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FOREWORD

The theme of this book is the relation betweend@gid knowledge. This
problematic relation has given rise to some ofrtteest important works in
the history of philosophy, from Books VI-VII of Rtds Republicand
Aristotle’s Prior and Posterior Analytics to Kant’'s Critique of Pure
Reasonand Mill's A System of Logic, Ratiocinative and Inductite
provides the title of an important collection ofpeas by Bertrand Russell
(Logic and Knowledge. Essays, 1901-1980. by Robert Charles Marsh,
Allen & Unwin, London 1956). However, it has rem&ihan underdeveloped
theme in the last century, because logic has beatet as separate from
knowledge.

For example, in the Preface to higroduction to Logic and to the
Methodology of Deductive ScienceBarski states that although “the
methodology of empirical sciences constitutes apoitant domain of
scientific research,” one must admit that “logicaincepts and methods
have not found any specific or fertile applicati@mshis domain. And it is
certainly possible that this state of affairs i$ sionply a reflection of the
present stage of methodological research,” forrmag doubt whether any
special ‘logic of empirical sciences’ as opposedht® ‘logic of deductive
sciences,’ exists at all (Oxford University Prédgford 1994, p. xii).

We cannot hope that this book will make up for ataey-long absence
of discussion. Rather, our ambition is more modggating attention to the
theme and stimulating renewed reflection upon ftugin this collection
of essays, we address the theme as a topic ofntutlebate, or as a
historical case study, or when appropriate as bidtk.book is divided into
three sections, “Logic and Knowledge,” “Logic ande&hce,” and “Logic
and Mathematics,” without a sharp separation antbeg. Indeed, some
of the essays are borderline, so their inclusiooria rather than another
part is somewhat subjective. Each essay is follolsethe comments of a
younger discussant, in an attempt to transform whaght otherwise
appear as a monologue into an ongoing dialogueh Edcthe three
sections begins with a historical paper.

The first section deals with the relation betweegid and knowledge
in general, without much reference to specific igignes. Some essays
start with logic and address epistemological pnoislén terms of it; others
find that logic generates its own peculiar probletregic applies itself to
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epistemology. Other essays start with epistemokgy/then are driven to
take up logical issues. Epistemology turns to lodér help and
clarification, or epistemology applies itself taylo and demands more of
logic than mere deduction.

The second section deals with the relation betwlegic and the
sciences. Some essays start with an epistemologiclem in the
sciences, or a feature of scientific knowledge, theh show how logic
can develop it or sort it out or clarify it. Logapplies itself to science.
However, essays that favor ‘'naturalism' see logic oae of those
interesting human habits, which allows us to 'stevas the fittest', and
which science can study. Science applies itsdddiz.

The third section deals with the relation betwesgid and mathematics.
Some essays start with an epistemological problemmathematics, or a
problematic feature of mathematical knowledge, tuath show how logic
can (or cannot) develop it or sort it out or chaitf Logic applies itself to
mathematics. Other essays treat logic as a matheindiscipline, and try
to show what we can learn about logic by algebngizir topologizing it.
Mathematics applies itself to logic.

Section |. Logic and Knowledge

In “The Cognitive Importance of Sight and HearimgSeventeenth and
Eighteenth-Century Logic,” Mirella Capozzi presemgidence for the
importance that the sense of sight acquired inrgeeath and eighteenth
century logic, by considering the attempts to tfanshe cognitive
function of visible signs from algebra to logicalleuli by authors such as
Leibniz, Lambert, Holland and Ploucquet. This ineml a separation of
logical calculi from ordinary language and the sew$ hearing, and a
parallel separation of logic from rhetoric. Capoaiso points out that
Leibniz and Lambert investigated not only the ctigai use of visible
signs in logical calculi but, in their search forrational treatment of
discovery, looked at the cognitive use of mnemoaid inventive
techniques employed in rhetoric to find persuaainguments in the sphere
of the audible signs of ordinary language. She esghat this happened
because these authors considered the study of 8etluction and
discovery as a task of a logic practiced by the adiddd minds of human
beings, relying on their senses as well as on reaBbe battle against
‘psychologism’ in the past century has tried tomegs this dimension of
deductive logic, and has tried to separate logimfdiscovery, which has
been attributed to luck or to inexplicable persogialities of the
discoverers. Capozzi concludes that Leibniz and hexinwere able to
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assign logic a wider role than the study of coreeguments, because they
investigated logic within the general context okithconceptions of
knowledge. Within that context, it was possible foem to acknowledge
the cognitive role played by sensibility in logindato admit that, if logic
relies on the sense of sight for manipulating emtsigns and symbols in
calculi, then it can try to establish a methodologfy discovery by
borrowing inventive methods from a scholarly tramtithaving its roots in
orality.

In her comments, Chiara Fabbrizi underlines theoirigmce of Wolff
for the discussion concerning the cognitive functd signs, and supports
Capozzi's reading of Lambert's heuristics by inagton Lambert’s
efforts to establish a connection between spokeguage and heuristics.

In  “Nominalistic Content,” Jody Azzouni considers uiQe’'s
indispensability argument. Quine proposed the ¥alhg criterion of
existence: if we write up a theory as a first-orttegory, its universe of
discourse will exhibit its ontological commitmentghat the theory asserts
to exist are just those individuals over which theantifiers range. He
used this criterion to argue that mathematical aibjenust exist, because
they are indispensable to our best scientific ti@esorThis argument has
troubled nominalists like Azzouni ever since, whastw to keep
ontological commitments to a minimum and prefer amology that
consists only of empirically detectable objectshwémpirically detectable
properties. Azzouni himself rejects Quine’s criberi but in this essay he
examines the objections of another kind of nom@talvho accepts the
criterion but tries to find a way around it by chang that for every
sentence S (with nominalistically inadmissible em} in the theory, we
can identify a corresponding C (with only admissilebntent). Then we
can just say that S is a proxy for C, and we ddwive to take the
ontological commitments of S literally or seriouslyAzzouni cites
variations on this theme offered by Melia, BalaguRosen and van
Fraassen: in all these cases, we need only be dtedntd the content of
C, even though it is often hard to articulate wihait content is. Azzouni
illustrates the difficulties inherent in this appoh by constructing
examples that use particles moving in space-tinmeninalists have an
especially hard time accounting for continua, sinden a continuum is
considered as a set of points the cardinality is-denumerable. In this
case, claims about such small systems of partj€ewhich would have to
report empirically collected evidence) are not uetésdable independently
of the proxy (S, which might assert for example #dstence of a
continuous trajectory). But then S must still bensidered part of the
theory; it has not really been eliminated alonghwits objectionable
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ontological commitments. Many candidates C for ohtly S to proxy
status have the same limitation, so Azzouni coredualy suggesting that a
dedicated nominalist should join him in rejectingi®’s criterion, and
see where that project leads. Another possibitifycourse, is to wonder
whether realism in mathematics might deserve raderetion.

In her comments on Azzouni's paper, Silvia De Brataims that
Azzouni does not really explain how a mathematifiefion can be
relevant to our understanding of the physical woly challenging the
ground of his distinction between concreta andrabsd.

In “A Garden of Grounding Trees,” Goran Sundholnstidiguishes
between epistemic and ontological grounding treediistotle, Frege,
Leibniz and Bolzano. Epistemic grounding treesdamonstrations which
serve to ground a judgment in terms of immediatelences. They
concern theordo cognoscendand are finite. Conversely, ontological
grounding trees are trees with respect to propostwhich concern the
ordo essendand may be infinite. For example, in the case reéfgE, an
epistemic grounding tree for a general arithmetigtht of the form
(OxON)A(X) is a finite grounding tree, with inferences, whiacludes the
principle of mathematical induction whose validigduces ultimately to
suitable chains of logical inferences. Conversafypntological grounding
tree for OXON)A(X) is not grounded by the principle of mathematical
induction but by all truths that are its instanc®®), A(1), A(2), ..., so it
is a tree with an infinite branching. The tree isllviounded, each branch
is finite but the bound on lengths of the brancimay be infinite. Such a
tree gives an ontological grounding, but not nemglysan epistemic one.
Sundholm points out that, somewhat surprisinglychsinfinite well-
founded trees are found not only in the realistrapphes of Aristotle,
Frege, Leibniz and Bolzano, but also in the ardiis¢ approach of
Martin-Lof. In his Constructive Type Theory thesea distinction between
epistemic demonstrations, which serve to estaljlidgments, and proof-
objects, which can be infinite. This comes aboutaliee, for example, in
the case of an implicatioAdB, we continue upwards from\x.b is a
canonical proof ofAIB’ to: ‘For each canonical proaf of A, the tree is
continued upwards with proof-objectsBifb[ay/x], b[ai/X], b[a./¥], ... that
we obtain by applying the proof oAlB to a." Unlike epistemic
demonstrations, these trees cannot be effectivehemted and are not
decidable.

In his response, Luca Incurvati critically evalisateo claims made by
Sundholm on how to interpret natural deductiont tha objects appearing
in a derivation cannot be taken to represent seaterand that one should
account for assertion under an assumption by dondiizing content.
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In “Logics and Metalogics,” Timothy Williamson diggeses Dummett’s
claim that the logic of the object-language shob#d as insensitive as
possible to the logic of the metalanguage, in oreravoid begging
guestions about the former in the latter. AccordiogWilliamson, this
claim conflicts with the goal of expressing the mieg of expressions of
the object-language in the metalanguage. As actest for Dummett's
claim, Williamson considers the standard metathedmyodal logic, since
its metalanguage is an extensional language withugm non-logical
primitives to express set theory and the syntaxthef modal object-
language but with no modal expressions at all. @ues in the model
theory of modal logic are answered by purely mathéral proofs.
Philosophical disputes about possibility or nedgsaie irrelevant to this
process. The result is, however, that the modelrthef modal logic does
not resolve those disputes about the correct ladiogenuine modal
notions. Williamson concludes that semantics isragal road to the
resolution of disputes in modal logic. The rolesefnantics with respect to
logic is similar to its role with respect to, farample, physics. There is no
reason for physicists to expect much help from @dgeemantic theory for
the language of physics. We should not be too gtockssume that the
case of logic is radically different. Indeed, acling to Williamson, one
simple line of thought suggests that the role ohaatics will indeed be
secondary. Logical principles in general are notatirguistic in content,
and so should not be explained in semantic terfikodgh we may need
semantics to clear away confusions which blockramfaccepting valid
logical principles, it is not semantics that expfaithe principles
themselves. The same applies to the rejectionvalioh logical principles,
once they are put in the form of universal geneatibns, perhaps in
higher-order logic. We should not expect semartiicexceed its proper
task.

In his response, Cesare Cozzo argues that Dummttisis different
from the one criticized by Williamson. Dummett doast claim that a
semantic theory alone can settle a dispute ovevalidity of a fundamental
logical law, for a semantic theory is usually suggub to be a theory of
logical consequence, while, according to Dummaetthsdisputes should
be settled by a theory of meaning, which is a thebunderstanding.

In “Is Knowledge the Most General Factive Stativititdde?” Cesare
Cozzo discusses Williamson's view that knowing isrely a state of
mind, more precisely, knowing is the most geneaatife stative attitude,
that which one has to a proposition if one hasfantive stative attitude to
it at all. In a language the characteristic expogs®f a factive stative
attitude is a factive mental state operator (FMS@illiamson’s proposal
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is that “if ® is any FMSO, then ‘$s that A’ entails ‘S knows that A.”
However, Williamson does not show thatery FMSO conforms to his
principle that factive-stative attitudes entail kiedge. Cozzo gives a
counterexample. The counterexample is a new veag) vwhose meaning
can be given by saying that ‘S yigs that A’ is tifjeand only if, (A & S
grasps the proposition that A) & S does not knoat th). As defined in
English, ‘yig’ is semantically analysable, but therould be a language
Yig-English, otherwise identical to English, thaok ‘yig’ as semantically
unanalysable and ‘know’ as semantically analysabléerms of ‘yig'.
Cozzo argues that 'yig’ is a factive mental staperator (FMSO), and
maintains that if knowing is a mental state, thiem state of yigging (i.e.
the state of grasping a true proposition in ignoeaaf its truth) is a mental
state and a factive stative attitude. If this ghtj knowledge is not the
most general factive stative attitude.

In his response, Timothy Williamson argues that, doyntrast with
knowing, yigging lacks the unity and naturalnessptay the required
causal-explanatory role or to constitute a genmieetal state. He compares
Cozzo's attempts to establish a more than purelyndb symmetry
between “know” and “yig” to Goodman’s attempts tstablish a more
than purely formal symmetry between the pair ‘gteemd ‘blue’ and the
pair ‘grue’ and ‘bleen’, and argues that they failsimilar reasons.

In “Classifying and Justifying Inference Rules,” r@a Cellucci
discusses the view that inference rules must hidetivinto deductive, that
is, necessarily truth preserving, and ampliativegt tis, not necessarily
truth preserving, and that there is a basic asymyntettween them: while
deductive rules can be justified, ampliative rulennot be justified.
According to Cellucci, this view is unsatisfactopgcause, on the one
hand, there are inference rules, such as abdudtioich are neither truth
preserving nor ampliative, and, on the other haadt justifications of
deductive rules, non-deductive rules and abdudfian have been given
are inadequate. In particular, the truth-functiomaid the inferential
justification of deductive rules are circular, timuitional justification of
non-deductive rules is untenable because intuii®rfallible, and a
justification of such rules in terms of fallible tintion make their
acceptance ultimately depend upon plausibility ematlthan intuition.
Therefore Cellucci proposes an alternative classifin of inference rules,
one which takes into account their role in knowked#le argues that
inference rules must be divided into ampliative amoh-ampliative.
Ampliative rules consist of non-deductive rules aaré not necessarily
truth preserving. Non-ampliative rules must be didd into deductive
rules and abduction, where the former are trutsgmeéng while the latter
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is not necessarily truth preserving. Moreover, hgues that deductive
rules and abduction can be vindicated with respe¢he end of making
explicit the content or part of the content thainiplicit in the premises,
while non-deductive rules can be vindicated witBpect to the end of
discovering hypotheses. As to the alleged basiomamtry between
deductive and non-deductive rules, Cellucci arghes there is no such
asymmetry because the justification of deductive mon-deductive rules
raises similar problems and must be approachedighrthe same way.

In her response, Norma B. Goethe points out thathi$ Treatise
Hume attacks the assumption of general principkesilimate reasons
which may be discovered without consulting any farhexperience. But
in that work there is still no asymmetry betweedw#ive and inductive
reasoning, as both forms of reasoning raise simitgections. Only with
his Enquiries Hume allows the asymmetry view to enter the sé¢amel in
hand with the distinction between moral and denratist certainty.

Section I1. Logic and the Sciences

In “The Universal Generalization Problem and thestmic Status of
Ancient Medicine: Aristotle and Galen”, Riccardoi@adonna faces the
problem of generalization, examining some issuesairtient Greek
medicine, in particular the fact that we cannotiatt‘precise rational
knowledge of an individual in his/her singularitpdividuum ineffabilg”
The tension between generalization and observatiquarticular entities
in medicine lies at the core of the epistemologyGafen. As a matter of
fact, he states that the facts investigated by cmegliare not necessary, but
allow for exceptions and are intrinsically uncemtaand exceptions cannot
be explained away as residual, since medicine &infgeal every single
patient in his/her individuality. Galen aims to shthat medicine is a
genuine demonstrative science, but he shares tleealb\Aristotelian
account of scientific knowledge, which considersditime as something
outside the domain of science: the lack of compdgteeralization affects
the status of medicine. In order to resolve thissien, Galen looked at
methods such aisventio medii the geometrical method of analysis, and
non-deductive kinds of inferences (abduction andlagy). Chiaradonna
remarks that unlike Aristotle, Galen argues thatliciae deals with facts
which are neither intrinsically uncertain nor impitide to determine. Like
Aristotle, Galen maintains that medical skill isimiately directed towards
individuals and that therapies cannot be repeatttbut exceptions for all
individuals of the same kind. However, unlike Aoid¢, Galen argues that
via technical conjecture the doctor is able toimtta virtually exact
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knowledge of each individual and of the particdicumstances affecting
his or her medical treatment.

In her comments on Chiaradonna’s paper, Diana Qtatta faces the
challenge posed by Galen to Aristotle’s epistemplaand defends
Aristotle’s conception of the epistemic status afdicine. She does this
mainly by focusing on the different views held byistotle and Galen on
the standards a discipline must satisfy to quadify a science, on the
problem of the relation between individuals and varsals within
medicine, on the notion of ‘exact knowledge of induals', and on the
definition of medicine's aim.

In his essay “The Empiricist View of Logi®onald Gillies shows that
scientific practice continuously generates knowéedbat requires new
rational tools to solve problems in specific donsaithese new logics, and
their principles, are always exposed to revisianQaline notably argued
concerning the law of the excluded middle in quentmechanics.
Accordingly, there is no privileged, ‘central’ andrtain method to acquire
knowledge about the world. In particular, Gilliemyaes that scientific
practice is the test for logic and there is no othay to justify it but by
means of its fruitful applications to the problerfidiere is not a single
universal logic”, but “different logics may be appriate in different
contexts and problem-situations” and “the use gfadicular logic in a
particular context is justified by the experienddt® successful application
in that context.” Specific cases can best illustriis kind of bottom-up
generation of knowledge, conceptual revolutions kgics. A decisive
example, according to Gillies, is PROLOG, whichrfisi out to be the
logic appropriate for dealing with some everydaghpems such as using
databases for travel planning.” So by adaptingsatas logic for computer
specific problems, “the developers of PROLOG inathrely changed it”
and, unlike the quantum logicians, “conscious retroharies who failed
to carry out their revolution,” the computer prograers, without
revolutionary intentions, nonetheless started alwton in logic. Gillies
concludes that classical logic is the logic thatdenies a body of
mathematics which has an enormous number of pehcigplications in
physics and other areas. Clearly classical logif igreat importance, but
it is not universal because there are some apijaitafor which standard
mathematics is not the appropriate tool.

In his discussion on Gillies' paper, Paolo Peceopgses a distinction
between the latter's empirical view of logic ané thiew supported by
Quine and Putnam, adding some historical and atitiemarks on
Quantum Logic
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In “Artificial Intelligence and Evolutionary TheoryHerbert Simon’s
Unifying Framework”, Roberto Cordeschi discusse® tbonnection
between rationality and problem-solving from a dtige point of view. In
particular, the essay examines the notion of bodimegonality developed
by Simon and shows how such a notion, with its ichpmn strategies in
heuristic problem-solving is compatible with a nefil version of
evolutionary theory. He also shows how it mightfurithe study of both
natural and artificial systems. He notes thataistn of naive versions of
adaptationism is reminiscent of Simon’s criticisfnoptimizing classical
rationality. One of the main problems with this gy is the tension
between aandom (or blind) and aguided heuristic process. Discussing
the differences between the notions of satisfactinod optimizationthe
idea of selectivetrial and error, Cordeschi examines the key idéa o
exaptationas a way to overcome this tension: in fact, hepsup the
adoption of a mixed strategy as suggested by Sinmmself. To support
this point Cordeschi takes as example the evoluiorobotics from the
1990s to the present time: something like an ingeliate strategy has
characterized research in robotics during thisgoerSo his conclusion is
in line with the foresight of Simon, who arguedtttitee departure from the
classical view of rationality “should not be mistakfor a claim that
people are generally irrational”, i.e blind, butath‘they usually have
reasons for what they do.”

In her comment on Cordeschi’s paper, Francescaskangues that the
classical view of rationality assumes nothing abmutan psychological
features, while an evolutionary-oriented theory bmfunded rationality
should presuppose a cognitive inferential mechanare to “read”
others’ minds.

In “Evolutionary Psychology and Morality: The Ressance of
Emotivism?,” Mario De Caro discusses the tenehef‘tisenchantment of
the world’ and the difficulties arising in the setdic account for social
sciences. In particular he faces the problems aénsic-naturalist
approaches to the moral-ethical domain. This amtroeharacterized by
the ontological principle that the world consistsothing but the entities
to which successful scientific explanations comusit the epistemological
principle that scientific inquiry is, in principleur only genuine source of
knowledge or understanding, and a corollary thatologically and
epistemologically philosophy must be continuoushvgitience. Moreover
naturalism poses the ‘placement problem’, namedyptoblem of locating
normative, intentional, modal, phenomenological ahdtract entities in
the scientific view of the world. De Caro remarkattmany philosophical
programs are nowadays based on the idea that abkuitversion of



XViii Foreword

evolution or cognitive science or neuroscienceittaminate, if not solve,
the ‘placement problem’. The paper concentrates aon attempt to
naturalize the realm of morality and offers “an letionary account of the
genesis of morality, by bringing new, and allegedigry relevant,
evidence of its origins”. De Caro examines the adsmoral disgust as an
example for testing the naturalization of morabiyd concludes that the
evolutionary hypothesis “may have something intémgsto say as to the
enabling biological conditions of morality—somethithat may contribute
to an explanation of how our ancestors evolved riaeo for us to be
biologically able to assume the moral perspectiBait this does not mean
that it is relevant to explaining morality as suthe theory of evolution is
a strong scientific theory, but we cannot expeotrtmich from it, i.e. that
it could explain everything.

In commenting on De Caro’s paper, Annalisa Paegareds on his
point that moral reactions are discursive, in teesge of open to rational
criticism, in a way in which physiological react®of disgust are not. She
draws on Martha Nussbaum’'s work on this topic tguar that the
capacities involved in experiencing the emotiorat filay a role in human
moral life need not to be conceived as evolutidparmiore primitive than
rational capacities but are arguably best undedsssofurther, distinctive,
manifestations of those very rational capacitiescéthe assumption that
equates emotions to thoughtless physiological isastike oral disgust is
rejected, emotions turn out to be quite inadequomatterials for a reductionist
program.

In his essay “Between Data and Hypotheses,” Endgligapoliti faces
the problem of the generation of knowledge, asaimsited in the
relationship between data and hypotheses. The paperan informational
approach to the relationship between data and hgpes; in particular it
considers this relationship as an information-driveteraction, namely a
modification coming from data to hypothesis andevieersa. Ippoliti
argues that the problem of the ampliation of knalgke must be treated in
terms of content and information, by means of adwmotup, problem-
oriented approach. Ippoliti shows the limit of thetions of information
proposed by Simon, Popper, Shannon and Kolmogomnadvaagues for a
heuristic conception of information, based on aatple associations. In
particular he argues that hypotheses and dataoaseparate, as discovery
and justification also are not. The paper shows hawpliation of
knowledge is a problem-solving and problem-formuokatactivity based
on a specific way to process information, i.e. datagration, which
allows us to modify and create constraints and itimms of solvability.
The author remarks that the objects at the fromtieesearch are unstable
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and unsaturated, and require redundancy (not etioim) of information

in order to be treated. Ippoliti discusses the aafs¢he Feynman path
integral to support his view. He argues that thistful hypothesis, i.e.

sum-over-history, elaborated by Feynman to accdantproblems in

guantum mechanics, is a clear example of a bottoyproblem-solving

process which shows (i) how data are integratednbgins of ampliative
stages and (ii) the provisional nature of the mgtitfgenerated to solve
problems, which sheds new light on the notions ofuiealence,

consequence, and knowledge.

In his discussion on Ippoliti's paper, Fabio Stétiperiticizes Ippoliti's
use of the concept of information in addition togl of data and hypothesis,
in order to account for the process of ampliatidnknowledge, and
proposes a semiotic-oriented approach to the issue.

Section I11. Logic and M athematics

This section begins with Michael Detlefsen's cakefook into the

historical motives behind Dedekind’'s commitmentatcertain kind of

logicism, based on the writings of algebraists likallis, Bolzano and
Frege. In “Dedekind Against Intuition: Rigor, Sco@ed the Motives of
his Logicism,” Detlefsen argues that Dedekind @hadles the notion of
mathematical intuition, taken to be an apprehensioparticulars that is
immediate and passive. Dedekind, he argues, beliethmt many

judgments thought to be “immediate” were reallywmed on the basis of
elaborate reasonings that sustain them. He wagiafipenterested in the
justificative development of arithmetical beliefghich he thought should
be traced back to their basis in the laws of phught: counting, for
example, should be traced back to our ability @wssify and associate.
Moreover, if we could locate and articulate theinudite conditions of
thought, they would be true starting points, laws$ susceptible of proof
because their truth or validity would be required &ny argument that
might support them. Thus Detlefsen elicits from kgitings a new

standard of rigor: ‘Dedekind’s Principle,” whichaains that the only
proper justification of a principle is a proof,which all the basic premises
are unprovable. One important motivation for Deddls Principle,

Detlefsen continues, was his concern for the pr@gepe of truth. Two
hundred years before, Wallis argued that geometas woo special
(limited in scope) compared to algebra and aritihen&ince in a rigorous
proof we cannot derive a more general truth froes Igeneral premises,
proofs that begin with geometry are bound to lagernr Bolzano made
similar arguments: geometrical proofs invert thepar order of reasons



XX Foreword

and thus exhibit an important type of circularijedekind took these
arguments to heart; as Wallis promoted the arittzagdon of geometry, so
Dedekind promoted the logicist program for justifyi the truths of

mathematics. Detlefsen concludes, “Seen this wasy|dyicist program

was conservative and traditional rather than radithae continuation of

an older ideal. Detlefsen’s argument leaves opeuanaber of questions: Is
geometry less general than arithmetic? Can matheshaubject matters
be elicited from logic, which has no subject m&t&oes logic have no
subject matter? Can we locate a mathematical iotuidssociated with
arithmetic (or even perhaps logic) as well as geopyieThe essays that
follow defend intuition in a variety of ways.

In her comment, Marianna Antonutti brings somehef inethodological
and epistemological issues raised in Detlefsenfgepito sharper focus
and considers how a study of Dedekind's work maydbevant to the
contemporary debate in the philosophy of mathematic

In “Mathematical Intuition: Poincaré, Polya, DewejReuben Hersh
shows that mathematical practice involves knowledgat can't be
demonstrated. He calls it ‘plausible reasoningd argues that it includes
mathematical knowledge that we believe in strorggipugh to act on it.
Not only does mathematical research and instruaigmend upon it, we
often entrust our lives to the ultimately indemaoalte truths of
mathematics that inform the engineering of bridges airplanes. The
practice of the infinitesimal calculus includes thureasoning that is
essentially inductive. How, for example, can we Wnthat an infinite
sequence converges? Convergence depends only @nfthie) end of a
sequence; a sequence converges to a limit if ahdibit gets within a
distances of the limit and stays there, for any positivéio matter how
small. The convergence of the sequence has notfuindo with the
beginning; as Hersh observes, “you can changeitstehfundred million
terms of the sequence, and that won't affect whatt@nverges, or what
the limit is.” But the beginning of the sequencehe only thing we can
calculate! In pure and applied mathematics alike,assume that when a
sequence reliably appears to converge to a litndpés. We trust to the
regularities of custom, nature and mathematics;nettough these
regularities are different in kind, our trust ineth is not a matter of
deduction but stems from experience. We might wardall the wisdom
of mathematical experience “intuition.” There isoée for deductive proof,
but as Jacques Hadamard (quoted by George Pélga)said, “The object
of mathematical rigor is to sanction and legitimitee conquests of
intuition, and there was never any other objecitfor
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In his discussion of Hersh’s paper, Claudio Berndogs not deny the
importance of intuition and plausible reasoningniathematics, but he
lays stress on rigor and proofs especially in nmatitecal education,
because often in mathematics, “it is easier to @rthan to see.” Doing
rigorous mathematics at school is an important waytrain students’
intuition in dealing with mathematical abstract cepts.

In “On the Finite: Kant and the Paradoxes of Knalgke,” Carl Posy
raises the same issue, but in Kantian and Intugiceerms. Posy argues
that Kant was right to separate the empirical fiitwn transcendental, the
investigation of the world from discursive reflextion the world. As we
carry out empirical investigations (say, the astraital investigation of
the extent of the cosmos) we are receptive andumgierstanding is
incomplete: we must put ourselves in a positiofirtd things and wait for
the outcome. Thus we send out the Hubble Spacesdagle and wait for
signals, not knowing what we will find; the projeof cosmological
exploration remains open-ended and indeterminate diniverse as a
whole can never be an object of knowledge. By esitthe transcendental,
discursive project of cosmology—and reason—regavasy indeterminacy
as capable of determination: the universe as aeMmuist be an object of
knowledge. We are caught in a contradiction. Tlugegt of transcendental
philosophy is important because it is regulativegamizing and driving
research forward, but Kant warns us against trgdtie transcendental as
if it were empirical. And Posy shows that this wiaghapplies not only to
cases like Kant's First Antinomy or the Fourth Raggsm where we try to
think the infinitary, but also to certain finitacases (exemplified by the
Hangman’'s Paradox and Moore’s paradox), where tingireeal and
transcendental perspectives collide. This warnitog e careful about
treating the transcendental as if it were empiyieald exhortation (to see
how fruitful the combination of perspectives can lpplies equally to
mathematics, according to Reuben Hersh and Emibsliaiz, for part of
mathematical research is receptive. We cannot kwbat the objects of
mathematics are like until we go out and inveséighem, and this is true
even in cases where they are precipitated by oun discourse. The
interplay between logic and knowledge thus hasddress the tension
between two ways of proceeding, the investigatidn objects of
knowledge that we explore receptively and inconghjetand the demands
of reason, which seeks truth and conclusive proof.

In her comment, Silvia Di Paolo argues that if wenivto apply Kant's
warnings to certain finitary situations, we haverquire whether we can
retain some of those Kantian insights which Pogyeafs to in giving a
solution to the paradoxes exemplifying those situnat
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In “Assimilation: Not Only Indiscernibles are Idéied,” Robert
Thomas characterizes mathematical objects by csiittga them with
empirical objects. Our ability to characterize atassify empirical objects,
he argues, depends on processes of assimilatigmeriérce furnishes
initial examples of a kind of thing (like cats) amee go on to make
decisions about what other kinds of objects togiacthe same grouping;
because such assimilation is often based on anghifuzzy, and socially
constructed notion of sufficient likeness, assitiola classes are not
determinate enough to be sets. Since the worlél&ively orderly, our
individual and cultural assimilation classes overknough that we can
communicate and live together. Thomas thus forresla ‘principle of
assimilation,” which states pragmatically that vesm égnore the differences
among things that have been assimilated on thes ldissalient features
relevant to present interests and context, andsribtg in ordinary life we
cannot do without it. He notes further that in nesitiatical research, this
principle is rarely needed because most mathenhabiogects can be
“fully” characterized by a short list of relationfdatures. A mathematical
object may have other features, but we supposdttagtcould be deduced
from this short list. Anti-realists then advocateisturalism: mathematical
objects are no more than discourse about themjsteatlaim that
mathematical objects exist, but have fewer chariaties that physical
objects: they are ‘thinner.” The procedures of sifesation in mathematics
seem to be distinctive. Ernst Cassirer, reflectindpescartes’ algebraization
of the conic sections, saw that some mathematmaggl concepts do not
abolish the determinations of the special casesrétain them in all
strictness: that is, the particulars can be dedéroed the general concept.
And when mathematicians abstract in the Aristotebanse, as in group
theory, they sum up common features (e.g. the idiefinof a finite group)
whose further deducible consequences can thenrbectly and precisely
applied back to the specific instances. Howevethig were all that goes
on in modern mathematics, it would have becoméatrit the end of his
essay, Thomas gives five lists of modern cases evlpgocesses of
assimilation do take place in mathematics, for asyRand Hersh suggest,
much mathematical work is receptive and exploratory

In his discussion of Thomas’s paper, Diego De Sintmoks for the
cognitive and evolutionary roots of the “princigltassimilation”.

In “Proofs and Perfect Syllogisms,” Dag Prawitz m&akhe important
observation that the definition of deductive proefluires more than the
criterion of validity. Otherwise one-step proofswia suffice even for the
most difficult theorems, since the last conclusidra proof follows from
the initial premises of the proof. Practicing matiad¢icians know that
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proofs must be fully articulated, because the aggich must beseento
follow from the premises. A proof is related toubject, and a community
of working mathematicians. So too systems of forreal proof do not
provide an ‘objective’ answer to the philosophicplestion of what a
proof is, for formal proof is based on the study afid codifies, ‘real’
proofs. Prawitz takes his inspiration from Arisédl distinction between
perfect and imperfect syllogisms. Perfect syllogiscompel us to affirm
an argument, that is, to accept the conclusiorherbasis of the premises:
it needs nothing other than the premises to ma&ectimclusion evident.
Thus we should look for atomic inferences from vahimore complex
inferences can be constructed; but how do we knbervman inference is
perfect? The criterion of truth-preservation oftetey Tarski and Bolzano
does not satisfy Prawitz, nor the criterion of ¢amgibility offered by the
Intuitionists, nor Gentzen'’s inferentialism. Insdede proposes a kind of
extended Intuitionism, revised to include classiessoning and a notion
of “grounds” broader that Brouwerian constructi@dy performing an
acceptable (perfect) inference, a subject who hasgngls for its premises
thereby comes into possession of grounds for timelasion. This is the
program on which he is currently embarked, to wouk objectively the
conditions under which validity and legitimacy ccithe.

In his response, Julien Murzi argues that Praw#épproach faces the
same problems besetting the inferentialists, andpgses moderate
inferentialism as an alternative to Prawitz’s exfiesh intuitionism.

In “Logic, Mathematics, Heterogeneity,” Emily Gradh argues that
the advance of knowledge must combine the empjricalceptive’
investigation of objects with an abstract, anabjiteearch for conditions of
intelligibility. These two enterprises, she arguae usually recorded in
disparate idioms, so the challenge is how to irtegthem while avoiding
inconsistency and loss of meaning. Since the tddkgic is to exhibit
valid reasoning, and valid reasoning requires a dgemeous and
unambiguous language in order to articulate andogepits rules, logic
however useful cannot by itself exhaust rationaliBationality also
includes the integration of disparate conceptggliof research, and modes
of representation, and this combination is a kiddreasoning, whose
philosophical assessment requires not just theuress of logic, but also
the history of mathematics. Strategies of combimatihange over time, as
problem-contexts and conceptions of method chamdereover, the
tension between rational description and taxonoamg systematization
and explanation, is an epistemological problemjost for science, but
also for mathematics and logic itself, once logiecdmes part of
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mathematics, a claim she explores in terms of Géd&b Incompleteness
Theorems.

In her comment on Grosholz’ paper, Valeria Giardiiscusses the
issue of the heterogeneity of reasoning, and @itec Grosholz' choice of
the word ‘ambiguity’ to describe what goes on irtimematical discourse.

Carlo Cellucci
Emily Grosholz
Emiliano Ippoliti
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CHAPTERONE

THE COGNITIVE IMPORTANCE OFSIGHT
AND HEARING IN SEVENTEENTH
AND EIGHTEENTH-CENTURY LOGIC

MIRELLA CAPOZZI

SUMMARY The relation between logic and sight was favourgdrany
authors of logical calculi. However some of thesg¢hars believed that
logic should also investigate methods of discoveyytaking inspiration
from the arts of discourse, so strictly connectetldaring and to the vague
meanings of spoken words.

KEYWORDS Logical calculi, written signs, discovery, rhetgriceibniz,
Lambert, Holland, Ploucquet

I. Logic and sight

I.1. The relation between logic and the sensegiftsivas established well
before the seventeenth and eighteenth centuriesadt certainly active
around the year 1500 when a number of logiciankiwgrin Paris decided
to focus their attention on written terms with thleplicit aim of
disconnecting them from their vocal and audibletrddanks to a well
documented historical reconstruction (Meier-Oes#97), we know that,
according to these Paris logicians, a written teould be any sensible
sign, provided that it could be perceived by a satifferent from hearing.
Even a material object would do, as already maiethby Paul of Venice,
according to whom “we can form syllogisms with ksicand draw
conclusions with stonepdssemus cum baculis syllogizare et cum lapidibus
concluderd’ (Paulus Venetus 1979, p. 78). Particularly clear this
respect was Pedro Margahlo who definedtéreinus scriptuss “a term
perceptible by a sense other than hearigniinus alio sensu quam
auditus perceptibilis (Margallus 1965, p. 92), and concluded that ‘igve
sensible body perceivable by the four externalegian be a written term
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[omne sensibile corpus quattuor externis sensibissg@sse terminum
scriptunj” (Margallus 1965, p. 162f).

As could be expected, many logicians establishegreferential
connection between the written term and the sefisggbt. Thus John
Major (or Mair or Maior), a St. Andrews logicianefihed theterminus
scriptusas: “a term that can be perceived by a corpongalterminus qui
oculo corporali percipi potet (Maior 1508, fol. 4, in Meier-Oeser 1997,
p. 167. Cf. Broadie 1985, Biard 1998). Juan De @riaexplained that:

a written term is not called so because of beingnanription made up
from characters or letters, but rather becausemiesenting something to
the cognitive faculty by means of sighiojh enim dicitur terminus scriptus,
quia sit scriptura ex caracteribus aut litteris cgans, sed quia potentie
cognitive aliquid proprie representat, medianteuyigDe Oria 1987, p.

106, in Meier-Oeser, p. 167. Cf. Mufioz Delgado 1964

What all the cited authors have in common is thaltmaintain that
logic deals with written visible terms which aret nibanscriptions of
phonemes.

The tendency of logic to disregard spoken langusgessociated with
an underlying conviction—especially relevant in thedition of Ramus—
to consider language “an accretion to thought, upoe imagined as
ranging noiseless concepts or ‘ideas’ in a silésid fof mental space”
(Ong 1958, p. 291. Cf. Hotson 2007, p. xi). Thiaaeption of thinking as
an activity that deals with noiseless conceptshémathan noisy words),
combined with the diffusion of printing, strengtleeinthe connection of
logic with the sense of sight during the sixteecghtury. For, given that a
sensible means of expression of thoughts was udabtd, it had to
consist of visible, written and printed signs, ipdedent from the sounds
of ordinary speech. Ong mentions the extensive made in the logic
textbooks of that time of allegorical images (eMurner’s) and of
complex graphics, such as those representing thaitgpue of thenventio
mediior the dichotomies typical of the Ramist tradition.

The most notable effects of the prevalence of aalislimension in
logic do not belong, however, to Ramus’s time, touthe seventeenth and
eighteenth centuries.

I.2. In considering the prevalence of a visual disien in seventeenth
century logic, Leibniz would require a separatalgtirirst, one should not
forget that he was also much involved in the ingasion of natural
spokenlanguages (Cf. Heinekamp 1976, pp. 518-570). Skamough it
is true that he focussed on systems of writing sudtordinated to the



