEAt > h/2, where4(z) denotes ‘spreads’ of the value of a
measurable quantity x a position co-ordinatgy, the momentum a, E energy, and
time. These are relations between measurable, amtehbroadly construed
observable quantities. They thus specify structures, just as much as Newto
inverse-square law and Boyle’s law for gases. Rersame reason the last two terms
on the above list, ‘mathematical equations’ and irterpreted mathematical
equations’, are problematic since they restrict #mplicability of the notion of
structure to equations. As a matter of fact, sitle structural realist's epistemic
concerns are with relations, theoretical statemexrgsessed in natural language can
also qualify as specifying structures so long &y thre expressing relations that have
logico-mathematical properties. For example, theestent ‘Diamonds are harder
than topaz gemstones and topaz gemstones are hhaterapatite minerals’ is
entailed by Moh’s scale of hardness, and reflestsrdering of minerals that, among

other logico-mathematical properties, exhibitsghaperty of transitivity.

The other reason why the term ‘the mathematicahfof laws’ is misleading is that
‘mathematical form’ gives the mistaken impressibattsyntax is all that matters. |
take it that the same holds for the last term om lst, viz. ‘uninterpreted

mathematical equations’, with particular emphasisuminterpreted’. This impression
is to some extent motivated by Worrall’'s alternatimame for structural realism,
‘syntactic realism’. Yet, ESR does not urge betafy in the syntax — mathematical
form/uninterpreted equations — of a theory. Itaghe justification of this last claim

that | now turn to, a justification that, if sucetd, tackles Psillos’ first objection.

Objection 1: ESR commits us only to uninterpreted equations,these are not by
themselves enough to produce predictions, andgefibrey, do not deserve all the

epistemic credit.

Scientific realists, argues Psillos, deny the E&Rcthat “all of what is retained is
empirical content and (uninterpreted) mathematcplations” (1999: 147) [original

emphasis]. The reasoning is that “mathematical ®opusm alone — devoid of their

It is worth noting that whether we get to call sahing ‘law’, ‘principle’, or ‘equation’ is often a
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theoretical content — [cannot] give rise to anydpgons... [p]redictions require

theoretical hypotheses and auxiliary assumptiod§3). Hence, Psillos concludes,
uninterpreted mathematical equations cannot beegntiesponsible for the success of
the scientific theories in which they appear. Tbiagim reflects an objection that

Psillos echoes throughout his wdfk.

Is the structural realist arguing that uninterpileégjuations are entirely responsible
for the success of scientific theories? More sjellfy, is the structural realist
arguing that we should believe only in uninterpdeggiuations? A careful review of
the literature reveals that no structural realiseresupported such a view. Even
Worrall, the subject of Psillos’ objection, comésse to holding such a view but does
not take the plunge. He comes dangerously closeexample, when in arguing that
only structure gets preserved through theory chamge asserts that “Fresnel’s
equations are taken over completely intact intosingerseding theory — reappearing
therenewly interpretedbut, as mathematical equations, entirely unchah:eb6:
160) [my emphasis]. If one looks at the contexwvhiich this sentence was uttered, as
| will soon be doing, one can ascertain that byviyanterpreted’ Worrall is referring
to the reinterpretation of these equations under ar@ological assumptions. He does
not require any other type of reinterpretation hadertainly does not require that the

equations be entirely uninterpreted.

If Psillos is referring to the interpretation thassigns values to the terms of an
equation, then he has completely misread the siraiatealist project. This latter type

of interpretation links the terms of an equationr-any other logico-mathematically

expressible relation for that matter — to our obagons, thereby allowing predictions

to be made. This in turn makes verification of dugiations possible. Take Worrall's

example of Fresnel’'s equations: (1) R/l = @arff,) / tan@,+6,), (2) R/I" = sin@:-6,)

/ sin®:1+8,), () X/I = (2sirB,-co®;) / (sin@,:+6,)-cosP:-6,)) and (4) X/I' =

2sirB,-co¥; / (sin@1+62), where8; and 6, are the angles made by the incident and

historical accident.

8 For example, earlier in the book he says “it isthot to treat theories as abstract structures, bu
instead to appeal to the succesmt#rpretedscientific theories in order to argue that the kipdsited
by them populate the world” (1999: 69). In his (28] he repeats: “...in empirical science we should
at least seek more than formal structure. Knowlirag the world has a certain formal structure...
allows no explanation and no prediction of the mimreena” (S21).
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refracted beams with the normal to a plane refigcsurface, and I, R, and X
represent the amplitudes of vibration of the inoideeflected, and refracted beams
respectively; these are the square roots of tlemgities of the components polarised
(1) in the plane of incidencé, IR?, and X, and (2) at right angles to the plane of
incidence ', R?, and X% The interpretations of thanglesand theintensitiesare
indispensable to the successful application of #guations. Each of these
interpretations assigns a measurable, and hbrmadly construedobservable(as
opposed to theoretical), property to a term. Subnoad construal is afforded by the
fact that Russell, Maxwell and Worrall take ‘obsaility’ to denote anything that
can be sensed. This includes observations of thgubof instruments. Reading off
the results of instrument measurements is an acbsérvation, and in this sense the
relevant terms should be thought of as broadly tcoed observational. In the current
context, we can measure the angles and inteneitia® incident and refracted beams

using instruments such as angular translators hatbmeters.

Worrall does not question the interpretation ofme6; and0, as angles made by the
incident and refracted beams, or of terfisR?, and X as the intensities of the
components polarised. Questioning these would br@ount to renouncing one of
the most spectacularly successful set of equapomsosed in the nineteenth century.
It is only the ontological interpretation that Worrall specified as being re-
interpretable, not anything else. According to Re¥s ontological interpretation,
light consists of vibrations transmitted through alhpervading medium, the ether.
The ontological interpretation affects only the ditages I, R, and X which in
Fresnel’'s framework are understood as vibrationghefether. Notice that one can
simply reinterpret these as amplitudessofme sort of vibration/oscillatiowithout
any loss of predictive power. That is, Worrall qimss what kind of thing is vibrating
or oscillating: Is it the ether, the electric andgnetic field strengths, or something
else? According to him, we should remain agnostiy with regard to what is doing
the vibrating, i.e. only with regard to the ontdtj interpretation of Fresnel's
equations. In other words, we hang on to the idassbmethings doing the vibrating
without being able to specify what that somethsgoeyond the level of the relations

it stands in.
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Psillos’ accusation that the structural realistssumitbes only to uninterpreted equations
rests on a serious misreading of the ESR posifiba.structural realist does subscribe
to interpreted equations, as the above examplstriites, but distinguishes between
interpretations that link the terms to observatifrom those that do not. The hoped-
for outcome is interpreted equations that represaations between measurable, in a
broad sense observable, things. In Worrall's varsid ESR this information is
represented via the Ramsey-sentence, which presetive interpretations of
observables and only sacrifices the interpretatibpurely theoretical terms in the

sense that it turns them into existentially quaedifvariables.

The viability of the Ramsey-sentence approach tB EScertainly dubious. Worrall
and Zahar (2001) attempt to answer some centralecos, especially those related to
the Newman objection. | do not find their answeasawincing, but | will refrain from
addressing them in this paper. Suffice it to rentmelreader that epistemic structural
realism need not be rendered via the Ramsey-sentékge | pointed out in the
introduction, Russell’'s brand of ESR differs froimetRamsey-sentence approach.
Indeed, | have argued elsewhere (see Votsis (20034: ch.4)) that the Russellian
approach avoids the particular pitfalls the Ramssytence approach falls into.

Objection 2: The structure vs. nature distinction cannot beasst

One of the weaker features of Worrall's work on EQRcerns the way in which he
contrasts structure to other things. Psillos rightiticises Worrall for not being clear
on “what exactly the distinction he wants to dra¥ (1999: 155). While Worrall
sometimes talks about the structure of a theorgugeits theoretical interpretation,
this being sanctioned by his advocacy of the Ramsseyence approach, at other
times he talks about the structure of an entitgrocess versus its nature. Regrettably,

he does not explain exactly what he means by ‘eatur

Psillos begins his critique by noting that the aféhe term ‘nature’ is anachronistic.

To talk of ‘nature’, he says,

...over and above [the] structural description (pbgisiand mathematical) of a

causal agent is to hark back to medieval discoafséorms’ and ‘substances’...
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[but such] talk has been overthrown by the scienté#volution of the seventeenth
century (155-6).

Without a doubt, the term ‘nature’ carries unwanbedjgage with it, having been
used in numerous philosophical debates for a wawétreasons. What exactly is

meant by it in the present context?

Russell, Poincaré, Maxwell, and Worrall all appteathe term because of the Kantian
undertones of their epistemology. The idea is thatdo not have direct access to
things-in-themselves, or to ‘the nature of thingshce direct access is limited to
perceptions or phenomena. Unlike Kantian epistegywl&nowledge of things-in-

themselves can be had under ESR, yet it is indirectmediated 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 altbebretical interpretations. The aim
here is to turn the structure vs. nature distimctioto the more familiar logical
structure vs. theoretical interpretation distinctioThe latter, as | have already
mentioned, is sanctioned by the Ramsey-sentenc@agp which strips a theory’s
theoretical terms of their interpretation and leavéhe logical structure and
observational interpretation intact. Since Ramss=ytences make assertions about the
properties of theoretical properties, the theoattiproperties themselves are

presumably the unknowable natures.

Similarly, Russell thinks that we can only have Wiexige of the logico-mathematical
properties of the properties that things-in-theldiqrossess, i.e. we can only have
knowledge of the abstract structure. Demarcated, tthe nature of things-in-the-
world is restricted to that part of physical prdms whose description goes beyond
isomorphisml.9 In other words, we can knoall physical properties (of any order) up
to isomorphism. That this knowledge does not sgemiferything about the physical
properties is a trivial point. ‘Nature’ thus reféosany non-isomorphically specifiable

part of physical properties.

¥ Thus ‘nature’ in this context is not restrictecthe essential properties of physical objects chuers
accidental ones too.
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What | have just said suggests a widening of tfiecbdtween Russell and Maxwell.
According to Maxwell, the nature of things-in-thesh&s is restricted to just their
first-order properties. Russell's view, by contrastkes the nature of things-in-the-
world to be restricted to that part of physical pedies whose description goes
beyond isomorphisnTake a second order property of a physical obfemt.Maxwell
this can be wholly knowable, whereas for Russelfah only be knowable up to
isomorphic description.

As | pointed out earlier, Maxwell is influenced Ryssell’s idea that the properties of
phenomena need not resemble the properties ofdktrnal world causes. However,
he mistakenly restricts these properties to firsieo propertie$® But, why, we may
ask, should second (or higher)-order propertieplefnomena necessarily resemble
the second (or higher)-order properties of theursea? It is not clear where Maxwell
acquired this idea, but it is certainly not a capsnce of his accepting the Ramsey-
sentence approach. The Ramsey-sentence quantibeary theoretical properties. It
thus does not force its advocates to espouse aterpc distinction between first-
order and higher-order theoretical properties. @wia Maxwell’s interpretation,
Psillos mistakenly takes the distinction to be tkatral tenet of epistemic structural

realism?!

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

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

entity is not distinct from its structure. Whenestists talk about the nature of an
entity they “talk about the way in which this ewtiis structured” (155). Indeed,

Y That may be because he thought that Russell hisldiew.

%L For this reason Psillos’ objection that ESR carjustify the claim that the first-order propertimsd
relations of unobservables are unknowable in ppieqi1999: 156); (2001a: S20-21) is misdirected
against the Russellian variety. | deal with thigeation in Votsis (forthcoming).

22 psillos borders on contradiction when, on the luauad, he claims that there is something beyond
structure that gets carried over through theorygkaand, on the other, he argues that the digtimcti
between structure and non-structure cannot be dcéeranly.



15

Psillos offers as an example the concept of ‘masg/ing that “by discovering more
about the properties of mass [including its strradtyroperties] 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#e structure of an entity

cannot really be clearly distinguished from itsunat

There are various problems with both P1 and P2.usetonsider problems with P2
first. Despite having criticised the term ‘natues anachronistic, Psillos in the above
qguotation takes it as signifying all the propertieat 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 sonaperties of that entity, and, hence,
something about its nature. Should we decide teergtand ‘nature’ as Psillos does,
knowing the (abstract) structure of an entity i®Wmg something about its nature.
Even so, the advocates of ESR can still maintahttie nature of an entity cannot be
completelyknown since properties of external world entiti@sgording to them, can

only be known up to isomorphism. Psillos does moviae any specific arguments to

counter this last claim.

Alternatively, we can adopt the Russellian undewditag of the term, according to
which ‘nature’ simply refers to that part of profes of external world objects which
is left out of an isomorphic description. Bettet,yee can baptise some new unloaded
term and infuse it with Russell’'s idea. After allhat is important is what the term
denotes. The distinction between structure andstucture would then express the
distinction between the logico-mathematical praperof external world objects on
the one hand, and that part of those propertiesggoeyond the logico-mathematical
description on the other. In sum, P2 seems grosadiead reduces to no more than

terminological quibbling> 2*

3 Redhead raises a similar point: “Surely part oétwlie mean by the nature of an entity is the
structural property of the relations into whicleitters. | don't at all disagree with this point.tBus 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 of the fakphysical entities is all that we can claim hok”
(2001b: 346) [my emphasis].

%4 The litmus test for the viability of the Russetlistructure vs. nature distinction is presumably
whether it survives Newman'’s objection. | have adjelsewhere (2003) that it does.
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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 uncaptured rwties specification is made is, |
think, obscure. tonclude then, that the ‘nature’ of an entity forms a @ontm 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 gaéty. First of all, let me reiterate
that by ‘structure’ the structural realist meane tbgico-mathematical properties of
physical objects. This means that there could ra bomplete overlap between a set
so specified and a set that contaatisproperties concerning an entity. That is, the set
of logico-mathematical properties of an entity ipraper subset of the set of all its
properties. More to the point, from the view tha properties specified by structure
and those specified by nature coincide, it doedailmw that they form a continuum.
A continuum presupposes two distinct and oppositiseéhat define an interval. One
would assume that what Psillos means by a continvera is that on one end we find
structure and on the other end we find nature. ddrginuum analogy can be used to
express the idea of no privileged dividing linet lius inconsistent with the idea that
the extension of the predicate ‘structure of antgnis a proper subset of the
extension of the predicate ‘nature of an entity’emen with the idea that the two

predicates have the same extension.

To summarise, Psillos is right to criticise Worrdr not being clear on what the
structure vs. nature distinction represents. Ashaxe seen, however, the distinction
can be drawn more decisively so long as we defma¢ure’ as designating the non-
isomorphically specifiable part of the external laor

Conclusion

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

(1) ESR does not involve a commitment to unintegarequations. Worrall's version,

in particular, involves a commitment to structufedich includes equations), whose
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observation terms are fully interpreted and whdsotetical terms are presumably
implicitly defined through their logical relationwith one another and with the

observation terms. This just amounts to the Ramsseyence approach to theories.
Contrary to Psillos’ objection, such structureséhthe capacity to produce observable
predictions. On the basis of this objection, tr@mlcannot be made that structures do

not deserve all the epistemic credit.

(2) Though the distinction between structure antingais unclear in Worrall’'s work,
the structural realist can appeal to Russell'siriibn which is both precise and
wards off Psillos’ objections. In particular, Psgl claim that the nature of an entity is
no less knowable than its structure cannot be dpiiele adopt the Russellian view
that ‘nature’ just means the non-isomorphicallycsfieble part of entities. Moreover,
Psillos’ assertion that the nature and structur@noéntity form a continuum is a badly
chosen and ineffective metaphor since: a) Russdi#Bnition allows for a crisp
distinction between nature and structure, and is)iriconsistent with the idea that the
extension of the predicate ‘structure of an enigya proper subset of the extension of
the predicate ‘nature of an entity’, or even witle idea that the two predicates have

the same extension.
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