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The receiedview of brain function-
Modularismand Cortical Localisationism

Two in°uertial theoreticalpositionshave permeatedtognitive
science

2 that the mind/brain is a generalpurposeproblemsolher
(Piaget,Lashley).

2 that the mind/brain is compsedof specialpurposemaod-
ules(ChomskyFodor).

The concept of modularity probably has its philo-
sophical origins with Kant (1781) and its biologi-
cal/neuropsydological origins beginning with Gall and
Spurzheim(1827) and culminating with Broca (1856).

Fodor's publication of \Mo dularity of Mind" in 1983set
the stagefor recert modularity theorising by providing
a preciseset of criteria for what constitutes a module.



Fodor's Modularism

Mind/brain is madeup of geneticallyspeci ed, indepen-
dertly functioningmodules.

Informationfromthe externalervironmem passethrough
a systenofsensoryransducersvhich transformghe data
into a commonformat suitablefor eat special purpose
module.

Ead moduleoutputsdatain commorformatsuitablefor
domaingenerajprocessing.

Modulesaredeemedo be hardwired.

Modulescomputein a bottom-up fashiona constrained
classof speci edinputs.

Modulesare informationallyencapsulatede other parts
of mind have accessnly to outputs.



Modularismand Cortical Localisationism

Modularismand Cortical Localisationisnfocuseson the fol-
lowing theoreticaland empiricalissues

2 The localisationof cognitive and behavioural facultiesin
the adult brain basedon focal cortical activation (PET,
fMRI, EEG, MEG).

2 The acquisitionof functionalspecialisation.

2 The acquisitionof strategiegor the caoperationand coor-
dination of multiple modules.

The conceptof modularity is certral to modern theories
of the mind and brain. The notion of modularity moti-
vatesmuch of the current researt in the cognitive neu-
rosciencesjncluding researt on perception, language,
motor cortrol, memoryand neural systemsorganisation.



Someproblemawith Modularismand
Cortical Localisationism

Empirical results most often basedon lesionstudiesin
animalsand pathologicadamagan humansit is impos-
sibleto discoun that the obsered behavioursaredueto
anomalousctivity.

Theparadignoflocalisationisnadeelopedbeforethe foun-
dationsof modernneuroscienceerede\eloped

PET/fMRI studiesoftenselfful Tling.

Modularism/Lccalisationisnprobablyre®ectsin part the
underlyingstructureofrationalthough andnotthe anatony

or physiology

It isdizxcult to constructdynamicaimodelsusingregional
cerebrablood °ow (rCBF) asrCBF isaseconardermea-
sureof neuralactivity and haspoor temporal resolution.
Thereisnobasidortheassumedinearity ofregionablood
°ow (or glucosemetalolism)andregionalneuralactivity.

Localisationisnis completehat oddswith the knovnanatom-
ical and physiologicalstructure of cortex whidh clearly
shavsthat cortexis denselyinterconnecteavith all parts

of itself.



The DynamicalHypothesis
(van Gelderl1998)

2 The Computational Hyp othesis (CH) Cognitiwe
agenms (CAs) are algorithmicinstartiations and can be
scieti cally understed assuti.eCAs\are like" arti cial
madines.

2 The dynamical hypothesis (DH) CAsaredynam-
ical systemsand canbe scieti cally understed assud
I.e CAs\are like" natural self-organisingrocesses.

As arational alternativeto Modularism/Lo calisationism
Dynamic systemstheory (DST) claims that the same
basiclaws that govern physical systemsalso govern the
laws of cognitive systemsand that therefore cognitive
scienceshould usethe maths of physicsrather than the
rules of syntax and computer programming. Impor-
tantly, under this view localisationismwill be subsumed
under a more comprehensie dynamical ontology.



Somecortical statistics
(Braiterbergand Stz 1997)
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Estimatesof the variousproportionsof
tissuecompnerts for mouseneaortex
(Braiterbergand Sz 1997)

comp onent percentage by volume
dendrites 29%
axons 29%
spinegneds and heads) 12%
glia 9%
extracellularspace 5%
blood vesselsind cell bodies 16 %

Becauseneuronal density in humans s less(by a fac-
tor of 3 { 10) than in mouse,and the total amourt of
axons, dendrites and synapsesstay approximately the
same, increasesin the relative proportion of the other
componerts (glia, blood vesselsetc) are expected



The Electreencephalogram

Loop curreris generatedy the conbinedsynapticactiv-

ity of thousandsf neuronggive riseto electricalactivity

that canberecordedlirectlyfromthe corticalsurfacegthe

electr@orticogramor ECoG) or from the scalp(the elec-
troencephalogramr EEG).

ECoG rst measuredn the dog using a re°ecting gal-
vanometemby Richard Catonin 1875.

EEG rst recordedby the AustrianPsydiatrist HansBerger.

Resultspublishedin 19290n the basisof 73 recordingsfrom
his son. The most notable feature of these early recordings
was the occipital dominance of near sinusoidal oscillations
at ¥4 10 Hz which Berger subsequetlty named alpha waves.
Alpha now thought to be cortically ubiquitous. Physiological
genesisof alpha rhythm still disputed.

ECoG RMS amplitudegenerally< 100- 2001V, EEG
RMS amplitudegenerally< 50- 100 V.

EEG spatialresolutionlimited by volumeconduction.

Typically onesingleEEG electrode placedonthe scalprecords
the conmbined aggregateelectrical activity of up to 6 cm?.

Theoretical possibility of 1 cm? with high density sampling
and head and model baseddecorvolution.

EEG/ECoGexcellentemporalresolutiori/sa 1 millisecond.
EEGandECoGshav sensitie correlatiorwith behaviour.

EEG/ECoGprobablythe mostappropriatedynamicabb-
senableto madelin the articulationof the DynamicaHy-
pothesigDH).



An EEG Nomology

The human EEG is typically dividedinto v e maor bands
basedon behavioural stateand reactivity

EEG frequency designation

0.1-3Hz +
3-8Hz §
8-13Hz ®
13-30Hz B
>30Hz °

The Greek letters refer to the historical order in which
the EEG frequencieswvereiderti ed



Typicaleyes-closeaverageEEG spectrum

30

Power (arbitrary units)

Frequency (Hz)

30



Postulatesof MassAction and Cortical
Field TheorieqCFTs)
(Freemanl975,1999)

2 Macroscopi¢ormsof cooperative neuralactivity existin
cortexwhid transcendactionpotertials and synapticpo-
tertials and are analogougo di®usion-couplechemical
reactions.

2 Animalbehaviorisbestundersted asarisingout of macro-
scopidormsof neuralactivity.

2 Macroscopipropertiescannotbe understed at the lewel
of the individual neuron.

2 Macroscopiaeuralactivity is characterizedby the forma-
tion of dynamicpatterns.

2 Macroscopiactivity de nes\order parametersWhidc en-
slare singleneuronactivity in a cycleof circularcausaliy
(Synergetics).



Generalassumptions

Globalconnectioneamongneuronsn brain canbe deter-
minedi.etopographicallyvell organizedracts connecting
regionsof cortexand sulcortex.

Localconnectionsannotbe knavnexcepfforasmallsam-

ple of represetative neuronsand neednot be knowvn with
respectto mostformsof animalbehavior.

Neacortex is more than an erumerable network of neurons.
Neacortical neuronal activity is determined by local physio-
logical ervironment aswell as synaptic input

Precisetrajectoriesfor all singleneuronactivity is not
knavableand neednot be knavn, but only averagesieed
be known.

Becauseortexcorains a high densiy and largenumber
of non-lineakrlemets whid aredi®uselgoupledheyare
interactive in a cortinuum.

Macroscopiactivity is cortinuouslydistributedin space.

As a consequencea volume elemen (or surfaceelemen) of
cortex may be de ned suc that it is suzciently large sothat
the level of activity of the elemen is the averageof over the
ensenble of neuronswithin this elemen. This is equivalent
to de ning an operational macrocolumn.

Thetime andspacescale®f macroscopioeuraleerts are
mudh longerthan the scalegor individual neurale\erts.

Theactivity level of eat neuronto the exter that it isis
determinedby the activity lewelsof the surroundingheu-
rons,must onthe averagebe consistenwith the enserhle
averageof the neurondn the surround,becausdt is part
of the surround.



Paradigmgan Neuroscience
(adaptedfrom Freemanl975)

Sherringtonian  Neural Network Mass Action/CFT
Elements Center Neuron Neural population
Techniques | focal electrode, | micro-electrade electrode  array,
ablation ensenble record-
ing
Chaacteristic | Muscle twitch Action poten- | EEG/ECoG/ERP,
observables tial/mem brane pulse probability
potertial
Classical antagonist inhi- | Receptor eld of | Changesin ERP
Experiment bition of stretch | retinal ganglion | with learning ?
re°ex cell
Preferred Algebraic sum- | Pulse logic, non-linear partial
metha of | mation computational (stochastic) di®er-
description simulation ential equation
Cognitive Behaviourism Functionalism, Gestalt ? non-
Paradigm Modularism, Cartesianism,

Connectionism

Phenomenology

Theseparadigmsare not to be consideredas mutually
exclusive, but they are more or lessappropriate in ad-
dressingcertain questions. The way in which sud ques-
tions are posedor cast depends on the techniques of
obsenation, the part of the brain under study and the
kind of behavior being pursued.




Topologyof populationconnectiviy
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