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Abstract

This essay offers a conception of logic by which logic may be considered to be

exceptional among the sciences on the backdrop of a naturalistic outlook. The con-

ception of logic focused on emphasises the traditional role of logic as a methodology

for the sciences, which distinguishes it from other sciences that are not method-

ological. On the proposed conception, the methodological aims of logic drive its

definitions and principles, rather than the description of scientific phenomena. The

notion of a methodological discipline is explained as a relation between disciplines

or practices. Logic serves as a methodological discipline with respect to any theo-

retical practice, and this generality, as well as logic’s reflexive nature, distinguish

it from other methodological disciplines. Finally, the evolution of model theory is

taken as a case study, with a focus on its methodological role. Following recent work

by John Baldwin and Juliette Kennedy, we look at model theory from its inception

in the mid-twentieth century as a foundational endeavour until developments at the

end of the century, where the classification of theories has taken centre-stage.

1 Introduction: Is Logic Special?

Recent discussions on the nature of logic question its exceptional status among the sci-

ences. This Quinean outlook has recently been expressed by Hjortland:

Logic isn’t special. Its theories are continuous with science; its method con-

tinuous with scientific method. Logic isn’t a priori, nor are its truths analytic

truths. Logical theories are revisable, and if they are revised, they are revised

on the same grounds as scientific theories.” (Hjortland, 2017, p. 632)
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While Hjortland himself has withdrawn some of his statements on the subject (e.g. re-

garding analyticity and apriority (Hjortland, 2019, Martin & Hjortland, 2020)), the anti-

exceptionalist attitude is widespread in current writings and discussions. Surely logic

is special. Why would so many writers, who dedicate their intellectual life to logic,

downplay its distinctive characteristics, and propose to liken it to any other science?

Perhaps because other presumptions would seem today out of place. A plausible expla-

nation for this attitude could thus appeal to the failure of foundationalist programs in

logic in the twentieth-century, on the backdrop of flourishing special sciences. Associat-

ing logic with normal scientific standards would be a more promising avenue than the

failed exceptionalist presumptions of the recent past. Nonetheless, I’ll argue that giving

up foundationalist projects still leaves logic a special status and a special role that go far

back before twentieth-century developments.

Looking at the history of the subject, we see that logic has always played a support-

ing role alongside the sciences. Since Aristotle’s Organon, logic was conceived of as a

systematic study of methods of correct reasoning. The nineteenth century crises in the

foundations of mathematics—the discovery of non-Euclidean geometries and of impre-

cisions in calculus, and the following revolution of rigor, have presented logic with the

opportunity to play a foundational role. Previous careless uses of the notions of func-

tion, continuity and limit have been blamed for leading mathematicians to error. While

some mathematicians would rest content with a local clarification of these notions, oth-

ers sought a more general foundation. A regimentation of its basic notions furnished

modern analysis with a stable ground, and provided inspiration for more ambitious

projects—some of the loci classici of this turn being Frege’s Begriffsschrift and Grund-

lagen. Through such works, logic assumed a foundational role in mathematics and in

science more generally. In the case of arithmetic, the attempted logicist reduction to

logic promises the analyticity of the discipline and therefore its secure foundations. In

the cases of other disciplines, logic at the very least provides a secure framework for

scientific reasoning.

The foundationalist projects of the twentieth century have largely been abandoned.

For empiricists like Quine and his contemporaries, logic’s foundational role was in con-

flict with a naturalistic standpoint. The apriority of logic, which for foundationalists

gave it its status as a secure foundation, was expunged by some in favour of a worldview

dominated by the empirical sciences. Logic, according to these authors, is not prior but

is continuous with the empirical sciences in its methods and subject matter. Williamson

is a contemporary advocate of the revolt against the exceptionalist stance:

[W]e can use normal scientific standards of theory comparison in comparing

the theories generated by rival consequence relations. Thus the evaluation of

logics is continuous with the evaluation of scientific theories, just as Quine

suggested (1951). (Williamson, 2017, p. 334)
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In this paper I consider a traditional perspective of logic which gives it a distinctive

role with respect to the sciences as a supporting discipline. I uncouple logic’s role as

a methodology for science from the added foundational role. The methodological role

dictates logic’s subject matter, in contradistinction to other sciences—foundationalism

aside. Further, the characterisation of a discipline as methodological is in relation to

other disciplines, and logic is unique in holding this position with respect to any science.

Thus, one can maintain a naturalist position without assimilating logic to other sciences.

There are various dimensions by which anti-exceptionalists have likened logic to

other sciences—I will not argue that logic is exceptional on each of these fronts. I leave

open questions concerning apriority and analyticity, and I do not dispute that some prin-

ciples of theory choice (including abduction) are relevant to any kind of theorising—and

that logic is not an exception to that. If that amounts to anti-exceptionalism, it is of an

all but trivial sort.

Some have claimed that ”anti-exceptionalism” is too vague of a description, and that

even the main presumed opponents of the position, such as Frege and Carnap, could be

described as anti-exceptionalists in some ways (Rossberg & Shapiro, 2021). The same

might apply to the position I present. Yet the focus will be on distinguishing logic from

other sciences, in what I take to be significant respects. Borrowing a slogan from Haack

(1995) about science, while I offer an approach which does not demand of logic to be

privileged, it does see it as distinguished epistemically. I thus view the recent debates on

anti-exceptionalism as an invitation to think about the way logic is special, regardless

of titles. Since the view I put forth stresses the unique role of logic among the sciences,

and since it disagrees with the pronounced anti-exceptionalist views I’m aware of, I’ll

describe it as a sort of exceptionalism for present purposes.

I recognise that logic is not a uniform discipline, and I will resist overarching general-

isations on its nature. Yet I do contend that the exceptionalism I put forth is a viable, and

even attractive position, and that it captures a basic motivation driving the discipline.

The paper proceeds as follows. In §2 I acknowledge the existence of different concep-

tions of logic, and I roughly delineate the traditional project running from antiquity until

our times, where, I claim, logic is driven by methodological aims. In §3 I discuss the

notion of a methodological discipline more generally, and the exceptional status of logic

as such a discipline. In §4 I look at model theory, a subdiscipline of mathematical logic,

and see how in its evolution throughout the twentieth century, shifting focus away from

foundationalist concerns it has maintained its methodological role.

2 What is Logic?

The present discussion gives us the opportunity to go beyond the usual questions on the

nature of validity and truth occupying philosophers of logic, and reflect on the wider
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scientific context in which they arise. The question “Is logic exceptional (amongst the

sciences)?” is first and foremost about a discipline: its subject matter, methodology and

epistemological standing.

In “What are logical notions?” (1966/1986), Tarski opens his lecture with the ques-

tion “What is logic?” which he quickly sets aside in favor of the more specific question on

logical notions. Tarski cautions that “specialists working in a given science are usually

the people least qualified to give a good definition of the science” (p. 145). The authority

in such matters is better placed with the philosopher of science, while the logician can

provide input, mainly of a negative kind, by way of criticism. Now, Tarski was speaking

qua mathematical logician, and as such he sees himself ill-qualified to define his own

science. Perhaps those who take themselves to be philosophers of logic may be more

bold with respect to defining logic (even though, while being philosophers of a science,

I doubt that they fall under the category of philosophers of science Tarski alluded to). It

certainly seems that many disputes in logic would potentially make headway if a char-

acterisation of logic was made explicit and precise. Further, rather than recording the

state of the discipline as it is, philosophers of logic have the power to develop existing

conceptualisations or come up with new ones that will move the discipline forward.

For an initial characterisation of logic as a discipline we look at its products, among

which we find logical systems of a variety of sorts (model-theoretic, proof-theoretic,

game-theoretic, etc. and combinations thereof). Further, I include as part of the dis-

cipline accounts of logical notions, such as logical consequence and logical truth, of a

philosophical nature. Yet what these notions come down to is widely controversial—so

philosophers of logic still ask, what is logic actually about?

Recently, Ulf Hlobil (2020) argued that there is a variety of conceptions of logic, re-

garding the nature and role of logic or logical consequence. Each conception is different

in what serves as relevant data for its theories. Hlobil uses this point to argue that ab-

ductive methods, which take adequacy to the data as a major desideratum, are unable

to settle logical disputes across different conceptions of logic. This lays a burden on

the anti-exceptionalist who holds that logic is like other sciences in its use of abductive

methodology.

Thus, the debate seems to take for granted that logic is a discipline with its own in-

dependent subject matter, directed by cognitive aims of understanding, predicting, or

explaining a set of phenomena, and which consists of theories that are based on evi-

dence and data. I contend that this framing of the discipline is already biased towards

anti-exceptionalism. I indeed agree with Hlobil that there are different conceptions of

logic. Further, each conception might entail different relations between logic and other

sciences. But I will forgo what I take to be an underlying assumption on logic’s cognitive

aims. I shall thus distinguish between two broad conceptions, or rather projects that

logicians are concerned with, and focus on one of them for the concerns of this paper.
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My distinction will be different from Hlobil’s and will be based on different motivations

that I identify as driving logical theorising (see [redacted]). I contend that there is a

conception that is central in the logical tradition by which the task of the logician is to

provide methods, and thus, even if cognitive aims may play a role, the fundamental aims

of the discipline are practical. This conception is thus in tension with certain assump-

tions underlying the debate on anti-exceptionalism. The manner in which it makes logic

exceptional will be our main interest.

The traditional project in logic, which will be the focus of this paper, aims to provide

tools for correct reasoning (and theorising more generally, as we’ll see in §4). This ori-

entation takes logic to be a methodological discipline: it provides tools for reasoning

in any context where truth is sought. More specifically, members of this project have

aimed to provide a methodology for science,1 and, an even more specific aim is to pro-

vide a methodology for deductive sciences (i.e. mathematical disciplines). A wide con-

ception of logic will include various types of “good reasoning”—yet, I shall focus more

particularly on deductive reasoning—which dominates mathematics, and is ubiquitous

in every inquiry. Inference and the rules for carrying it out are central in the traditional

project. As some of the anti-exceptionalists I cite, I’ll be interested in the notion of (de-

ductive) validity of arguments and inferences—that notion too, I contend, has a role in

the conception of logic as a methodological discipline.

Throughout history, logical studies were carried out with respect to natural language,

even if regimented or simplified. Since Frege’s Begriffsschrift, the tools provided come in

the form of formalisms. These formalisms have been put to use also in the second orien-

tation that I consider, the linguistic project. Here the primary aim is descriptive: to study

natural language. It has been advanced by 20th century authors such as Davidson (1967,

2008), Harman (1972), and Montague (1974b), as well as, arguably, Chomsky (1957).

Today, the tools of formal logic are prevalent in linguistics, and most prominently in

formal semantics in the Montagovian tradition. Related areas of research would be psy-

chology and cognitive science, which, for the sake of this paper, I include in the linguistic

project—inasmuch as they concern reasoning carried out in some language.

The two projects are often intertwined: to give a tool for reasoning in some language,

one must study it first. Moreover, logicians can use theories from cognitive science and

linguistics when constructing the tools they offer. In many cases it is difficult to tell

whether a specific study is meant as a contribution to the descriptive, linguistic project,

to the traditional project, or perhaps to another project altogether.

1Though we might consider here a broad conception of science, as any organised area of inquiry or body

of truths (this, arguably, is Frege’s use of the term “science”, see (Frege, 1979, p. 168) and (Rossberg &

Shapiro, 2021)).
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Regardless of formal languages, the distinction between the two orientations to logic

is marked by their relation to the reasoner. In the traditional project, the reasoner is

a subject or an agent, or, indeed, a client provided with a product for them to use and

apply. In the linguistic project, if the reasoner is given place, it is as an object of scientific

study insomuch as they can shed light on natural language as an empirical phenomenon.

In the linguistic project the data is whatever may be relevant to language use, and it is

gathered by the means accepted in linguistics and psychology.

Of course, there may be conceptions of logic that do not fall under any of these two

orientations, including those advanced by some of the anti-exceptionalists I quote. I

refer to them briefly later in this section. My main focus will be on a positive proposal

of looking at logic which, while ancient as the subject itself, does not fall into the usual

anti-exceptionalist scheme.

The traditional project is typically espoused by exceptionalism about logic. Its

paradigmatic expression is in Frege, who expressed the views under attack by anti-

exceptionalists: according to Frege, logic is a priori, analytic, and foundational, to name

a few of its features that make it exceptional.2 Yet I contend that giving up Frege’s foun-

dationalism3 for a more naturalistic outlook does not require giving up the traditional

project, and does not yet strip logic of its distinctive methodological role. Let us then

look at what, under this role, becomes of logic and its relation to other disciplines.

Historically, the discipline of logic arose from the initially unsystematic methods of

argumentation (Bobzien, 2020). The first systematic study of logic, or more specifically,

of deduction, is Aristotle’s collection of works, Organon. The status of logic as a discipline

was in controversy already in ancient times, as relayed by Kneale and Kneale:

It is significant that in the Peripatetic tradition, which throughout its history

bears traces of its Platonic origin, logic never became a part of philosophy, a

subject in its own right, but was treated as a capacity (δυναμις) which might

be acquired or as an art (τεχν´η) to be learnt. (Kneale & Kneale, 1962, pp.

14f)

The peripatetics assembled Aristotle’s logical works under the title of Organon (“tool”),

indicating their view of logic as an instrument for, rather than a part of philosophy. On

the other hand, logic for the Stoics was far more encompassing and was considered to

be part of philosophy. Throughout antiquity, logicians were engaged in the linguistic

2This is not to say that none of the views of logic expressed by Frege are accepted by anti-exceptionalists,

e.g., that the generality of logic is its defining feature is accepted by Williamson. See also Rossberg &

Shapiro (2021) for anti-exceptionalist proclamations made by Frege.
3The same may be true about the apriority and analyticity of logic, but I leave that issue aside.
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project of a description and analysis of natural language phenomena. Nonetheless, the

historical strand which I use to orient ourselves is the one concerned with correct infer-

ence.

Frege’s Begriffsschrift, which provides an alternative to natural language, lets the two

projects come apart. Yet, Frege still characterises logic as a descriptive endeavour—one

that is primarily concerned with the laws of truth (Frege, 1956). Logic, as a descriptive

endeavour, issues prescriptions regarding how one ought to think if one is to think in

accordance with the truth—but this does not yet distinguish logic from other sciences

aiming at truths, each in its own domain (Goldfarb, 2010, MacFarlane, 2002, Steinberger,

2017). What makes logic exceptional for Frege would presumably be its foundational

role, and its analyticity and apriority that allow it to play this role.

Still, one cannot dismiss another facet of Frege’s conception of logic, by which logic

provides methods and tools. We may go so far as to claim that the aim of logic, for Frege,

is to provide a secure foundation for science4 by producing principles and rules that are of

utmost reliability in preserving truth. With this aim in mind, logic becomes the descrip-

tive study of truth, while its driving motivation is epistemological-cum-methodological,

serving a foundational purpose. Going all the way with this characterisation leads to

an interpretation by which the subject matter of logic (laws of truth) is prescribed, and

even generated by its methodological role (preservation of truth in scientific theorising).

Frege, throughout his writing, emphasises justification as logic’s primary concern.

In the following quote, Frege distinguishes between logic and the descriptive project

concerned with ways of thinking, and gives logic the normative role of guiding the truth-

seeking reasoner:

It is rather the task of this science to purify logic of all that is alien and hence

of all that is psychological, and to free thinking from the fetters of language

by pointing up the logical imperfections of language. Logic is concerned with

the laws of truth, not with the laws of holding something to be true, not with

the question of how men think, but with the question of how they must think

if they are not to miss the truth ((Frege, 1897, p. 149), emphasis added).

Frege thus wholeheartedly embraces the methodological role of logic as paramount:

This ideography... is a device invented for certain scientific purposes, and one

must not condemn it because it is not suited to others. If it answers to these

purposes in some degree, one should not mind the fact that there are no new

truths in my work. I would console myself on this point with the realisation

4Recall that “science” here and for Frege is used with the broadest meaning, see f.n. 1.
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that a development of method, too, furthers science ((Frege, 1967, 6), emphasis

added).

If our language were logically more perfect, we would perhaps have no fur-

ther need for logic, or we might read it off from the language. But we are

far from being in such a position. Work in logic just is, to a large extent, a

struggle against the logical defects of language, and yet language remains for

us an indispensable tool. Only after our logical work has been completed shall

we possess a more perfect instrument ((Frege, 1915, p. 252), emphasis added).

Language is the tool we use for reasoning; logical work culminates in the production of

this tool perfected—these claims unequivocally characterise logic as a methodological

discipline.

Frege’s successors in the analytic tradition maintained this orientation towards logic,

and formalisms became the primary logical tool. As representatives from the mid-

twentieth century, we’ll mention Tarski and Carnap, both of whom emphasised the role

of formalisation. Tarski and Carnap are both also self-proclaimed empiricists who have

departed from Frege’s foundationalist project in different ways. Carnap is a model em-

piricist who is also an exceptionalist about logic. As Frege, he views logic as a priori

and analytic, but he departs from Frege’s rationalism by basing the a priori on linguis-

tic convention. Carnap’s work in logic and philosophy of science in all its variations is

concerned with method, from the Aufbau (1928), through The Logical Syntax of Language

(1934) to The Logical Foundations of Probability (1962).5

Tarski, too, took part in the project of methodology, and he expressly referred to

his work as methodological. In his attitude, however, Tarski was an anti-exceptionalist

about logic, and he likened it to any other science with its own subject matter:

The deductive disciplines constitute the subject-matter of the methodology of

the deductive sciences, which today, following Hilbert, is usually called meta-

mathematics, in much the same sense in which spatial entities constitute the

5For example, see Carnap’s description of the aims of The Logical Syntax of Language (1937) as instru-

mental:

The aim of logical syntax is to provide a system of concepts, a language, by the help of which

the results of logical analysis will be exactly formuable... the logic of science is nothing other

than the logical syntax of the language of science (p. xiii)

The logic of science (logical methodology) is nothing else than the syntax of the logic of science.

(p. 7)
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subject-matter of geometry and animals that of zoology. ((Tarski, 1956a, p.

60), see also (Tarski, 1956b, p. 30))

Tarski also strove to “normalise” his logical work as mathematical work par excel-

lence, a matter to which I return in §4. Yet showing that logic is a viable mathematical

discipline doesn’t nullify its methodological role. Notwithstanding Tarski’s attitude, his

work can be used to show that logic is exceptional in the way it takes on this role.

The traditional project proceeding with Tarski is very much alive today.6 We’ve thus

seen some expressions of the attitude ascribing to logic a methodological role. My aim is

surely non-exegetical, nor do I seek historical authority to decide for us our present con-

cerns. Logic is a live subject, and it is up to us where to take it. With these citations we

situate ourselves in a certain tradition which provides a conceptual background, where

we can produce a picture of logic, based on the theoretical issues at hand.

According to the offered picture, the driving motivation of logic as a discipline is

methodological: to provide an instrument for correct reasoning, or more specifically,

for inferring truths from truths. This motivation prescribes logical theories, and logic’s

subject matter is derived from it. Actual reasoning in science may be inductive, or it

may be most benefitted by Baysian frameworks or their alternatives, but here we are

concerned with deductive reasoning, which is at the heart of the logical tradition. Some

might dismiss the usefulness of tools of deductive reasoning in actual practice, even in

mathematics, which would be the primary domain of their intended application—but

this would only be of limited relevance to our discussion. I don’t mean to say of logic

that it is a “methodological discipline” as a success term—it may be that the tools that

logic offers fail in practice for any of a variety of reasons, social, cognitive or principled

(though in §4 I point out the usefulness of logic in mathematics). Again, I’ll note that

whether or not the view on offer makes logic exceptional enough to deserve the title, the

present characterisation breaks the continuity with other sciences. The next section will

say more on the relation between methodological disciplines and their target practices,

and the place of logic among methodological disciplines. The rest of this section pro-

6A notable example is Gila Sher, who offers the following thesis in her recent book:

Thesis 1: Function (Task) of Logic

Logic’s task is to develop a method of inference which is both highly general and has an especially

strong modal force. More specifically, its task is to develop a method for constructing inferences

that transmit truth from sentences to sentences with an especially strong modal force and regardless

of field of knowledge. ((Sher, 2016, p. 255), boldface added).

Sher is a proponent of foundational holism, by which knowledge is grounded in reality, but there need not

be a strict ordering for grounding. So logic’s methodological role is separated from traditional foundation-

alism, an approach shared by contemporary model-theorists, as we’ll see in §4.
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vides some more details of the present conception of logic and contrasts it with the work

of some anti-exceptionalist.

Now note that if logic is to provide a tool, it needs to be minimally practical in its

applicability—and its most immediate domain of application is language used for ar-

gumentation. Hence, the members throughout the traditional project offer definitions,

principles and rules regarding linguistic expressions. Those are to be applied to reason-

ing or theorising in any domain. On the other hand, it is claimed by some that logical

properties and relations are not linguistic, and that those may be applied to linguistic

items only derivatively. While it is widely accepted (by anti-exceptionalists as well as

exceptionalists) that logic’s subject matter is validity, there are disputes on the nature of

this phenomenon, including on whether it is primarily or just derivatively linguistic.7

An important divide in the traditional project regards the language that is used for

reasoning. For Frege and Carnap, formal languages serve as the medium for carrying

out scientific reasoning. The study of natural language can guide the construction of

formalisms, but the use of signs in a formal language is essentially stipulated. However,

if it is natural language that is the primary vehicle for reasoning, the traditional project

would ideally lean heavily on the linguistic one. A fortiori, projects taking on the study

of validity in natural language ought to engage with the scientific methods accepted

in contemporary linguistics—but curiously, many anti-exceptionalists, while upholding

standards of scientific reasoning, remain content with traditional armchair practice.

For example, for Priest, validity is to be studied by resort to intuitions regarding

arguments in natural language as data (Priest, 2016). The use of intuitions is highly con-

tentious (see Hjortland, 2019). But further, though a pronounced anti-exceptionalist,

Priest appears to take no account of present scientific standards of data collection and

experiment design.8 Similarly, Martin and Hjortland (2020) contend that logical the-

ories should be based on judgments elicited from mathematicians regarding informal

proofs, and judgements from “reliable reasoners” regarding arguments in the vernac-

ular. Yet they do not seem to endorse the methodologies of linguistics or perhaps the

social sciences that are centred on building theories on the basis of elicited judgments.9

7For example, while Carnap and Tarski define logical properties and relations with respect to linguistic

expressions, for Frege, and these days, Williamson, Sher and Maddy, logic is not primarily metalinguistic.

But the disputes on whether logic operates on the level of linguistic expression or of mental content is an

ancient one, see for example Adamson & Key (2015).
8See also Rossberg & Shapiro (2021), who contrast Priest’s methods with those of contemporary linguis-

tics.
9Hjortland and Martin write that according to their account, “logical theories are ultimately chosen for

their ability to make successful predictions. Such predictions include claims about which informal proofs

mathematicians will find acceptable, and which arguments certain “reliable reasoners” will judge accept-
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Regardless of methodology, anti-exceptionalists commonly agree that logical theories

are descriptive studies of validity.10’11 The view of logic as a methodological discipline

would appear to make it a normative one, and here a conflict would seem to emerge.

Nonetheless, the view of logic as methodological allows for logical theories to be free of

normative vocabulary: the status of logic as methodological may be stated externally to

its theories. This normative role will motivate and guide logic’s definitions and princi-

ples, while logical theorising itself might not include any instructive vocabulary direct-

ing its application. To illustrate, the practice of formalisation, where logical formalism is

used to determine the validity of natural language arguments, is taught in introductory

logic classes through various heuristics and much exercise that go beyond the content

of the formal frameworks taught themselves. Besides formalisation, the systematic ap-

plication of logical theory of validity to reasoning practices requires bridge principles,

which will be mentioned later on. In short, the status of logic as methodological is one

that regards its driving motivation on the one hand, and as we’ll see in the next section,

its relation to other sciences on the other.

Indeed, we’ve seen that Frege characterises logic as primarily descriptive. Recall also

that according to Frege, any descriptive science has prescriptive consequences—to think

in accordance with its truths—still, that does not yet make it a normative discipline in

any substantial way. Moreover, theoretical sciences have their applied extensions: theo-

ries in physics will be applied in engineering and theories in biology in medicine. Logic,

according to the anti-exceptionalists, can be thought of in just the same way. And yet,

recall that Frege’s description of the logician’s task and contribution is methodological.

In the present picture, the normativity of logic is bound up with its methodological role.

While this normativity will be considered by some to be minimal, it still dictates the

subject matter of logical inquiry on the traditional conception.

For example, Gillian Russell (2020) has argued that logic is normative only in a mini-

able.” (Martin & Hjortland, 2020). Later on they note that “in suggesting that logical theories appeal to

judgements regarding arguments, the current proposal opens up the possibility that a priori evidence does

indeed play a role within logical theory choice” (ibid). Now one might question whether a theory based

on the collection of judgments elicited from selected subjects, using whatever method of survey available

(as opposed to an armchair activity), might thus be a priori. Compare soliciting judgments from mathe-

maticians on the truth of mathematical theorems: while this may be a reliable procedure for determining

theoremhood, the type of justification that would base the apriority of mathematics would be the proofs

of these theorems themselves. (See Malmgren (2006), who argues against the claim that there is a priori

knowledge by testimony, and whose arguments would apply to the present case as well.)
10Priest is an exception in basing logic on norms for correct reasoning, see also §3.
11In this way anti-exceptionalists rule out customary locutions in logical theories such as “from... infer...”

or “from... one may infer...”. I thank Ran Lanzet for this comment.
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mal sense that doesn’t distinguish it from other disciplines. On Russell’s picture, logical

theories are descriptive of validity understood as a semantic notion, and they do not con-

tain normative claims, nor have normative claims as consequences. Only in conjunction

with normative principles external to the theories do they have normative consequences.

The conception presented here is actually not in conflict with these claims. It may very

well be that in order for logical theories to issue prescriptions, we need to employ ex-

ternal norms regarding belief, reasoning and truth, as suggested by Russell (see also

Stei, 2020). The tools provided by logical theories might very well be normatively inert,

until put to use for some purpose. Yet, all the same, I suggest that logic has a closer

connection to normativity than other sciences. Logical theories might not include any

normative vocabulary themselves, but their concepts are shaped by the methodological

motivation of providing tools for correct reasoning. As a consequence, we do not need to

claim that logic is normative in a way that is constitutive of the practice of reasoning for

it to be distinctively normative (cf. Rosen, 2001). As a methodological discipline logic

(possibly in conjunction with external norms) guides reasoning, and this defining role

distinguishes logic from merely descriptive disciplines.

Today, in some discussions, logic and reasoning are completely divorced, following

challenges put forth by Gilbert Harman and others (Broome, 1999, Harman, 1984, 1986).

On these approaches, while logical theories concern validity, they tell us nothing about

how we should reason or revise our beliefs. In the present context, we may accept the

first conjunct (logic concerns validity), but not the second (that logic does not concern

reasoning or belief revision). I see no way of theorising about validity in any philosoph-

ically significant way without being guided by methodological motivations, lest logic is

consigned to blind mathematical treatment, or else it becomes the descriptive study of

linguistic, cognitive or social phenomena, which I include under the broad conception

of the linguistic project.

In response to Harman, some have offered bridge principles from theories of validity

to application in belief revision (MacFarlane, 2004, Steinberger, 2019). Bridge principles

tell us how to apply facts about validity to our doxastic attitudes, which is in line with

logic providing a tool or a method. Moreover, one can take a step further, by making this

application of logic the guiding rationale in expounding validity (as, e.g., in Field, 2015,

MacFarlane, 2004). Mathematics as well as linguistics would be useful in formulating

theories of validity. But if we take seriously the traditional approach that takes the

perspective of the reasoning agent, validity and reasoning cannot be divorced. This

feature of logic distinguishes it from other sciences that are not driven by methodological

aims.

It will be agreed by many that the concept of logical consequence is explicated by

philosophers of logic: they theorise about this concept and make it precise in a way

that may diverge from its everyday usage, and that may be driven by theoretic and
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pragmatic considerations, as suggested by Carnap (1962). One might think that this

is where pragmatic considerations enter and distinguish logic from other sciences. But

it is not the mere existence of pragmatic considerations that distinguishes logic. Ar-

guably, scientific disciplines are heavily engaged in some sort of conceptual engineering

when choosing the concepts for their theories (Carnap, 1950, 1962).12 We may add that

the shared desiderata of explication in logic and other sciences will include general the-

oretical virtues, such as simplicity, exactness, and perhaps some added aesthetic values.

What distinguishes logical consequence or validity as explicated in the traditional project

is that the principal underlying desideratum is the methodological aim of providing a

tool for correct reasoning, to be applied in other sciences, rather than prediction, ex-

planation and other cognitive aims driving the explication of scientific concepts such as

momentum in physics or gene in biology.

How methodological considerations shape the explication of basic logical notions re-

quires a separate inquiry. In other work (Sagi, 2021), I propose two rudimentary princi-

ples for logical systems as tools for reasoning: safety (the logical system must be reliable

in determining validity) and practicality (the logical system must be given explicitly, in

a manner that is actually usable, even if not always effective, in practice). By these rudi-

mentary principles one can motivate the conditions on logical consequence customary in

the literature, of necessity (the conclusion of a valid argument follows by necessity from

its premises) and formality (the validity of an argument is determined by its form alone).

I leave out the details of this proposal, and return to the topic of this paper, which is the

exceptionality of logic among the sciences.

3 Logic as a Methodological Discipline

In the previous section I portrayed a conception of logic as a methodological discipline

from the perspective of the traditional project. In this section I aim to clarify the notion

of a methodological discipline, and I do this in a way that fits the naturalistic attitude

driving the anti-exceptionalist stance. I shall then consider what distinguishes logic

from other methodological disciplines.

As a start, by a methodological discipline, I mean a discipline that produces tools, meth-

ods or a methodology for some practice. I take a method to be a systematic procedure or

system of rules for carrying out a practice. There may be methods for very specific prac-

tices (measuring the distance between the earth and the moon, solving differential equa-

12This issue was recently discussed by Sebastian Lutz, according to whom: “Since the sciences rely on

language conventions whenever they go beyond observational claims, most entities and properties referred

to by scientific theories (for instance momentum) are introduced rather than discovered” (Lutz, 2020).
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tions) or general methods advising a whole discipline (how to conduct a scientific exper-

iment, how to prove a mathematical theorem). A method is measured by its effectiveness

as well as practical considerations such as availability and cost. Specific methods call for

the use of instruments, either concrete (lab equipment, computers, satellites) or abstract

(scientific models of various sorts, algorithms, mathematical formalisms). Inasmuch as a

methodological discipline concerns methods, it also concerns the instruments required

by these methods. A methodology, in general, is aimed at a higher level of scientific prac-

tice, as it concerns the production and selection of scientific theories. A methodology, I

assume, may give rise to a method (for, e.g., theory choice) or consist of a compendium

of methods (for reasoning in science). Logic, as a discipline, provides tools in the form

of formalisms (formalised languages, rules of syntax, and a proof theory and/or a se-

mantics), methods for reasoning with these tools, and methodologies inasmuch as these

methods are compounded to a comprehensive ideology concerning theory choice.

A related distinction is that between pure and applied science. This distinction per-

tains to the aims of the science: whether it is to achieve cognitive aims in the case of

the former (explanation, prediction, understanding, etc.), or pragmatic aims in case of

the latter (solving practical problems, increasing utility, improving quality, etc.) (Yagh-

maie, 2017, pp. 139, 141). This distinction can be contested on various grounds, but for

our purposes let us assume that a methodological discipline is an applied science inas-

much as it is driven by pragmatic aim of furthering the goals of a practice. Specifically,

a methodological discipline for a science concentrates on the productions of scientific

research: theories, laws, models, etc. (Yaghmaie, 2017, p. 138). Logical systems in the

traditional project, as well as in the linguistic project, are meant to be applied to scien-

tific theorising.13

Now, a metascience is a discipline whose subject matter is a science, its theories or

practice. If a discipline is referred to as a metascience, then it is normally meant that the

discipline is descriptive of a science—although here I shall not commit to this constraint.

Inasmuch as a methodological discipline contains theories whose subject matter is the

theories or practices of a science, it is also a metascience. Tarski, for example, took his

logical work to be metamathematical as well as methodological, as its subject matter was

theories of deductive sciences—a point I shall return to later on.

Let us assume that a discipline A provides the tools and methods for discipline B.

One way to articulate this relation is by generalising the distinction between use and

mention beyond its customary domain of linguistic expressions. Practitioners of disci-

pline B use the tools and methods provided by discipline A, that are indeed mentioned in

13For a rigorous presentation on the application of logical systems, see (Avron, 1994).
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the theories of A. Theories for telescope-design mention telescopes, that are then used

by astronomers. In the case of logic, methods pertain to the use of linguistic expres-

sions, and thus logical theories are about linguistic expressions, their properties and

their relations—which are indeed mentioned in these theories.

Now, methodological disciplines have normative aspects by their very nature, as

pointed out by Yaghmaie:

[I]t seems that every scientific methodology, as far as it is a methodology, is

normative. More specifically, to achieve the aims of science, from the tran-

scendental goal (i.e. truth) to more cognitively accessible ones (e.g. explana-

tion, prediction, etc.), scientist[s] should follow methodological rules, e.g. us-

ing logical reasoning and respecting empirical data. (Yaghmaie, 2017, p. 138)

Methodological rules thus prescribe what course should be taken for fulfilling a prac-

tice’s end, and in this way they link means to ends (Laudan, 1990, p. 46). Now, as we’ve

pointed out in the previous section, in the present picture, logical theories themselves

may or may not include prescriptive or normative vocabulary. Bridging principles may

be needed for logical theories to be applied in practice. The characterisation of logic as

methodological is in this sense external to it: it explains the motivation for its principles

and rules, that require added instructions to be applied.14

The characterisation of a discipline as methodological, whether external or internal

to its theories, is always relational: a discipline can be methodological only with respect

to another discipline or practice. Moreover, a discipline A can provide methods for a

discipline B, and be provided methods by a discipline C.

In a recent book on scientific method, Robert Nola and Howard Sankey draw a table

dividing disciplines according to this relation to other disciplines (Nola & Sankey, 2014,

p. 81):

14Carnap (1962) distinguishes between the task of the logician (in that case, the inductive logician)—to

calculate the value of a confirmation function, and the methodologist is in charge of applications of induc-

tive logic. Here I take a wider view of the methodologist’s role: it includes both the logician’s theoretical

work and its application (in this I follow Nola & Sankey, 2014, pp. 30f).
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Nola and Sankey explain that “at Level 2 there is a historical sequence of theories of

scientific method. The various scientific methods are at a higher level only in the sense

that principles of method at Level 2 have as their object of application scientific theories

at Level 1” (p. 83). Scientific methods are used to produce successful scientific theories,

where, according to Nola and Sankey, success is measured by our ability to explain, pre-

dict and manipulate the natural and social worlds to our end (p. 82). Then, there is a fur-

ther, third level, which relates to the second as the second to the first: “there is a down-

ward link from Level 2 scientific methods to the Level 1 sciences between which they are

to adjudicate. Analogously, there is also a downward link from Level 3 metamethods to

Level 2 scientific methods; if there are rival theories of scientific method then one needs

metamethods to make a choice between them to determine which scientific method one

should use to apply to scientific theories” (p. 83). Note that Nola and Sankey use the

second level for methodologies (systems of rules for theory selection), while I refer some-

what more generally to methodological disciplines: disciplines that provide either tools,

methods or methodologies, and are not always explicitly prescriptive.

We might also add that the above illustration by Nola and Sankey should not mislead

us to think that the distinction between the levels is a fixed and rigid one. Thus, I would

add that methods of Level 2 would sometimes be applied to disciplines of Level 2 (e.g.

logical theories may be applied to theories of Baysianism). Hence, I offer a relational char-

acterisation of a methodological discipline: a discipline is methodological with respect
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to another discipline or practice, and this relation is not a strictly hierarchical one.15

Thus, Nola and Sankey’s presentation should be seen as fairly simplified.

While anti-exceptionalism following Quine’s suit characterises logic as continuous

with science—therefore not sharply distinguished from other sciences—the traditional

project locates logic at a second tier of a methodological hierarchy (and higher up, inso-

far as logic applies to itself and other high-level theories). It should be stressed that this

methodological hierarchy does not entail a foundationalist stance with respect to logic,

or any stance on the epistemology of logic. It is left open whether methodological disci-

plines are epistemologically prior to the domains to which they are applied (as is illus-

trated by the variety of metamethodologies in the above table, each entailing a different

epistemological stance). Yet, inasmuch as logic is conceived of as supplying a method

for correct reasoning, it does have a distinguished epistemic role with respect to other

sciences, as it facilitates and provides an epistemic standard for scientific reasoning—

the epistemic standing of that standard is a separate matter. For instance, one can be

a holist on foundational matters, and yet accept logic’s epistemic role (Sher is a prime

example).

Quine himself was a contributor to the traditional project, even if he was critical of

the foundationalism of his predecessors. Regardless of his positions on logical theories,

there remains, for Quine, a methodological role for the tools provided by logic. For

example, he contended that regimentation into a logical notation is useful in the sim-

plification and clarification of scientific theories (Quine, 1960, §33). Quine also had an

interest in scientific method more generally. It appears that for Quine, scientific method

does have a distinguished position with respect to scientific theorising:

[S]cientific method, whatever its details, produces theory whose connection

with all possible surface irritations consists solely in scientific method itself,

unsupported by ulterior controls. This is the sense in which it is the last

arbiter of truth (Quine, 1960, p. 23).

Quine’s positions on the status of logic, its revisability and its place in our theoretical

schemes, have raised much controversy. On the basis of what can logical principles be

adjudicated, if not by assuming a base logic on which they may be compared? Similarly,

with respect to method, it would appear that there must be some stable principles guid-

ing the choice of theory on the basis of observation—which the above quote seems to

concede (Nola & Sankey, 2014).

Quine settles the normative aspects of method in a naturalistic way by assimilating

15While at the first level we may have non-methodological disciplines, the methodological disciplines

may not be neatly divided into levels higher up.
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them to problem-solving in engineering. Referring to his “naturalised epistemology”,

he writes:

There is no question here of ultimate values, as in morals; it is a matter of

efficacy for an ulterior end, truth or prediction. The normative here, as else-

where in engineering, becomes descriptive when the terminal parameter has

been expressed (Quine, 1969, pp. 664f).

Similarly, Larry Laudan has advocated a normative naturalism by which normative rules

of epistemology are best construed as hypothetical imperatives, linking means and ends,

and those, in turn, are grounded by empirical claims about the connections between

means and ends (Laudan, 1990, p. 46). This is in line with, specifically, the view of logic

as a methodological discipline: logical norms concern the proper use of logical theories

implemented in their methodological role.

Turning specifically to logic, philosophers find different ways to settle the apparent

normativity of logic with a naturalist outlook. Maddy is a steadfast naturalist who views

logic as primarily descriptive of properties and relations in the world. According to

Maddy, logical principles are on the one hand reliable for inference, yet their reliability

is contingent, and our psychological constitution accounts for our adherence to logical

rules (Maddy, 2002, 2014). Priest, who was mentioned earlier, on the other hand, views

logic as constituted by norms of correct reasoning. He offers a model which dispenses

with the a priori, and relies on abductive methodology for logical theory choice (Priest,

2016). Van Benthem (2008) advocates a New Psychologism, by which logic and human

cognitive practice feed into each other. He claims that “pure normativity”, i.e. of the

foundationalist sort, is untenable. Yet, he claims, as much as logic can benefit from

looking at empirical findings on actual reasoning practices, so can logic influence the

cognitive status quo “through the design of new intelligent practices allowing for ‘suc-

cessful insertions’ of behaviour into human lives” (van Benthem, 2008, p. 82). These

examples show that the literature offers various naturalist accounts that are compatible

with the view of logic as a provider of tools for reasoning.

To sum up what we have up to this point: methodological disciplines have a dis-

tinguished position with respect to scientific theorising. A discipline is methodological

with respect to another discipline, and this relation can be expressed in the discipline

itself or from an external vantage point. In the latter case, bridge principles may be

needed for the theories provided to be applied as a tool or a methodology. The concep-

tion of logic drawn from the so-called traditional project takes logic to be a methodolog-

ical discipline with respect to reasoning in science generally. Logic provides theories of

logical consequence and formal systems where scientific reasoning can be carried out.

Further, what distinguishes logic in the traditional project from, e.g., the descriptive lin-

guistic project, is that its definitions and principles are driven by its methodological role.

The reasoner is a client of the methodology, rather than a mere object of empirical study.
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One might still refuse to see this as making logic special enough, if the privileged

epistemic stance is given up. For example, the distinction between the theoretical and

the practical can be disputed from a pragmatist viewpoint by which all scientific disci-

plines are driven by practical concerns of somehow affecting our environment. Here, to

still defend the exceptionality of logic, I draw on the relation of logic to other sciences:

the practical concern of logic is scientific practice itself. Perhaps there are other method-

ological disciplines targeting scientific practice, but logic is a methodological discipline

with respect to any scientific theorising, and this, even an extreme pragmatist would

agree, distinguishes logic from other scientific disciplines. I admit, however, that on the

assumption of an extreme pragmatism, the exceptionality of logic does lose much of its

umph.

Nonetheless, as a consequence of its comprehensive target domain, logic has a distinc-

tive reflexive nature, as at least prima facie, tools for correct reasoning in general should

be applicable in reasoning about logic in particular. Recall Tarski’s characterisation of

logic as metamathematics, as the study of deductive theories. Logical theories, qua de-

ductive theories, are thus their own subject matter. This feature sets logic apart from

other mathematical disciplines that are applied in science (see Priest, 2006, p. 156). But

this, still, is not a unique feature to logic. As an example for this kind of reflexivity of a

method applied to itself, we can think of a blacksmith who produces their own tools by

the same methods they produce other steel products or an optician who contributes to

the production of magnifying lens for their own professional use.16

I characterised methodological disciplines as mentioning what is used as devices in the

target practice. Linguistic expressions used in scientific theorising are mentioned and

theorised about in logic. Yet, in the case of a metalinguistic methodological discipline

we find this reflexivity in the micro-level as well as the macro-level: not only do logical

theories mention devices used in logic, each mention of a linguistic expression is itself

also the use of one. Logic is special at least inasmuch as it manifests the pervasiveness

of the scientific attitude—as it turns to scientific expression itself.

16Here I should emphasise that I am setting foundational issues aside, so that by logic applying to itself

we do not commit to a vicious regress. The blacksmith’s first production might be manufactured using

unforged steel or a steel-free device, and tools made out of forged steel can be manufactured and put into

use at some point nonetheless. We don’t have the artifactual tools from the start, but this doesn’t mean that

they appear ex nihilo–we use more rudimentary tools to forge the first instances (for details and discussion

see Peregrin & Svoboda (2017)). Notwithstanding, for the limitations of logic applying to itself in theoretical

decisions such as choice of logic, see (Woods, 2019).
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4 Model theory, from Tarski to Shelah

Model theory is a fascinating example for the way logic moved, as a methodological

discipline, away from foundational concerns. In the previous sections I spoke of logical

systems as tools for correct reasoning more generally, and as expounding validity more

specifically. In this section, we shall see that tools of formal logic can be used for other

epistemic concerns through the organisation of mathematical theories. I focus on model

theory as a subdiscipline of logic. In fact, it may be doubted whether contemporary

model theory is still a subdiscipline of logic, given that correct reasoning and validity are

no longer the main concern. One option would be to view contemporary model theory

as a standard mathematical discipline with merely historical roots in logic shaping its

concepts and methods. I propose, on the other hand, that if logic is characterised as

a methodological discipline targeting theoretical practice itself, then model theory is

still very much a subdiscipline of logic, and it makes a compelling example of the way

methodological aims can be separated from a foundationalist outlook.

Model theory has also provided powerful tools in linguistics and computer science,

as well as for philosophical theorising.17 And on the other hand, formal methods from

other areas of logic are applied in mathematics (from the application of descriptive set

theory in analysis to technologies of theorem proving in number theory). I can only give

here a very general outline of the development of model theory, the purpose of which

is to emphasise logic’s methodological role—regardless of foundationalist concerns. I

profess that other logical sub-disciplines would make much easier case studies—e.g.,

proof theory is arguably the part of logic which is most straightforwardly applied. All

the more so, model theory renders an intriguing case study.

Tarski’s work is interesting to look at since he seems to advocate an anti-

exceptionalism of sorts in his efforts to assimilate logic into ordinary mathematics. Yet

Tarski’s work is also an example for fruitful applications of model-theoretic methods.

Furthermore, besides being one of the founders of model theory as a mathematical dis-

cipline, Tarski’s writings also reflect the evolution of the discipline and foreshadows

later shifts in its topics.

As mentioned in §2, Tarski adopted the term metamathematics from Hilbert, who

laid the grounds for a mathematical treatment of mathematical theories. Hilbert was

a proto-model-theorist in the sense that he used reinterpretations of theories in different

17Model-theoretic semantics is used in abundance in the Montagovian tradition in formal semantics

(Chierchia & McConnell-Ginet, 1990, Heim & Kratzer, 1998, Montague, 1974, Westerståhl, 1989). For an

overview of model theory in computer science, see Makowsky (1995). For an overview of the applications

of model theory in philosophy, see Button & Walsh (2018).
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domains to prove independence of various axioms of geometry—Hilbert’s unique con-

tribution was the move from mere examples to a method (Franks, 2009, p. 20). Tarski

fully endorsed the Hilbertian program of a rigorous metamathematics, despite his harsh

criticism of the foundational themes running through Hilbert’s work (Franks, op. cit.).

Foundationalist projects in mathematics aimed to provide a global axiomatic system

which would be the secure basis for the whole, or at least large parts of mathematics.

Tarski’s Introduction to Logic and to the Methodology of Deductive Sciences (1941) is an

example text where Tarski relays to a wide audience what he takes to be the prevailing

conception of logic of the time. He remarks in the introduction on the shifting focus of

the discipline:

This trend [of contemporary thought in modern logic] arose originally from

the somewhat limited task of stabilising the foundations of mathematics. In

its present phase, however, it has much wider aims. For it seeks to create

a unified conceptual apparatus which would supply a common basis for the

whole of human knowledge. Furthermore, it tends to perfect and sharpen the

deductive method, which in some sciences is regarded as the sole permitted

means of establishing truths, and indeed in every intellectual activity is at

least an indispensable auxiliary tool for deriving conclusions from accepted

assumptions (Tarski, 1941, p. xi).

For Tarski, logic as a methodological discipline outstrips foundational concerns. A for-

tiori, while logic provides powerful tools, Tarski seemed to have been affected by math-

ematicians’ distrust of metamathematics, and he engaged in a program to normalise

metamathematical notions by providing their mathematical analogues (Kennedy, 2021).

For example, in his paper on the notion of definability, he writes more generally:

The reconstructed concepts do not differ at all from other mathematical no-

tions and need arouse neither fears nor doubts; their study remains entirely

within the domain of normal mathematical reasoning (Tarski, 1956c, p. 111).

Tarski does not give metamathematics a privileged epistemic standing with respect to

ordinary mathematical practice, and as remarked by Kennedy (2021), his view can rather

be described as a reversal of logicism. Kennedy highlights the instrumental use of meta-

mathematical methods in Tarski’s work, in what she terms an on-again-off-again manner.

Indeed, Tarski’s primary contribution is the rigorous treatment of semantics as a

branch of metamathematics. While metamathematics in Tarski’s time was largely proof-

theoretic (as concerned e.g. the definition of valid inference), Tarski connected syntax

with the mathematical objects referred to using the new mathematical apparatus pro-

vided by semantics. One can interpret this development as already contributing to the

normalisation of metamathematics—while a full normalisation would abandon syntax
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altogether (a contemporary trend that can be found already in Tarski, to which we shall

return).

An example of a very fruitful method provided in model theory is the method of

quantifier elimination, which was put forth by Tarski and was applied in the analysis of a

wide range of structures. This method enables a description of the relations definable in

the structure by first-order formulas, as well as an axiomatisation of the set of first-order

sentences true in the structure, and an effective procedure for determining truth in the

structure (Hodges, 2018, p. 445). Tarski’s employment of quantifier elimination led to

the result that every real-closed field is o-minimal (i.e. arising from the union of finitely

many points and open intervals over the ordered field of reals, see (Van den Dries, 1998,

p. 2)). This opened the door to a wealth of results, and o-minimality became one of the

most productive tools provided by model theory (ibid, pp. 446f), as in development of

“tame topology” (see Van den Dries, 1998).

Foundational concerns regarding reliability of inference do seem to be acknowledged

in Tarski’s early work, as exemplified in his discussion of logical consequence in The Con-

cept of Logical Consequence (Tarski, 1936). Interestingly, his definition of logical notions

thirty years later (Tarski, 1986) is remarkably mathematical in nature. Logical notions

are defined in a completely syntax-free manner, as sets invariant under all transforma-

tions of a given domain. Rather than discussing the contribution of his definition to

metamathematics, Tarski takes great pains to show how logic fits into Klein’s Erlangen

Program of the characterisation of geometrical theories by their invariance properties—

logic being characterised as the most general, as its notions are invariant under all trans-

formations.18

The past fifty years have seen model theory move from issues tied with the project

of codifying mathematics in a single foundation to issues concerning the organisation of

mathematics using a variety of formalisms, as recorded in the 1980’s by Manders:

[A] long-term look at achievements in mathematics shows that genuine

mathematical accomplishment consists primarily in making clear by using

new concepts... We look for uses of mathematical logic in bringing out these

roles of concepts in mathematics. Representations and methods from the

reliability programs are not always appropriate. We need to be able to em-

phasise special features of a given mathematical area and its relationships to

others, rather than how it fits into an absolutely general pattern.

Model theoretic algebra works in just this way. A model theoretic approach

18Tarski juxtaposes logical and geometrical notions already in (Lindenbaum & Tarski, 1935), but there

syntactic aspects are prominent.
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may be able to bring out the point of algebraic methods in number theory

and geometry. (Manders, 1987, p. 193)

John Baldwin (2018) describes a paradigm shift in model theory from the 1950’s through

the 1970’s and onwards, which is marked by a change of focus from reliability to coher-

ence. At first there’s a shift of focus from logics to theories (from pure logic, to the inclu-

sion of theory-specific vocabulary), but Baldwin attributes the decisive step to Shelah’s

move from merely identifying some fruitful properties (e.g. complete, model complete,

ℵ1-categorical) that might hold of a theory to a systematic classification of complete first

order theories using the methodological precept of dividing lines (Baldwin, 2018, pp. 9f).

Shelah introduced the notion of abstract elementary class (AEC)—a class of structures

for the same vocabulary, with a partial order genralising the substructure relation and

some closure conditions. In this family of classes, Shelah looks for dichotomies, loosely

put: either we can understand the structure of all models in the class, or there are

“many” to some extent (Shelah, 2009). It should be noted that dividing lines have several

conditions imposed by Shelah, so they provide useful dichotomies:

A dividing line is not just a good property, it is one for which we have some

things to say on both sides: the classes having the property and the ones fail-

ing it. In our context normally all the classes on one side, the “high” one,

will be provably “chaotic” by the non-structure side of our theory, and all

the classes on the other side, the “low” one will have a positive theory. The

class of models of true arithmetic is a prototypical example for a class in the

“high” side and the class of algebraically closed field the prototypical non-

trivial example in the “low” side.

... successful dividing lines will throw light on problems not considered

when suggesting them. (ibid).

Baldwin explains that the approach to global mathematical issues is “not by seeking

a common foundation but by finding common themes and tools for various areas, not in

terms of the topic studied, but in terms of common combinatorial and geometrical features

isolated by formalizations of each area” (Baldwin, 2018, pp. 13f).

Baldwin argues that this shift away from foundational concerns does not constitute

a departure from philosophical concerns.19 The methodological role of model theory

has certainly persisted through this shift, albeit in a more transient mode. Kennedy

describes what became of logical practice:

19Baldwin discusses the nature of classification and definition in (Baldwin, 2018, ch. 13). For a brief

discussion on the philosophical aspects of classification, see also Button & Walsh (2018).
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Logical practice becomes localised, prismatic, and opportunistic, so that the

model theorist is, at best, a local foundationalist: wanting to shed light on a

certain area of the practice, but otherwise eschewing any attempt to supply

a global foundation for it (Kennedy, 2021, p. 141).

Further, Kennedy gives as an example Hrushovski’s proof of the Mordell-Lang Conjec-

ture for function fields (Hrushovski, 1996):

... a purely mathematical conjecture with apparently no connection to logic,

and at the same time a triumphant vindication of first order methods in

model theory. Hrushovski formulated the conjecture in first order terms, and

used stability theoretic methods to prove it... As consequence, the purely

mathematical result follows... foundational or logical concepts used prag-

matically and as a tool, rather than in the service of foundational interests

(ibid, p. 144).

Hrushovski’s results are examples of the vibrant interaction between geometry and

model theory, from as early as Hibert’s axiomatisation to Hrushovski and others’ con-

tributions to the field of geometric model theory (see (Baldwin, 2018, Part III), (Hodges,

2018, §18.8)). More generally, these results exemplify a fruitful interaction between dif-

ferent areas in mathematics—arguably, in a way comparable to other cases where one

field is applied for a solution of a problem in another field, e.g. algebraic topology in

combinatorics. It is a general method in mathematics, where “Well-posed mathemati-

cal problems get resolved by moving to new conceptual settings where they are more

tractable, and this leads to a solution of the problem in its original form” (Manders,

1987, p. 203). In this respect, there is a basis for treating any such mathematical field

as a methodological subdiscipline in relation to another. But then model theory has a

guiding role by enabling the transfer of results from one area to the next. Model theory’s

methodological role is definitional of the field inasmuch as it is centred around the study

of theories, their properties and their connections.

This is not the place for a thorough review of the development of model theory, and

indeed, this work has been done in depth in the cited works of Baldwin and Kennedy—

we complement their description of the departure from foundationalism with a char-

acterisation of logic as a methodological discipline. Let us then quickly take stock. In

previous sections, validity as a property of arguments in a language was taken to be the

central concern of logic, stemming from the methodological concern of providing tools

for correct reasoning in science. We’ve seen that this concern can be detached from a

foundationalist project seeking a secure basis for mathematics and a priviliged stance

for theorising in every science. In the case of model theory we see a shift from foun-

dationalist concerns regarding reliability to other epistemic aims such as coherence and

understanding. Formalisation, the primary method provided by model theory in its ap-
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plication to general mathematics, remains a powerful tool throughout this shift, as does

the status of logic as a methodological discipline.

Nevertheless, there is a development that is relevant to our concerns that is worth

mentioning: the recent abandonment of syntax in parts of model theory (such as She-

lah’s recent work on AEC’s). I have mentioned that Tarski’s characterisation of logical

notions is free of metamathematical, i.e. metalinguistic notions. More recently, Shelah’s

work on classification theory leads a trend of dispensing with syntax in model-theoretic

arguments (though syntax can be reintroduced). This trend puts pressure on our charac-

terisation of logic as metalinguistic, as providing tools and methods that regard theories

and linguistic expressions more generally. There are three main options for alleviat-

ing the pressure, and I leave open which should be pursued. One option is to exclude

syntax-free studies from what is considered to be “logic”. Another is to limit our claims

to the parts of logical practice that remain metalinguistic without interfering with dis-

ciplinary divisions. And yet a third option is to take the challenge and generalise our

claims so as to cover so called syntax-free work—as it seems that this work might still

play a methodological role within mathematics.

5 Conclusion

In this paper I offered a picture by which logic holds an exceptional position with respect

to other sciences that is, on the one hand, entrenched in the history of the subject, and

on the other hand, compatible with naturalistic leanings. On this conception, logic is

not the “science of validity”, but is a discipline driven by the practical task of providing

tools and methods for correct reasoning in the shape of formalisms. The methodological

aims of logic shape its concepts and theories, even though theories from linguistics and

other sciences may be appealed to. Logical theories in general do not instruct how they

should be applied in practice, and bridge principles are needed for that end.

The characterisation of a discipline as methodological is always with relation to an-

other discipline or practice. Logic is special in that it holds this relation with every

theoretical discipline, including itself. Logic on this picture is not required to have a

privileged epistemic vantage point, yet it is distinguished epistemically in that it epito-

mises accepted epistemic standards.

Finally, we’ve seen how model theory, a subdiscipline of mathematical logic, went

through a paradigm shift from foundationalist concerns to dealing with the organisa-

tion of mathematics. Following this shift, reliability, or correctness of inference, is no

longer logic’s primary aim. Nonetheless, the methodological aspects of logic persist, as

it provides tools and methods that are applied in mathematics generally.

We’ve seen that contemporary anti-exceptionalism is motivated by a naturalistic out-

look that is at odds with a foundationalist approach to logic. The assimilation of logic to
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other sciences is a viable option for the naturalist. Yet, on such a conception of logic, I

contend, logical studies are consigned to other disciplines such as linguistics, psychology

and cognitive science. I have presented an alternative option available to the naturalist

that keeps logic distinguished and self-standing.
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