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ABSTRACT.

The thesis aims to provide a heuristic critique of the meta-theoretical
foundations of Chomsky's project for an explanatory linguistics. The critique is
'heuristic’ in that it attempts to take the considerations adduced to indicate how those
conceptual foundations are to be re-designed on lines parallel to constructivism in the
philosophy of mathematics. The net result is the provision of an outline of a meta-
theoretic rationale for a process orientated linguistic theory (e.g. Kempson et al's
LDS,, framework).

The thesis investigates, and is organized around, three central strands of the
Chomskyan paradigm:

1) The mathematization of linguistics: the use of formal/mathematical systems
as theory constitutive metaphors.

2) A scientific realist (as opposed to instrumentalist) construal of linguistic
theories.

3) A conceptualist/psychologist ontology for linguistic objects with a
concomitant explanation for the nature of the linguistic in terms of properties of the
modularized human "mind/brain" articulated through a system of mental
representations.

The central conclusions drawn are:

1) There is a failure to achieve adequate watrant for a scientific realist
construal of Chomskyan linguistic theories.

2) The object(s) of study that is (are) posited in the Chomskyan paradigm
require a Platonist or autonomist ontological status. A corollary of this is the inability
to achieve an adequate explanation for the nature of linguistic phenomena.

These conclusions, together with the observation of certain conceptual
tensions and antimonies in generativist thinking (e.g. the relation between types and
tokens), are taken to be sufficient to prompt a re-examination of the (metaphysical
realist) assumptions that undeilie that thinking. The solution that is canvassed, and
which promises to resolve these tensions, is by way of a linguistic version of
mathematical constructivism in which the emphasis lies in linguistic phenomena being
construed as primarily cognitive events in which the constructive procedures are
crucially constitutive of their linguistically individuating properties.
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INTRODUCTION.

Real progress comes not so much from collecting
results and storing them away in 'manuals’ as from
inquiry inio the ways in which each particular area [of
inquiry] is basically constituted. ... The level which a
science has reached is determined by how far it is
capable of a crisis in its basic concepts.

(M. Heidegger, Being and Time, section 3, 9)

Non ergo grammaticus sed philosophus proprias
naturas rerum diligenter considerans ... grammaticam
invenit [?]

(Is it, therefore, not the grammarian but the
philosopher, carefully considering the proper nature of
things ..., who discovers grammar{?])1r

The presiding aim of this thesis is to attempt to clear the conceptual ground
such as fo provide a rationale for a process-orientated and constructivist? theoretical
perspective on the linguistic. The base intuition to which the faking of such a
perspective answers is that natural language has an ineliminably temporal and
procedural dimension; that linguistic objects are only identifiable, take on their
individuating properties and meet proper criteria for existence in psychological event.
The suggestion is that such a temporal and procedural dimension is crucially
constructive of the properties and identity of linguistic objects and so is involved in
their understanding (in both senses of the ambiguity) and in their explanation. Tt will
be a contention that this dimension is denied by Chomsky's originary positing of the
object of study as a competence grammar, with its attendant denumerably infinite set
of abstract and timeless sentence types, and to which performance factors are in a no
more than contingent and supplementary relation. In very brief, Chomsky's object of
study, as has been argued by Katz et o, demands to be construed as having a
Platonist (or, perhaps, following Carr, an autonomist) ontological status and hence
embarrasses the attempt to ground an explanatory linguistics in terms of properties of
the mind/brain. Katz' Platonism, however, is not a solution (and nor is Carr's
autonomism) but constitutes the problem for it obstructs any attempt to explain the
relation between the linguistic and the individual; in other words, exactly the




Introduction

relationship that Chomsky set himself the task of elucidating by pitching his enquiry at
the level of "individual psychology". Precisely the unpalatability of a Platonism is that
it can only perpetually defer the epistemological question (posed for mathematics by
McCulloch and here rewritten for the linguistic case: "What is [a language], that a
man may know it, and a man, that he may know [a language]?"3) as to how a
supposed set of always and already, mind-independent, abstract objects can come to
be apprehended and known by fleshly denizens of this actual and time-ridden world.
What is needed, we will suggest, is a reconceptualization of the object of study: a
language is not so much something that we know as something that we do: in von
Humboldt's words, "in itself language is ... an activity".4r

The way to grounding the need for such a change in theoretical perspective
will be through a critique of the conceptual underpinnings and explanatory strategies
of Chomsky's project for an explanatory and psychological linguistics. The point of
this critique will be to bring to light certain inadequacies and conceptual difficulties
attendant on the explanatory strategies and theoretical constructs posited within the

Chomskyan paradigm. To this end we will take as our motto Chomsky's contention
that:

The critics task is to show some fundamental flaw in principle
or defect in execution or to provide a different and preferable
account.’r

In suggesting the need for an alternative conceptual foundation there is the onus on
the proposer, on the basis of if it ain't broke don't fix it, to point out what precisely is
broke. The hope will be that such a critique will constitute a heuristic so as to point
toward and act as, to use a rather old-fashioned word, a prolegomenon to a more
adequate solution.

It is somewhat contrary to fashion to privilege philosophical matters as
opposed to the hard scientific issue of answerability to data. It is seemingly customary
to assume, or to pretend, that the foundational problems of linguistics have been
solved®r and that the interesting and important matters lie at some empirical coal face
where at least some honest work is done rather than in the effete lounges of the
philosophers.

One can readily provide a Kuhnian spin to this state of affairs: after
Chomsky's revolution comes a period of ordinary science conducted on the basis of a
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set of more or less shared assumptions, even if this shared basis is often no more than
implicit and mediated by a common methodology and practice. Both the confidence
exhibited and the corresponding lack of contemplation of foundational issues are
reasonably based on the hard results that are forthcoming and which can be cited as
evidence for the basic correctness of the underlying assumptions. Newmeyer tells a
story consistent with this interpretation where he cites as justification for optimism
about the generativist enterprise the fact that we know hugely more now, at the
observational level, than we did just three or four decades ago, and this despite more
than two thousand years of previous, reasonably well-organized enquiry.”

The state of the field is not, however, uniformly considered to be an
unqualified success. To some the present state of play exhibits no more than
"intellectual bankruptey".® One ground for disquiet is, arguably, the bewildering
plethora of competing frameworks (there are, to pick up on our prefatory quotation,
so many different and mutually incompatible "manuals"), to which one may also add
the oscillating universe that revolves around MIT where frameworks get a complete
overhaul on average, it seems, every ten years or so. To some this diversity is a
symptom of "health" and vibrancy, no more than an illustration of the under-
determination of theory by data. However, it may equally well be construed as a
symptom of fracture and chaos in which there are neither sufficient grounds
evidenced by any one framework for it to be uniformly assented to, but nor, crucially
("crucially” if we are to have a Popperian view of scientific enquiry as conducted on
the basis of disconfirmation of theory), are there sufficient grounds to discount it or
any others.

To a certain, puritan turn of mind - mine - there is something deeply
unsatisfactory about a situation in which there are so many stories and no prospect of
closure; to that turn of mind the field might come to appear as hardly distinguishable
from gratuitous and idle talk. What licences the proliferation of frameworks (a
symptom of vibrancy or is it crisis?) is a seemingly radical inability io make some
reasoned decision either for or against any particular framework on the basis of the
available empirical data. Precisely the point of focussing on meta-theoretic
considerations is that it promises, on the one hand, to supplement the apparently
rampant under-determination of theory by empirical data, and, on the other, to
address the issue of, in Chomsky's words, "the correctness of principles employed".?
If the conceptual underpinnings, the paradigmatic assumptions, can be shown to be
sound or to be flawed, one is adducing strong evidence pro or con any given theory.
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Chomsky's revolution, we are told, instituted a properly explanatory and
scientific linguistics: a grammar is not merely a taxonomic device for more or less
efficiently characterizing linguistic phenomena, but is “a theory of language", which
theory "constitutes an explanatory hypothesis about the form of language as such."10r
In attempting an explanation, i.e. in relating a discrete set of phenomena to a cause,
the received view, at least as received from Chomsky, is that linguistics is involved in
an enterprise on a par with that of the natural sciences, in which, as noticed as far
back as Aristotle, the mark of proper understanding, the mark of an explanation, is to
know not only what is the case but also why it is the case. (Compare our amended
quotation from McCulloch, above.) Arguably, it is the addressing of this latter
question at all, just so much as the manner of its addressing, that distinguished
Chomsky's enterprise as revolutionary in the intellectual context of linguistics in the
fifties. 1!

An explanatory hypothesis involves the positing, defining and elucidation of a
proper and discrete object of study. That object is defined, in the Chomskyan
paradigm, as an internalized, mentally represented grammar which constitutes one's
linguistic competence; this grammar, in effect a tuple reflecting a modularization of
the gross phenomenon and including a syntax, phonology and semantics, is "what one
knows when one knows a language".1?r The explanation of the nature of the linguistic
invokes this knowledge relation between a speaker and a grammar: this knowledge, as
instantiated in the mind/brain of a speaker, is what is explanatory of the properties of
linguistic objects; the reason why natural languages are as they are is because of the
nature of the knowledge instantiated by the mind/brain substrate; the explanation is in
terms of postulated properties of the mind/brain. It is this object of study, the
competence grammar that is the central concern of Chomsky's generativist paradigm,
urespective of whether or not one is entirely happy with the grammar's putative
ontological status as a psychological entity.

The aim of what follows is to examine the set of claims and explicit, and
sometimes implicit, assumptions that ground this enterprise and to bring to question
the reality of the constructs of competence-orientated, syntax privileged, linguistic
theories. Our approach will be in the manner of a somewhat Anglo-Saxon style
deconstruction of three central strands of Chomsky's revolution:!3

1) The application of formal systems to the study of natural language and so
the fulfilling of Bloomfield's project for the mathematization of linguistics ("to make

our linguistics a kind of maths") first aired in the twenties.l4¢
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2) The scientific realist construal of the linguist's grammar, which grammar is
offered as a theory providing an explanation of the nature of natural language. This
instances a move towards a "God's truth"/realist interpretation of the analyses of
linguistic phenomena as opposed to a "hocus-pocus"/instrumentalist view.1% In other
words, linguists get to attempt to say something true about language rather than simply
invent classificatory and characterizing schemata: a theory "carries a truth claim if it is

serious,"16r

3) The move towards viewing language as a phenomenon for which an
explanation is to be attempted and, crucially, to be attempted in terms of mind: mind
gets reinstituted as a respectable scientific notion after its years in the Behaviourist
wilderness and it is instituted on the basis of a concept of mental representation. This
claim promises to enable a reduction of the linguistic to the psychological and this, in
turn, promises to be reducible to the neurophysical and biological: linguistics is
claimed to be a sub-branch of psychology, itself a sub-branch of biology. In positing a
linguistic theory one is also positing a research program in psychology and the brain
sciences in general.

The first strand enables the precise definition and articulation of an object of
study, the second introduces a scientific realism in respect of that object of study
together with a realist construal of posited theoretical constructs, and the third
provides the object of study's, and the theoretical constructs', ontological
characterization and enables an explanation that relates the linguistic to its putative

causal substrate. These three strands, somewhat intertwined, provide the central
themes, and organization, of our discussion.

11
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Footinotes.

Throughout, where a footnote cites no more than a bibliographical reference
we will indicate this by a superscripted "t following the footnote number.

1 Cited by Robins (1967, pg. 86) from a collection of mediaeval linguistic writings (Thurot (1867)).

2 nConstructivist” is a term borrowed from the philosophy of mathematics (Bishop, (1967), this
following on from Brouwer's intuitionism). The term has both methodological and ontological
implications: the constructivist in mathematics is suspicious of completed infinite sets and,
cotrelatively, of methods of proof that result in the positing of objects that are deemed to exist but
which cannot be individuated; in other words, objects which cannot be definitively indicated: "when a
man proves a positive integer to exist, he should show how to find it" (Bishop, 1967). Showing how
to find it, i.e. some demonstration of how it is to be found/constructed, is criterial for the content of an
existence claim. For an account of the issues and of the origins of the constructivist/intuitionist
perspective see M. Kline, (1972 and 1980).

3 W. McCulloch (1965), cited in S. Dehaene (1998, pg. 231). It is something of a mathematical
counterpart to, and amplification of, Chomsky's (1986) question as to "what [it is] we know when we
know a language?"

4. von Humboldt (1970, pg. 27).

SN. Chomsky, (1980, pg. 12.)

6 The point was made in a tatk given by I. Katz at SOAS in October, 1994 and repeated by him more
recently (J. Katz, 1996, pg. 277).

7p. Newmeyer (1983, pg. 49). The same point is expressed by Chomsky (1986, Chapter 1).

8 N. L. Love (1988), cited in R. Harré and R. Harris (eds.) (1993, pg 14).

9 Chomsky remarks (1980, pg. 11): "Substantial coverage of data is not a particularly significant
result; it can be aitained in many ways and the result is not very informative as to the correctness of
the principles employed.”

10N, Chomsky, (1965, pg. 27, and 1980, pg. 109).

1 The anti-explanationism of much of pre-Chomskyan, fifties' linguistics is quite overt: "Anything in
our description that sounds like explanation is simply loose talk.” (M. Joos, 1957)

12\, Chomsky, (1986).

13 Compare Chomsky's own refrospective sketch (1991, pg. 21).

141, Bloomfield (1926).

15 The phrases are F. Houscholder's (1952) in his review of Z. Harmis (1951). The terms "realist" and

"imstrumentalist” will be provided with some definition below.
16 N, Chomsky (1980, pg. 109).
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CHAPTER L.

The Mathematization of Linguistics.

No one should be afraid that the contemplation of
characters will distract us from things, on the contrary
it will take us to their very heart.

(Leibniz).

He proves by algebra that Hamlet's grandson is
Shakespeare's grandfather and that he himself is the
ghost of his own father.

(Joyce, Ulpsses).

Then came the revelation. Marini saw the rose as
Adam might have seen it in the Garden of Eden, and
he understood that ... we can refer to or evoke, but
never express, and that the high and splendid volumes
... were not {as his vanity had dreamt) a mirror of the
world, but one more object added to the world.
(Borges).

My symbolical expression was really a mythological
description of the use of a rule.
(Wittgenstein, Philosophical Investigations, 221.)

1.0 What is a linguistic theory to be about? Carving the world at its joints.

An initial problem for any systematic scientific study is the identification of its
subject matter: there is always an indefinitely large number of facts, the difficulty lies
in selecting some subset, the members of which promise to be able to be tied together
by some unifying account. It is also to be noted that any selection constifutes a
substantive theoretical claim about the world. In identifying a phenomenon, or general
area of enquiry, we are already carving the phenomenal world at jomnts that are
suggested by whatever categories that we use to apprehend and discriminate between
the things that we notice.

For example, let's say, in a very pre-scientific way, that we are interested in
creatures that live in water. We are already, in suggesting that we need a theory drawn

13




The Mathematization of Linguistics

on such lines, making a substantive claim - a claim itself suggested by the categories of
a pre-scientific apprehension - and we are also, should we attempt a theory that takes
notice of this categorization, taking a wrong direction. In making this point we are
merely rehearsing the consensual view of the theory-relativity of observational
statements. In this case, our observation of creatures in terms of an aquatic/non-
aquatic distinction is relative to a mistaken theory. It turns out that this manner of
categorization, while certainly objective, carves the world at neither proper nor
illuminating joints. Whales live in water, but they are to be better understood in
respect of their classification as mammals: the aquatic/non-aquatic distinction is not, it
turns out, an explanatorily productive categorization. Of course, we succeed in geiting
it eventually right, or at least less false, only by initially making such wrong moves.
What is crucial is that there are means available by which the error can be recognized.
This, in effect, requires that alternative ways to conceptualize are, or can be made,
available. One might think of theory development as involved in the construction and
deployment of such means, so re-aligning or reconfiguring categorization and
providing us with, as it were, alternative spectacles by which to look at the world. As
we will elaborate below, a central role in such re-alignment and initiation of new
discourses is played by metaphor.!

For a more sophisticated example of reassessment of pre-scientific categories,
consider the notion of a fish. Gould points out that membership of some species in
this pre-scientific category depends on the criteria, what we have figured as
"spectacles”, applied to the task of determining taxonomy. For cladists in biology, for
whom taxonomy is determined in respect of evolutionary branching order and shared
and derived characteristics, it turns out that really "there is no such thing as a fish".2r

The issue is not, unfortunately, quite so clear cut, for while this conclusion "is
undoubtedly true as an expression of branching order in time ... [, it might be asked
whether] classifications must be based only on cladistic information." Which is to ask
either of two questions: is a cladistic taxonomy in fact a case of getting it right, are
there some better, more accurate spectacles? or, is there one and only one way of
getfing it right, must there be one and only one correct taxonomy? The assumption
that there is, is the assumption that underlies the standard construal of the scientific
enterprise: the sciences standardly understand themselves as making truth claims,
where truth consists in getting it right in relation - a correspondence relation - to how
the world is in itself.?

For our present purposes, however, the moral of the story is that the world
does not come ready-labelled with directions as to which conceptualizations, and so

14




The Mathematization of Linguistics

which sets of phenomena, constitute discrete and proper domains that will admit of a
unitary explanation. The manner in which we categorize and conceptualize the world
is no guarantee of how the world is in itsclf: the joints that our initial and pre-scientific
conceptual scheme (or "folk theories™) carve may not correspond to how the world in
itself is carved, nor reflect what things there are in the world. One might figure
science as an enterprise which is concemed with verifying the correspondence of
some prior conceptual scheme with how the world actually is, and possibly, indeed
usually, disabusing us of our pre-scientific folk-theories.# In our illustrative case from
biology, science parcels the world into different subsets of phenomena than those of a
pre-scientific apprehension. A correlative observation is that:

Concepts that have proved useful for ordering things
casily assume so great an authority over us that we
forget their terrestrial origin and accept them as
unalterable facts.5r

The point is that:

Our intuitive assumptions, and even what seems
phenomenologically obvious, may be misconceived and
may thus undergo reconfiguration as new theory
emerges....or

These remarks may be taken as a preliminary sketch such as to remind us that
there is an issue regarding how the gross phenomenon of the pre-theoretic linguistic is
apprehended, and corvelatively carved, by some conceptual scheme: there is no
unrevisable and non-negotiable phenomenological given. The task, now, is to provide
some finer detail in respect of the assumptions and conceptual apparatus that ground
Chomsky's project for linguistics and to remind ourselves of their "terrestrial origin".
In doing so we will be implementing a set of methodological criteria of meta-theoretic
accountability - "a principle of irreduction" - that recognizes, in Sellars' phrase “"the
myth of the given”, that there is no theoretical innocence:

[This principle] mandates that no theoretical
assumption - empirical premise, ontological framework,
analytic device, investigative equipment, mathematical
technique or other methodological paraphernalia - be
given a priori pride of place. Every piece of
metatheoretic apparatus should be "left open" in order

15




The Mathematization of Linguistics

to be subjected to critical assessment .... Unless one is
willing to adopt this strict standard of suspicion,
ontological biases and unwarranted metaphysical
assumptions will slip through and derail subsequent
analysis.8r

This principle suggests, for any theoretical assumption or piece of conceptual
apparatus, some possible lines of enquiry. These may be expressed in terms of a
commercial metaphor:

a) Where it was bought (its original home);
b) Why it was bought (the problem addressed); and

¢) What is the cost, initially and in maintenance (the consequences);
These lines of enquiry - what they amount to in defail will emerge - will

constitute a loose agenda for our previously canvassed "Anglo-Saxon deconstruction”
of the Chomskyan paradigm.

2.0 Instituting an object of study: the formal system metaphor.

The initial problem for a scientific linguistics is to isolate and identify out of
what Saussure calls "un amas confus de choses hétéroclites”, which constitutes the
everyday, common-sense and vague notion of "language", those aspects which are
susceptible to a systematic and explanatory account.* A similar observation of the
scientific uselessness of the everyday conception of the linguistic is made by
Chomsky: "it involves too many disparate and obscure concerns and interests. This is
why [it] is useless for actual enquiry”, "language' is no well-defined concept of
linguistic science".1%r In respect of this it is needful "to determine the nature of the
object [linguistics is] studying, ... without this elementary operation a science cannot
develop an appropriate method."11r

For both Saussure and Chomsky the solution is to postulate an abstract system
of underlying formal entities and the rules that mediate and relate those entities. The
system that is posited, Sausswre's la langue, Chomsky's competence grammar/I-
language, is to be rigorously distinguished from all that is external to it, la parole,
performance/E-language:
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In separating langue from parole we are separating
what is social from what is individual and what is
essential from what is ancillary or accidental.12r

Interestingly, while the Saussurean dichotomy instituted a productive enquiry
imto phonological systems, as instanced in the European structuralist tradition, a
correspondingly productive syntactic encquiry was not also forthcoming. Chomsky
suggests that this was because:

[Saussure] regards /angue as basically a store of signs
with their grammatical properties .... He was thus quite
unable to come to grips with the recursive processes
underlying sentence formation, and he appears to
regard sentence formation as a matter of parole rather
than /angue, of free and voluntary creation rather than
systematic rule. There is no place in his scheme for
"rule-governed creativity" of the kind involved in the
ordinary everyday use of language.13r

Arguably, what Saussure lacked was the conceptual means to realize and
articulate the idea of rule-governed creativity, i.e. the perceived systematicity of that
creativity. Indeed, this creativity (Humboldt's "infinite use of finite means") is cited by
Chomsky, in his early writings, as "the central fact to which any significant linguistic
theory must address itself."14r [t was arguably this lack that constituted an obstacle to
the institution and development of a syntax based on Saussurean foundations. It was
the development of such a conceptual apparatus in the field of mathematical logic,
specifically Post's theory of recursive functions, ! that was enabling of a systematic
and explanatory syntactic theory. (This was, in terms of our commercial metaphor,
where the apparatus was purchased.) What was made available was a means,
apparently, to capture just this systematic creativity, this putative central fact.16 The
privileging of this phenomenon, revised (see footnote 16) as the means to creativity, is
what selected for the formal conceptual apparatus. However, for those of suspicious
mind, the obverse case might be made: it was not the phenomenon that selected an
appropriate apparatus, rather the apparatus selected for the central explanandum and
this has then illicitly been construed as an unnegotiable given:

[Chomsky] picked out for inclusion within his
explanatory theory just those aspects of language which
lent themselves to expression within the terms of a
formal theory.!?
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The point is anticipated by Saussure, and is a coroflary of his observation of the
heterogeneous muddle which, secemingly, is resistant to providing any central and
privileged facts for explanation, anything that is phenomenologically salient:

Far from it being the case that the object precedes the
point of view, rather one would say that it is the point
of view that creates the object. 18

In brief, the Chomskyan paradigm and its privileged object of study - syntactic
competence - was instituied on the basis of, in Lakoff's phrase, a "formal system
metaphor for grammar". It is this "point of view" - not only an apparatus but also an
attitude to that apparatus - that "creates the object" with a correlative "commitment to
try to understand natural language in terms of such [formal] systems".19r It is this
commitment with its associated carving of the gross phenomenon, the everyday
muddle, which, in terms of our commercial metaphor, constitutes the cost of the
project. What we shall be concerned with is detailing this cost and in asking whether it
is adequately redeemed; whether that created object answers to some real object in the
real world.

2.1 Formal systems.

Before taking up these issues, it will be useful to sketch out the notions of a
formal system and of a model for a formal system, the notions that are ceniral to
"deductively formulated theory", the manner of theory institution and development in
the generativist paradigm.20

The concept of a formal system derives from Hilbert's formalist project for
mathematics. This project was intended as a response to a perceived crisis in the
foundations of the subject induced by a recognition of the problematic relation
between mathematics and reality, i.e. between mathematics and what mathematics had
been confidently assumed, since the time of Pythagoras, to be about; ie. the real
world. The source of the problem was the development of non-Euclidean geometries
in the nineteenth century.

To illustrate:2'r the non-Euclidean systems put forward independently, but
more or less contemporaneously, by Gauss, Lobachevsky and Bolyai all shared the
standard axioms of Euclidean geometry with the exception of the fifth, the parallels
axiom. Proceeding on the assumption of the falsity of this axiom, each arrived at a
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different and consistent system. The puzzle that resulted comes from asking the
question as to which system is true, or, equivalently, asking what, if anything, each
system is about. Euclidean geometry had been assumed to be about (the real forms of)
the real world, understood intuitively in terms of lines and planes. However, from the
perspective of these new systems - sharing, with the aforementioned exception, the
same axioms and so, presumably in respect of these axioms, the same confent, (i.e.
these systems should also be about lines and planes) - these contents of the shared
axioms have to be reinterpreted: in the case of spherical geometry "line" becomes
"large circle” and "plane" becomes "sphere's surface". What begins to appear is a
separation of formal, proof-theoretic properties, from intuitive content; the formal
propertics of the axioms seem to be independent of any particular content ascribed to
them: the same axioms appear to be about different and mutually exclusive things;
their formal properties underdetermine their content. But then, it might be asked, what
is geometry about, what is its contact with the world and with which world, for there
seems to be a plurality of worlds which it can be construed to be about? But is there
not only one world? The net result was, to quote the title of Kline's book, a "loss of
certainty" and a loss of confidence in mathematical reasoning as providing a window
on the world, as providing truth. Another result was subsequent attempts to resecure
the real world foundations of mathematics elsewhere than in geometry.

The direction taken, by Dedekind and Weierstrass, was to attempt to posit
arithmetic as providing that aliernative foundation. The point of Frege's, and Russell
and Whitehead's, logicist project was, in turn, to supply an indubitable foundation for
arithmetic by deriving it from the logical operations of set theory: the notion of a set
supplies the intuitive content, the operations of set theory are identified with logical
relations?? and logic is supposed to be indubitable. What, famously, stymied this move
was Russell's paradox (amongst others). As Quine has remarked in a different
connection, paradoxes "pack a punch". In this case a punch that was catastrophic to
the whole logicist project, for what the paradoxes show is that there is a fundamental
contradiction in the notion of a set upon which notion the new and secure foundations
were to be raised. The result that fell out from the discovery of non-Euclidean
geometry was replicated:

The existence of these and other paradoxes served to
widen the gulf between mathematics and reality ....
Now one saw that statements could be made in the
language of mathematics which could not correspond
to any situation in the real world.23r
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