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Scientific Representations as Limiting Cases
Steffen Ducheyne

Abstract In this essay, | shall show first of all that tke-
called inferential (Suarez 2003 and 2004) and pm&gational
(Contessa 2007) accounts of scientific represemtatire
respectively unsatisfactory and too weak to accofaort
scientific representationpérs destruens Along the way, |
shall also argue that the pragmatic similarity (€i2004 and
2010) and the partial isomorphism (da Costa anddfr@003
and French 2003) accounts are unable to singls@entific
representation. In thpars construeng spell out a limiting
case account which has explanatory surpliss a vis the
approaches which | have previously reviewed. Myoaot
offers an adequate treatment of scientific repreadiem, or so
| shall try to argue. Central to my account is tfwgion of a
pragmatic limiting case, which will be charactedzim due
course.

1 Introduction

Scientific representation is a many-headed beasthwhvolves a
game of “selective resemblance and non-resemblar(gah

Fraassen 2008, p. 14). In recent years there has &eyrowing
literature which endeavours to address the cotistityproblem of
scientific representation (for instance, Callendad Craig 2006,
Contessa 2007, French 2003, Frigg 2006, Giere 20042010,
Hughes 1997, Suérez 2003 and 2004). In this papexe the way
for a new proposal: the limiting case account ofersific
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representation, which will be spelled out in seatt | will focus
on the constitution question of scientific reprdaéon:in virtue of
what does a model scientifically represent a pdrthe empirical
world? In shall begin this essay by questioning the hiiba of
Callender and Craig’s view that there is no spepiablem of
scientific representation in section 2. In sect®n argue that
Suarez’ deflationary proposal cannot provide asfattory answer
to the issue at hand and, in section 4, | argué¢ @untessa’s
interpretational account is incomplete as it stands

2 Griceanism and its Problems

Some have argued that there is no such thing agprtftdem of
scientific representation. Craig Callender and tteara Cohen have
recently suggested that if we adopt a General @ni@pproach to
representation, “we won't need separate theoriesctmunt for
artistic, linguistic, representation, and culinargpresentation;
instead the General Gricean proposes that all thgses of
representation can be explained (in a unified vesydleriving from
some more fundamental sorts of representations,chwlare
typically taken to be mental states,” a treatmehictv they deem
“economical and natural” (Callender and Cohen 2@0&,0, cf. p.
75). Their general explanatory strategy encompatbsesiew that
“virtually anything can be stipulated to be a reyarational
vehicle for the representation of virtually anytlfiin- a view to
which Steven French has objected by pointing ouwt thot
everything can serve as a scientific model of asay system, for
“if the appropriate relationships are not in plasetween the
relevant properties then the “model” will not beedeed scientific”
(French 2003, p. 1478) — although “there are pldygiragmatic
constraints on which representational vehiclestangets are used
in particular cases” (Callender and Cohen 2006,74). To
objectionsa la French they respond: “We propose timatiitions to
the effect that such and such cannot serve as a&lnaod best
understood as reflecting the unlikelihood of anysnesing such
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and such as a model, given certain assumptionst glsagmatic
purposes.” (ibid., p. 76, footnote 6 [italics adfgedVhile all
representational vehicles have the capacity ofisgnas full-
blooded representational vehicles in principleythey not do so
in practice because they fail to serve the purpaséand (ibid., pp.
74-75). Just as in non-scientific representatiba,questions about
the utility of representational vehicles are questi about the
pragmatics of things that are representational ckehi not
questions about their representational stgiesse (ibid., p. 75).
Hence: “while there may be outstanding issues about
representation there is no special problem abostientific
representation” (ibid., p. 77, cf. p. 83Exit the problem of
scientific representation?

Does it follow from Callender and Cohen’s premismt the
capacity of all kinds of representation (linguistetistic, scientific,
etc.) are constrained by pragmatic consideratithe, there ino
problem of scientific representation at all? Calenand Cohen’s
far-reaching conclusion seems to follow only if yhare able to
show that the pragmatic elements constraining bdiktic as well
as scientific representation are not fundamentdifferent from
each other. In other words, what they fail to shewhat there are
no relevant differencegua domain-specific pragmatics artistic
and scientific representation. Artists are in nuyosr cases
constrained in their use of materials of choicecoloursby the
emotions or thought processes they seek to alititair audiences
The paintingThe Third of May(1814)would not have its dramatic
effect had Francisco de Goya used vivid colours anbright
background to represent the horrors of Napoleooldiers against
the Spanish in 1808. On the other hand, scierdistgonstrained in
their choice of modelby the kinds of descriptions or explanations
of particular natural phenomena they seek to previior instance,
when studying a continuous phenomenon, a non-aoois
function will not be first choice. It is true thattists’ and scientists’

L All I need to assume here is that in scientifipresentation providing
descriptions or explanations of natural phenomanghé dominantpragmatic
constraint.
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choices for a specific representational vehicle @estrained by
pragmatic considerations, but they are constraimggragmatic
considerations of a different kind. Unless Callandad Cohen
show that such differencesia pragmatic elements are not relevant,
their conclusion that there is no problem of scfentepresentation
does not follow. Moreover, their general and ecoicain
framework, according to which *“the varied repreaéonhal
vehicles used in scientific settings (models, eguat toothpick
constructions, drawings, etc.) represent theiretargthe behaviour
of ideal gases, quantum state evolution, bridgeg)yirtue of the
mental states of their makers/use(ibid., p. 75 [italics added]),
comes at a high price in terms of explanatory powen my
opinion, at a pricéoo high. An account of scientific representation
needs to explain in more detail how it is that wan adraw
inferences from representations in science, to cogmeith a more
elaborate picture about the pragmatics of scientdpresentation,
and to show how scientific representations candam s distinct
from non-scientific representations. Callender @athen’s account
remains silent on these matters and nothing péatiguuseful
follows from it in terms of coming to terms withruzrete scientific
representations. Accepting Callender and Coherdpgwal means
giving up on scientific representation all too sGon

3 Deflationism and its Problems

Mauricio Suarez has defended a position whichgs ladical than
Callender and Cohen’s Gricean account: deflationism
Characteristic of his account is the refusal tdispg what counts
as realizing the “surface features” of scientifepresentation. In
their early work on scientific representation, b&bnald N. Giere
and Bas C. van Fraassen embraced standard siyniland
isomorphism (see Giere 1988, p. 80, Giere 1999vandFraassen
1980, p. 45, p. 64). In two recent thought-provgkpapers, Suarez
has tried to debunk similaritysijm, according to whichA

2 In section 5 | shall provide additional supporttté claims made here.



represents Bf and only ifA is similar to B and isomorphismigq],
according to whichA represents Bf and only if the structure
exemplified by A is isomorphic to the structureileixing by B as
adequate explications of scientific representatlmnarguing that
[siml and fiso] do not qualify as the constituents of scientific
representation, which he defines as follows, “tleation R
between A and B are the constituents of repredentat B by A if
and only if R’s obtaining is necessary and suffitidor A to
represent B” (Suérez 2003, p. 230). Suarez’ csiticis directed at
“theories that attempt toreduce scientific representation to
similarity or isomorphism” (Suarez 2003, p. 22%ljits added]).
Moreover, “[tlhese reductive theories aim to ratljcaaturalize
the notion of representatiosjnce they treat scientists’ purposes
and intentions as non-essential to representatifbid. [italics
added])® According to Suarezsfm and fiso] are facts about the
source and target objects (and their properties, about the
essentially intentional judgements of representatisers -—
scientific representation is triadic instead of diga Scientific
representation is a not an object-object relationrather a relation
between objects and the internal states of theirsus

A substantive account of scientific representatiprovides
us with necessary and sufficient conditions fooarse to represent
its target” (Suarez 2003, p. 226). Suarez propdsdhermore
encompasses the view that we should take a “damfiaty” or
“minimist” attitude towards scientific representati(Suarez 2004,
pp. 770-771), which basically entails two thing%) (ve should
abandon the quest for a substantive theory becapsesentation is
not “the kind of thing that requires, or admits’thuheory and (2)
we can at best aim to describe its “surface featuref
representations and should stop seeking for “deégsures to
representation” (ibid., p. 771). According to Suaranferential
account, the two surface features are: the reptatsamal force of a
source and the capacity of surrogate reasoningthieecapacity of

% In this context, Suarez refers to Giere 1988 a#@@Pland van Fraassen
1980 as defences ofifn and [iso], respectively (Suarez 2003, p. 227).
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drawing inferences about the target from the model.
Correspondingly, he defines representation as:

[inf]l: Arepresents if only (i) the representational force Afpoints
towardB, and (ii) A allows competent and informed agents to draw
specific inferences regardimg) (Suarez 2004, p. 773)

(i) and (i) are obviously necessary conditichishe type and level
of competence and information required in the gate reasoning
process, which may be deductive, inductive, analigietc., is a
pragmatic skill that depends on the aim and thetestnof the

inquiry. In a sense, all has been said about reptagon in science.

Suarez makes it sound as if unravelling only neugss
conditions for scientific representation is whatdersing a
deflationary stance amounts to. However, the diffee between
endorsing a deflationary versus a substantive etahmes not
consist in the addition or subtraction of suffigieoanditions. What
makes an account deflationary is not the absendkeo$ufficient
conditions, but rather the refusal to further speli what counts as
realizing the representational force and the capdor surrogate
reasoning. Rather than being an account of sdiemnépresentation,
[inf] is thus the general form of an account ofresgntation: it is
the blank to be filled in every instance of reprgagon.
Deflationism amounts to the view that a theory gfresentation
should not fill in this blank.

The problem is, however, that Suarez provides ra re
argument for the claim that a substantive accounsapentific
representation is impossitle principle (cf. Contessa 2007, pp. 49-
50). Suarez furthermore explicates representationterms of
representational force and the capacity for suteogaasoning.
Now, unless an detailed account of representatidoede is
provided, which is currently lacking in Suarez’ agnt, nothing
much has been gained. Up until the present, hsihgdy replaced

4 Suarez notes that he has ‘“little to say about wimakes one
representation more accurate than another” (Sudff3, p. 226). Suarez
explicitly deals with the constitution questionsfientific representation and not
with the normative question of scientific represgioin.
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ignotum per ignotumMoreover, what we expect from an account
of scientific representation is not so much thearsatement that
we can make inferences, but rathereaplanationof why and how
it is that we can make such inferences.

Suarez furthermore offers five arguments agaisist] [and
[iso] (Suarez 2003, pp. 230-237):

1. The argument of variety[sim] and fso] do not apply to all
representational devises.

2. The logical argument[sim] and fiso] do not possess the logical
properties of representation.

3. The argument from misrepresentatigaim and [iso] do not make
room for the ubiquitous phenomena of mistargetingd/er
inaccuracy.

4. The non-necessity argumefisim] and fiso] are not necessary for
representation — the relation of representation wiatgin even if
[sim] or [isq] fail.

5. The non-sufficiency argumersim] and fso] are not sufficient for
representation — the relation of representation ifadlyto obtain
even if [sim], or [iso] hold.

However, his counterarguments only establish mtiaate [sim] and
[iso aren’'t necessary and sufficient conditions foriestfic
representation. According to Suarez, the defendktke [sim or
[isg] account endorse the view thatepresents Bif and only if, A
is similar to Bor, if and only if, the structure exemplified #y is
isomorphic to the structure exhibiting by Bespectively.| shall
label this similarity/isomorphism account naive
similarity/isomorphism because by definition it does not refer to
the pragmatic aspects of scientific representafiive [sim and
[isq] clearly are untenable. For instance: in certaintexts, a user
may consider a deck of cards to be similar or isgumic to a pack
of cigarettes. But nobody would contend tbgtitselfthe pack of
cigarettes represents the deck of cards. If relemsgrpretations by
users are added, a deck of cards can represerkapaigarettes
as is clear from the following example. Suppose,iristance, that

® This argument againssp] and [sin is taken over in Frigg 2006.
® | consider fs0], similarity quaform, as a specific version dift.
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an individual seeks to estimate roughly the volureeded to stash
3,000 packs of cigarettes but has no pack of digseat hand.
Suppose further that this individual does have ekd# cards in
one of his pockets. He or she could estimate thaimed volume
by calculating the volume needed to store 3,00ksiet cards,
which (roughly) represent the volume of an iderticamber of
packs of cigarettes. By adding certain pragmate&meits, the
volume of the decks of cards represents the volointlee packs of
cigarettes. This type of similarity | consider gsagmatic
similarity/isomorphism since it refers to the choice of one
particular similarity/isomorphism relation to dcethepresenting. In
his later work on the matter, van Fraassen has asygdd the
pragmatic dimension of representation and, moreipaly he
has argued that there are four characteristics lvado in
representation: (1) intentionality, which presumsosspecific
“reading conventions,” (2) selectivity of aspec{8) accuracy,
which admits several degrees of fitting, and (4)tegt-relativity,
which is entailed by the preceding characterist{gh Fraassen
1994, p. 171; cf. van Fraassen 2008, pp. 22-2G6p. Da Costa
and French have also emphasized the pragmaticrésatd their
partial isomorphism proposal (da Costa and Fre@®€32pp. 16-20,
pp. 33-36) and, recently, Giere has also come tmsfoon the
pragmatic dimensions of similarity (Giere 2004, [@343).
Accordingly, scientific representation is essehtiatriadic: a
subject uses a model to represent a physical sy&temertain
purposes (ibid.). Giere explicitly rejects standaichilarity: he
notes that a model and a physical system are moilasi by
themselves (ibid., p. 747; id. 2010, pp. 274-275).

" Others have also endorsed pragmasici[ (Teller 2001 and Bailor-
Jones 2003). According to Teller, what counts aslarity will depend on the
level of accuracy one requires: “if the aim is peddn or explanation of
quantitative detail one will need &pecify the interests of the model usiers
more detail” (Teller 2001, p. 401 [emphasis addeipreover, he notes that
because of the context-sensitivity involved in stifee representation, no
general account of relevant similarity is requirido general account is needed
precisely because it is the specifics of any cadead which provide the basis
for saying what counts as relevant similarity. lihey words, the very facts

8



As Suérez’ logical argument is directed at propotment
naive gim and [so], his criticism does not seem to affect the
pragmatic §im or [isg] accounts. That being said, it does not
follow that pragmaticgim| or [iso] provide an adequate solution to
the constitution problem of scientific represemat{see 5.1).

4 The Interpretational Proposal

Gabriele Contessa’s interpretational account difffeom Suarez
inferential account in that it seeks to provideuastantive account
of scientific representation (Contessa 2007). Czsaiebegins by
distinguishing between three different meaninggepiresentation:
denotation, epistemic representation and faithfepresentation
(ibid., pp. 52-56). The logo of the London Undergrd and a map
of the London Underground denote the London Undengpl
network. Denotation may be a matter of conventiblowever,
contrary to the logo of the London Underground, apnof the
London Underground represents the underground mietwo a
stronger sense: namely, a user can perform (vatishdst necessarily
sound) surrogate inferences from the map to thearkt This is an
instance of what Contessa calls an epistemic reptason. A
vehicle® is an epistemic representation of a certain tafgeta
certain user if and only if the user is able tof@en valid (though
not necessarily sound) surrogate inferences framvéhicle to the
target (ibid., p. 48, pp. 52-53, p. 67). Faithiu, valid and sound,
representation occurs when a vehicle (model) alleusrogate
inferences that are not only valid but also souwedjrue of its target.
Soundness is a matter of degree: a vehicle (model3 not need to
be a perfect replica of its target: it faithfullgpresents some aspects

which make this demand impossible to meet also sti@aw the demand was
misguided to begin with.” (ibid.). Daniela Bailesriles also endorsed pragmatic
[sim], for she stressed that the users of models skamrige upon the function for
which a model is intended, decide which allowarexesmade for the model not
to fit the data or the laws of nature, and selbetaspectsof a phenomenon
which a model represents (Bailer-Jones 2003, p. 72)
® Note that ‘vehicle’ and ‘model’ are used interchaably by Contessa.
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of the target and misrepresents other aspects,(fipd 55-56, p. 60).
Contessa’s aim is to provide an adequate accourgpdadtemic
representation — while leaving over an account aithful
representation for future research (ibid., pp. 8Y-6

According to Contessa, a vehicle is an epistemic
representation of a certain target for a certaer iisand only ifthe
user adopts an interpretation of the vehicle imgeof the target
(ibid.). A user interprets a vehicle in terms ofaaget if he takes
facts about the vehicle to stand for (putativedaabout the target
(ibid.). The notion of interpretation is spelledtom terms of
analytic interpretation a user adopts an analytic interpretation of a
vehicle in terms of a targef,and only if(ibid., p. 58):

1. The user takes the vehicle to denote the target,

2. The user takes every object@Y [the non-empty set of relevant
objects in the vehicle] to denote one and only object inQ' [the
non-empty set of relevant objects in the target] awery object in
Q' to be denoted by one and only one obje€'n

3. The user takes everyary relation inP" [the possibly empty set
of relevant properties and relations among objiectae vehicle] to
denote one and only one relevarary inP" [the possibly empty set
of relevant properties and relations among objecthe target] and
everyn-ary relation inP" to be denoted by one and only arary
relation inP".

4. They take everp-ary function in®" [the set of relevant functions
from (Q")"to Q"] to denote one and only one relevardry function
in @ [the set of relevant functions fror{)"to Q'] and everyn-ary
fu\pction in®" to be denoted by one and only amary relation in
(O

Contessa admits that not all but most scientifresentations are
analytic interpretations and adds that focussing amalytic
representation will “simplify the discussion witioany loss of
generality” (ibid., p. 58). Contessa’s account dieadoes not
require that every object in the model denotes sobject in the
corresponding system or that the objects in theesysictually have
all the properties instantiated by the objects #tahd for them in
the model (ibid., p. 59). A user’'s background kredge will allow
“to assess which properties of objects of the madelidealizations
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or approximations and would lead to unsound infeeemabout the
properties of the corresponding objects in theesyst(ibid., p. 60).

In comparison to Suarez’ approach on the subjemhté€3sa’s
proposal is certainly appealing since it is moreglaxatory of
scientific representation. Contessa notes: “On thterential
conception, the user’s ability to perform inferemé®m a vehicle to
a target seems to be a brute fact, which has npedexplanation.
[...] On the interpretational conception, on the othand, a user’'s
ability to perform pieces of surrogate reasoning ey is not a
mysterious skill but it is an activity that is déeponnected to the
fact that the vehicle is an epistemic represematibthe target for
that user.” (ibid., p. 61). In other words, (analytinterpretation is
not just a surface feature or symptom of represienta one
performs surrogate inferencés virtue of the fact that the user
interprets the vehicle in terms of the target.

However, Contessa’s account of epistemic representar
analytic interpretation is at best incomplete astahds. According
to Contessa’s substantial account, scientific igmation basically
occursif and only if (1) a user takes the model as a whole to stand
for a target, (2) a user takes some of the comgsradfrthe model
to stand for some of the components of the tama, (3) a user
takes some of the properties of and relations antibagbjects in
the model to stand for some of the properties af exlations
among the objects of the target (ibid., p. 59).e\tbat an answer to
the questionin virtue of what does2"/P" denoteQ'/P" is not
provided. The problem with Contessa’s proposah& the notion
of denotation, on which his account is based, 13 teeak to
characterize scientific representation, as is shbwihe following
example. The example below meets Contessa’s regeims for
analytic interpretation, but it does not seem talifpias a scientific
representation. Suppose that seven runners havegupeted in a
contest. After the finish we take a group picturghvall runners
standing next to each other in a random fashiomxt,Ndove each
of the runners on the photograph we add identiceles coloured
with one of the seven primary colours. Additionalye denote the
runner who had the best time in the contest byctteur with the
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highest wavelength, the runner who had the seceastltime by the
colour with the second highest wavelength, andrséoo all other
runners. On the basis of this interpretation, wea aaer, for
instance, that the individual on the photographveitgreen circle
above finished fourth. This qualifies as an analytiterpretation
since we take the colours — ordered in terms af thavelengths
(from highest to smallest) — to denote the ordewhb finished
(from first to last). We take the relatitvaving highest wavelength
to stand forbeing the fastest runnehaving the second highest
wavelength for being the second fastest runpneand so on.
However, this example does not seem to qualify as a
straightforward scientific representation. Denatatalone, it seems,
Is too weak to capture scientific representation.

If the above line of reasoning is correct, then stiimg is
missing in Contessa’s proposal. If it can be mabtkeigible that
vehicles scientifically represent their targetsvirtue of a more
fundamental relation between vehicles and theigetas; which is
exactly what | endeavour to do in the following temt, then it is
possible to advance upon Contessa’s account amdive at a more
adequate explication of scientific with an explamatsurplus.

5 The Pragmatic Higher-level Limiting Case Account of
Scientific Representation

5.1 Preliminaries and Motivation

An account of scientific representation should kéepguestionn
virtue of what does a scientific representationresgnt a certain
system(i.e., the constitution problem of scientific repentation)
separate from the questiam virtue of what does a representation
represent a certain system accurately or truthfuliye. the
normative problem of representation) (Suarez 2@p4,767-768).
Correspondingly, | shall deal with both issues sajgdy in
subsection 5.2 and 5.3, respectively.

At the end of the previous section, | have arguedt t
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denotation by itself is too weak to explicate stifen

representation. It seems therefore that a moreaimedtal relation
between modeld|) and their targetsI] is required to explain why
users interpret scientific models analytically ime tfirst place.

Defenders of pragmatic similarity (Giere 2004 ard®@, partial

isomorphism (da Costa and French 2003 and Fren6)2@nd

homomorphism (Mundy 1986) all claim to have fouht tmore

basic relation. | will try to argue that they aregsguided in this
assumptior.

Let us begin with a quick discussion of the partial
iIsomorphism account and the pragmatic similaritycoaat,
respectively. Apartial structure A, is defined as set-theoretic
structure:A = <D, R>j ¢, whereD is the (non-empty) domain and
eachR is a partial relation (da Costa and French 20@3,16-20
and French 2003, p. 1480). Characteristic of aigdastructure is
that the relations are defined only for some eldsehthe domain.
Each partial relation can be viewed as an ordetipte t<R;, Ry,
Rs>, whereRy, R;, andRz are mutually disjoint sets such tht U
R, U Ry =A" and such thaR; is the set oh-tuples that belong tR,
R. is the set oh-tuples that do not belong B andRgs is the set of
n-tuples for which it is not defined whether theyldmg to R or
not. '® Accordingly, partial isomorphism between two partial
structuresA andA' obtains|f and only if a partial substructure &f
is isomorphic to a partial substructure Af(da Costa and French
2003, p. 49 and French 2003, p. 1480). Accordindad&osta and
French, the above formal characterization captaresmportant
feature of scientific representations, namely thaty involve
idealizations and approximations:

Both our everyday and scientific beliefs concepresentations that
are not determinatenot tight, not complete; they are idealizations
and approximations, they are imperfect, and theg partial,

° As the arguments against (pragmatic) homomorplisemanalogous to
those against (pragmatic) similarity, | will omiturther discussion of
homomorphism in what follows.

9 Note that in the limiting case, wheRe is empty, a partial structure
becomes a total structure.
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reflecting our partial knowledge and understandihthe world. (da
Costa and French 2003, p. 17, cf. p. 19)

In this context, it is claimed that idealizatioms&action and
approximation can be accommodated within the partia
isomorphism account (French 2003, p. 148®ccording to Giere,
the basic representative relationship between rsaaiad the world
Is (pragmatic) similarity (Giere 2010, p. 269). Tha to say, in
virtue of certainspecified similaritiesbetween the model and its
target scientists represent certain aspects ofvtril (Giere 2004,
pp. 747-748). What this means is that a model isidered to be
similar to its targetn certain respectandto certain degreefor a
purposeP. Therefore, given the clarifier “in certain resggeand to
certain degrees,” Giere equally suggests that imkadn and
abstraction can be accommodated within his pragnsatnilarity
approach. In the following two paragraphs, | spaipoint why the
partial isomorphism account and the pragmatic sirtyl account
fail to explicate scientific representation.

It is clear that da Costa and French, on the omsl,hand,
Giere, on the other hand, aim to explicatgntificrepresentation.
However, given the way that they seek to cash @ignsfic
representation it is not at all clear that thegpective accounts are
able to single out scientific representations pi@gmatic similarity
and partial isomorphism obtains in non-scienti®presentation as
well. Consider Louis Francois Roubillac’s famouatseé of Isaac
Newton at the Chapel of Trinity College, UniversitfyCambridge.
This statue is, as most would accept, clearly sima the historical
Isaac Newton. Although Roubillac added certainstidielements
for the purpose of providing a dignified represénota of this
particular Lucasian Professor of Mathematics, Nevstofacial
features are quite accurately represented. HoweReubillac’s
statue does not, for example, accurately repreNemtton’s true

In what follows | shall focus on idealization amdstraction. An
idealization refers to a conceptual scheme whiclbeiately distorts certain
properties of a physical system when modellingit;abstraction on the other
hand refers to a conceptual scheme which omitsiceproperties of a physical
system when modelling it (Cartwright 1989, pp. 188).
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stature and bodily proportions nor the true coloafrdis hair or
skin. That is to say, Roubillac’s statue is simtaisaac Newton in
certain respects and to certain degrees and inmeviof that it
represents Newton. Based on similar considerati@mg can
equally maintain that partial isomorphism obtairstween, for
instance, the facial features of the statue ansktlod Isaac Newton
and that it is in virtue of that that it represemMswton. This
example can be accounted for by both accounts.pbirg here,
however, is that the pragmatic similarity account ahe partial
isomorphism accoundo not have the resources to rule out the
above example as a case of scientific represemtaiiéhat this
example suggests then is that, in order to acctamscientific
representationsomething moras required than (1) introducing
some kind of formal relation which obtains betweewehicle and
its target, i.e. pragmatic similarity or partiabmorphism, and (2)
focussing on the pragmatic and intentional consiil@ns which
enter into the ascription of such relations. Oiffedently put,
neither approach is explanatorysaientificrepresentation. It is the
search for that “something more” that, of coursetinates my
own proposal on the matter. My claim will be thaatt “something
else” enables us to single out scientific represens.

In a nutshell, my objection is that by explicatiagientific
representations in terms of certain formal relajomwhich obtain
either “partially” or “in certain respects and tertain degrees,” one
cannot single out scientific representation progénat needs to be
incorporated in an account of scientific represimaarethe ways
in which ascriptions of pragmatic similarity or gal isomorphism
are arrived at Such ascriptions are typically arrived at by the
introduction of certain idealizing and abstracting assumptions
That is, the important thing to realize is thatgmnatic similarity
and partial isomorphism only obtain view of certain idealizing
and abstracting assumptianer phrased differently, the idealizing
and abstracting assumptions are that whigiound users’
ascriptions of pragmatic similarity or partial isorphism between
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a vehicle and its targét.As we will shortly see, in my account the
introduction of certain idealizing and abstractiagsumptions is
what sets scientific representation apart from rotfeems of
representation. The crucial difference betweenat@unt which
will be spelled out in what follows, on the one Harand the
pragmatic similarity or partial isomorphism accquo the other,
lies inthe different way in which the relation betweentedugion-
idealization and the existence of certain formdatiens between
the vehicle and its target is characterizéktcording to the latter,
pragmatic similarity or partial isomorphism are #lanantesof
idealization-abstraction; according to the formteis the other way
around: idealization and abstraction are #wplanantesof the
ascription of certain formal relations between tahicle and its
target. By placing idealization and abstractionhat heart of one’s
explication of scientific representation, as is eldoy introducing
the notion of a pragmatic limiting case in 5°2he problem that
vexes the pragmatic similarity account and theiglagomorphism
account can be evaded, i.e. on the basis of thismave will be
able to single out scientific representations prope

5.2 Outline of the Limiting Case Account

| shall begin by clarifying the notion of @agmatic limiting case
To do so, | shall introduce the following convenso

0, = the set of relevant objects laf
O = the set of relevant objects Df
Ry = the set of relevant relations amadg

21n Pincock 2005, pp. 1253-1255 related concermsraised against
partial isomorphism.

3 That a model is pragmatic limiting casef its target means that: (1)
provides eceteris paribusandceteris absentibusonceptualization of its target —
i.e. it treats its target in a highly abstracted &fealized way, as it cuts loose
from the complexity of the empirical world and delrately distorts it — and (2)
M allows for the inference of certain relations where not inferable from the
target itself, but which hold approximately for tiaeget relative to a purpoge
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R = the set of relevant relations amddg

It is very important to remark that propertiesjrathe remainder of

this section, are construed as 1l-ary relations thiad relations

include functions. Therefore when | speak of reladi in what

follows | refer to properties of objects — consttuas 1-ary

relations, relations among objects and functionsvéen objects.

That M is a pragmatic limiting case df is then characterized as
follows:

M is apragmatic limiting casef T for purposeP, if and
only if.

1. R, describes an ideateteris paribusand ceteris
absentibustate of affairs,

2. given the ideal state of affaiRs,, a relationr holds
exactly (where is the sort of a relation of which we
can determine the extent to which it holds
empirically),

3. r obtains approximately f® relative to a purpose
P,

4. given thatr holds exactly iR, and approximately
in R relative to a purposeP, a one-on-one
correspondence is predicated betw@sn and O,
and betweeiR,, andR .

Given the above characterization, | propose thdovohg
characterization of scientific representation:

M represents T scientifically, if and only if, Mis a
pragmatic limiting case of T for purposeP.

An example is in order here. For some purposesnpaerepresent
the orbital motion of the moon around the earthabewtonian
one-body system. A one-body system provides anhhighstract
and idealized picture of the moon’s motion aroumel $un: it does
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not take into account other forces (for instante, gravitational
force of the sun), moreover, since the centre & é#arth is
considered as an empty force centre it does nat itath account
the moon’s reaction force, and, finally, it trete moon’s orbital
motion as perfectly circular and uniform. Givenstiileal state of
affairs one can establish that Kepler's area lawd$h@xactly —
note that it can be determined empirically whethténacted bodies
describe areas proportional to their times. Puerihtly, a one-
body system provides us with an ideal state ofirafiander which
Kepler's area lawvould hold exactly however, due to the presence
of disturbing forces Kepler's area law does nodhekactly in our
solar system, but onlyapproximately Correspondingly, in this
model, the body will be interpreted as the moore tircular
trajectory will be interpreted as the actual pdtthe moon, and the
empty centre of force will be interpreted as theteof the earth.
Similarly, the bodyorbiting aroundthe empty force centre will
stand for the moowrbiting aroundthe earth and the bodyeing
attracted by the empty centre of force will stand for the ano
being attractedoy the earth. In contrast to Contessa’s accoupt, m
account explains how denotation gets there in ir& place:
namely,because a relatigrwhich obtains exactly und®&;,, holds
approximately undeR; relative to a purposeP. (By treating
scientific representations as limiting cases oirtkeerresponding
targets, we are likewise able to explain how thit users consider
a model similarguasiisomorphic or homomorphic to its targets in
the first place.)

As will be shown below, the above limiting case ot
does not necessarily require that the relationsngniieeM-objects,
which are limiting cases of the relations among Thebjects, are
first-order. First-order relations have only obgecas their
arguments. Correspondingly, second-order relatibage first-
order relations as their arguments. And so onafioother higher-
order relations. When a set of first-ordé#relations is a pragmatic
limiting case of a set of first-ord@rrelations, | shall denote this as
Rl is a pragmatic limiting case d®%!. Constraining oneself to
RY! does not seem to do justice to the potential abistess of
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scientific representations. A probability modeko$et of first-order
relations is an illustration d°?, where a set of second-ordér
relations (the probability distribution of certaifirst-order M-
relations) is a limiting case of a set of secondeof-relations (the
probability distribution of the corresponding fistder T-relations).
Probability predicates (and the like) can be apjpleesecond-order
properties, in which ca®R’3 obtains — and so on, for all higher-
order cases. The outcome of this is Rt can potentially be very
complex and situated at various levels of abstessn

Let me provide a more complicated example. Quantum
systems interacting with environment can be reprtese by a
changing density operatptt) (Percival 1999, pp. 44-53f.When
physicists unravel a density matrix, they wantgellsout a specific
example of an ensemble which is equivalent to tlwerngdensity
matrix. In the case of an ensemble of qubits (ive-state quantum
systems), represented by a density operator equdiatf the

identity matrix, the unravellings are given y= 1/2 = 1/2(|z% +
|z-) (i.e. an ensemble that is an equal mixture af sjp and spin

down in the z-direction) and = 1/2 = 1/2(]x* + |x=)) (i.e. an
ensemble that is an equal mixture of spin up amd édpwn in the
x-direction). While an ensemble of quantum statas & density
operator that satisfies a unique deterministiceddéhtial equation,
the master equation corresponds to many differéothastic
equations, i.e. different unravellings, for its qmments states
(Percival 1999, p. 47). Unravelling the master ¢éigna means
deriving a stochastic master equation from the emasguation.
Without further additional information about the vennment,
there is no way to choose one unravelling overatier (Spiller
1994, p. 168). If we do have additional informatiabout the
environment, we can associate the individual ststohajuantum
state trajectories with the behaviour of individgqabntum systems
in the ensemble. One way of doing this is provitégdQuantum
State Diffusion (QSD). In general, QSD producesliaation of a

1 Another way of representing it is as an ensemblehanging pure
states §/t)> with probability distributiorPr(¢(t)).
19



quantum state as it evolves in time (Percival 1%98ijler, 1994
and 2002). If we obtain additional information abothe
environment that QSD is the preferred unravellingnfpared to
“quantum jumps” or other stochastic equations)cas unravel the
master equation. The trajectories predicted by @&Dwhat you
would expect if one were to make a particular $ehe@asurements.
Now, in order to formulate QSD one needs only tramitonian
and the Lindblad operators. The former represeat (thternal)
deterministic dynamics due to the change;athe latter represent
the effect of the (external) stochastic dynamice tluinteraction
with the environment (Percival 1999, p. 45). Inardo arrive at
exact equations one has to introduce idealizingditimms. A
common idealizing assumption is that there is nctesy-
environment interaction so that the Lindblads canignored and
only the Hamiltonians remaitt. One can then further add the
idealizing condition that the future of a systenordy determined
by its present state — in this case a system hakdvidehaviour.
For the actual unravelling, we introduce the adddi idealizing
condition that the hypothetical measurements do aftact the
system. The trajectories predicted by QSD are wiat would
expect if one were to make a particular set of mesmsents. It is
obvious that unravelling the master equation by maeaf QSD
involves several idealizing and abstracting condgi which
characterize an ideal state of affdg. UnderR,, the trajectories
that one would expect if one were to make certagasurements
are derived. Note, however, that hg involves a higher-order
limiting case: one does not derive trajectosaspliciter, but the
expected trajectories if one were to make measurtne

My characterization of scientific representation dearly
sufficient for scientific representation. If we apt that all
scientific representations positeteris paribus and ceteris
absentibusconditions, then it is also necessary for scientif
representation. Additionally, the limiting case @aot has the right

'3 |n the opposite limit, one assumes that the sysesnly determined by
its environment so that the Hamiltonians can beiigd and only the Lindblads
remain.
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logical properties of representation: to wit, asyetmy, non-
reflexivity and non-transitivity (Suarez 2003, #82-233; Frigg,
2006, pp. 60-61): given my characterization of siie
representations as limiting casés,s a limiting case of but not
the other way aroundyl cannot be a limiting case of itself, and
since it is impossible thatis a limiting case of anoth®ét and that
M is a limiting case of anotheM, transitivity is ruled out®
Moreover, the limiting case approach is able tooaot for
misrepresentation, which refers to the fact thaiendtic
representations are approximate or inaccurate fitainerespects
and to certain degrees, for the fact that modelsdwalizations and
abstractions of their real-world targets is explljcincorporated in
my characterization of scientific representationeTimiting case
account of scientific representatiomdeedsquares nicely with the
view that scientific representations involve ideations and
abstractions. As is commonly understood, scientifimdels
presuppose certain conditions of which are strispgaking false
(Cartwright 1983). For instance, although we knbat the earth is
not a perfect sphere, in many Newtonian modelsreat the earth
as if it is a sphere. Similarly, the simple pendulmodel provides
an abstract and idealized description which assume®ro air
resistance and a very small angle of swing. To takether
example, by means of Hardy-Weinberg equilibriumelall and
genotype frequencies in a non-evolving populatioan cbe
determined. Hardy-Weinberg equilibrium assumes thatre is
completely random mating and that there is no gemetitation,
natural selection, genetic migration or gene flowcenditions
which do not hold in actual populations.

The above account also explains scientific reptasens’
capacity for surrogate reasoning. By cutting lodsem the
complexities of the real world, scientific repretsgions stipulate

' The formal criteria for transitivity are: if A B and B— C then A C.
When the arrow denotes the relation ‘is a limiticegse of,” then we have: if
Model, —» Target and Target— Modeb then Model - Modeb. However, as
the semantics of the limiting case approach ruldéstmt Targgt— Model and
Model, —» Model, transitivity cannot obtain.
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an ideal state of affairs in which certain relaipwhich cannot be
directly inferred from the messy empirical worléncbe inferred in
an exact way. Scientific representations delib&raabstract from

and idealize features of the physical world. Thisams that not all
the features of a system are included (in the chabstraction) and
some of its features are deliberately distorted tfie case of
idealization). Under sucleeteris paribusand ceteris absentibus
conditions, inferences can be drawn and relatioas ®e

established in a cognitive context where we do hete to deal
with the full complexity of the real world.

5.3 The Normative Question of Scientific Represtoia

Readers will have noticed that | have said notleinghe conditions
under whichr obtains approximately f@, relative to a purpose.
The reason for this is straightforward: the isstizvloetherr holds
sufficiently approximately pertains to the normatiquestion of
scientific representation. The particular goalkatid determine the
degree of approximation we require from a scientéipresentation.
If our goals are very demanding, then we will regla very
high degree of approximation. If, on the other hamd goals aim
only at giving a rough sketch, we will be satisfieith a lower
degree of approximation. For instance, if we onlgntva rough
sketch of a pendulum’s gravitational force — let sy for
educational means — we will use a very simple mot& standard
simple pendulum model can be a perfectly appraprabdel in the
context of an introductory course in physics. Byngshe simple
pendulum model, we assume that the cord of lehgghmass-less
and that there is no air resistance. The peFiaithen given by the

formulaT = 2 x 7 X (é)”z: 2 x=, whereo refers to the angular

frequency. Suppose now that in another contexigoals are very
stringent — for instance, consider the case ofresegs who want to
produce a detailed picture of the pendulum as aipalysystem for
a particular technological application. One waytdve at a more
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‘realistic’*” model would be to incorporate the mass distrilsutin

this case, the period could be determined by thada: T =2 xz
X (m—X;X h)llz, wherel is the inertia around the axis of rotation,

the total mass, anld the distance from the axis and the centre of
mass. If still not sufficiently detailed, we couddd further factors

to our pendulum model. There is no end to this ggsecone cannot
include all necessary correction factors in one ehtil

Given their inherent goal-dependency, the questain
whether scientific representations are successfuladequate
depends on the specifics of the goal which we geegstablish.
This entails that there can be no general thealeioswer to the
normative question of scientific representation.

Nevertheless, although scientific models abstraminfand
idealize properties of the natural world, we cantedaine
empirically whether the features not covered by model are
indeed irrelevant with respect to a particular g For instance,
in the example of the simple pendulum model we establish
whether air resistance will significantly invalidatthe results
derived from this model by means of experimentiups given a
purpose at hand. Comparison of pendulums vacuo and
pendulums on earth indeed shows that the deviatesgting from
air resistance are for some purposes practicallgligisle —
however, not necessarily for all purposes. Scientépresentations
are constructed by human minds, but good onesested in the
empirical world. More precisely, their inferent@nsequences and
the non-significance of the factors, which theyaidse or abstract
from, can be confronted with phenomena and asocedato be
acceptable or not, in view of a purpose at hands this process

" The quotation marks indicate that my proposakistral with respect to
the realism-instrumentalism debate. It is highlgiceble that an account of the
normative problem of scientific representationridapendent from the realism-
instrumentalism debate — and equally so for an wucof the constitution
problem of scientific representation: for both istaland instrumentalists models
represent scientifically.

8 Adam Morton has nicely discussed this idea in tuntext of
atmospheric models (Morton 1993, pp. 660-662).
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which truly filters out adequate scientific repnetsgions, relative
to specific cognitive and practical purposes.

6 Conclusion

By now | have explicated the pragmatic higher-oidaiting case
account, which, as | have tried to argue, provideasadequate
treatment of the constitution problem of scientiepresentation. |
have also highlighted its benefits and | have algolained why it
fares better than its competitors: the inferentalcount, the
interpretational account, the pragmatic similaatycount, and the
partial isomorphism account. If correct, my accopnbvides a
more adequate way to explicate scientific repredem — at least,
the debate on whether it does can now begin.
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