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Abslract

This ey presents a fully inferentialia-oxpresavisd account of scientilic representtion. In general,
mferentml s approaches 1o scient lic represemation argoe that the capacity of a made] 1o representa g
syslem depenck on inferences from medeks fo arged syslems (armagative inference). Inferentializm = at
traciive hecause i makex the eprtemic imction af madels ceniral & ther represeniational capacity. Pror
miereniml sl appraaches o scientlic representation., however, have depend ed on some repreeniaioml de
meml, such ax denalation or reprexenlational force. Brandaom®s Making iy Explicd pravides a made] of haw
& fully dischamge such represenational vacabulary, bt i1 cannent be applied direcily 1o scientilic represen
k. Pursuing a siralegy paralle] s Brandom’s, this essay begins with an acocount af haw surmagati ve
mference & jistilicd. Scientific representation and the denottion of made] elements are then explaned m
fermes ol surragative inferena: by incatng scaentilic represeniixm and denolation as expazsis ve, amlagows
& Brandom®s account af truth. The resull & a tharoughgaing inferemmlmm: M s a scentilic represena
tem af 17 iF and only if & has soientilically ustilicd surragative coomiequences that are answers 1o gues o
abou T,
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1 Imtroduoction

Questions of represenation loom large in recent philsophy of science. Inthe laie 0% cenmry, philosophers
began treating models, rather than theories, as the primary carrier of scientific knowledge, Models have baen
taken w0 represent their target systens differendy than do theories. The questions of how mode s represent
their targes, and how inferences Trom models (o tasgets {surnogative inferences) might be justified, havwe thus
bocome a contral problem. The dominam approach is repse sennrdwnadisg in the sense that it supposes thal
any accound of how we leam from models—ihat is, any accont of sumrogative inferenos—nmust presupeese a
represcitation relationship. Altematively, fferemreclisng propose tat an acooumt of scientific nepresentation
can be built on the basis of surrogative inference (al least in part). The contrast bemyoon represceniationalisis

and inferentalists paralkels the contrast in the philosophy of language between those whoe build an acoound



of meaning and inference on the basis of representational elations (ruth conditions, refeence, mental mep-
resentation) and those, like Brandom and Sellars, who build an account of linguistic representation oul of
inferential role. However, overlap bewesn linguitic inferentialiss and inferentialisis aboot scientific nepre-
sentation is surprisingly small.

Whik exponting the linguistic infierentialist-expressivist program o the philsophy of science faces
significant challenges, we will argue that these problens can be met by aniculating a new foom of inferential-
izm about scientific representation—what we will call Seerescgplfegedng Snferensiolivm, [ provides an acooum
of how surmogative inference is justified without appeal o substantive model-dargel fepresentation e lation-
ships (Section 20, such & similarnity, structiural mosphism, and denodation. Funhermore, we depart from other
sciendific inferentialiss in arguing that representation has an expresaive funciion in scientific practios {Section
3. This permits us 1o provide a thoroughly die Bationary acoount of scientific representation. In Section 4, we
compane our account with our neamest neighbor, Mauricie Sudnez, We arpue thatl our expressive inferential-
izm inheris all of the sirengihs of his deflationary inferentialism over both his referentialist opponenis and
his infenemialist competions. And because of the difference between his deflationism and our expressivism,
thoroughgoing inferentialism is nod subject 1o the main ohjections against Sudnez's inferentialism.  Thus,

theroughpeing infenentialism answers the guestion of hoy models relate o their targeis in aconpelling way.

2 From Surrogative Inference to Thoroughgoing Inferentialism

Roughly, thorsugheoing inferentialism propeses that model A represents farget T 00 and only if justified
summagative inferences ahout T can be deown from M. B is Seerosrgligedrg in the sense that it makes no
appeal o denotation nor any non-linguistic representation melationship in its acoount of sumogative infenemoe,
and it builds an socount of scientific representation oul of is account of sumegative inference. We begin this
section by situating thoroughgoing inferentaliam inthe problematic of scientific representation and skeiching
the argumentative strategy of the ssay. We will then develop our account of how surrogative inference is

Jusiified.

21 Inferentialism and the Expressivist Strategy

Representation became a special topic in the philesophy of science only in the latter decades of the 200
cendury. Scientific theories wene iraditionally concepiualized in linguistic terms. Cuestions aboul nepresen-
tation, such as how the meference of non-ehaervational terms might be fived, were treated s part and pancel
of the larger Bsues of linguistic epresentation. Beginning with the work of Hesse {1953, 19630 and Suppes
{1900, philosophers of science began 1o recognize that nod all scientific epresenations ane easily treatad
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i linguistic ebjects. Maps, graphs, and physical medels—Iike the ball-and-stick medels of melecukes in
sterenchemisiry—Ilack the syntactic o semantic struciuse fequinad for ot or falsity. And those mosdels that
can be irested as sets of propesitions, like nathematical models, inveke idealizations or absiractions that
render them literally fake. Nonetheless, medel and related scientific representations seem indispensable
componens of sciemific knowladge. With a very small number of dissenting voices {Callender and Cohen
20 Buyant 20215, philesophers of science concluded that scientific representation i sid geseris and the
resouroes of linguistic representation ane insufficient 1o account for it

Twio questions aboul scientific representation engaged philosophers of science. Fist, in virme of what
does & model, M, sand for, denete, or represent some target system T7 Second, what makes it the case
thai by inspeciing or manipulsiing M, we can draw justified—ofien irue and surpsBing—oeonelusions about
T? The relationship beiween these questions give rise o wo explanalory siralegies, nepresentalional sm
and inferentialism. The representstionalist siraiegy takes representation 1o have prioily over surrogaiive
inference. Bepresenisiionalbis thus seek an analysis of the representation relsiion helding between nmodel
and targel. Popular acoounds of the representation relation have invoked similarity {e.g. (here 2010; Weisherg
2013) siruciural morphism fe.g. Da Cosla and French 2003; van Frasssen 2010; Pincock 2012, or denotation
{Hughes 1997 Contessa 2007; Frigg and Nguyen 2020). For representationalisis, surrogaiive inference can
only be justified if the fepresentation nelation holds between mode] and target

Inferentialiss inven the representationalist explanaiory order, expliining scientific representation in
ternt of surregaiive inference. When Sudnex introduced inferentialism & a response to the problem of scien-
tific representation {Sudres 20043, its main Arength was asuperion piciure of how models are used in scientific
praciice. Sudnez's vesion of inferentalism was deflationary; it inskied that there was no single relation be-
iwoen medels and tagets 1o be found. The comples and varied practices of drawing sumogative inferences
from medels constitute their representational capacity (Sudwez 2004, 20010, 2015k, Sudrez and Sokd 20048,
Sudrez and Pero 20099, Critics have argued forcefully that Sudrer's characier zation of the inferential prac-
lices underwriling representation is overly vague and that his deflationim is unmetivated (Contessa 2007,
Frigg and Nguyen 2007, 20200, One of the geals of this essay is w0 provide a clearer picture of the feamres
of aciemific practice that justify sumogative inference:.

The debake over scientific representation hes a clear pasallel in the philesophy of language. Several
inferentialist inthe philsephy of science {de Donato Rodrigues and Bonilla 2008, Kuerikeski and Lehtinen
200k, Bownor ikeski and Ylikoski 2015) have suggested that Brandom's acoount of linguistc representation
i Meekdorg 0 Explicsr {(19904) can be siraightforwardly applied 1o scientific models. De Donsto Rodriguez
and Zamora Bonilla {20090 use Brandeom's normative pragmatics s aniculate the inferential practioss that
ground scientific representation. However, they ane valnesable 1o the objection that their appeal 1o inference



is ne longer de Bationary, implicily smuggling in substantive representation relationships {Frigg and N guyen
20020, 92y, This kind of objection plagues inferentialist views, & we will see below. We will call it the
siirggeling elafec fowi. Donato Bodripue: and Zamora Bonilla see valnerable 1o the amuggling objection, we
suggest, because they moved directly from nermative pragmatics o representation, and did not explain why
normative pragmatics should be sufficient for scientific representation.

Brandom counters the smuggling objection to his lnguistic inferentialism with a two-stage swategy.
First, his normative pragnatics is inended 1o give an acoount of inference and propesitional content that dees
nal invikie iraditional semantic vocabulary, such &6 “tree™ or “refers.” This shows how propositional content
can be undersiood interns of inference. However, Brandom recognizes that a panisan of representational sm
might insisi thed treth and re ference nust sl be playing a hidden role. Afier all, on the infereniialisi scoount
of proposilional coment, the facts siill determine whether a proposition is tree or false. So, there muos be
some reblicnship beiween fack and propesitions thet pardy determines their content. Such a version of the
smuggling ebjection invekes aconcepiion of irath as a relation. The second phase of the response, then, is 1o
Eive anexpresaivisl acoount of semantic vocabulary, including “iree™ and “refers.” Brandom's analysis shows
how these operaios get their content and function from propesitienal content, which in tum is inferentially
grounded.

Linforunately, Brandom's inferential Bi-expressivist strategy does nod siraightforwandly apply 1o sci-
entific representation, since models are not propesitional. This peint is obscured if one fecuses only on the
inferentialist side of inferentialist-expressiviam, as de Donsdo Bodriguez and Zamora Bondla do. Brandom's
expressivist acooum of semantic vocabulary depends on deviees peculiar o language, such as anaphora, noun
pheases, opague refenental contexis, and quantification. Scientific modek do net exhibit these characteristics,
at lezst not 1iterally or in the same way, so an expresaivist treatment of *m denotes o' cannat simply misros
Brandom's account of refemcnce.

O stresdegy for aniculating thoroughgoing inferentialim will paralle] Brandom's sirategy, but it nst
differ in significant ways. Lingisne inferential Bl-expressiviem ains 1o explicate the content and linguis-
tie function of various linguistic items, such as propesitions and logical operators. Sclennific inferentalist-
expressivism aims o explicae the capacity of scientific model o serve &6 epilemic representations, mep-
resentations from which we can leam. Our project is thus net aiming al analysis of the propesiton =AM
represents 7.7 To explicate the epistemic capacity of scientific medels, we will begin (Section 2.2) with an
acopunt of how sumogative inference s scientifically justified. Unlike Brandom's inferentialist account of

propesitional content, our account of scientific practics can appeal 1o Bigidsrie representation without thee st
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of circularity.”  Since sciemific representation is distinet from linguistic representation, circularity would
emerge only if we appealed 1o - linguistic episiemic epreseniations of fepresentation relations in the ac-
count of how susrogative infemences ane justifed.

The account, in Section 22, of how surmegative inferences are scientifically justified stands on its
own, without any commitment 1o what sciemific represemation amount . 1 can thereby play a role in
OUr eXpressivisl account of scientific representation parallel o the rele Brandom's inferentialia account of
propesitional content plays inhis expressivist sccount of semantic vocabulary, Section 3 will adopt an argu-
mentative sirale gy analogos o Brandom's, and use his account of wuth a6 a profom operator a5 a model fos
understanding representation of trgeis by models and denstation of objecis by model element. Our expres-
sivist iresiment of scientific representation thus vindicaies the leading idea of inferentalism: the capacity of

a miode] o nepresent atarget is nothing more than ils capacily o suppon summogative inferences.

22 The Inferential Pedigree: How Surrogative Inference & Justified

When a medel represents a fargel, some surogative inferences ane justified. This much is unconiroversial
The commversy, a5 we have already indicated, lies in the relative prioeity of representation and infenence.
Whene substaniive approaches make justification depend on representation, inferentialisis invert the depen-
dence. B is incombent on inferentialisis, then, to give an account of justified surogative infierence that does
nol presuppose relationships of scientific representation, such as similasity, straciusal monphism, o denota-
tioan, In the sense of “jusification™ ai stake here, it s a scientific matier whether or ol asusrogative inferenoe
is justified. The scientific activity of modeling & full of practices by which scientisis debate and deliberaie
abput what does and does ned follow rom a model. To give an account of justifed sumogative infenenos,
then, is o capiure the epilemically nelevan featunes of that practice, o caplure the decision poinis, 5o o
speak, in the process of scientific justification.

Looking across a variety of models from the social and natural sciences, several features can be ob-
served to b necessary 1o the struciure of scientific justification. First, asurrogative inference draws a conclu-
sion describing some aspect of reality from a premise derived from the medel. Derivation may be quite likeral,
i when calculations are made with the medel, or it nay take the form of scrutinizing or manipulating the
madiel 1o deaw ol some consedquence, . The surmogative inference concludes that some related proposition

about the targel system, O, is inoe. We may represent the form of surrogative inference a:
The mesdal says that

A
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Examples are easy 1o find and expressed natusally, e.g., the model says that the huricane will make landfall
al New Orleans, so it will make landfall st New Orleans. In this example, P = 7, bui this is a special case.
Wery ofien the surrogative conclusion is some son of ransformation of the propesition within the surrogative
premise, e.g. the medel says that higher money supply correlates with rising inflation, s0 increming the
money supply will raise inflation. Clearly, surrogaiive inference is ampliative, even inthe special case where
s the same proposition & O

These very superficial featunes of sumegative inference already demonstrate two impertant character-
istics of s scientific justfication. First, since the inference is ampliative, the conclusion & justified only if
thene is no defester. The defeaters ane facis that either refute the conclusion or undercot the premise’s suppon
of the conclusion. The defesters canna be included in the model already, since if they were, P would moed
emerge & a oonsequence of the medel. Second, it nmst be the case thai the model really says that . Since
7 is & conclusion deawn from calculation with, inspection of, or manipulation of te medel, these calcula-
lions nwst pess sekentific muster. In some cases, like mathemadical caleulation, P will follow o maiier of
deduction.  In many cases, however, drawing oul P will require a defessible inference. I this derivation
is scientifically unjustified, then the premise of he surmogative inference is unjustified, and the inference is
blocked. Sumogative inference is thus the final step in & more complex inferential process. We will call the
two entitlements we have noticed so far NO DEFEATERS and DERIVATION. Each of these B a node in the
process, a point 1 which a scientfic justification has boen established or secured.

Moz that Mo DEFEATERS and DERIVAT 10 are spisfemie entilements, nod the semantic entitlements
of Brandom's normative pragmatics. Semantic commitments and entitlements detemmine whal proposition a
sentence expresses. The episemic entilements with which we ane concerned here ane sisuses achieved by a
scientific comnunity. That & mede] hes consequence P B sonmething that might be established inoa scientific
paper, subjected 1o peer review, and perhaps explored in awiderdebate, An individual's justification for their
beliel in the conclusion, O & dependent on such epilemic entitlements being secused by and for the larger
scientific comnunity. The epistemic entillenents thus cannal be equated with the content of a propesition.

Further entitlements emerge when we leok at the conditions upstream from DERINATION. Consider,
fior examiple, the Lotka—Mslierma equations.
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Reflection on these @ equations will reveal their mathematical properies, but it will not suppon any sur-
rogative inferences. Their interesting mathematical propeny is that simultanecus selutions produce offsey



periedic cyeles in the values of & and 5. Arbe ine B followed by a rise in gy, which is followed by a decline
ime anad later decling in gy, Three soluions tothe equations fesull in stable equilibeia. If either & = Oor o = 0,
then obwioualy there will be nocyeling. More ineresing is the solution:

bes )

Under these conditions, the values of & and j remain stable. However, since the math is entinely uninier preted,
Wi are mol el in a position o infer that any real propenies might be related in this way.

The process of giving empirical meaning o the elements of a medel is called “operstionalizing™ in the
sciences. Philesophers of science assecisie this term with Percy Bridgnan's netorious form of insirumental -
ism {Bridgman 1927). Bridgman ireated the meaning of aconoepl &6 its method of mesunement. Aside from
the well-known philesephical concems with this idea, it is a significant distonion of the process of jutifying
sumregative inference because Bridgman collapsed two mpects of the process. Inoone pan of the process,
the variables and constants must be interpreted in some way, Second, in the light of the inerpretation, a
micasurement methodelogy must be chosen and the meauremenis ohtained. While they are closely related,
they ane distinet moments inthe process of justfication.

We can see why charactenizing the medel elements b distinet from supplying them with values through
meazurement by looking how the Loiks- Voliema equations were usad in ecology. Alfred Lotka{ | E80-194%)
and Wine Wolterea { TRG0- 1940 explosed the aquations above independently. Animal populations were well
known te cyele through boem-and-bust perieds. Lotka and Yolterra independenty propesed that sene such
cyckes resulied from predaws-prey relationships. An increase in the prey species provides mone Food for
the prodaior species, and this increases the population of predatoss. However, mose predalons means mode
predation, sothe population of prey species is reduced, followed by a fall in predators. The prey population
can recover in the absence of predators, and the cycle slans again. Lotka and Volema tos inmerpreted the
variables and the constanis in the following way, The first equation describes the change in the prey species
over time. & is the population of the prey species ata given tinme, and o is its growth raie. The population
is reduced by imeraction with the predators species. Sry is the rate of predation, with i inerpreted as the
population of predaiess. Inthe second equation, Sy & the growth e of the predates species, while 5 & the
raie ai which predaicss die or migraie out of the sysiem.

Ifthey were only exploring the mathematical propenies of the aquations, Loika and Violterra would be
froe o tell any siory about the variables they liked. However, if surmogative cone lusions about real predaioss
and prey are io be drawn, ned justany inter pretation of the variables will de. The choice of interpretation needs
scientific justification. Aspopulation ecologiis became imerestad in the Lotka-Volterra e quations &5 the basis



fior population medels, Lotka's and Woltersa's interpretation was subject o scientific scrutiny and extended
debaie’ For example, o r arguably provides 3 poor understanding of populsiion growih. So interpreted, it
mieans that over Gme, the populstion will grow withoot Imit But all species ane subject 1o limitstions on
growth, such as exhaustion of the foed supply or reduced fentility from overcrowding. The scientific question
in ecolegy became whether oo oould be plausibly inempreted as population growih. Debates over whether
of nel an element of & model hes been understood in s scientfically justifiable way ane ofien expressed @
questions of idealization. Mealization eocurs when the medel has combined distinet causal factors inte a
single parameter, sei the valies of some variables 1o zeroor nfinity, or stherwise simplified and distoned the
phencmensn i be undesiood (see Miki 2020, for ine-grained diginctions ameng varieties of dealization).
If the variables and constants of the Loika-Voliera equations were interpreted in erms of predaior and prey
populations, interactions, and binh and death rates, the resulting modiel would be highly idealized.

If it were bielogically plasible o interpret the Loka-Voliera equations in lems of predaior-prey
dynamics, then a potential surogaiive inference emerges. The moedel says that there is an equilibrium in
predator and prey populations under cenain conditions; so, there are conditions under which predator and
prey populaicons will be stable. Since this conclusion will follow ealy if the inerpretstion of the variables
and coefficients are bickegically plausible, there nust be a thid crocial nede in the process of justifica-
tion. We will call this entitlement CHARACTERIZATION, CHARACTERIZATION is obviously required for a
mathematical model like one based on the Loka-Veliera equations, since the equations ane otherwise just
uninderpreted math, butil is alse required for non-mathematical models like maps or physicalmede k. Clearly
CHARACTERIZATION depends on the resources of language, and thereby on linguistic representation. But if
scientific representation is s gernerss, such reliance on linguitic meaning must be unconiroversial.

The idealizations of Lotks-Vielter sa mode B motivaied some biolegists fe g, Wanpersky 1978) 1o a0 gue
that they are biclogically implausible, and therefore useless. But usefulness is project-relative, and this
expoaes a furher node in the process of justification that we will call RELEVANCE, Whether a particular
interpretation of the equations is warranied depends on the scientfic telerance for ideal ization in that context
of inguiry. Telerance for idealization B neta nmatier of taste, [ depends on whether, e.g., weating the prey's
population growih m unlimited will matier o the Targer inguiry (K halifa 2020; Khalifs and Milkon 20200
Maodel building is always done for a purpese within the context of some inguiry, and scientific inguiry is the
attempt 10 answer questions. Against this background, an idealization is harmless if it dees net distart the
answers o relevan questions or prevent relevant questions from being answered. By contrast, if it would
distort the answers 1o the quesions of make then unanswerable, then the idealization could net be olersied.

Wasgersky ¢ 1974} gives o good overview of de problesres of bue gprecisg the Lotk Vokewa aqearices i o bickogieally plassible
WL



RELEVANCE is secured when there is scientific justification for thinking that & medel, as interpreted, is
capable of generating answers 1o the questions guiding the inguiry. Clearly, CHARACTERIZATION depends
ot RELEVANTCE.

I the epigemic entitlements of RELEVANCE, CHARACTERIZAT 10N, DERIVATION, could be secured
fior the imterpretation of the Lokia-Voliema equations & involving predaior and prey relations, i woald be
sufficient 1o justfy the premise of the surrogative inference mentioned above: the model says that there is
an equilibrium of predater and prey populations. Were No DEFEATERS also secured, it would be suffi-
ciemt 1o justify the sumegative conclusion. The surrogative inference B thus justified without resoming 1o
any measurement, possible or acwal This means thet Bridgnan's characierization of operationalizsiion
inappropriaiely collapies iwe mpecis of “empirical meaning™ the interpretive component we have called
CHARACTERIZATION and a funher epistemic entitlement we will call MEASUREMENT.

MEASUREMENT will be necessary inany inguiry whene the answers 1o the relevant questions depend
on giving values i the constanis and variables and e deriving conelusions from the nmese fully interpreied
equations. For example, one of the questions that emerged in population eoology concemed the Tyns-rabhit
interactions in Canada dusing the [%h century. The Hudson Bay Company kept records of pelis bought
and sol, and this demensiraied a ten-year eycle with mose than & passing resemblance o the periedicity
predicted by the Lotka-Yolterra equations (Elten and Micholson 1942). Building & model of the yns-rabbit
sysiem required using this deia 1o estinmie the values of the constanis and variables. Establishing such values
was difficuli and produced an engoing debade (Leigh 19968; Gilpin 1973; Finery 1979 Wangersky 1978; Fonl
20018, Whether or nod infierences reganding the Canadian lyns-rabbit interactions could be drawn from the
muodel clearly depended on whether the choice of messurement process and mehoedelogy could be jusified.

Memurement is a complex process thal includes choice of methoddogy, instrunents, data cleanup,
ele., a5 well as actually conducting the messurement process (Tal 20200, Should any mpect of the measune-
ment process fail wo be scientifically respectable, the valies used 1o make the calculations will be defective
and epistemic entilenent i DERIVATION will be undermined. In some contexis of inguiry, the justfications
fior MEASUREMENT and CHARACTERIZATION will depend on each other, We could net justfy & messune-
ment methodolgy unless the equation’s variables were imerpreted, st least partially. And MEASUREMENT
ofien consiraing the pessible interpretations available when building a model.

Surrogative inference B thus justified by a web of inerdependent epistemic statuses, flustrated in
Figure | and spelled oul concisely in Figure 2. RELEVANCE is the wellspring of sursogative inferenoe, since
relevance 1o the quesions is part of the justification requined for operaticnalzing & medel, which includes

the separate epistemic stiuses of CHARACTERIZATION and MEASUREMENT. Since net all pessible de-
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Figure 1: Structure of the Inferental Pedigree?

featers will matter o 4 panicular inguiry, RELEVANCE & part of the justification for NO DEFEATERS &
well, DERYATION depends on the way the model has been operationalized, and provides the premise of a
surmsgative inference. IF Mo DEFEATERS is ako seowed, then the conc lusion of the surnogative inference is
sciedifically justified. In cach of these relationships, the episiemic entitlement is a necsssany element of the
Justification.

Securing the five entilement of sumogative inference is ol only necssany o justify the conclu-
sion of & surrogative inference; topether, they ane sufficient. MNode that this B ned 1o say that cach of the
arrows in Figure | represents a full scientific justification for the subsequent entitlement. For all of the en-
titleme nts downstream of RELEVANCE, socuring entitlement will depend on bodh the upsircam entitlements
and additional background knoswledpe. For example, a measuremenn method might satisfy the demands of
a scientifically plausible inerpretation of the varables {so CHARACTERIZATION has been securad), bot it
atill might med be justified because it is too unreliable in the paricular context. Securing MEASUREMENT
thus depsends on both CHARACTE REZAT 1080 and contexiually relevant backoround knewledge. Onee all five
entitlements have been securad, the conclusion of the surogative inference has boon scientifically justified.
Wi will call this struciure of justification, with it five epitemic statuses describaed in Figuse 2, the fi el
preelipree of sumogative inference. A surmsgative inference is justified if and only if its nferental pedignee
hes beeen secured

The puzzle of scientific epresentation B how model could b related o tarpets in such a way that
wie can bearn about the targel by inspecting the model. The intuition of inferentialism is thal surmogative

inference plays a crucial role. The forgeing scoount shows that susnogative inferenos can be justified withouo
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RELEVANCE: Conclusions, 7, drawn from “M says that ™ are answers 1o relevant questions about T,

CHARACTERIZATION: Elemems of A have boen approprisiely imempeeiad in the context of inguiry about
T.

MEASUREMENT: Measurement of T has reliably supplied values for M, w6 charscierized.
DERIVATION: P follews from M, as operationalized.
MO DEFEATERS: Nodefeaters block the inference from “ 5 says ihat P 1o,

ﬁﬂll‘! 2: Content of e Inferential Pedignee

appeal o any model-arget relations of the sort philesophers of science have found appealing. Indeed, it
is hard 10 see how adding that, e.g., “Fry is similar w0 the relationship between predator and prey™ would
contribute anyihing o the justification. I seens very plausible, then, 1o ke the inferential pedigree as the
£l that conpects tarpes o moede k. This is the contention of horoughgoing inferentialism, which can now
e foamulated more precisely: M is a sciemific represemtation of T ifand only it A has scientifically justfied
sumOEAlive oonsequencss that ame answers 1o questions about T, where a summogative consequence is justified
if and ealy if the entitkenments of ik inferential pedigree have boen secuned.

2.3 Thoroughgoing Inferentialism and the Smuggling (Yhjection

Represemationalist might object thal thoroughgoing inferentialisam faik 1o free iself from representational
relations independent of suogative inference. Edablishing the inferential pedignee requines scientisis to de-
lilerae about the model's melation 1o the target system. Inoso dedng, they have 1o describe, e.o., the binh and
death rates of lynxes and rabbits, One might argue that CHARACTERIZATION and the eiher elements of the
inferential pedigres depend on an undischarged conceplion of e presentation, sinee it seems 1o establish that,
g, F represents for denetes) predation and & represents {or denotes) the rabbit population. The account of
how surmsgative inference is justified thus depends on representation andfor denctation. Some additional ac-
opunt of representation is requined, te objection concludes, and it & just here that subsiantive representation
relations are needed. In shont, substantive relations have been covenly smugebed into our scoount of justified
surmsEalive inferenc:.

We argued in Section 2.1 that all panics 1o the debate {pece Callender and Cohen 2006 and Ruyant
202 1y agree that there is aspecial problem of scientific representation. ITscientific representation B a problem
that needs. fesources over and above those available in linguisic representation, an account of scientific repre-
sentation may appeal o linguistc representation without begging the question. {Indeed, all exisling acoounis
of scientific representsiion presuppese linguistic representsiion) The problem of scieniific representsiion
concerns mde]-world relationships. The inferential pedigres establishes model-language relationships, as
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is made evident by the way M and T figure in the inferential pedigres (see Figure 2. In RELEVANCE,
answers o questions about T are soughl, so T is described, but no model-iarget relationship is posialated.
In CHARACTERIZATION model elements are given inkerpretations using the resources of language. Asso-
ciating & linguistic descriptor like “rabbit population™ with the variable & does not establish a relation of
scientific representation of dendation between the model element, &, and & e of abbis in Canada or any-
whene else. MEASUREMENT will invelve causal interaction with the target, and while this & an inponant For
tying models 1o targets, we have argwed elsewherne (Millkon and Bisjood 20230 that such causal interaction is
ot sufficient 1o constituie a dencdation relation betwoen mode s and targets or between model elements and
targel objecis. Therefone, while the inferential pedigree does presuppose that propesitions represent and a1
leasi some words refier 1o non-linguistic reality, it does not inveke a sefensifie re presentation relation.

While the representationalist might agree that, siricily speaking, the question has not been begeed, they
might remain uncenvinoed. The scoount of surmogative inference in Section 22 & independent of any scoount
of the representsiion relaiion. A representationalist might then undersiand the siory so Far in the following
way. Mosi account of the representation relation give a prominent rok 1o the users of the represeniation.
As van Framsen puis the point, “MNoeting represents anything except in the sense of being vsed or taken 1o
do thai job or play thed rele for us™ {van Frassen 20010, p. 253). The scoount of the inferental podigres
fills in muuch detail absout use, and it thereby shows how scientists establish or fix the represemation nelation,
whether that is undersioed & similarity, struciural mosphism, or the DEK [conditens. While the acoount of
surregaiive inference does net explicily appeal io scientific representstion relations, neither does i preclude
them. Thosougheeing inferentialiam thus remains unmodivated.

From the inferentialist perspective, the mistake underlying the representationalist's inepretation of
the inferential pedigree & o inesl representation 6 arelation. This is the foroe of Sudrez's deflationssy Sanoe.
Hewever, the representationalist has a fair point here: the story about how sumegative inference is justified
fails w show that treating representation & a relation & a misiake. I is therefore incumbent on us o provide
a satisfaciory aliernative account of scientific representation and denotation whene these are not irested a5 a
medel-target relationships. Having completed the first step of show ing how surogative inference is justified,
we now procesd o demonsirake the function of ineating something as a scientific representation, and how it

£ets this functien from the inferential pedigrez.

3 Expressivism and Scientific Representation

When said of medek, “represents™ and “denotes” are iypes of semantic vocabulary, analogous 1o the semantic
vicabulary of linguistic representation. IF inferentialist-expressivism in the philesophy of language provides



a satisfaciory treatment of semantic vocabulary, therehy making substantive relations of truth or seferenes
odious, ten presumably the semantic vocabulary of sciemific represemation should Fall 1o the same axe. As
wie already noted, howewer, nodels lack the syniactic structune that Brandom's acosunt of truth and se fercmos
requires. Inthis section, we will show how scientific representation can be treated analogously 1o Brandom's
ireatment of wuth. Representation and denotation function in & way analsgous 1o pro-form operatons, inherit-
ing the epistemic stiuses of the inferential pedigres and enabling the endorsenent of these entitlenments. To
make this case, we begin by characierizing Brandom's expressivist approach o semantic vocabulary (Section
A1, Aginst this background, we will extend and apply this siraste gy 1o acoount for the scientific function of
ireating amode] & representing atargel {Section 3.2) or a model element as densting an object (Section 3.3).

To display the patierns of inference invelving representation and dencistion, we will need a meta-
language for tlking about surrogative inference. Models are constituied by elements and relations.” so we
will use m for model elements and BY for a-place elations among maodel elements. {Where n = 1, we
will use the moere nadusal language of properies.) In Loiks—Voliersa models of predsior-prey dynamics, for
example, the variables & and v are elements, & are the parameters o and 5. 5 and § ane two place relations,
and the equations alse pul the elements inte relation. When interpreted, each of these elements, properties,
and relations potentally cornesponds io {deneies) some aspect of the target, which we will represent with o
{an ohject in the argel sysiem, such & a population of lynxes) and /7 (a propeny of or relationship among
abject in the aree system, such & a nx encounterning and eating a rabhil).

With this metalanguage in hand, ki us also intreduce a somewhad anificial distinction beiween nep-
rescntation and denotation. In discussions of medeling, the two tems ae ofien used interchangeably., [
is natural 1o say both that medel represent targets and that moedel elements represent objects in the target
aysten. A similar ambiguiy & found in uses of “denotes.” with Frige and Neuyen (20200 saying that models
denote, while Conessa { 2007 restricis denotation i elemeni-object relations. These differences in usage ne-
flect substaniive commiiment comoeming sciemific representation. Independently of any such commiimems,
there are twe prve focle relationships here, one between model and targets, and the other between model
elements {relations) and ebjects | properties, relationships) in the target system. We will reserve “represents”
fior the madie l-target relation, canonically expressed & © M represems T and “densies™ Tor element-ohject

relations, canonically expressed as " denotes o

Moo s mmd Cpiver (013 e de g e of e e nmd “neevises” vl ol b o b oo me chaserie foroer e 10 o ko mvees
ol o o ool s iy Eaepen sysneEn o s, veba ol e seed 1o clearly dis cigerdy
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A1 Brandom's Account of Truth as Proform Operator

Brandom's sirategy for explicating semantic vecabulary depends on a distinction beiween predicates and
operaioes. s unconiroversial that ned everything with the surface struciure of a predicaie is, in fact, a pred-
icate. Moest famously, “Crod exists” dos net predicate anything of God. “ExBis” is better understood as an
aprereter. Predicates have contend direcily. In a slandad mosdel-theoretic semantics for frsl ooder logic, For
example, prodicates comespond 1o sets. O peratoss like the quantifiers and iruth-functional connectives do net
oorrespend 1o sets, object, or tuth-values, They get their meaning from thelr function. The recursive defi-
nitions of the treth-functional operaions, for example, take propositions with troith-values as input and yield
anew propesition with a roth-value as output. Sinilaly, ithas boen argued that . .05 tree™ is & disquota-
tional operater, nota predicate, and many of the philesephical pusles about truth arise from conflating the
distinction.

Brandom's inferentialist-expressiviam ineals semantic vocabulary, like “iroe™ and “nefes™ o opera-
ters, The srategy has twe phases. Fist, just as in logical semantics where the alomic propositions have
their meaning directly, while the truth-functional operatons oreaie new ropositions. from them, Brandom's
semantic operalens msume he existence of meaningful propesitions. The inferentialist side of Brandon's
program characterizes this meaning in terms of inferential sole, where inferential rele B caplured by the
{pemantic) commiments and entilements undenaken by affirming the proposition.  The second phase of
Brandom's sirate gy is 1o arficuluie how the operaior ultimately depends onthe underlying commiiments and
entitkments, and use these io show why it has the expressive funciion thai it dees.

Brandom's irestment of trath as an operator is a modification and extension of Grver, Camp, and
Belnap's { 1975) prosentential theery of ruth® A proserence B aseniential analogue of a proncun. The
content of & pronoun depends on an antecedent, o illsiraied by (1), where the pronoun “she™ picks up iis
oontent anaphorically from the antecadent * Hannah?”

{13 Hannah walked into the siore, where she bought some chocse.

A prosemtence functions similarly, except that the antecedent is a semence, ol anoun of {in)definie descrip-

i In & sentence like (23,0 is tree™ takes s content from the the queded sentence.
{2y Hannah said “Cheese s life)" and Andrea said that it s inee.

On a prosentential view, then, .. & tnue™ is a “prosesdenceforming operafor, which applics 1o a noun
phease spec ifying an anaphosic antecedent, and yields a prosentence anaphosically dependent on thai specified

P mdoen coenpares bibs ma plaoic prose seesil o oo of we with Growr's proseste seian| oo cess s Brasdoen 3008 ) Chopear 3
oo Meakbeg b Expdled o 195 ) Burs ey oot bocesit omive: oo s ek by s s o mces very bl v glosses.
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antecedent”™ (Brandom 2002, 105-6). The resulling sentence has no more propesitional content than the

original, Indeed, i has the same content, which underwrites the Tarski foomula: P Js tnwe iT and onby i P
Whik the prosentence hes the same content & the sentence on which it anaphorically depends, the

procentential theery dees net propese that talk of truth & eliminable. In the discourse represented by {33, For

example, Andrea’s uileranos is nol necessarnily exiending Hannah's.

(37 Hanmah said “Cheese is life]” and Andrea said “Cheese js life”

By conrasi, in {2), Andrea is extending the discourse. She is inheriting the content of “chose i 1ife™ from

Hannah and eselerssrg it To endorse a semence s an activity, nol a funher proposition. By saying that

Hannah's sentence is tree, Andrea inheriis all of iis commiiments and entidements. The ™. is true™ operatos

thus permiis something new o be said witheut contributing new propositional content i the discourse. This

is what it means 1o say that an operslon is expre save.

Prosentential operaions may also have quantificational antecedenis, as in{4).
{4y Ewernyihing Hannsh says is tne.
The natural expansion of (47 is (5).
15 BFor any sendence, if Hannah says i, i s e,

The prosentential operaior B now explicit, and it anaphorically depends on each sentence Hannah said. Li-
tering {33 thus commiis the speaker o all of Hannah's proncuncement. Here again, the expressive power of
“oolis e Boevident. The commiiment of (3) extend i as-vel unsaid sentences, 5o could not be caplured
by simiply repeating her uile rances.

Netall semantic voecabulary can be weated & prosentential operatons, sinoe net all will have sentences
a6 their anaphoric amecedents. ©. . nefers. . 7 for example, has indefinie descriptions and deictic expressions
w o ankecedents. In general, Brandom's sirstegy for semantic vocabulary is 1o west such fens as ™ proforn™
operatess that anaphesically inherit content from antecedent expressions, and endesse itin some way, Clearly,
Brandom's acosum of semantic viocabulary will not apply directy o scientific representation. However, “A
represents 77 and e denoles o7 ane very near cousins of the semantc vocabulary thet expresses linguistic
representation, and we will argue that their epdsfemde Function in scientific discourse is analogous 1o that of
- fiormi e raiors.

32 Scientific Representation from an Expressivist Perspective

All parties 10 the debate over scientific representation agree that when M represens T, some surrogative
inferences from what 8 says o conclusions about T are justified. [is unoontroversial, then, o take endossing
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a sel of sumegative inferences & a central function of mserting “M represents T in scientific contexis
The surrsgative inferences endorsed ane exacily those justified by the inferential pedigree. “Represents™ is
thus analogous 1o “rue” and the proform operaiors of semantics: i expresses and endorses an epistemic
entitlement thai is based on an independent body of epiiemic entilemenis.” And in so doing, it introduces
s new epElemic entithments of semantic osment.

Whik this & asuggestive analogy, there are also two point of disanalogy that nwst be squarely faced
First, & mentioned in Section 2.1, Brandem's project aims at understanding the semantic function of ... is
true,” whik we are inieresied in under sanding the capacity of models & represent their targets {and nod the
semantic function of the sentence “ M represents T7). Becond, the endessement of surrogative inference in
M represents T s the endersement of an entiilement o draw surrogaiive conclusions, net the endessenent
of a propositional content. This means that * A represents T does not depend on the inferential pedigree
ingquite the same way that * “F" is true™ anaphosically inheriis iis content from P 1Uis therefone incumbent
upen us i explain how “ M represents T is related io & particular inferential pedigree such thai ireading A
i a representation can endorse the entitlements it provides.

We cheerfully shoulder this explansiory busden. In Figure 2, where we specified the content of the
inferential pedigree, note that M and T eccur throughout. Together, M and T ihus specify a pt'ijn::l.hrﬁ
inferential pedigree. The entitlements of the inferential pedigree are embedded in the sciemtific proczss of
building, operationalizing, and working with a panicular medel, a process whenein the target is deseribed. Itis
in virtue of that process tha the suregative conclusions deawn from M are about T, rather than another targel
To claim that M represents T, then, is wo endorse just that sel of surogaiive inferences whene propositions
derived from M ane infered 1o be wue of T. While the relationship between “M represents T and the
entitkments of the inferential pedigree, then, is not exacly the same as an anaphosic dependence beiween
“she™ and “Hannah™ in a discourse like (1), the relationship has an analogeus function. We might call it
epdstemie anaphora: “M represens T picks up a specific content—ihe entidement of a specific inferential
pedigree—~from an antecedent activity. And having picked up thet contentd, it can be endorsad.

The {epistemically) anaphosic function of M and T in “M represents T has a quantificational char-
acier analogous 1o (1) above. To say something like “A Loka-Vollemra model represents the  Iyns-rabhit
dynamic in [9h century Canads™ B not 1o say that one specific sumogative inference hes boen justified.
Rather, it & 1o say that there are sene inferences whene the Lotka-Voliema model (as interpreted in terms of

Tl s v puodne sgr oot that “represeses” e s b fie o ceens s oo ma bogoes po 8 koo than P since ot o what it esdoeses
it e et e et v B e P Tt i logry s s 0o e el carrediell e, Bovever, simoe dhae oo e s o e i i | e e e e
il ) vl ot s e, s e e enplasired oo

¥l coudd be tha im0 scieseific ocetean of medel dewloperese. deere b mnore tham cee opembcealizaion, st i which M od T
fipere. Imokis cose 0 nepoesess T il Be ombgpecas ommoeg diff oo s possabde @ sdorssnenes b dhar i eity is 50 o oo g
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the Iynx-rabbit dynamic in 1%h century Canada) says that P, and there is a scientifically justifed inference o
O, astatement wwe or fake of the lynx-rabbil dynamic in 1%h century Canada. Node that while RELEVARNCE,
CHARACTERIZATION, and MEASUREMENT are already general episiemic stsluses, DERIVATION yields a
specific propesition, F, and No DEFEATERS concems inferences drawn from premise . DERIVAT 0N and
Koy DEFEATERS are thus apecific o a single inference. By quantifying over inferences justified by various
derivations, “ M represents T adds important expressive power 1o scientific practice, over and above the
inferential pedigres itself. It licenses a body of inferences inthe context of a given inguiry.

The {epistemicallyy anaphor ic relationship between “M epresent T and the epistemic entitlement
of an inferental pedigree makes clear the function of “ M represents T™: i expresses that some surmogative
inferences from M io conclusions about T are justified. If so, then ineating M as representing T amounts io
treating oaesel f as entitled o make such infenences and authorizing others 1o do so a5 well, A central function
of scientific representstion has thereby been sccounted for.

This account easily exiends io other uses of “represents™

61 M mbnepresents T {or represent poody, badly, inaccussiely)
(7 M does not represent T

In general, io deny representational foroe, as in {8) and {T) is i bleck sumregsiive inferences. In the debaie
over simiple Lotka-Wolierra modek, for example, many ecolgisis ooncluded that the mode] was viery oo
and some thought i was useless. The problem was that when applied 1o daia like the Canadian yns-rabbit
daia, the curves predicied by the model did ned maich the popubsiion fluciations. Some were 50 bad thed
the rabbit data fit the predoer equation betier than it fin the preyv aquation, leading eoologiis 1o joke that
aconrding o the mode ], the rabbits were cating the Tynx!

A misdel represents poody when it vields few (undefested) conclusions of relevance o a given in-
quiry. Again, “M represents T picks up the entitlements established in the inferential pedigree. As we
nasticad above, the inferential pedigree on which ™ M represent T depends will justify inferences 1oa set of
oonelusions. If very few of these conclusions ane troe of T, then 5 will be a poor representation. Mote that
the inferential pedigre: depends on RELEVANCE, 50 whether or net M s a good or bad representation of T'
is melative o the inguiry a1 hand.

The line beiween being & bad representation of T and being no representation st all of T is not sharp.
The distinction is that a bad representation might sill be somewhat uselul inthe context of inguiry (i might
be the best we havel, while to deny that A represents T s to say that it justifies no surmogative inferences

relevant 1o the jnqlijr_'.r." T suppart the claim that me inferences from M oare about T would requine nmore

" dnn ke i e o e pare s e o btk e rmess o cessn st puosesiid bty of so-called “mpgedles models 18 i ofies dlained
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than a lack of RELEVANCE, and other aspects of the inferential pedigree would play a rele. In many cases,
CHARACTERIZATION will make it impossible o derive conclusions about a given targel. For example, the
Loika-Mpliersa equations can abko be used o model sutocstalyiic chemical reactions, where the products of
one reaction feed anether and produce an escillating chain of reactions. Given the way that the equations
would be interpreted, no possible derivation would produce surrogative inferences abowt Canadian lynxes
and pabbits. In & different kind of case, it could be that there ane no inferences from what AL says o T
bocause cvery auch infierence i defeated.

An immedisie, happy consequence of our acoount i that it explains why a single targel sysiem may
be medeled in mose than one way: it may be wue that M represents T and that MY represents T, but that
M =z M. Two models may ground entile menis o deaw digina seis of conclusions aboot the same targei.
For example, adding an expression for carrying capacity toihe Lotka-Volierra aquations. yiekds a new pair of
equations. Each model might be operationalzed 5085 1o vied conclusions about the lyns-rabbil dynamic of
|%h century Canada. There need be no conflict between Af and A, inwhich case a scientific inquiry may
use bl [ dhe two models yield conradictony conclusions about the farget system, then there ane at keast
iwe oplions. Whene the contradiciory summogative conclusions fall outside of the scope of the inguiry—ithat
is, if the contradictions are nod possible answers o questions guiding the inguiry—it may be scieniifically
appropriste 1o ignose the contradictions."  Alemadively, if the contradictions fall within the scope of the
ingpuiry, the model with irue consequences is probably the better representation, and should be retined, while
the worse representaiion is sel aside.

We conclude that A represents T functions in the sciemific context ina way analogous o the se-
mantic pro-fom opersiors. Like semantc vocabulary, it depends on a number of entitkements and iis function
is 1o express endorsement of them. As distinet from the semantic opersiors, it inherits and expresses epis-
temic entitlement. Specifically, “M represents T inherits the entidements that justfy te inference of model
der ivations { M says that ) 1o a proposition inue or Talse of a target (C7). [ihereby expresses emtilement to
a5l of surmogative inferences. There is, then, an intinmate relationship between scientific representation and
surrpgative inference. If the inferential pedigree is an sdequate account of how surregative inferences ane sci-
entifically justified, and if sciemific represemation Munclioms anadogously 1o pro-fom operatons by inher iting
ins epistenic content from the inferental pedigree, then the capacity of anmodel o be a representation of aiar-
get is precisely the model's capacity 1o generate justified surrogative conclusions relevant 10 questions about
the target. We have thenefore provided a positive argument for thoroughgoing inferentialism by discharging

o i e s e o 0 ol bt e e i, st Barve moporgen. We Bane oores posess bo de peokd e of mgpeckess models, b does sing
i B sl malke es poo for wfield. Ts fenere work. e sl shaov o @ bomssgignodss e i lon vicks alll of e booes i e st sdand
comeria for ode ey i amac oot of s e fie epee e s oo, ek os thoee peoenickiaeed by Frigg aed bpeves (H00)
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the argumentative burden of the inferentialist

Insofar s the representationalist demands that there must be some representation relation over and
above surrogative inference, we have responded 1o the representationalist concern aniculsied in Section 23,
By giving a positive account of scientific representation—one that clearly shows the function of treating a
maodel as a scientific representation—we have shown that the aliernative, representational, conceplions ane
unnecessary. Mothing in the scientific practios of nmoedeling mucr be interpreted in terns of a representation
relation, such & similarity o strucural mesphism, thus Pully countering the smuggling ebjection. Hewever
the representationalist might tum at this point to denotation. We have admiied that our account of scientific
representation depends {non-circulary, of course) on linguistic representation, and densistion arguably is

part of linguistic representsiion. To denctation, then, we now tum.

33 Denotation

Having vindicated theroughgoing inferentialisn & an acoount of scientific representation, we wrn i denota-
tien For two reasens. Fist, prominent inferentialisis in the philesophy of science have inveked a denotation
recuirement in their account (Hughes 1997, Contessa 20070, And ouside of inferentialibm, the DEKI ac-
opunt makes direct appeal 10 denctation in s scoount of representation {Frigg and N guyen 20200 We aim
1 show that such views put the can before the horse! denstation is consequent on surrogative inference, net
the oiher way around. Second, we notioad at the beginning of this section that representation and denotation
picked ol iwe relations between models and targeis. “Denetes” is a bil of {scientific) representational ve-
cabulary thed, like “represents,” should be shown io be analogous io an operaios, not a relaiion. And, as we
nastioad at the end of the previous section, if denstation inthe conext of scientific mosdeling failed fo succumb
1o inferentialist-expressivist ineatment, we would once again be valnerable o the snuggling objection.

The uses of the deneiation eperaior for which we nust ace ount are:
B In A, modenoies o
@ In M, £ denotes BT
(10 I A, e does et denoe o
(1) In AL, 8% does not denoae 77
(123 In M, m denokes nothing
(13 In M, 8% denotes nothing
W will ireal denotation in the same way we inested representation: denotstion inheriis and endodses epis-

temic entilement in an analogous way 1o the pro-fom eperaters, The difference between representation and
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denetation lies inthe entitlenent o surrogative inferences on which they depend. The inferenos relevant o
establishing the expressive significance of “densies™ ane those involving o o 17 based on derivations from
the model involving e or B9, The derivations “involve” mpecis of the model and target when they figure in

one of the following inference patierns:'!
1 Infer that o has a propeny A7 when the mode] says that m has £

I Infer that & sands inrelation £7 10 o' when the mode] says that m stands in relation 5% 10 m’

I Infer that & exiss when re oocurs in AL
IV Infer that BT exiss when 7Y ocowrs in M

Any specific instance of these nferences will be justified {or unjuwstified) by the inferential pedigres {and
again, whether an inference B justified is a scientific matern).

If deneiation & io function in & way paralke] o representation (8)—{13) must inheril entitkement from
the inferential pedigree for inferences of forms I-1V. When they are involved in surrogative inferences,
e, o, BY, and BT will have figured in descriptions employed when building the model and securing the
entitkments of the inferential pedigree. MEASUREMENT and CHARACTERIZATION, in particular, play a
prominent role. The process of securing CHARACTERIZATION mssociaes model elemens, m and B, with
descriptions. of featunes of the trget, o, and AT, Securing MEASUREMENT will requine causally interacting
with mpecis of the targel sysiem in ways relevant i the model elements. Denotstion, as capiured by (8- 13)
inherits and endorses the entitlements of the inferential pedigree. Finally, like representation, the epistemic
anaphoeric anteceden of denotation is quantified. Inferences of forms 1-IV will be justified by inferential
pedigrees, and each form may have many instances. 5o, denctation inheris entidenent 1o all of the justified
inferences that satisfy the form.

The specific differences among (83-{13) are consiiiutied by the entitlement 1o different forms of sur-
rogative inferenozs they nherit and endorse. Statement (8, that “In A, o denotes o inherits entitlement io
surmegative inferenoes of forms L 1TL and 1 and endosses entitlement w these infenences., Statement (99, tha
“In M, BV denctes BT inheris entiilement i surrogaiive inferences of either forms 1 or IV, depending
on whether & property o relation is in question. Megations of these twe formis, a6 i 10) and {11} deny that
any'? surrogstive inferences of the relevant forms are jusified. Finally, 1o deny that a model element denotes

Mijooe dhar these are pamess of savogive forence, md beoce me pestifiod whes deir isfeoscl pedigres bas bees secaed.
Ty pick cest Becencen cfphitsere: berwees model] asd wrga. e, caly o5 0 cosseguence of the edares il pedigras. O owr gocoese,
boeroenoarphirares: am amoeg e dyisgs dhar com be expressed whes o model denest or elooos s iesed o desoning soorethigy. We
i k. ot ot Y ERORS Fewie e s O SETIEGT s 0 make this clear

2]g pher case of mpesesticn. kigger or seraller sesnbers of mderesce guesded pedgmess: of more or les ool Epree s ion.
The paralie] imdee coe of desommos m dar et enent o fowar farenees memes st de model el ene s o relisos b oo b ghly
adralized. Ennesdivg o oo ooest of disod o oo oo sde iz foe s e vosd o i enedi o pe o e s il on Gy ook
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anything, & in{ [2)and { 13}, & o specifically bock inferences of forns Hand IV, asitustion that may alse
block inferenoes of the first two forms.

As il appears inscientfic representation, then denetation is quite different from s linguistic counter-
part. T be sure, in both cases, words are comrelated with ebjects. But if the foregeing is correct, then the
function and expressive content of the two are quite different, and it would be a mistake o iy to simply build
an account of modeling cu of linguistic denctation.” Similarly, itis a mistake 1o try 1o explain surrogative
inference in terms of & prics netion of denetation. Doing so mises the function of denetation. To say that
the modie] denotes some object is o say that the mode] licenses inferences about that object. Such expressive
power, we submil, b exactly how talk of denotstion is useful in the sciences. Bcientisis need 1o be able o
talk about what & model can and canned do. Speaking about denetation leis scientiss dentify the limiis of a
mdel by indicating the sons of things about which the moedel might {or might med) be informeative.

By giving an inferentialist-expressivist acoount of denciation, and thereby showing how denstation
functions differently in the scientific context than it does inthe linguistic context, we have Mocked the last
opening fior the smuggling ohjection. Inthe process of modeling, scientisis will no doubt use refer ing terms
of various sons, including proper names and deictic vocabulary, They will thereby pick out specific objecis
of processes inothe targed sysien, and this s an importand pan of securing the inferential pedigree.  Bud
reference in language is md the same thing as denotation by a mode] element. So, our account of scientific
representation doees not depend on a non-inferential model-arget relation.

34 Thoroughgoing Inferentialism as an Inferential-Expressivist Account of Scien-
tific Representation

The last twe sections have argued that thereughgeing inferentialism b ade fationary, inferentialis-expressivia
aconum of scientific representation. 11 is deflationary in the sense that it makes no appeal o substantive re-
lations betwesn models and trgets. B s inferentialist-expressivist because it scopunts For representstion
and denetation in kerms of their function & expressing entitlement 1o an underlying body of inference. The
argumentaiive sirategy has been & follows. We have aniculsed the struciore of jusitification thal suppons
surragative inference, identifying five entithements { Figuse 20, While we have nod fully defended it we con-
tend that the structure of the inferental pedigree as we have identified it is the strucre for all {or at least a
very common and exensive kind of) scientific modeling. The structuse of justification requises no commii-
ment 1o relations beiween models and wrgels specific o scientific representation {though it does depend on

linguistic representation). That this structure of justification is an acoount of representation is demonstrated

V3ofa Moy e Ribsjond] g fow thibs comckesion v o, diiffeme s roste inker " DEK]L Desotarion, md e Forneices Misese of Maps.*
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by our sucosss, inthis section, st treating representation and denotation o analogous 1o expressive operatons
of semantic vocabulary. We have explained why represemtation and denoistion have the functions that they
do, and thereby established the main claim of thereughgoing inferentialin: M B ascientific representation
of T'if and enly if M has scientifically justified surogative consequenoes that are answers 10 questions about
T.

4 Comparing Thoroughgoing Inferentialism and Deflationary Inferentialism

The foeegeing argument for thesoughgeing inferentialism has made good on the suggestion by some infer-
entialisis {de Donato Rodriguez and Bonilla 20080, Kuorikoski and Lehiinen 200658 Kuorikoski and Ylikoski
2015) that the inferentalist-expressiviam program can account for scientific representation. In Section 2.1,
wie neded that Sudrez's deflationary inferentialibm is the altemative 1o an inferentialist-expressivist account
Wi argue in this section that thorsughgoing inferentialism shoukd be seen as extending and dezpening his
view. However, twe point of contact between our view and Sudnez's need discussion. First while we take
our view i be deflationary, it faik 1o be so according o Sudrez's conception of deflation. This is a potential
criticism from Sudrez's comer we nead 1o deflect. Seoond, in Section 2. | we noded brielly that Sudnez s view
hes been criticized on the grounds that since i leaves the notions of inference and representational foroe
open-iexired, it leaves room for substantive relations io sneak back in. In this section we will show how
our view provides a mone satisfaciry response 1o the smuggling objection. If we can show that our view
her Full de ationany credentials, and if we can ebut the main ohjection 1o Sufinez's inferentialiam, we will
haivie shoown that thesoughgoing inferentialisam exiends and sirengthens Sudrez's view by unifying it with the
infierentialist-expre ssivisl program.
W hen he ariginally imroduced his form of inferentialim, Sudrez foomulaed it s oo conditions:

[Inf). A represents & only if (i) the representational fomse of A poins wwands B, and (i) A
allows competent and informed agents 1o deaw specific inferences regarding 2. { Sudirex 200M,
FrES]

Here, “representational force™ i the capacity of a mode] Ao lesd competent and infomied users 1o comsider-
ation of the target B, Condition {ii) & the requirenient that models possess an “inferential capacity,” ie., they
suppon surregative inferences. Sudnez's [Inf] is intended 1o be “minimally infermative sbout the feamres of
e presentation that are responsible for surrogate reasoning” (Sudrez 201 5a, 45). Nonetheless, he does provide
somie consiraints on what will count as drawing “specific inferences regarding BT Inferences are “specific™
1o a mda] i7 they could ned be drawn from an arbitranily chesen sign for the target. Moseoever, thene ae two
sons of “ruks” nvohed in surmegative reasoning. Some “oonmect source and target™ (Sudrez 200154, 45),



theugh he quickly cautions. that representation B net constinted by such connections.  Presumably he has
i mimd something like the schema of surrogative inferenos we identified in Section 2 The mede] says that
Poan 7. The socond son of rule concems resioning with and aboeut the model fanalogous o the resoning
imvlved in DERIVATION).

Sudrez has argued for his inferentialism with two moves. First, he argued directly against substandivisi
alternatives (Sudrez 20031 The question then becomes how inferentialists can acoount for representational
force and inferential capacity if not by appeal 1o denotation or some other substantive relation. Susdnez's sec-
oud mowe i e Mationist (Sudrez 2004, 200 520, Taking de fationarny account of truth as his model, he angues
that subsiantialist approaches atenmpt o explain the use of a concept {such as the troth predicsie o scientific
representation) by supplying necessary and sufficient conditions. To deny substantialism, then, ade fationary
acoount must cither deny that there are non-irivial mecessary o sufficient conditions or deny that ey demand
fior explanation of medels” representational force or infierential capacity & requined (use ful, Tluminating, oor-
rect, ele.). And, of course, a deflationist may do beth. Concluding his application of defationary acoounis
of the wruth predicae 1o scientific representation, he wriks, “The most imponan consequence [of his essay)
is that—whatever sense of “deflationary” applied—the analysis of the concept of representation, even whene
feaible, canned determine iis conditions of application, and therefore canned explain iis use™ {Sudrez 2015,
4.

The main senses in which [Inf]) is deflationany aconding 1o Sudner ae twolold:

Amti-Sulliclency: The acoount does not provide sufficien conditions for when A represent B (hough

it dises provide necessary ones.)
Ant-Explanation: The acoount dees net explain the use of the concept seleniific representation.

Oy arpument Tor thoseughpeing inferenialism has also relied onan analegy with a deflationary scoount of
truth, albeit & different one than Sudrez considers. From Sudnez's perspective, however, ow de flationary cre-
dentials may be called ine question. We have not shied away from presenting thomughgoing infenential sm
interms of necessary and sufficient conditions, and one might resd our account of the inferential pedigree @
an explanation of scientific practice. Both are straightforwardly rebutied.

While we have provided necessary and sufficiem conditions for = M represents T, we nuust naod be mis-
led by super ficial matters of fom. As Sudrex himselfrecognizes, not all formiulations that use necessary and
sufficien conditions ane substantive analyses. All of the de Bationary acoounts of woth retain the T-schema,

V48 e o cemmaes b el o oo sen iy senbu anvealvdent. el ol s nbee fown o repare s sooa lien dhan £ dhee v pars e o oo 2 L ices
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and Sudrez himsell sometimes Tfommulates inferentialism with a biconditional {Sudner and Sol 2008). The
fiorce of Anti-Sufficiency has to be unde rstood as a prohibition againg proposing that e existence of a sub-
stantive relation B sufficient for scientific representation. With this prohibition, we enthusiastically agree.
Indeed, the expressivist sccount of denclation and representation supplied in Section 3 demonstrates that
thoroughgoing inferentialism invokes no such substantve relation between models and targeis. Therefone, in
spite of our use of necessary and sufficient conditions, theroughgeing inferentialism is fully deflationist by
Sudwez's lights

Tuming 1o Anti-Explanation, the ohjection against our de Rationary credentiak is somewhal more seri-
ous. We have provided an elaborate analysis of surmogative inference and the way in which it is scientifically
jusiified. Sudwez hes refrained from delving inle scientific praciices ail this level of detail. Indeed, Frigg
and Nguyen read him as holding that any atempt 1o spell oul surnogative inference in more detail than [Inf)
“wold amount & giving a substantial account” {Frigg and Neuyen 2020, 81, Moreover, thene 15 & sense in
which our acoount is explanaiery: thereughgeing inferentialism is ned menely descriptive, it explains models’
inferential and represeniational capacity. Nonetheless, we contend that our view B every bit as de flationary
o Budirez"s. Theee poins support this clain.

Firsi, Sudirez says thai users nmust be “compeient and informed™ to draw specific inferences regarding
the target. He suggesis thai the compeiencies and Kinds of information ane supplied by the contexi of scien-
Lifie practice. We agree that medeling practice is quile variable and draws on nany different skills and aness
of scientific knowledge. Section 2 describes these by describing the epistemic propenies thai make them
melevamt o surmogative inference. The relevamt competencies and information include: how the mode] was
characterized and ik elements measured; how o derive conclusions from the model; which of the conclu-
sions that can be derived from the nmoedel are answers 10 the relevant questions; and which defesters 1o the
surpgative inference are operant in the context of inguiry. While we have provided moese detail than [Inf]
apecifies, that detail is sinply an exiension and specification of the very elements of context toward which
[Iinf] gestunes.

Funhermoere, our view cleady replicates all of [Inf]'s virtues when it comes 1o describing surrogative
inference. For instance, like [Inf], we do not appeal o s surmogative inferences, 50 we can caplure
the wide varicty of representstional sucosses and failures discussed in Section 3. However, alihough both
our view and [Inf] cre consisgens with a wide variety of representational failures and successes, only our
inferentialism enrenls this taxonomy. Similary, our acooum of surrogative inference is “specific” in Sudrez's
senge ! an arbiranly chosen sign for a target is likely o Fail the various entitlements characienistic of an
inferential pedigree. Finally, like [ Inf], our view deesn't require users 1o sctually deaw an inference; premises
can justify a conclusion independently of any agents claiming that justfication.

e



Third, if Anti-Explanation is taken as a blanket prehibition on explaining moedels” inferential capac-
iy, them it nust be mejected. One apparent motivation for such an imerpretation is that [Inf] takes models’
inferential capacity as given. Henoe, any explanation it offers will be circular. Thesoughgoing inferentialsm
does net take justified suregative inference & a black box. Rather, we began with the practios by which
scientisis deve lop justifications. for surmogative infierences. The inferential pedigree is a description of those
practices, and as we emphasized in Section 2, that description inveked no substantive relations. Because it
invekes ne substantive relations, it allows us o dovers the substantalist's erder of explanation, by explain-
ing (talk of) representation and denotation by appeal o surrogative inference. By inverting the order of
explanation, the inferentialbi-expressivist has discharged explanaiory busdens peradlel 1o the substantivisy
even if these burdens are ned fdensicad. Each view will thereby have different unexplained explainers and
different things it can explain, so substantive views will have no clear-cul explanatory advantages over de-
Aationaryfinferentialist ones. We have shown how just such an explanaiory inversion can proceed with our
expresaivist ireaiments of “represenis™ and “'denoies™ in Section 3.

These three points show that the demands for a de fationary account interms of Anti-Sufficency and
Anti-Explanation is miskading. They invite a conflation of superficial matters of form with the neal issue: the
e fusal io inveke substaniive relstions in tackling certain philesophical problens. Acoeedingly, we contend
that the proper expression of a deflationary attitude is not Ant- Sufficiency and Anti-Explanation. Rather it

IES

Deflationary Explanation: The account does nol explain the use of the concepl scwenific represe -

Terndewt in terms of secfofanniive refariouns.

The deflaticnasy credentials of thoreugheoeing inferentialism fully satisly Defationary Explanation, and we
oontend that this is in the spirit of Sudrez’s defationism too.

Like other foems of inferentialism, Sudnee s acoount has been accused of snmggling in—aor al least
failing 1o exclude—substantive reltions {Frige and N guyen 2000, 915 The smuggling objection anises for
Sudrez bocause [Inf] seems o sugeest that there B &t least one & such that:

A represents B I and only if (i) the representational foroe of A peints towards B, (i) A allows
competent and informied agens i draw specific inferences regarding B, and (iii) .

T remain delationary, a defender of [Inf] would need w show that & is o a substantive nelation. Now, 1o
be sure, Susnez (2000) has done much o undemiing +'s prospects of being a single substantive relation, but
' proapeck w6 oa digienedon of substantive relations still has legs. On this view, while there is no single

substantive relation that fills in & for all scientific representations, each scientific representation has &t beast



one substantive relation that fills in e Hence, why [Inf] favers de fationism over this “substantive pluralism™
is unclesr !

By contrast our view is nod subject 1o the snmegling objection. I will nod arise for us in the way it
does For Sudez bocause we have propesed necessary and sufficient conditions for representation and have
provided a much more detailed acoount of the scientific practices thal support surfogative inference. As a
resull, pur inferentialism hes & much neaerower opening for subsiantive views of any son to sneak in. IF thene
is an opening forthe smuggling objection against thoreughgoing inferentialism, it would be the suspicion that
the inferential pedigree covenly impons substantive relations. As argued above, theroughgoing inferential-
ism can block this ehjection in two ways, First, we have arpued that such criticism conflaies scientific with
linguistic representation. Second, our expressivism endails thet scientific representstion and denodsiion ane
CONsEQUEns:s, nil presuppositions, of justified surogative inferences. Henoe, we conclude that thoroughgio-
ing inferentialism is beter positioned 1o fend off the smuggling objection than [Inf].

This section hes argued thai thereughgeing inferentialism is very much in the spiri of Sudnez's in-
ferentialism. Mot only does it have impeccable deflationary credentials, it exhibits a more plausible fomm of
deflationism. Because deflationary explanations permil an articulaie analysis of surrogative inference and an

explanation of scientific representsiion, they are immune io the nain objecions o Sudnez:.

5 Condusion

By adopiing an inferentialist-expressivist sccount of representation and denstation, theroughgoing infieren-
tialism wnifies the inferentalist program in the philksophy of science. I goes beyond de Donaie Rodriguez
and Zamora Bonillas Brandom-inspined inferentialism, developing a inferential-expressivial acosunt. At the
same time, it develops and sirengthens the cone insights of Sudne's deflationary inferentialism. Additenally,
thereughgeing inferentialism reesiablishes the approprisie relstionship beiween the problem of sedendific rep-
reseniation and the Bsues of Mngasic represeniation. While the problematic of scientific rejresentaiion is
distinet from linguistic representation, linguistic representation servies modeling 50 a5 1o guaraniee thai there
is no need for aspecial representation relationship o undergind scientific mode b—just & a deflstionist would
expect. Like both of these earlier sirains of inferentializm, thoroughgoing inferentialism is fully and proud]y
deflationist.  The connection beiween models and targets is not given by a substantive relatienship; it is
established by scientific activity embedded inlinguistic praciice.

The leading idea of the infienentialist approaches o scientific representation is that the epistemic value
of models is central 1o thelr capacity 1o funciion & epistemic representations, nol a consequence of such

B s o thits e cpese stioen thee el o of de flamomany aoc ot s of Pepresesiamos (o F Seirer and Sold W06 Swrez 2015 based
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mepresentation. Thereughgeing inferentialbm B the enly inferentialism on offer that fully realizes this idea
The acoount of the inferendal pedigree for sumrogative inference presenied above should be acoepiable o all
parties o the debate over scientific representation, since it menely systematizes and describes epistenically
relevant features of scientific practios and invekes no representation relationships. By showing that represen-
Tt o amd die naotation have the expressive function of endosing surrogative inferences from model 1o target,
wiz have shown that nething mese than justified surregative inference is requined 1o scoount for the capacity

of scientific models i be epistemic representations.
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