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PartI

ClassicalAntiquity



1ENCEPHALOCENTRISTSVS.CARDIOCENTRISTS7

1Encephalocentristsvs.cardiocentrists

AlcmaeonofCroton(500BC),Hippocrates(Onthesacreddisease),

Plato(Phaedo,Timaeus)vs.Aristotle,Stoics

Encephalocentrismwon.

2Earlyneuroanatomy

HerophilusofChalcedon,Alexandria,3thct.BC“Thefatherof

neuroanatomy.”

Dissectionandvivisectiononhumans.

Discovererofthenerves&thecerebralventricles.



2EARLYNEUROANATOMY8

(Gray)

Herophilusregardedtheposterior(fourth)ventricleastheseatofthe

leadingpartofthesoul.



2EARLYNEUROANATOMY9

I

I

IIIII

Terminology:

UntilVesaliusNow

Ifirstoranteriorventricle(paired)lateralventricles

IIsecondormiddleventriclethirdventricle

IIIthirdorposteriorventriclefourthventricle



3DUALISTSVS.MATERIALISTS10

3Dualistsvs.materialists

Mostimportantdualist:Plato.Later:St.Augustine&otherChurch

fathers.

Materialists:Stoics(soulconsistsofanetherealbutmaterialpneuma,

atomists(soulconsistsofaspecialkindofatoms),Aristotle?(soulis

the“form”or“firstactuality”ofthelivingbody),Tertullian(early

Churchfather;soulconsistsofbloodinandaroundtheheart).

Aristotlehasalsobeenregardedasadualist(e.g.,byAverroës).



4GALEN(2NDCT.AD)11

4Galen(2ndct.AD)

Twokindsofpneuma:

•vitalspirit(heart,bloodvessels)

•animalspirit/psychicpneuma(retemirabileandventriclesofthe

brain)

Thevermis(“worm”)ofthecerebellumregulatestheflowofanimal

spirit;thepinealglanddoesnothavethisfunction.



4GALEN(2NDCT.AD)12

Uppersurfaceofthecerebellum(Gray).



4GALEN(2NDCT.AD)13

Undersurfaceofthecerebellum(Gray).



4GALEN(2NDCT.AD)14

Theanimalspiritistheprimaryinstrumentoftheleadingpartof

thesoul,whichisassociatedwiththesubstanceofthecerebrum.G.

didnotsaywhetherheregardeditasmaterialorimmaterial.



4GALEN(2NDCT.AD)15

Localizationofthemostimportantfunctionsofthesoul(Onthe

differentiationofsymptoms,ch.3):

•sensory—anterior,softpartofthebrain(cerebrum)

•governing:

–phantasia

–reasoning

–memory&recollection

•motor—posterior,hardpartofthebrain(cerebellum)



4GALEN(2NDCT.AD)16

Phantasia,reasoningandmemorymaybecomedisturbed

independentlyfromoneanother:

•case1(disturbedphantasia:imaginaryfluteplayers),

•case2(disturbedreason:manthrowingobjectsoutofawindow)

•case3(lossofmemory,fromThucidydes)



4GALEN(2NDCT.AD)17

G.regardedthemiddleventricleasnolessimportantthanthe

posteriorventricle(OnthedoctrinesofHippocratesandPlatoIII.8);

lesionsofthemiddleventriclemaycauselossofreason(Onthe

affectedplacesIV.3).

G.didnotputforwardafull-blownventricularlocalizationtheory.

Galienn’aiamaisassignédesiegesparticuliersauxfacultez

princesses(AndréduLaurens,Œuvres(Paris,1639),p.552)

Lokalisationensindallerdingskeinezufinden;dieseerscheinenerst

vielspäter(W.Sudhoff,SudhoffsArchivVII(1913),p.156)
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PartII

MiddleAges

1Ventricularlocalizationtheories

Earlytheories

Porphyry(233–304)

LostcommentaryonPlato’sTimaeus.



1VENTRICULARLOCALIZATIONTHEORIES19

PosidoniusofByzantium(4thct.)

(AëtiusofAmida,Medicalbooks,VI.2.)

phantasiaanteriorpartofthebrain

reasonmiddleventricle

memoryposteriorpartofthebrain



1VENTRICULARLOCALIZATIONTHEORIES20

BishopNemesiusofEmesa(ca.400)

InhisbookOnthenatureofman.

phantasia

reason

memory

anteriorventricle

middleventricle






sensorynerves

posteriorventriclemotornerves



1VENTRICULARLOCALIZATIONTHEORIES21

SaintAugustine(354–430)

InhisbookGenesistotheletter.

perceptionanteriorventricle

memorymiddleventricle

motionposteriorventricle



1VENTRICULARLOCALIZATIONTHEORIES22

ThetheoryofNemesiuswasthestandardmodeluntilAvicenna(11th

ct.).Examples:

•St.JohnofDamascus(8thct.)

•CostabenLuca(†923)

•Rhazes(†923)

•Ibnal-Jazzār(†980)

•HalyAbbas(†994)



1VENTRICULARLOCALIZATIONTHEORIES23

Rhazes(†923)

Firstdepictionoftheventricles.



1VENTRICULARLOCALIZATIONTHEORIES24

CostabenLuca(†923)

Onthedifferencebetweenthespiritandthesoul.Theroleofthe

vermis:

sp
irit

sp
irit

II
recollection

vermis

pinealgland

III

spirit
spirit

II
thinking

vermis pinealgland

III



1VENTRICULARLOCALIZATIONTHEORIES25

Intermezzo:thevermisandthepinealgland

Thevermiswassometimesconfusedwiththepinealgland,withthe

resultthatthisorgancametoberegardedasthegovernoroftheflow

ofanimalspirit(anideathathadbeenrejectedbyGalen):

•Ibnal-Jazzār(†980),OnForgetfulnessanditsTreatment,

•ConstantinetheAfrican(†1087?),Liberdeoblivione(11thct.,

printedin1515),

•VincentofBeauvais,Speculumnaturale(13thct.,printedin

1624),book27,ch.12.

ThisidearecursintheworksofRenéDescartes(1596–1650).
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1VENTRICULARLOCALIZATIONTHEORIES27

Laterdevelopments

Avicenna(980?–1037)

Therearefive“internalsenses”(“inwardwits”)

“fantasia”(sensuscommunis)I(frontside)

imaginatio(formans)I(backside)

imaginativa&cogitans
a

II(frontside)

æstimativaII(backside)

memorialis&reminiscibilisIII

a
“cogitans”onlyinhumans

formæ
︷︸︸︷

fantasia:imaginatio≈

intentiones
︷︸︸︷

æstimativa:memorialis



1VENTRICULARLOCALIZATIONTHEORIES28

ThiswasthestandardmodeluntilVesalius(1543).

Avicennalocatedthevermisintheanteriorpartofthemiddle

ventricle(betweenimaginatioandæstimativa)andsaidthatit

regulatestheflowofpsychicpneuma(spiritusanimalis)by

contractingandextendinglikeaworm.



1VENTRICULARLOCALIZATIONTHEORIES29

Theposteriorworm(Galen)Theanteriorworm(Avicenna)



1VENTRICULARLOCALIZATIONTHEORIES30

Variants

AlberttheGreat(1193?–1280),DeAnima:

IaIbIIaIIbIII

sensuscommunisimaginatioæstimativa“phantasia”memoria

(imaginativa)

Averroës(1126–1198),ThomasAquinas(1225–1274):

IaIbIIIII

sensuscommunisimaginatioæstimativa(animals)memoria

cogitativa(humans)

(noimaginativa)



1VENTRICULARLOCALIZATIONTHEORIES31

MondinodeiLuzzi(1270?–1326),Anothomia(1316):

IaIbIcIIIII

“phantasia”sensuscommunisimaginativacogitativamemoria

(imaginatio)

MondinoidentifiedAvicenna’svermiswiththechoroidplexusesof

thelateralandthirdventricles.



1VENTRICULARLOCALIZATIONTHEORIES32

(Vesalius)



2PHILOSOPHICALDEVELOPMENTS33

2Philosophicaldevelopments

Allmedievalauthorswehavementionedweredualists;theysawthe

soulasimmaterialandimmortal.Buttheydidnotgointothe

details.E.g.,Avicenna:theæstimativa“shows”(ostendit)the

sensibleformstothesoul.

Thereweretwomainproblems:(1)reconcilingAristotle

(cardiocentrist)withGalen(encephalocentrist);(2)reconciling

Aristotle(thesoulistheformofthebodyandmortal)withPlato

(thesoulisseparablefromthebodyandimmortal);hencethe

doctrineof“substantialforms.”
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PartIII

Renaissance

1Declineandfallofventricular

localization

Beginningofthe16thct.:

•Galen’sworksbecamebetterknownandmuchmoreinfluential;

“theArabs”becameimpopular.

•Anatomicalresearchshowedthattheventriclesarefilledwith

liquid(liquorcerebrospinalis)ratherthanair/pneuma/spirit.

•Vesalius(1514–1564),Dehumanicorporisfabrica(1543).



1DECLINEANDFALLOFVENTRICULARLOCALIZATION35

Vesaliusridiculedtheventricletheoryproposedby“Thomas,Scotus,

Albertus,andtheologiansofthatschool”(bookVII,ch.1).

Hismainargument:

Allourcontemporaries,sofarasI

canunderstandthem,denytoapes,

dogs,horses,sheep,cattle,and

otheranimals,themainpowersof

theReigningSoul—nottospeakof

other[powers]—andattributeto

manalonethefacultyofreasoning;

andascribethisfacultyinequal

degreetoallmen.Andyetwe

clearlyseeindissectingthatmendo

notexcelthoseanimalsby

[possessing]anyspecialcavity[in

thebrain].Notonlyisthenumber

[ofventricles]thesame,butalsoall

theotherthings[inthebrain]are

similar.

VesaliusexplicityreferredtothefollowingdiagramfromGregor

Reisch’sMargaritaphilosophica(1503).



1DECLINEANDFALLOFVENTRICULARLOCALIZATION36

G.Reisch,Margaritaphilosoph-

ica,Basileæ1517,LiberXTrac-

tatusIICapitulumXXI,fol.Evij

recto.

I









fantasia

sensuscommunis

imaginativa

vermis

II







cogitativa

estimativa

IIImemorativa

[=Mondino+estimativa]



2VENTRICULARLOCALIZATIONINRETROSPECT37

Vesaliusdeniedthatthevermis(eitherGalen’svermisorthe

Avicenneanvermis,i.e.,thechoroidplexus)regulatestheflowof

animalspirit.

2Ventricularlocalizationinretrospect

NigelJ.T.Thomas,“Imagination,Eliminativism,andthe

Pre-HistoryofConsciousness,”PaperdeliveredattheTowarda

ScienceofConsciousness(TucsonIII)Conference,April30th1998.

Wecaneasilyabstractawayfrom

thelousyneuroscience.Wearethen

leftwithacognitivetheorythatis

notsoverydifferentfromthesortof

thingthatyoumightfindin

contemporarytextbooksof

CognitivePsychology(figure2)...

Contemporarycognitivetheory

labelsitsboxesdifferently,buttheir

functionsdonotseemsovery

different.



2VENTRICULARLOCALIZATIONINRETROSPECT38

Perceptual
Processing

ShortTermMemory
(Consciousness)

LongTermMemory

Figure2.ThebarebonesversionofcontemporaryCognitivetheory.
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PartIV

Seventeenth/eighteenth

centuries

1Thescientificrevolution

RejectionofAristotle(GalileoGalilei),deanimationofmatter.This

raisedaproblem:whatistheplaceoftherationalhumansoulinthe

naturalworld?



2ECHOESOFHEROPHILUS40

2EchoesofHerophilus

HenryMore(1614–1687):theposteriorventricleistheseatofthe

sensuscommunis(AnAntidoteagainstAtheism,1653,The

ImmortalityoftheSoul,1659)

ThomasSömmering(1755–1830):theliquorintheventriclesisthe

seatofthesensuscommunisorsoul(criticizedbyImmanuelKant,

1796).

Butingeneral,attentionshiftedtothesubstanceofthebrain(cf.

Galen);first,thepinealgland(Descartes);later,otherstructuresof

thebrain(Willisa.o.);intheeighteenthcentury,thecorpuscallosum

waswidelyregardedastheseatofthesoul(Lancisi,Diderot’s

Encyclopédie).ThishypothesiswasrefutedbyZinn(split-brain

experimentsondogs).



3DUALISMS41

3Dualisms

Cartesianinteractionism

Twosubstances(bearersofproperties):thesoul(anima,l’âme)(res

cogitans,nonextensa)andmatter(resextensa,noncogitans),which

areincausalinteractioninthepinealgland

ΦΨ
-

�
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ΨΨ

espritsanimaux
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Problems:

•Theorydoesnotexplainanything.Whyisthesoulabletothink,

perceiveandsoon,andisthebodyunabletocarryoutthese

activities?Whatwouldatestabletheoryof,e.g.,thesoul’s

perceptualabilitieslooklike?

•Soul-bodyinteractionisincomprehensible.

•Violationofphysicalconservationlaws.
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Occasionalism(Malebranche,Geulincxa.o.)

Thereisnointeraction.Godtakescareofsynchronisation.

ΦGΨ
-

�
-

�
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Parallellism(Leibniz)

Nointeraction.ButGoddoesnotinterveneoneveryoccasion.There

isaharmoniapræstabilita.

ΦΨ

[But:Howcanwebesurethatmindandbodyoperate

synchronously?—Smullyan]
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4Monisms

Spinoza(1632–1677)

Thereisonlysubstance,deussivenatura,whichhasmanykindsof

attributes(aspects);onlytwooftheseareknowntoman:cogitatio

andextensio.

Problem:whypostulateanintrinsicallyunknowabletertiumquid?



4MONISMS47

Materialism

End17thcentury(medicalcirclesintheUK),18thcentury(France).

Mostprominentmaterialist:Lamettrie(1709–1751),authorofTraité

del’âme(1745),L’hommemachine(1748),L’hommeplante(1748).

Theexcellenceofreasondoesnot

dependonabigworddevoidof

meaning(immateriality),butonthe

force,extent,andperspicuityof

reasonitself.Thusa“soulofclay”

whichshoulddiscover,atone

glance,asitwere,therelationsand

theconsequencesofaninfinite

numberofideashardto

understand,wouldevidentlybe

preferabletoafoolishandstupid

soul,evenifthatwerecomposedof

themostpreciouselements.



4MONISMS48

Galenemphasizedthat“thepowerofthesoulfollowsthecomplexion

ofthebody”butLamettriewentfurther:heseemstohavethought

thatallmentalprocessesarecompletelydeterminedbyphysical

processes(thesisofpsychophysicalsupervenience,tobediscussed

later).
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Well-knowntwentieth-centurybookswithessentiallythesame

message:

•Jean-PierreChangeux,L’hommeneuronal(1983).

•FrancisCrick,TheAstonishingHypothesis:TheScientificSearch

fortheSoul(1994).

TheAstonishingHypothesisisthat“You,”yourjoysand

yoursorrows,yourmemoriesandyourambitions,your

senseofpersonalidentityandfreewill,areinfactnomore

thanthebehaviorofavastassemblyofnervecellsand

theirassociatedmolecules.AsLewisCarroll’sAlicemight

havephrasedit:“Youarenothingbutapackofneurons.”

Thishypothesisissoalientotheideasofmostpeoplealive

todaythatitcantrulybecalledastonishing.
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Lamettriecomparedmantoaclockwork;inourtimes,thedigital

computeristhefavouriteobjectofcomparison.Wewillreturnto

thispointlateron.
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PartV

Nineteenthcentury

1Neuroscience

FranzJosephGall(ca.1800)

•Thecerebralcortexistheorganofthemind

•Localizationoffunction(=⇒phrenology)



1NEUROSCIENCE52

Broca

Speechcenter(1861)

Cerebraldominance(1863)

Others

Discoveryofneurons,finitespeedofsignalpropagationinneurons

(Helmholtz),etc.
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2Philosophy

Epiphenomenalism

(Hodgson,ThomasHuxley)

Thementalisanepiphenomenon(by-product)ofneurophysiological

activity.

ΦΨ -

Problem:pleasespecifythedetails.
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“Reverseepiphenomenalism”

ChristianScience(MaryBakerEddy)

ΦΨ �

Problem:ludicrous.ThinkofAlzheimer’sdiseaseandsoon.
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Dualaspecttheories

GustavFechner,Lewes.Twoaspectsorperspectives.

concave convex

Objection:soundsrathermystical.



56

PartVI

Twentiethcentury

1Philosophicaltheories

Epistemologicalneutralmonism

•Mach,James,Russell.Theworldconsistsofneutral‘events’,

whichareclassifiedintwodistinctways.Physicalandmental

phenomenaare“logicalconstructions.”



1PHILOSOPHICALTHEORIES57

Assessment:OKfromafirstpersonpointofview.LessOKfroma

thirdpersonpointofview(“otherminds”problem;manyquestions

abouttherelationshipbetweenmindandbodyremainunanswered,

e.g.,isthethesisofpsychophysicalsuperveniencetenableorisit

not?).

Moreover,logicalreconstructionismisgenerallyconsideredasafailed

researchprogram.
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Physicalmonism,physicalism

Thenaturalscienceshavethelastwordaboutwhatexistsandwhat

doesnotexist.Quarks,electromagneticfields,andsoon,seemto

exist,buttherearenopsionsandthereisnoelement
0
0Psychiumin

theperiodicaltableoftheelements.

Emergentism

AlreadytobefoundinLamettrie.Sufficientlycomplex

well-organizedstructuresgiverisetominds.Weakvs.strong

emergence.Weakemergentism(awholemayhavepropertiesthat

noneofitsproperpartshas)isuncontroversial,strongemergentism

(theseemergentpropertiesmayhavetheirown“downward”causal

effects)isincomprehensible.
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Contingenttoken-tokenidentitytheories

(fiftiesandsixties).

Eachoccurrenceofamentaleventiscontingentlyidenticalwithan

occurrenceofaphysicaleventinthecentralnervoussystem.

Similarly,mentalprocessesarephysicalprocessesandmentalstates

arephysicalstates.

•Why‘contingent’?

•Whatis‘token-token’?Examples:picknicks,thinkingaboutthe

sinkingoftheTitanic.

Cf.Davidson’s“anomalousmonism”.



1PHILOSOPHICALTHEORIES60

Psycho-physicalsuperveniencetheories

(eighties).

Thementaliswhollydeterminedby,supervenesonthephysical.

Nomentaldifferencewithoutsomephysicaldifference.

FormalexplicationofthesuperveniencethesisTherearetwo

sortsofproperties,B(baseproperties)andS(supervenient

properties).brangesoverB,soverS.Thesuperveniencethesisis:

(1)�∀x∀y(∀b(bx⊃by)⊃∀s(sx⊃sy))

BshouldnotbetakentoonarrowlyandSshouldnotbetakentoo

widely.Forexample,itisclearlyfalsetosaythatpropositional

attitudessuperveneonpropertiesofthecentralnervoussystem.

Veridicalpropositionalattitudesandderepropositionalattitudesdo
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notsuperveneonpropertiesofthecentralnervoussystem.Examples:

•“WeknowthatBushisthepresidentoftheUSA.”(Thisimplies

thatBushisthepresidentoftheUSA.Buthemayjusthavedied.

Thus,ourknowledgemayjusthaveturnedintobelief,without

ournervoussystemshavinganythingtodowiththematter.)

•“WebelieveofthepresidentoftheUSAthatheiscalledBush.”

(ThisimpliesthatthereisapresidentoftheUSA,whichmay

justhaveceasedtobethecase.Thus,thepropositionalattitude

ascriptioninquestionmayjusthavebecomefalsewhileour

nervoussystemshaveremainedthesame.)

Ithasbeenclaimedthatsuperveniencedoesnotentailreducibility,

butthisclaimshouldbetakenwithagrainofsalt(ashasbeen

shownbyJohnBacon).

(1)isequivalentwith(2):
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(2)�∀s∀x(sx≡
∨
{
∧
{b:by}:sy}x).

IfBisclosedunderBooleanoperations,then(2)isequivalentwith

(3):

(3)�∀s∃b∀x(sx≡bx)

Moreover,ifBisclosedunderresplicing,inthesensethat

{f:∀w∃bE(f,w)=E(b,w)}⊆B(whereEistheextensionoffat

w),then(3)entails(4):

(4)∀s∃b�∀x(sx≡bx)

But(4)isnothinglessthana“reducibility-in-principle”thesis.
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Differencebetweentoken-tokenidentitytheoryandsupervenience

theory:identitytheoriestalkaboutsortsofobjects/events;

supervenientiststalkaboutrelationshipsbetweenpropertiesof

differentsorts.Youcanbeanold-fashioneddualistanda

supervenientistatthesametime.

Ontheotherhand,anyphysicalistmustprobablyacceptsomesort

of‘global’superveniencethesis,forotherwisethephysicalistviewof

theworldwouldbeincomplete(iftherearepropertieswhichdonot

superveneonphysicalproperties,physicalismisincomplete).

Objectionstothesetwomoderntheories:none[?].
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Atheorywhichseemstohavefallenoutoffavour:

functionalism

1.TuringMachinefunctionalism(HilaryPutnam,60s)
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ATuringMachine
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Mentalstatesaresomehowcomparableto(“havethesamelogical

statusas”)theconfigurationsofTuringmachines.

Objections(Putnamhimself):

•problemofinfinitedisjunctions

•ascriptionofmentalstateisasocialaffair

•meaningsarenot“inthehead”

•noguaranteewhatsoeverthatrealityiscomputable,thatthe

brainisafiniteautomatonorTuringmachine



1PHILOSOPHICALTHEORIES67

2.Contemporaryfunctionalism

Basedonthreeideas(Rey)

•TMfunctionalism—seeabove.

•Ramseyreducibility—objection:dependsonstrictdistinction

betweentheoreticaltermsandobservationterms,andontruthof

thereducedtheory(questionable:seeeliminativismbelow).

•Multiplerealizability—rathermeagerideaandperhaps

questionable.
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Objectionstofunctionalism.

•Searle’sChineseroom—NotOK:applicabletoSearlehimself.

•“Eachrockimplementseveryfiniteautomaton”(Putnam,

Searle).

Thisargumenthasbeenconclusivelyrefuted(O’Rourke,Copeland,

Chalmers).MycomputerisrunningundertheFinnishoperating

systemLinux,notundersomelousycommercialOS.Searlehasnot

“reinterpreted”hisoldhome-computerasabrand-new1500MHz

Pentium.
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Associatedideas:

•“languageofthoughthypothesis”(fruitless).

•“computationalism”(toogeneraltobeinteresting).
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2Mathematicalmodelsofthebrain

Neuralnetworks

Importantsourceofinspirationformodernphilosophyofmind.
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Asimpleexample:
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•Firstneuralnets:McCulloch&Pitts1943.Theseconsistedof

simple“logicalneurons”:

•Firstonewhoattemptedtomakeneuralnetstoleranttonoise:

JohnvonNeumann(50s).

•Firstonewhotriedtoinventlearningalgorithmsforneuralnets:

AlanTuring(around1950).Hedidnotpursuehisideas,and

wentontocreatethefieldofArtificialLife.

•Firstonewhosucceeded:MarvinMinsky,PhDthesisof1954.
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•FrankRosenblatt:theperceptron(feedforwardneuralnetwork

withtwolayersofunits),with“perceptronlearningrule”,

inspiredbyHebb
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•Neuralnetsbecameverypopularinthe1980saftertheinvention

ofthebackpropagationlearningalgorithmformulti-layered

feedforwardnetworks.Mostfamousexample:NetTalk.

DetaileddescriptionofNetTalk&attractivefeaturesof

neuralnets



2MATHEMATICALMODELSOFTHEBRAIN75

Computationalpowersofanalogrecurrentneural

networks

(HavaSiegelmann,PhDthesis1993)

netswithintegerweightsfiniteautomata(Kleene1956)

netswithrationalweightsTuringmachines

netswithrealweightsTuringmachineswithoracles(*)

(*)FirststudiedbyTuringinhisPhDthesisof1939.

Theneurophysiologicallymostadequatemodelsofbrainactivity

whichexisttodayaretheso-called“thirdgeneration”neuralnetwork

modelswithspikingneurons.Thesenetworksareequivalentwith

analogrecurrentnetworkswithrealweights,whichareinturn

equivalentwithTuringmachineswithoracles.Thelattermachines

arestrictlymorepowerfulthanordinaryTuringmachines.
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Thisraisesthefollowingquestion:ismanasuper-Turing

machine?

Probablynot.Thereisonefactorthatspoilsthefun:noise.

Spikingneuralnetswithnoiseare,ingeneral,lesspowerfulthan

finiteautomata.(WolfgangMaass)
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Technologicalexcursion

Thebraincontainsabout10
11

neurons.Thereareabout10
14

connections.Supposethereareabout100operations/secondper

connection,i.e.,10
16

operations/secondintotal(tenpetaops).

Extrapolatingtechnologicaldevelopmentsfromthelastthree

decades,anaffordablePCwiththisspeedwillbeonthemarketin

about50years(Moravec)!

Humanmemoryposesnoproblematall:apersonstoresnomore

thanafewhundredsofmegabytesduringhisorherlife(Landauer,

Merkle).ThateasilyfitsononeCD-ROM.

HowshouldweprogramsuchaPCtogiveithumanintelligence?

Perhapsinthesamewaythatweprogramhumans:bysendingitto

school(Turing1948).
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3Thedynamicalapproachincognitive

science

Mainmanifestos:

•TimvanGelder:“Whatmightcognitionbe,ifnot

computation?”TheJournalofPhilosophy91(1995):345-381.

•TimvanGelder:“Thedynamicalhypothesisincognitive

science.”TheBehavioralandBrainSciences21(1998):615–628.

Mainthesis:Naturalcognitivesystemsaretobeviewedasdynamical

systems.

Examplesofdynamicalsystems:thesolarsystem,theweather,James

Watt’scentrifugalgovernor(thedynamicists’favoriteexample).
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Thecentrifugalgovernor(JamesWatt,1788)
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Likeotherdynamicalsystems,cognitivesystemsaretobedescribed

intermssuchas:

•statespace,

•trajectoriesthroughstatespace,

•attractorsandrepellers,limitcycles,

•stability,deterministicchaos,

andsoon(seeanybookonchaostheory).
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ObjectionThisisnotveryneworcontroversial.Cf.thecybernetics

movementofthe50sand60s,e.g.,Ashby’sDesignforaBrain

(1952).Moreover,connectionistssuchasSejnowskiandChurchland

haveemployedthesameterminologicalframework.

Dynamicismhastwospecifictenets:

•Non-computationalism

•Non-representationalism

Thefirsttermseemsamisnomer.Thedynamicistsdonotdenythat

theirsystemsarecomputationalinabroadsenseoftheword(even

thoughsomeofthemareperhapsnotTuringcomputable).The

dynamicistsshouldhaveusedsometermlike“non-digitalism”.

Thesecondissueismoreinteresting.
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Non-representationalistsabhortalkof“internalrepresentations”.

Instead,theysaythateachcognitiveagentis“dynamicallycoupled”

totheenvironmentinwhichitis“embedded”.Thereisaconstant

mutualinteractionbetweentheagentanditsenvironment;theyform

oneintegratedsystemandcannotverywellbeisolatedfromeach

other.Cognitionismostfruitfullyseenasadaptiveactivityinan

appropriateenvironment.

Thereareobviouspointsofsimilarityherewiththephilosophical

positionsadoptedbyHeidegger,Merleau-Pontyandthelater

Wittgenstein,atraditionwhichisnowadaysbeingcontinuedby

thinkerssuchasDreyfus&FreemanandMaturana&Varela.The

dynamicistsarewellawareofthisconnection.Theyviewtheir

researchprogrammeasgivingascientifictwisttotheearlier,purely

philosophicaltradition.
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Ontheotherhand,thereisabreakwithconnectionism,which

continuallytalksaboutdistributedrepresentations.

Personally,Ithinkthattheanti-representationalistsareoverstating

theircase.

•First,manycognitivecapacitiesseemtohavenothingtodowith

beinginatightlycoupledrelationshipwiththeenvironment.I

canreasonaboutwhichretirementfundwouldbebestinany

non-distractingsituation.Orthinkofmentalimagery,doing

mathematicsandplanningahead:alltheseactivitiespresuppose

aconsiderableamountofdecouplingfromtheactual

environment.Onemightsaythatitispreciselyourabilityto

breakoutofthefeedbackloopwiththeenvironmentthatmakes

ushuman(Popper:weletourtheoriesdieinourstead).
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•Secondly,representationalismanddynamicismseemquite

compatible.AsVanGelderhimselfputit,representationsmay

beviewedas“trajectoriesorattractorsofvariouskinds,oreven

suchexoticaastransformationsofattractorarrangementsasa

system’scontrolparameterschange.”Assoonasrepresentations

arenotnäıvelyidentifiedwithpicturesorpropositionsbutwith

somemoresophisticatedconstructs,thereisampleroomfor

theminthedynamicalframework.

[Noticethateventhecentrifugalgovernorseemstorepresent:the

heightoftheballsrepresentstheengine’sspeed.]
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4Developmentsinneuroscience

Consciousnessisnolongerataboo(FrancisCrick).
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Exampleofrecentwork:visualawareness.

•Crick&Koch1994:visualawarenessisduetoactivityinthe

pyramidalcellsoflayer5ofvisualareaV1.

•Crick&Koch1995:no,thiscannotbetrue,becausethisareais

notdirectlyconnectedwiththeprefrontalcortex,whichgives

risetomotoractivity.

•NedBlock(aphilosopher!)1996:oneshouldmakeadistinction

betweenphenomenalconsciousnessandaccessconsciousness.

PhenomenalconsciousnessmayyetbeduetoactivityinareaV1.

Themorale:common“folk-psychological”conceptsmaywellturnout

tobetoocrudeinthelightofscientificevidence.=⇒eliminativism

(theChurchlands).Thereisnosuchthingas“consciousness”.

Thoughtsdonotliterallyexist.Cf.humanmemory:psychologists

makeadistinctionbetweenseveraltotallydifferenttypesofmemory.
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Recentproblem,studiedbybothneuroscientistsandphilosophers:

“bindingproblem”.Is“binding”duetosynchronizedactivityinthe

30–50Hzrange?
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Otherinterestingissues:

•Interpretationofmodernimagingtechniques(PET,fMRI,

MEG).Dotheymakethoughtsvisible?

•Blindsight(morale:asabove),reverseblindsight.

•Splitbrains(twopersonsinonebody?)(evidenceagainst

Cartesianism).

•Kornhuber’sreadinesspotentialandthefreedomofthewill

(evidenceagainstCartesianism?).

conventionalpicture:

volition–brainactivity–voluntarymovement

experimentalevidence(?):

brainactivity–volition–voluntarymovement
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5Aretheneurosciencesfundamentally

deficient?

Mary(FrankJackson)
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PartVII

Thehardproblem

Theproblemofconsciousness.

Mybestguess:twoperspectivetheory,internalperspectivevs.

externalperspective(p.55).

Isthehardproblemtoohardforus?(McGinn)

Ignoramus,ignorabimus?
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Thesetransparenciesareavailableat

http://www.eur.nl/fw/staff/lokhorst/helsinki.2001.html


