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The receivedviewof brain function-
ModularismandCorticalLocalisationism

Two in°uential theoreticalpositionshavepermeatedcognitive
science

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

² that the mind/brain is composedof specialpurposemod-
ules(Chomsky, Fodor).

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

Fodor's publication of \Mo dularit y of Mind" in 1983set
the stagefor recent modularit y theorising by providing
a preciseset of criteria for what constitutes a module.



Fodor'sModularism

² Mind/brain is madeup of geneticallyspeci¯ed, indepen-
dently functioningmodules.

² Informationfromtheexternalenvironment passesthrough
a systemof sensorytransducerswhich transformsthedata
into a commonformat suitablefor each specialpurpose
module.

² Each moduleoutputsdata in commonformatsuitablefor
domaingeneralprocessing.

² Modulesaredeemedto be hardwired.

² Modulescomputein a bottom-up fashiona constrained
classof speci¯edinputs.

² Modulesare informationallyencapsulatedi.e other parts
of mind have accessonly to outputs.



ModularismandCorticalLocalisationism

Modularismand Cortical Localisationismfocuseson the fol-
lowing theoreticalandempiricalissues

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

² The acquisitionof functionalspecialisation.

² Theacquisitionof strategiesfor the cooperationandcoor-
dinationof multiple modules.

The conceptof modularit y is central to modern theories
of the mind and brain. The notion of modularit y moti-
vatesmuch of the current research in the cognitive neu-
rosciences,including research on perception, language,
motor control, memoryand neuralsystemsorganisation.



Someproblemswith Modularismand
CorticalLocalisationism

² Empirical resultsmost often basedon lesionstudiesin
animalsand pathologicaldamagein humansit is impos-
sibleto discount that the observedbehavioursaredueto
anomalousactivity.

² Theparadigmoflocalisationismdevelopedbeforethefoun-
dationsof modernneuroscienceweredeveloped

² PET/fMRI studiesoftenselfful¯lling.

² Modularism/Localisationismprobablyre°ectsin part the
underlyingstructureofrationalthought andnot theanatomy
or physiology.

² It is di±cult to constructdynamicalmodelsusingregional
cerebralblood °ow (rCBF) asrCBF isasecondordermea-
sureof neuralactivity and haspoor temporal resolution.
Thereisnobasisfor theassumedlinearity ofregionalblood
°ow (or glucosemetabolism)andregionalneuralactivity.

² Localisationismiscompletelyat oddswith theknownanatom-
ical and physiologicalstructure of cortex which clearly
showsthat cortexis denselyinterconnectedwith all parts
of itself.



The DynamicalHypothesis
(van Gelder1998)

² The Computational Hyp othesis (CH) Cognitive
agents (CAs) are algorithmic instantiations and can be
scienti¯cally understood assuch i.eCAs\are like" arti¯cial
machines.

² The dynamical hyp othesis (DH) CAs aredynam-
ical systemsand canbe scienti¯cally understood assuch
i.e CAs \are like" natural self-organisingprocesses.

As a rational alternativeto Modularism/Lo calisationism
Dynamic systemstheory (DST) claims that the same
basic laws that govern physical systemsalsogovern 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 comprehensive dynamical ontology.



Somecorticalstatistics
(BraitenbergandSchÄuz 1997)

surfaceareaof the humanadult neocortex 0:33m2

humanneocorticalthickness 3 { 4 mm

density of axons 4 km/mm3

density of dendrites 0.4km/mm3

density of neurons 2{4£ 104=mm3

density of synapses 6{9£ 108=mm3

number of synapsesper pyramidalcell 5-20£ 104

meannumber of synapsesonepyramidalcell
receivesfrom another

1

fractionof excitatoryneurons 0.85



Estimatesof the variousproportionsof
tissuecomponents for mouseneocortex

(BraitenbergandSchÄuz 1997)

comp onent percentage by volume

dendrites 29%

axons 29%

spines(necks andheads) 12%

glia 9 %

extracellularspace 5 %

blood vesselsandcellbodies 16%

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



The Electroencephalogram

² Loop currents generatedby the combinedsynapticactiv-
ity of thousandsof neuronsgive riseto electricalactivity
that canberecordeddirectlyfromthecorticalsurface(the
electrocorticogramor ECoG)or from the scalp(the elec-
troencephalogramor EEG).

² ECoG ¯rst measuredin the dog using a re°ectinggal-
vanometerby RichardCatonin 1875.

² EEG¯rst recordedby theAustrianPsychiatristHansBerger.

Resultspublished in 1929on the basisof 73 recordingsfrom
his son. The most notable feature of theseearly recordings
was the occipital dominanceof near sinusoidal oscillations
at ¼ 10 Hz which Berger subsequently named alpha waves.
Alpha now thought to be cortically ubiquitous. Physiological
genesisof alpha rhythm still disputed.

² ECoG RMS amplitudegenerally< 100- 200¹ V, EEG
RMSamplitudegenerally< 50- 100¹ V.

² EEG spatialresolutionlimited by volumeconduction.

Typically onesingleEEG electrodeplacedon the scalprecords
the combined aggregateelectrical activit y of up to 6 cm2.
Theoretical possibility of 1 cm2 with high density sampling
and headand model baseddeconvolution.

² EEG/ECoGexcellent temporalresolution¼ 1millisecond.

² EEGandECoGshow sensitivecorrelationwith behaviour.

² EEG/ECoGprobablythemostappropriatedynamicalob-
servableto modelin thearticulationof theDynamicalHy-
pothesis(DH).



An EEG Nomology

The humanEEG is typically divided into ¯v e major bands
basedon behaviouralstateandreactivity

EEG frequency designation

0.1-3Hz ±

3-8Hz µ

8-13Hz ®

13-30Hz ¯

> 30Hz °

The Greek letters refer to the historical order in which
the EEG frequencieswere identi¯ed



Typicaleyes-closedaverageEEG spectrum
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Postulatesof MassAction andCortical
Field Theories(CFTs)
(Freeman1975,1999)

² Macroscopicformsof cooperative neuralactivity exist in
cortexwhich transcendactionpotentials andsynapticpo-
tentials and are analogousto di®usion-coupledchemical
reactions.

² Animalbehavior isbestunderstood asarisingoutofmacro-
scopicformsof neuralactivity.

² Macroscopicpropertiescannotbe understood at the level
of the individualneuron.

² Macroscopicneuralactivity is characterizedby the forma-
tion of dynamicpatterns.

² Macroscopicactivity de¯nes\order parameters"which en-
slave singleneuronactivity in a cycleof circularcausality
(Synergetics).



Generalassumptions

² Globalconnectionsamongneuronsin brain canbe deter-
minedi.etopographicallywell organizedtractsconnecting
regionsof cortexandsubcortex.

² Localconnectionscannotbeknownexceptforasmallsam-
pleof representativeneuronsandneednot beknown with
respect to mostformsof animalbehavior.

Neocortex is more than an enumerablenetwork of neurons.
Neocortical neuronal activit y is determinedby local physio-
logical environment as well as synaptic input

² Precisetrajectoriesfor all singleneuronactivity is not
knowableandneednot be known, but only averagesneed
be known.

² Becausecortexcontainsa high density and largenumber
of non-linearelements which aredi®uselycoupledtheyare
interactive in a continuum.

² Macroscopicactivity is continuouslydistributedin space.

As a consequencea volume element (or surfaceelement) of
cortex may be de¯ned such that it is su±ciently largesothat
the level of activit y of the element is the averageof over the
ensemble of neuronswithin this element. This is equivalent
to de¯ning an operational macrocolumn.

² Thetimeandspacescalesofmacroscopicneuralevents are
much longerthan the scalesfor individualneuralevents.

² Theactivity levelof each neuron,to theextent that it is is
determinedby the activity levelsof the surroundingneu-
rons,must ontheaveragebeconsistent with theensemble
averageof the neuronsin the surround,becauseit is part
of the surround.



Paradigmsin Neuroscience
(adaptedfrom Freeman1975)

Sherringtonian Neural Net work Mass Action/CFT

Elements Center Neuron Neural population
Techniques focal electrode,

ablation
micro-electrode electrode array,

ensemble record-
ing

Characteristic
observables

Muscle twitch Action poten-
tial/mem brane
potential

EEG/ECoG/ERP ,
pulseprobability

Classical
Experiment

antagonist inhi-
bition of stretch
re°ex

Receptor¯eld of
retinal ganglion
cell

Changes in ERP
with learning ?

Preferred
method of
description

Algebraic sum-
mation

Pulse logic,
computational
simulation

non-linear partial
(stochastic) di®er-
ential equation

Cognitive
Paradigm

Behaviourism Functionalism,
Modularism,
Connectionism

Gestalt ? non-
Cartesianism,
Phenomenology

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



Topologyof populationconnectivity
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Suggestionsfor further reading

FreemanW J (1991).ThePhysiologyof Perception.Scienti¯c
American,264: 78-85.

FreemanW J (2000). How Brains Make Up Their Minds.
PhonenixPress,London.


