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Abstract: Both realists and instrumentalists have foundifficult to understand (much
less accept) Carnap’s developed view on theoreteals, which attempts to stake out a
neutral position between realism and instrumentalis argue that Carnap’s mature
conception of a scientific theory as the conjunttad its Ramsey sentence and Carnap
sentence can indeed achieve this neutral positiansee this, however, we need to see
why the Newman problem raised in the context oém¢evork on structural realism is no
problem for Carnap’s conception; and we also needotate Carnap’s work on
theoretical terms within his wider program of Wissehaftslogik or the logic of science.

Carnap’s distinctive approach to theoretical temases from beginnings of his
semantic period in the years following the pubimaiof The Logical Syntax of Language
(1934). Particularly important, in this contexg, his monograplroundations of Logic
and Mathematics (1939), where the partial interpretation view loédretical terms first
emerges. This view is further articulated in “Théethodological Character of
Theoretical Concepts” (1956), and it is then coteebevith Carnap’s use of the Ramsey
sentence in “Beobachtungssprache und Theoretisghaclg®e” (1958)—through the
mediation, as Stathis Psillos first documented, HEmpel's “The Theoretician’'s
Dilemma” (1958). Carnap continued to work on the Ramsey sentemesentation of

theories (and the closely related representatiorgusilbert’s e-operator) throughout the



late 1950s and early 1960s, culminatind’mlosophical Foundations of Physics in 1966
(based on a typescript of his Fall 1958 semin&f@itA made by Martin Gardiner).

Carnap makes it very clear, beginning in the “Meiblogical Character” essay, that
he intends his approach to dissolve rather thavesthle “ontological” dispute between
realism and instrumentalism. In line with his gehepproach to ontological disputes
developed in “Empiricism, Semantics, and Ontolod{¥'950), Carnap regards this
dispute—conceived as theoretical—as involving dogbphical “pseudo-question” about
the “reality” (in an objectionably metaphysical sehof a certain general kind of entities
(in this case theoretical entities), and his sgai@s is typical with him) is rather to argue
that both realism and instrumentalism, in so fartlgy are not entangled with
philosophical pseudo-problems, have an importameteof truth; where they purport to
disagree with one another, however, we leave the dround of scientific truth in favor
of the confused “inextricable tangle” of traditidmdilosophy.

Carnap’s definitive formulation of what Psillos @3 chapter 3) has very helpfully
called his “neutralism” comes at the very end & thapter on the Ramsey sentence in
the second (1974) edition Bhilosophical Foundations of Physics (crucially revised with

respect to this very issue shortly before his deaft970):

It is obvious that there is a difference betweenrtteanings of the
instrumentalist and the realist ways of speakikty. own view, which
| shall not elaborate here, is essentially thibelleve that the question
should not be discussed in the form: “Are thecettentities real?”
but rather in the form: “Shall we prefer a langeaj physics (and of

science in general) that contains theoretical terorsa language



without such terms?” From this point of view theegtion becomes

one of preference and practical decisio(l974, p. 256)

And the footnote to the last sentence explicitlyere the reader to “Empiricism,
Semantics, and Ontology”—which is not cited in ertthe first edition in 1966 or in the
“Methodological Character” essay in 1958.

Carnap’s attempt at neutrality has not satisfideeiinstrumentalists or realists.
The leading defender of instrumentalism of our tifBas van Fraassen, regards logical
positivism as perhaps the most important earlientieth-century implementation of the
empiricist approach he favors; and van FraassearadsgCarnap’s “Methodological
Character” paper as “in many ways, the culminatbthe positivist programme” (1980,
13). Nevertheless, van Fraassen is also very aledrexplicit that Carnap’s particular
implementation, based on formal logic and a fundaaily linguistic or “syntactic” view

of theories, is ultimately hopeless:

Perhaps the worst consequence of the syntactioagpwas the way
it focussed attention on philosophically irrelevéethnical questions.
It is hard not to conclude that those discussidrax@mmatizability in

restricted vocabularies, ‘theoretical terms’, Ciaifpeorem, ‘reduction
sentences’, ‘empirical languages’, Ramsey and @eseatences, were
one and all off the mark—solutions to purely sadfigrated problems,

and philosophically irrelevant. (1980, 56)

Thus, despite the fact that Carnap’s understandintpe Ramsey sentence leads to a

conception of the empirical content of scientiffeedries which (as we shall see) is



virtually identical with van Fraassen’'s own prododar what an “agnostic”
instrumentalist should assert, van Fraassen haslittee patience for Carnap’s general
approach.

It is striking, by contrast, that Stathis Psillagho has now mounted the most
detailed and insightful defense of scientific reaiin the wake of van Fraassen’s work
(Psillos, 1999), devotes an entire chapter to ¢ipectof “Carnap’s neutralism.” He not
only has very considerable patience for Carnapsaach, but, in the course of his work,
Psillos has also made important contributions ton&a scholarship (compare note i
above). With respect to the realism-instrumemaldebate, in particular, Psillos sees
important connections between Carnap’s use of gnadRy sentence and contemporary
structural realism. In the end, however, Psillodges that Carnap’s neutralism fails—
due to a general problem for the Ramsey sentenpgmagh first raised by M. H. A.
Newman (1928) in connection with Bertrand Russe#arly version of structural
realism" The problem, roughly, is that, if the Ramsey seoé is empirically adequate
(if all its observational consequences are trd@ntt is necessarily true as well—true as
a simple matter of (higher-order) logic. So it slo®t seem, after all, that the Ramsey
sentence, as Carnap proposes, can faithfully reprethe synthetic content that our
original theory is supposed to have.

As Psillos himself puts the point (1999, 62jin the end, if no constraints are
imposed on the range of the variables of the Rameatence, it i trivial and a priori
assertion that there are electrons, etc. And this is cjeablsurd. For, to say the least, it
appears obvious that the [original, un-Ramsifiéejory . . could be false, even though it

is empirically adequate.” Indeed, as Psillos exgleseveral pages later, he takes the



Newman problem to undermirad forms of structural realism, in so far as it shdheat
some or another kind of “non-structural informatiof@bout which properties and
relations are “natural” or the like) must therefbeeadded on pain of incoherence.

| suggested above that, despite his lack of patiemith Carnap’s approach, van
Fraassen’s view of what a scientific theory shomldperly assert is virtually identical
with Carnap’s conception of the Ramsey sentenceeseptation of a theory’s synthetic
or empirical conterlf. Van Fraassen thinks that we should only asseat the
observational phenomena ambeddable into an abstract model for the theory, and the
Ramsey sentence, on Carnap’s account, assertsqlyethe same—that there is some
abstract (mathematical) model of the theory sueth 8fi observable phenomena behave
in the way that the theory requires (1966/74, 254-55ome physicists are content to
think about such terms as ‘electron’ in the Ramsa@y. They evade the question of
existence by stating that there are certain obb&rvavents, in bubble chambers and so
on, that can be described by certain mathematigadtions, within the framework of a
certain theoretical system. Beyond that they asBert nothing.”

Nevertheless, it is equally true, as Psillos hagied, that Carnap’s view also has
much in common with contemporary structural realisindeed, Carnap himself ends
Philosophical Foundations of Physics with what looks like a ringing endorsement of that

view:

Some physicists believe that there is a good chéoce new
breakthrough [in our understanding of quantum meids&in the near
future. Whether it will be soon or later, we mayst—provided the

world’s leading statesman refrain from the ultimé#y of nuclear



war and permit humanity to survive—that sciencel wintinue to
make great progress and lead us to ever deepahissinto the

structure of the world. (1966/74, 291-292)

The circumstance that Carnap has this much in cammith both van Fraassen’s
instrumentalism and contemporary structural realisnggests, at least to me, that
Carnap’s attempt at neutrality may have succeedist all. He may in fact have
articulated a version of structuralism that recaegai the strengths of both
instrumentalism and realism while simultaneouslgidwvng the philosophical “pseudo-
guestions” on which they appear substantively ttedi But this can only be fully
appreciated, | shall argue, when we place Carnapi@s on theoretical terms within his
wider conception of the task of philosophy of scerwhich he calls
Wissenschaftslogik, the “logic of science”—more generally.

Carnap’s serious discussion of what is now caltedpgroblem of theoretical terms
begins, as | have suggested, withoundations of Logic and Mathematics in 1939.
There, however, he does not in fact use the corafept‘theoretical” term, nor does he
engage with the debate between realism and instiahiem. Carnap instead
distinguishes between *“elementary” and “abstractimis—where the latter are
introduced as terms that occur towards the end afoae-or-less continuous series
beginning with very simple ordinary language pratks (“elementary” terms) of
observable things (‘bright’, ‘dark’, ‘red’, ‘blue’and ending with the most abstruse terms
of contemporary mathematical physics (‘electricldfie ‘electric potential’, ‘wave
function’). We can, Carnap says, state standamhsgcal rules (such as ‘the term ‘te’

designates temperature’) for any of these term®ut,” he continues (824, 204),



“suppose we have in mind the following purpose déor syntactical and semantical
description of the system of physics: the desicnipof the system shall teach a layman
to understand it, i.e., to enable him to applyoithis observations in order to arrive at
explanations and predictions.” We cannot presupptsat the layman already
understands the more abstract terms in questionyesgannot introduce them in the
semantical metalanguage via standard rules of oigsogn. The alternative is to give no
direct semantic interpretation at all for the abstrterms; view them as having only
implicit definitions within the total language of physi@nd then use the semantic
interpretations (rules of designation) we can legitely give for the more concrete or
elementary terms to anchor the whole system on stiiel ground of observable facts”
(824, 207).

Carnap calls this kind of interpretation of the tedgt terms an “indirect
interpretation”—which, as he points out, is, iniemportant sense, “incomplete” (ibid.);
and this is clearly the same idea as what he atdr] in the “Methodological Character”
essay, call gartial interpretation (of the theoretical terms). In 1988wever, Carnap is
primarily addressing a problem abouateaning or understanding (rather than an
“ontological” problem); and he makes it very clearparticular, that this perspective on
“abstract” (theoretical) terms takes its startinginp from the increasing use of the

abstract (Hilbertian) axiomatic method in moderrtheanatical physics:

The development of physics in recent centuries, espkcially in
the past few decades, has more and more led tontetitod in the
construction, testing, and application of physitteories which we

call formalization, i.e., the construction of a calculus supplemeiutgd



a [partial or incomplete—MF] interpretation. It svéhe progress of
knowledge and the particular structure of the sttbjmatter that
suggested and made practically possible this isargdormalization.
In consequence it became more and more possibl®rego an
“intuitive understanding” of the abstract terms aagioms and

theorems formulated with their help. (825, 209)

Carnap sees the theories of relativity and quameohanics as the culmination of this
development—where the use of highly abstract temmbduced by something like
Hilbertian implicit definitions (terms such as ‘eteon’, ‘electromagnetic field’, ‘metric-
tensor’, and ‘psi-function’) has become a pervasavel essential feature of physical
practice’

According to Carnap’s account in the “MethodologjiCharacter” essay, only the
observational terms of a scientific theory are gsamally interpreted (by specifying
observable properties and relations as their dagayn The theoretical terms, by contrast,
are semantically uninterpreted, and are only intplidefined, in the sense of Hilbert, by
the axioms and postulates of the relevant theory.,(¢axwell’s equations for the
electromagnetic field). Among these axioms andtyates, however, are mixed
sentences orcorrespondence rules, which set up (lawlike) relationships among
theoretical and observational terms; and, in thay,wihe theoretical terms and sentences
receive apartial interpretation in terms of the connections theylure among
observables. For example, Maxwell’'s equations, tive presence of suitable

correspondence rules relating values of the ele@gmetic field to actual measurements



(of electric and magnetic intensities, and the)lileenerate observable predictions and
thus have empirical content.

Are we thereby “ontologically committed” to the stdnce of a mysterious
unobservable entity corresponding to our term fog &lectromagnetic field? Here,
unlike in 1939, Carnap explicitly considers thiegtion and devotes considerable effort
towards trying to defuse it. He stipulates, fo$tall, that the values of the variables of
his theoretical languager range over a domain of entities including a denailer
sequence isomorphic to the natural numbers anedaloser the formation of relations
and classes. The domain therefore contains naturabers, real numbers, sets of real
numbers, and so on. “Now,” Carnap (1956, 43) cuds, “we proceed to physics.” We
conceive space-time points as quadruples of reabews which thereby belong to the
(purely mathematical) domai® we have already constructed. Moreover, physical
magnitudes (such as the electromagnetic fieldfuaretions whose arguments are space-
time points and values are real numbers or n-tugflesal numbers. Thus, all the entities
needed for values of our variables have already lmmstructed within our purely
mathematical domai®. And the same holds, Carnap adds, for the estdfebiology,
psychology, and the social sciences.

Carnap then cautions the reader:

We have considered some of the kinds of entitiésrmed to in
mathematics, physics, psychology, and the sociehses and have
indicated that they belong to the [purely matheoaditidomainD.
However, | wish to emphasize here that this tal@ualthe admission

of this or that kind of entity as values of varedblnLy is only a way
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of speaking intended to make the usd_gfand especially the use of
quantified variables iy, more easily understandable. Therefore the
explanations just given must not be understoodargdying that those
who accept and use a language are thereby comniitezkrtain
“ontological” doctrines in the traditional metapiosd sense. The
usual ontological questions about theedlity” (in an alleged
metaphysical sense) of numbers, classes, spacepminés, bodies,
minds, etc., are pseudo-questions without cognitiwetent. (1956,

44-45)

By contrast, questions about the reality of erdites asked and answerdthin
science—a question, for example, about the reafithe electromagnetic field—can be
given a “good scientific meaning” (1956, 45) if,rfexample, “we understand the
acceptance of the reality of the electromagnetsddfiin the classical sense as the
acceptance of a language and in it a term, sayE,” and a set of postulatels which
includes the classical laws of the electromagniegid (say, the Maxwell equations) as
postulates forE’. For an observeK to ‘accept’ the postulates df, means here not
simply to takeT as an uninterpreted calculus, but to Useogether with specified
correspondence rulés for guiding his expectations by deriving prediogcabout future
observable events from observed events with thg dfel andC.”

The circumstance that Carnap here proposes a puatlyematical interpretation of
the values of the theoretical variables indicateg the is already envisioning a kind of
structuralist view—which, as noted above, has moatommon with his later use of the

Ramsey sentence. However, Carnap does not appdla¢ tRamsey sentence here (in
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1956), and, as noted above, he only comes to apfeethe relationship between his
developing view of theoretical terms and Ramseysrkwafter reading Hempel's
“Theoretician’s Dilemma” in 1958 (see again nosbove).

The main point of Hempel’'s paper is to consider twethods for avoiding or
eliminating theoretical terms: re-axiomatizatioased on Craig’s theorem and the
Ramsey sentence. The main problem with the fiethod, according to Hempel, is that
it fails to capture thenductive systematization of the observational data effedigd
theories with theoretical terms. In particular, @oject may be observed to exhibit
observable behavior which then givasluctive (but not deductive) support for the
satisfaction of some theoretical predicate (as, &g can inductively infer that a given
object is magnetized from the observable behaviatteacted iron filings). We are then
in a position, via the theorgeductively to infer that some other observable behavior will
follow (e.g., the motion of a magnetized object ritagn induce a current in a wire); and,
as a result, we have now establishedndnctive connection between the first observable
behavior and the second—one which could certaiotybe established in any version of
the theory (such as the Craig re-axiomatization) thspenses with theoretical structure
entirely!

The Ramsey sentence, Hempel suggests, does net afh this defect (or at least
not to the same degree), because it retains log@aébles referring to the original
theoretical entities in place of the original (ctamg) theoretical terms. The problem now,
however, is that, for precisely this reason, thenBey sentence continues to have the
very same existential commitments as the origihabty (1958, 81): “[T]he Ramsey-

sentence associated with an interpreted theoryadita reference to hypothetical entities
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only in letter . . . rather than in spirit. Fostill asserts the existence of certain entities of
the kind postulated by T', without guaranteeing emgyre than does T' that those entities
are observable or at least fully characterizableeims of observables. Hence, Ramsey-
sentences provide no satisfactory way of avoidireptetical concepts.”

Carnap’s reply to Hempel in the Carnap Schilpp r@u(published in 1963, but
likely written in the late 1950s) is especiallyargsting. For, in the first place, Carnap
warmly refers to Hempel (1958) as providing “a thayh and illuminating investigation
of the many logical and methodological questionsnexted with theoretical concepts”
(1963, 962), and Carnap here singles out Hempédtndtion betweerinductive and
deductive systematization (ibid.): Hempel explains that,evdas “theO-content of a
sentenceS [the set of observational sentences impliedSpy . . may serve in certain
respects as a substitute mamely as far adeductive relations among the sentences of
[the extended observation language] are concernedthe same does not hold for the
equally importantnductive relations, and . . . therefore the concepDafontent does not
furnish a suitable method for dispensing with tle¢éical terms. In this view | agree with
Hempel.” Indeed, Carnap’s remarks in 1956 abowut borrespondence rul€sgenerate
a partial interpretation of an abstract thedry(e.g., Maxwell's equations for the
electromagnetic field) furnish a perfect exampletro§. When we “derive” predictions
about future observable events from (prior) obsreeents we establish precisely an
inductive relation between observables in Hempel's sensein(@abe example of the
magnetized object).

Moreover, in the second place, Carnap also repbeblempel’s (1958) critical

remarks on the existential commitments of the Rgrseatence:
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| agree with Hempel that the Ramsey-sentence dut=ed refer to
theoretical entities by the use of abstract vaesblHowever, it should
be noted that these entities are not unobservdbleiqal objects like
atoms, electrons, etc., but rather (at least infohe of the language
which | have chosen in [Carnap 1956)]) purely lagimathematical
entities, e.g., natural numbers, classes of suakses of classes, etc.
Nevertheless [the Ramsey sentence Tpfis obviously a factual
sentence. It says that the observable eventsiwthld are such that
there are numbers, classes of such, etc., whickarelated with the
events in a prescribed way and which have amongdbkes certain
relations; and this assertion is clearly a factstatement about the

world. (1963, 963)

Thus, two points are now clear. First, Carnap datkee Ramsey sentence (unlike the
Craig re-axiomatization) to provide not only a detike but also an inductive
systematization of the observable phenomena (coedewith both deductive and
inductive “relations” between “observable events§econd, Carnap takes the Ramsey
sentence to have synthetic or factual content sirbplcause it thereby constrains the
observable phenomena in definite ways. Carnapotssaopposing, therefore, that an
abstract theory have any synthetic or factual cdrideyond its empirical adequacy (both
deductive and inductive), and, in this respect(d®el have suggested) is in agreement
with van Fraassen but not with contemporary sdientalists like Psillos. The Newman

problem is no objection to Carn¥p.
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This should not be surprising if we keep firmly nmnd the fact that theoretical
terms, for Carnap, are semantically uninterpreted: assign no designata to them in our
semantical meta-language, and so Tarskian semdatidgSarnap understands it) literally
assigns no truth-values at all to purely theorétsemtences. Nevertheless, theoretical
terms (as Carnap understands them) still have aiatiju important kind of
methodological meaning. They establish very significant induetoonnections between
(fully interpreted) observational sentences—corinast that can by no means be
recovered in a formulation (like the Craig re-axaimation) that simply dispenses with
theoretical structure entirely—and it is precis#hys, in the end, that is secured by a
partial interpretation of the theoretical terms etarespondence rules.

It is important to emphasize, in this connectidrgttCarnap does not propose to
replace the original theory containing constant theoretical terms with a Ramsey
sentence replacing these terms with existentiallgntjfied variables. Carnap rather
proposes to view the original theofyas the conjunction of the Ramsey sentence and the
Carnap sentence, where the latter is the condltiondn the Ramsey sentence as
antecedent and itself as consequence. (The conjunction of thengasentence with the
Ramsey sentence, is therefore logically equivaieit and the Carnap sentence gives us
a particular existential instantiation, in termstloé original constant theoretical terms of
T, of the existentially generalized Ramsey sent¢ncehus Carnap says, immediately
after his reply to Hempel on the existential conmeants of the Ramsey sentence (1963,
963): “I do not propose to abandon the theoretieains and postulates, as Ramsey
suggests, but rather to preserve themiinand simultaneously to give an important

function to the Ramsey-sentences in [the extentiedroation language]. Their function
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is to serve in the explication of experiential impand, more importantly, in the
explication of analyticity.” And the way Carnapwexplicates analyticity, of course, is
by viewing the Ramsey sentence as representingytiitbetic part off while the Carnap
sentence represents its analytic part.

| shall return to the question of analyticity immment. But | first want to observe
that Carnap’s preference for his reformulationTobver the Ramsey sentence Df
corresponds to his own way of understanding thécehmetween “the instrumentalist and
the realist ways of speaking.” For recall thattte end of the second edition of the
chapter on the Ramsey sentencélinosophical Foundations of Physics, Carnap states
that the decision between realism and instrumeamaBhould be discussed in the form
(1974, 256): “Shall we prefer a language of physics (and of remein general) that
contains theoretical terms, or a language withoehgserms?” Carnap’s preference, as
very clearly stated in the reply to Hempel, is tiojgt the former alternative, and so his
choice, as he now understands the issue, is td adegsely the language ofalism.

Does this mean that Carnap is now committed to adisteepistemology and
metaphysics (of the kind defended by Psillos, faneple), which aims to “explain” the
success of science by appealing to pre-existingatibp natural kinds in the world, a
theory of “factual reference” linking theoreticakins to such objective natural kinds, and
an epistemological defense of the “no miraclesuargnt against the “pessimistic meta-
induction™ Not at all. Carnap’s whole point sreplace the question “are theoretical
entities real?” with the question which form of darage we should prefer—and prefer for

purely pragmatic or practical rather than theoedtieasons.
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But what then are these reasons? Why is Carnaatdigsd with the Ramsey
sentence itself as a formulation of our scientifieory? Suppose we were to attempt
directly to make deductions from the Ramsey semtaridhe axiomatic theory. We
would need to proceed by an instantiation of all éxistentially quantified variables,
followed by ordinary logico-mathematical reasoniog the basis of this existential
instantiation, and concluding with an existentiahgralization whereby all the existential
guantifiers are then reintroduced at the end. Tgriscedure is very complex and
cumbersome, and, most importantly, it does notespond to the way in which we in
fact make deductions from axioms in scientific picee—where, in effect, we treat the
axioms ofT as an Hilbertian implicit definition of theonstant theoretical terms of, and
we then proceed to engage in ordinary logico-mattea reasoning from these axioms
without worrying about existential instantiationdageneralizatiof’ It is much more
convenient, then, to add the Carnap sentence tBdhesey sentence—where the Carnap
sentence takes over the role of existential instaoh from the Ramsey sentence, and
thereby allows us to proceed with ordinary mathéahteasoning in the style of Hilbert
without worrying about cumbersome restrictions oastential variables in natural
deduction. Whereas existential instantiation, afrse, is not a logically valid inference,
the Carnap sentence, taken azoa-logical axiom of T, is now seen, nonetheless, as an
analytic postulate (a meaning postulate)—a conventional cehaif (constant) names
arbitrarily given to a sequence of values of thistextial variables which, by the Ramsey
sentence, must (synthetically) exist.

We must therefore modify our earlier claim (arisorgCarnap’s original version of

the partial interpretation conception) that theiogtsentences are assigned no truth
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values. While it is still the case that no sentaitrules of designation in the usual sense
(of the form ‘the term ‘te’ designates temperatysse provided for theoretical constants,
they are now (arbitrarily) assigned a sequencespfasitical values that make the theory
come out true from among the values ranged ovethbytheoretical variables (certain
sets, functions, and so dh).If the Ramsey sentence is true then such a sequenst
(synthetically) exist; and, as we have seen, thedeg sentence is true just in case all its
observational consequences are true. There caefdhe be no gap, in Carnap’s
conception, between the empirical adequacy of agflgrinterpreted theory and the full
(semantical) truth of this same theory.

In this way, in particular, Carnap’s use of the Raynsentence (as representing the
empirical or synthetic content of the original theaising constant theoretical terms)
serves a profoundly different purpose than vand$sa@s defense of instrumentalism on
the basis of a fundamental epistemological distinctbetween “acceptance” and
“belief.” To “accept” a theory, for van Fraasses,to assert that the observational
phenomena are embeddable into some abstract mbdeé dheory—and this, as we
pointed out, is precisely what the Ramsey sentasserts. But to “believe” the theory,
in van Fraassen’s terms, is to go much furtheraamsert that the theory itself is true—and
van Fraassen therefore agrees with the majorityoafemporary scientific realists that
the truth of the theory is quite distinct from tingth of its Ramsey sentence. For Carnap,
by contrast, no such gap between empirical adequamy truth makes logical
(semantical) sense: there is no room remainingafoinstrumentalist to “accept” the

theory without being simultaneously committed ®tiuth. This is how, from Carnap’s
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point of view, he entirelylissolves the purely philosophical debate between realisth an
instrumentalism while also preserving the genuimglyortant insights of both positiofs.
Of course Carnap’s attempted dissolution, as naetedhe beginning, satisfies
neither side of the contemporary debate. But tiian Carnap’s point of view, is
because both sides remain trapped in a fruitieta-physical—that ismeta-scientific—
project: that of giving the “correct” ontology aegistemology for modern science from
a distinctively philosophical perspective. Andsdtprecisely here, by contrast, that the
true philosophical radicalism of Carnap’s own positclearly emerges. At the very
beginning of his semantic period Carnap publishg@n* der Erkenntnistheorie zur
Wissenschaftslogik,” arguing that all traditiongdistemological projects, including his
own earlier project in théwufbau, must now be renounced as “unclear mixture[s] of
psychological and logical components” (1936, 3@s Carnap also explains, whereas
both traditional metaphysics and Kant’'s synthetpriari have already been overcome by
scientific empiricism, the present (and even moffecdlt) task is to overcome all forms
of traditional epistemology as well—including tharler epistemology of the Vienna
Circle. In particular, what Carnap now caliéssenschaftslogik is in no way concerned
with either explaining or justifying our scientifknowledge by exhibiting its ultimate
basis; it is rather concerned with developing a meile for philosophy vis-a-vis the
empirical sciences that will maximally contributedcientific progress while, at the same
time, avoiding all the traditional philosophicalsdutes and obscurities which have
constituted (and, according to Carnap, continuecaastitute) serious obstacles to

progress in both the sciences and scientific pbibg”
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Armed with the new logico-mathematical tools of raod logic, the Carnapian
logician of science can participate, together wille scientists themselves, in the
articulation, clarification, and development of rfal inferential frameworks for
articulating empirical theories and testing themelxperimental methods. Beginning in
the mid to late 1940s, for example, Carnap did flist with respect to the probabilistic
and statistical inferential frameworks now beinglegd with ever-increasing frequency
in the physical, biological, and social sciencéwever, unlike the empirical scientists
themselves (the physicists, biologists, and scsgantists), the logician of science, as
such,is not concerned with then actually testing emplrtbeories within such inferential
frameworks. Moreover, unlike the applied matheonati (for example, the statistician),
who also develops formal methods for use in theiecap sciences, the logician of
science has a characteristically philosophicalr@dein developing a systematic method
for dissolving persistent and unresolvable metajhysontroversies which, in Carnap’s
view, constitute an ever-present obstacle to sfieprogress® In the case of his work
on the logical foundations of probability and statial inference, for example, Carnap
was especially concerned with dissolving the tradél philosophical debate about the
“true nature” of probability—subjective or objeativ-by drawing a sharp distinction
between two different concepts of probability: it@ or epistemic (degree of
confirmation) and empirical or physical (long-rieative frequency}”

Carnap’s stance vis-a-vis the empirical sciencélsasefore quite different from the
perspective we are familiar with in either tradi@ philosophy or most recent
philosophy of science. Carnap does not attempingwer any general questions about

the possibility or ultimate justification of sciéiit knowledge; nor,a fortiori, does he
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attempt to give any general philosophical answeth&oquestion of whether we should
take the theoretical entities postulated by emaiigscience to be “real.” Carnap does not
attempt, with van Fraassen, to make philosophicair for agnostic instrumentalism,
nor, with contemporary scientific realism, to pr&isome kind of general “explanation”
for the success of scientific practice on the babike “ontological reality” of theoretical
entities. Carnap rather attempts, as we have sg®eatematically to dissolve this
philosophical dispute using distinctively logicakthods. Indeed, it is this last task, in
particular, that makes Carnapisivissenschaftslogik characteristically philosophical and
explains why, for Carnap, the formal tools we empiwust be drawn from mathematical
logic (and not simply from informal mathematics—amployed, for example, by
statisticians or mathematical physicists). Wheffeasal logic, throughout much of the
modern philosophical tradition (beginning with Leib and culminating in the twentieth-
century mathematical philosophy articulated by Eregnd Russell) has had a
fundamental importance for epistemology and metsjoBy mathematical logic, in
Carnap’s hands, has a fundamental importance &fur-epistemology andanti-
metaphysics instead: its role is precisely togadhed our ongoing practice of developing
empirical scientific theories within formal mathetical frameworks from
epistemological and metaphysical contamination.

Carnap’s treatment of the problem of theoreticainte within his version of the
axiomatic method therefore has both a positive ametgative dimension. For most of
this paper | have concentrated on the negative gtk way in which Carnap’s approach
liberates us from the intractable philosophical atebbetween instrumentalism and

realism. The only “ontological” question that nomatters concerns the existence of an
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appropriate mathematical structure into which thrseovable phenomena are to be
embedded—and this question, in turn, is answerédmihe ongoing practice of modern
mathematical physics itself. For the great advarmfemodern mathematical physics,
from Carnap’s point of view, consist precisely e discovery of appropriate systems of
abstract axioms (and correspondence rules) chamctpthe mathematical structures in
guestion. Indeed, this fundamental feature of mogéysics, as we have seen, provided
Carnap with the initial motivations for his disttive approach to theoretical terms when
he first seriously considered this topic in 1989 Even in 1939, therefore, Carnap was
also envisioning gositive purpose fonMssenschaftslogik, in so far as we could then
address the axiomatic foundations of modern phygiogether with mathematical
physicists) entirely free of all metaphysical dastions.

Carnap discusses the axiomatic foundations of guamhechanics, in particular, in
the final chapter oPhilosophical Foundations of Physics. It is not yet clear, he says,
how the language of physics must change in respiondee fundamentally non-classical
character of quantum probabilities, but Carnap uee,snonetheless, that the modern

axiomatic method represents our very best hopprfmgress:

| am convinced that two tendencies, which have tiedgreat
improvements in the language of mathematics dutirgg last half
century, will prove equally effective in sharpeniagd clarifying the
language of physics: the application of moderrid@nd set theory,
and the adoption of the axiomatic method in its exadform, which
presupposes a formalized language system. Inmngrdsg physics, in

which not only the content of theories but the renttonceptual
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structure of physics is under discussion, bothahogthods could be
of an enormous help.

Here is an exciting challenge, which calls for ela®operation
between physicists and logicians—better still,tfa work of younger
men who have studied both physics and logic. Tp@i@ation of
modern logic and the axiomatic method to physid§ Wbelieve, do
much more than just improve communication amongsjaiists and
between physicists and other scientists. It witamplish something
of far greater importance: it will make it eadi@rcreate new concepts,
to formulate fresh assumptions. An enormous amatnew
experimental results has been collected in receatsy much of it due
to the great improvement of experimental instrureestich as the big
atom smashers. On the basis of these resulty, g@gress has been
made in the development of quantum mechanics. rtinfately,
efforts to rebuild the theory, in such a way tHatre new data fit into
it, have not been successful. Some surprisinglpsiznd bewildering
quandaries have appeared. Their solution is aentirdout most
difficult task. It seems a fair assumption that thse of new

conceptual tools could here be of essential help66/74, 291Y

The very last paragraph of both the chapter andbthek (already quoted before)
immediately follows these word4. We can now appreciate the full import, | hope, of
Carnap’s sincere and deeply felt—but neverthelesmphysically neutral—commitment

to structuralism""
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Notes

' See Psillos (2001, 153-154). This paper incluBesnap’s previously unpublished
lecture, “Theoretical Concepts in Science,” deleem Santa Barbara on December 29,
1959.

" As Martin Gardiner explains in his Forward to tecond edition (1974, v-vi): “In
response to a friendly letter from Grover Maxwéarnap agreed (shortly before his
death in 1970) that his all-too-brief comments be tonflict between instrumentalism
and realism, with respect to the nature of scientlieory, be clarified. With this in
mind, he made certain alterations on the two p§fes-256], and added a new footnote
referring to a 1950 paper which gives his viewmore detail.”

" For discussion see Demopoulos and Friedman (1985& problem has recently been
rigorously generalized by Demopoulos (2003, 2007aply directly to Carnap’s use of
the Ramsey sentence.

" This point is first emphasized in Demopoulos (2003

Y For the case of quantum mechanics, in particutse,Garnap (ibid., 210-211): “If we
demand from the modern physicist an answer to thestgpn what he means by the
symbol Yy of his calculus, and are astonished that he dagive an answer, we ought to
realize that the situation was already essentiblysame in classical physics. There the
physicist could not tell us what he meant by thalsgl ‘E’ in Maxwell’s equations. An
“intuitive understanding” or a direct translatioh‘&’ into terms referring to observable
properties is neither necessary nor possible. slination of the modern physicist is not
essentially different. He knows how to use the lsgirly’ in the calculus in order to

derive predictions which we can test by observation(lf they have the form of
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probability statements, they are tested by stae#istiesults of observations.) Thus the
physicist, although he cannot give us a translaitidbo everyday language, understands
the symbol ¥ and the laws of quantum mechanics. He possetsas kind of
understanding which alone is essential in the fdlknowledge and science.”

' For discussion of Hempel's treatment of the Ramsegtence and the Craig re-
axiomatization see Friedman (2008). The presemempextends and further develops my
discussion of Carnap there.

I Thus, | cannot follow Demopoulos (2003, 2007) ionsidering (Demopoulos’s
generalization) of the Newman problem to be a fatgection to Carnap’s view of
theoretical terms. In particular, Demopoulos cizies Carnap’s use of the Ramsey-
sentence for requiring only the existence of anr@gmmte mathematical structure—
which, as Demopoulos shows, is “almost analyticsinfar as it logically follows from
the totality of the observational consequences oftogether with a cardinality
assumption. Carnap’s own view, however, is that dfinthetic content of T doe®t
exceed its empirical content, and he aims to detéisl view, moreover, against the
metaphysical excesses of both “realism” and “imantalism.” Demopoulos, from this
point of view, is relying on a fundamentally “restfi intuition about what the (synthetic)
content of a scientific theory should be takendo b

Vil Carnap makes this clear Rhilosophical Foundations of Physics (1966/74, 253-254:
“Ramsey certainly did not mean—and no one has sigde-that physicists should
abandon theoretical terms in their speech and ngriti To do so would require
enormously complicated statements. For examples @asy to say in the customary

[realistic] language that a certain object has asw five grams. . . . [But] the translation
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of even this brief sentence into the Ramsey langudgmands an immensely long
sentence, which contains the formulas corresponidirajl the theoretical postulates, all
the correspondence postulates, and their existentantifiers. . . . It is evident that it
would be inconvenient to substitute the Ramsey whyspeaking for the ordinary
discourse of physics in which theoretical termsuwed|[, so that] physicists find it vastly
more convenient to talk in the shorthand langu&geéihcludes theoretical terms, such as
‘proton’, ‘electron’, and ‘neutron’.”

X From this point of view, the theoretical constaate really term-forming operators
rather than genuine non-logical constants, and iprecisely this that is then made
completely explicit in the e-operator variant. Fietails see Carnap (1961), Psillos
(2000).

X See especially the conclusion of the chapter erRiimsey sentence in the first edition
of Philosophical Foundations of Physics (1966, 256): “It is obvious that there is a
difference between the meanings of the instrumishtahd the realist ways of speaking.
My own view, which | shall not elaborate here, Imtt the conflict between the two
approaches is essentially linguistic. It is a goeasof which way of speaking is to be
preferred under a given set of circumstances. dyp that a theory is a reliable
instrument—that is, that the predictions of obsklwaevents that it yields will be
confirmed—is essentially the same as saying that ttieory is true and that the
theoretical, unobservable entities it speaks abgist. Thus, there is no incompatibility
between the thesis of the instrumentalist and diighe realist. At least, there is no
incompatibility so long as the former avoids su@uyative assertions as, ‘. . . but the

theory does not consist of sentences which areereiftue or false, and the atoms,
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electrons, and the like do not really exist.” VBmaassen’s agnosticism, by contrast,
needs to make room for precisely the assertionthigatheory is empirically adequate but
its postulated theoretical entities dat exist.

X' Carnap already anticipated the replacement of itivadl philosophy by
Wissenschaftslogik in The Logical Syntax of Language in 1934 (872 ):
“Wissenschaftslogik takes the place of the inextricable tangle of problems known as
philosophy.”

X Of course the claim that “unresolvable” metaphgisimontroversies always constitute
an obstacle to scientific progress is itself controversial.myself think that many such
controversies in the history of science—e.g., thetroversy between Leibniz and Clarke
at the beginning of the eighteenth century—haviaah been scientifically quite fruitful.
What Carnap himself has especially in mind is tleeisis” in the foundations of
mathematics of the late 1920s and early 1930s, evhegicism, formalism, and
intuitionism opposed one another in what might éasonably to be taken to be a less
than entirely fruitful manner.

Xl See zabell (2007) for discussion of how Carnapiskwon the logical foundations of
statistical inference, although somewhat outsidéhef mainstream, did in fact interact
fruitfully with that of working statisticians.

XV Compare the paragraph to which note v above israjg.

* As we saw in note v above, the case of quantum améch was an especially important
part of Carnap’s motivations for originally propoegithe partial interpretation view of
theoretical terms in 1939. To see what concegit@blems Carnap might have in mind

here compare Carnap’s earlier discussion of theoitapce of the analytic/synthetic
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distinction in modern physics (1966/74, 257-258)FIn my opinion, a sharp
analytic/synthetic distinction is of supreme impmte for the philosophy of science.
The theory of relativity, for example, could notvbeabeen developed if Einstein had not
realized that the structure of physical space am@ tcannot be determined without
physical tests. He saw clearly the sharp dividing that must always be kept in mind
between pure mathematics, with its many types gicllly consistent geometries, and
physics, in which only experiment and observatian determine which geometries can
be applied most usefully to the physical world. isTdistinction between analytic truth
(which includes logical and mathematical truth) dadtual truth is equally important
today in quantum theory, as physicists explore rthture of elementary particles and
search for a field theory that will bind quantumamanics to relativity.”

' For convenience | reproduce it again (1966/74-29d): “Some physicists believe
that there is a good chance for a new breakthrgungbur understanding of quantum
mechanics] in the near future. Whether it willdm®on or later, we may trust—provided
the world’s leading statesman refrain from thenudtie folly of nuclear war and permit
humanity to survive—that science will continue tak®a great progress and lead us to
ever deeper insights into the structure of the avbrl

i Carnap’s metaphysically neutral commitment to citralism is similar to that
developed by Howard Stein (1989)—which is by no msesurprising as Stein had been a
student of Carnap’s at the University of Chicagdlevertheless, while Stein gives
primarily historical arguments for his position,r6ap’s stance (as is typical with him) is
primarily logical. Stein (1989) was delivered la¢ tsame conference where John Worrall

(1989) first initiated contemporary structural isad.
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