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Abstract

Replication or even modelling of consciousnessin machines requiressomeclarifi-
cations andrefinements of our concept of consciousness. Fortunately, design of, con-
struction of, and interaction with artificial systems can itself assist in this conceptual
development. In particular, if we startwith the tentative hypothesisthatconsciousness
is a form of informationprocessing,we canbuild virtual machine architectureswhich
attemptto capture various aspectsof consciousness.This activity may in turn nurture
the developmentof our concepts of consciousnessin sucha way that we can at last
understandwhy consciousnessis a form of informationprocessing. This processleads
gradual refinementof many of our pre-theoreticalconceptsof mind, showing how they
canbebestconstruedas“architecture-based”concepts.
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1 Intr oduction

Thestudyof consciousnesswasbanishedfrom sciencefor many years,but hasrecentlyre-
entered(somewould sayby a backdoor thatshouldhave beenkept locked). It hasalways,
however, beenapartof philosophy of mindandof metaphysics. MostAI researchers ignore
thetopic, thoughpeoplediscussingthescopeandlimits of AI do not. We claim thatmuch
of thediscussion of consciousnessis confusedbecausewhatis beingreferredto is notclear.
Thatis partlybecause“consciousness”is aclusterconcept, asexplainedbelow.

Progressin thestudy, or modelling, of consciousnessrequiressomeclarificationsandrefine-
mentsof ourconcepts.Fortunately, designof, constructionof, andinteractionwith artificial
systemscanitself assistin this conceptualdevelopment. In particular, if we startwith the
tentative hypothesisthatconsciousnessis a form of informationprocessing,we candesign,
build, analyse,andexperimentwith virtual machinearchitectureswhich attemptto capture
variousaspectsof consciousness.This activity mayin turn nurturethedevelopmentof our
conceptsof consciousnessin sucha way thatwe canat lastunderstandwhy consciousness
is a form of information processing.

This processleadsto gradualrefinementof many of our pre-theoreticalconceptsof mind,
showinghow they canbebestconstruedas“architecture-based”concepts.

It alsoleadsto anexplanationof how aninterestin questionsaboutconsciousnessin general
andqualia in particularcanarisein machineswith acertainsortof architecturethatincludes
a “meta-management”layer. Wesuggestthatthatis theexplanationof humanphilosophical
questions,andconfusions, aboutconsciousness.Weemphasisetheimportanceof thenotion
of a virtual machinearchitectureandusethat as the basisof a notion of virtual machine
functionalism which is immuneto someof the attackson moreconventionalist functional
analysesof mentalconcepts.Thuswe simultaneouslyattemptto advancescienceandphi-
losophy, aswell asprovidingafirst draftgeneralarchitecturalschemafor agentarchitectures.
whichoffersausefulframework for long termAI researchonhuman-likesystems.

1.1 Confusedconceptsof consciousness

Beforeconsideringthepossibility anddetailsof machineconsciousness,we might wonder:
whatdowemeanby “consciousness”?Let’sstartwith somequestions:
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Figure1: “The Parableof theBlind Men andtheElephant”

� Is afish conscious?� Is afly consciousof thefly-swatterzoomingdown at it?� Is anew-bornbabyconscious(whennotasleep)?� Are youconsciouswhenyouaredreaming?� Is the file protectionsystemin an operatingsystemconsciousof attemptsto violate
accesspermissions?� Is asoccer-playingrobotconscious?Canit beconsciousof anopportunity to shoot?

Not only do differentpeoplegive differentanswersto theseand similar questions,but it
seemsthatwhatthey understandconsciousnessto bevarieswith thequestion.

A central(thoughnot particularlyoriginal) motif of this paperis that our currentsituation
with respectto understandingconsciousness(andmany othermentalphenomena,e.g.learn-
ing, emotions,beliefs)is similar to thesituationdescribedin “The Parableof theBlind Men
andtheElephant”.1 In Saxe’spoem,six blind menencounterwhatis, unbeknown to them,a
smallpartof anelephant.Eachfeelsadifferentpart,andinfers(incorrectly)from theproper-
tiesof theportionencounteredthenatureof thewhole(onefeelsthetuskandconcludesthat
hehasencounteredsomething very muchlike a spear, anotherfeelsthe trunk anddeduces
thathehasmetasnake,etc.).Seefigure1.

We arein thesameposition with respectto consciousness.Noneof uscanseethe “whole
elephant”of consciousness. What’s worse,it may be that thereareactuallyseveral “ele-
phants”involved: consciousnessis probablya “clusterconcept”sometimesreferring to one
collectionof phenomena,sometimesto anothercollection,e.g. whenwe think aboutcon-
sciousnessin differentanimals,or in humaninfantsandadults.

Our blind gropinghasresultedin anastonishinglack of consensuson any of the important
featuresof consciousness, asdisplayedin table1.

Canwe do something aboutthis babel?We needto find a way to stepoutside the narrow
debatingarenasto geta biggerpicture.Hopefully thenwe’ll thenseeall thesub-picturesat
which myopic debaterspeer, andunderstandwhy their descriptions areat bestonly partof
thetruth,andat worstproductsof muddle,confusion,ignoranceandprejudice.

1JohnGodfrey Saxe,1816-1887;see,e.g.,http://www.wvu.edu/˜lawfac/jelkins/lp-2001/saxe.html
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Somesayconsciousnessis... While others sayconsciousnessis...

Indefinable,knowable only throughhaving it What it is like to be something, e.g.,hungry,
in pain, happy, a bat...(Nagel1981)a

Absentwhenyou areasleep Presentwhenyou dream
Essential for processesto bemental Not required(therearementalprocessesinac-

cessible to consciousness)
Causeshumandecisionsandaction Epiphenomenal(causally inefficacious)
Independent of physical matter (i.e. disem-
bodied mindsarepossible)

A special kind of stuff somehowproducedby
physical stuff

Justa collection of behavioural dispositions Justacollection of brainstatesandprocesses,
or a neutral reality which hasboth physical
andmentalaspects

Justamyth inventedby philosophers,bestig-
nored

Somethingto do with talking to yourself

Somethingyou either haveor don’t have A matterof degree(of something or other)
Requiresa public (human)language Presentin animalswithout language
Presentonly in humans Presentin all animals to somedegree
Located in specific regions or processesin
brains

Non-localisable; talk about alocationfor con-
sciousnessis a “category mistake”

Necessarily correlated with specific neural
events

Multipl y realisable, and therefore need not
have fixedneural correlates

Not realisablein a machine Realisable in amachinethatis (behaviourally;
functionally) indistinguishable from us

Possiblyabsent in something (behaviourally;
functionally) indistinguishable from us(zom-
bies)

Necessarily possessedby something which
hasthesameinformationprocessingcapabil-
ities ashumans

Table1: A babelof views of thenature of consciousness

aComparehttp://www.cs.bham.ac.uk/˜axs/misc/like to be a rock/

2 Part ial diagnosisof the confusion

In orderto seethebiggerpicture,it will helpto askwhy thereis ababelof views in thefirst
place.Blind gropingis only partof thestory;muchscientificandphilosophicaldiscussion
of consciousnessis confusedfor severalreasons,including:

� Thereis muchconceptualconfusion(causedpartly by unwitting useof ‘clustercon-
cepts’2

2It is not easyto define“clusterconcept” precisely. This is not thesameasthenotion of a vague concept
(e.g. “large”, “orange”) for which a boundary cannot bepreciselyspecifiedalongsomecontinuumof values.
A clusterconcept connotesa collectionof featuresor abilities in sucha way thatsomecombinationsof those
features definitely justify application of the concept,and others definitely fail to justify it, while for some
intermediatecombinationsthequestionwhethersomethingis or is notaninstanceis indeterminate:people may
disagree, andthesameperson mayfind conflictingreasons for andagainstapplying theconcept. Thus, most
people will agreethathumanshaveemotionsandthatvirusesdonot,but maydisagreeasto whetherinsectsdo
or fish do. Thephraseseemsto havebeencoined by D. Gaskingandhasbeenin intermittentusesincethemid
20thcentury. Closelyrelatednotions are“f amily resemblanceconcept” (Wittgenstein1953), “open texture”
(Waismann1965) andMinsky’s notion of a “suitcaseconcept” usedin his draft book on Emotions online
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� Thereis anexcessive focusononecase:normaladult(academic?)humans� Many thinkersoperatewith limited ideasaboutpossibletypesof machines(due to
deficienciesin oureducationalsystem)� Thereis especiallya lack of understandingaboutvirtual, information processingma-
chines(evencomputer scientistsdo not all graspthegeneralityandimportanceof the
ideaof suchvirtual machines,thoughthey useinstancesof theconcepteveryday).� Many arevictims of theillusion of “direct access”to thenatureof consciousness(we
experienceit sodirectly thatthereis noroomfor mistakenbeliefsaboutit – but simul-
taneityis alsoexperienceddirectlyandthatdid notpreventconfusionsaboutit.)

2.1 The limits of intr ospection

As a partialremedyto thissituation, weproposethefollowingguideline:

A GoldenRule for studying consciousness: Do notassumethatyoucangrasp
thefull natureof consciousnesssimplyby lookinginsideyourself,howeverlong,
howevercarefully, howeveranalytically.

Introspectionis merelyoneof many typesof perception.Like otherformsof perceptionit
providesonly informationthat theperceptualmechanismis ableto provide(that’s a tautol-
ogy!). Comparestaringcarefully at trees,rocks,clouds,stars,birds andbeastshopingto
discover thenatureof matter. At bestyou learna subsetof whatneedsto beexplained,like
perceiving only theelephant’s trunk. This is not to saythat introspection is useless:on the
contrary, introspectively analysingthe differencesin the (probablyfamiliar) visual flips in
figure2 helpsto identify theneedfor amulti-layeredperceptualsystem,describedbelow.

Necker cube Duck-rabbit

Figure 2: The Necker cubeand the duck-rabbit: both are visually ambiguous, leading
to two percepts. Describing what happens whenthey ‘flip’ shows that one involvesonly
geometrical conceptswhereastheother is moreabstract andsubtle.

WhentheNeckercube‘flips’, all thechangesaregeometric.They canbedescribedin terms
of relativedistanceandorientation of edges,facesandvertices.Whentheduck-rabbit‘flips’,
thegeometrydoesnotchange:Thefunctionalinterpretationof thepartschanges(e.g.,“bill”

at http://www.media.mit.edu/˜minsky/. CompareCh. XI in (Cohen1962). We argue hereand in (Sloman
to-appear)that by construing clusterconceptsas“architecture-based”we canreduce their indeterminacy by
improving ourarchitectural theories.See:http://www.cs.bham.ac.uk/research/cogaff/sloman-lmpsfinal.pdf
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into “ears”). Moresubtlefeatureschange,attributableonly to animateentities.For example,
“Looking left”, or “looking right”. Whatdoesit meanto saythatyou “seetherabbit facing
to theright”? Perhapsit involvesseeingtherabbitasapotentialmover, morelikely to move
right thanleft. Or seeingit asapotentialperceiver, gaininginformationfrom theright. What
doescategorisinganotheranimalasa perceiver involve? How doesit differ from categoris-
ing somethingashaving a certainshape?Is this seeing,or only inferring? Thedifferences
betweendifferentexperiencesof thesameambiguouspicturearevisual,notsimply inferen-
tial, which is why theexamplesoccurin textbooksonvision, not reasoning(Sloman1989).3

Anotherexampleis seeingafaceashappy or sad.Wereturnto theperceptionof otheragents
in thediscussion of “multi-window” perception,in explainingtheH-Cogaff architecture,in
section5.8.

Theseexamplesremindus that the experienceof seeinghashiddenrichness. What con-
stitutesour experienceat any time includesa large collectionof unrealised,un-activated,
but potentiallyactivatablecapabilities,in additionto a large collectionthatwe unawareof
activating. Canwe saymoreaboutwhat thoseunacknowledgedcapabilitiesare?Oneway
is to learn from psychologistsandbrain scientistsaboutthe many bizarrewaysthat these
capabilitiescango wrong. But we canalsolearnnew waysof looking at old experiences:
For example,how exactlydoyouexperienceanemptyspace?Seefigure3.

Figure3: Thefinal frontier?

Humans(e.g.,painters,creatorsof animatedcartoons,etc.) canexperienceanemptyspace
as full of possibilities for shapes,colours,textures,and processesin which they change.
How? Can any other animal? CurrentAI vision systemscannot;what sort of machine
could? (A possibleansweris: HaroldCohen’s remarkableAARON programon displayat
http://www.kurzweilcyberart.com/.An earlyversionis discussedin (Boden1990).)

Theseconclusionsaboutthenatureof perceptualexperiencearepartly basedon introspec-
tion: introspective analysisof experiencecanbe useful. But doing it well canbe very dif-
ficult, sincemostof whatmakesanexperiencewhat it is is not partof theexperience.An
experienceis constitutedpartly by the collectionof implicitly understoodpossibilities for
change inherentin thatexperience– a sortof “grammar”for experiencedprocesses.This is
closelyrelatedto Gibson’s “affordance”theory(Gibson1986,Sloman1989,Sloman1996).
We needa moreprecisecharacterisationof thegraspof what is andis not possiblein order
to constrainthesearchfor explanatory mechanismsandformsof representation.(Are modal
logicsplausiblecandidates?Whatalternatives arethere?)

Theexamplesshow thatwhenwehaveexperiencestheremayalsobealot goingonof which
we arecompletelyunaware. We do not experiencewhat it is to experiencesomething. This
leadsusto makeasecondconjecture:

3Comparethediscussionof ‘Seeingas’ in Part2 sectionxi of (Wittgenstein1953)
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The Iceberg conjecture Consciousnessaswe know it is necessarilythe tip of
an iceberg of information-processingthat is mostly totally inaccessibleto con-
sciousness.

2.2 Beyond intr ospection

Insteadof merelygazingat our internalnavels,we needto collectfar moredata-points,e.g.
concerning:

� the varietiesof tasksfor which different sortsof experiencesare appropriate– e.g.
whatsortsof experiencessupportaccurategraspingmovements,obstacleavoidance,
dismantling and re-assemblyof a clock, avoiding a predator, catchingfast moving
prey, etc.� differencesbetweenhumansat variousstagesof development;� differencesbetweenmentalphenomenain differentcultures;� unobviousaspectsof consciousexperiences,(includingunconscious aspects);� surprising effectsof braindamageor disease;� similaritiesanddifferencesbetweendifferentspecies;� stagesandtrendsin evolution.

Like its counterpart,introspection,meredatacollection is not enough. In particular“on-
tological blindness”can limit the datawe notice: we may lack the ability to perceive or
conceive of someaspectsof whatneedsto beexplained,like peoplewho understandwhat
velocity is but donotgraspthata moving objectcanhaveaninstantaneousaccelerationand
thataccelerationcandecreasewhile velocity is increasing.Soeffectivedatacollectionoften
requiresus to refineour existing conceptsanddevelop new ones– an activity which can
befacilitatedby collectingandattempting to assimilateandexplainnew data,especiallyby
buildingworkingmodels.

We alsneeddeeper, richer formsof explanatorytheoriesableto accommodateall thedata-
points, many of whicharequalitative (e.g.structuresandrelationshipsandchangestherein)
notquantitative(i.e. notjuststatisticalregularitiesor functionalrelationships)andaremostly
concernedwith whatcanhappenor canbedone,ratherthanwith lawsor correlations.

Thelanguageof physics(mainlyequations) is notaswell suitedto describingtheserealmsof
possibility asthelanguagesof logic, discretemathematics,formal linguistics (grammarsof
variouskinds)andthelanguagesof computer scientists,softwareengineersandAI theorists
(including languageswhich specifymachinesthat interpretnew languages).The latter are
languagesfor specifyingandexplainingthebehaviour of information processingmachines.
As we try to show below, suchlanguagesmayhave a specialconnectionto consciousness,
evenif noexistingprogramminglanguageor designlanguageis adequatefor ourpurposes.

Sothere’s farmorebesidestheactualcontentsof experiencethatneedsto beunderstoodand
explainedin explainingwhatexperiencingis. In particular, weneedto understandwhatsort
of machinerymakespossible the implicit graspof myriadpossibilities for changeinherent
in humanconsciousnessof somethingunchanging.Insofar asdifferentorganisms,or chil-
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dren,or peoplewith varioussortsof braindamageor disease,havedifferentkindsof mental
machinery, thetypesof experiencespossible for themwill bedifferent.4

Understandingour own caseinvolvesseeinghow we fit into the total pictureof biological
evolution and its products,including otherpossible systems on otherplanets,andalso in
futurerobotlabs.Therearemany moreelephantsthanmeettheeye– whereveryou look, or
grope.

2.3 Virtual machinesand consciousness

To makeafreshstartatexplainingconsciousness,let’smakeexplicit a fundamentalpremise:

Basic working assumption: Consciousnessis not magic; it resultsfrom the
operationof (very complex) information-processing machineswhich we do not
yetunderstand.

Consciousnessstartedasa biological phenomenon.It wasproducedby evolution,somehow
usingphysicalresources.But that doesnot make it itself a physical phenomenon,in the
senseof beingbestdescribedusingtheconceptsof thephysicalsciences(physics,chemistry,
astronomy, etc.).Many thingsthatareproducedby or realisedin physicalresourcesarenon-
physical in thissense,e.g.poverty, legalobligations,etc.

Nor is consciousnessonething: therearemany varietiesof consciousnessin biological or-
ganisms. Weneedanew conceptualframework for thinkingabouthow thesevarietiesdiffer
andhow they aresimilar. But despitetheir differences,we claim that thereis a common
core: they all dependon the fact thatbiological organisms areinformationprocessors.We
canalsoabstractaway from someof the specificsof evolved life on earthto exploremore
varietiesof informationprocessors,aslongaswe takecareto learnfrom thebiologicalsub-
set.Suitablenon-biological machinesshould, in principle,beableto replicatemostaspects
of biological forms of consciousness.Futurehuman-like machineswill re-discover all the
puzzlesof consciousnessthathavebefuddledhumans– if they havethesameor verysimilar
mentalfeatures.(NB: notall humansarealike).

Thisapproach,encompassingmany physicalformsof organismandmachineismadetractable
by (temporarily)ignoringmany of thephysicaldifferencesbetweensystemsandfocusingon
higherlevel,moreabstractcommonalities.For thatweneedto talkaboutwhatsoftwareengi-
neerswouldcall thevirtual informationprocessingmachinesimplementedin thosephysical
machines.Philosophersaremorelikely to saytheformeraresupervenienton thelatter(Kim
1998).Webelieve they bothhavea partialview of thesamerelation.(Anotherelephant.)

4Evenif aheavenly leopard liesdown with akid or a lion with a lambtheirvisualexperienceswhengazing
at thesamescenemaybedifferentbecauseof theaffordancesrequiredin theirevolutionaryhistory.
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3 Information processingMachines

3.1 Typesof machines

Centralto the approachwe areadvocatinghereis the conceptof a machine.Thereareat
leastthreetypesof machines:

� Mattermanipulatingmachines:Diggers,drill s,cranes,cookers...� Energy manipulating machines:Diggers,drill s, cranes,cookers, transformers, steam
engines...� Informationmanipulatingmachines:Thermostats, controllers,mostorganisms,oper-
atingsystems,compilers,businessorganisations,governments...

Weareconcernedwith thethirdclassof machines,theinformationprocessingmachines.The
mechanismsthat make informationmanipulation possible arenot just physical machines,
e.g. madeof blood, meat,etc. They includealsovirtual machines.In computer science,
softwareengineeringandAI we have learnedtheimportanceof virtual machines,e.g.Lisp,
Prologand Java virtual machines;chessvirtual machines;spreadsheets;neuralnets;etc.
Mechanismsthatoperateon rapidly changingcomplex information structuresaretypically
virtual machinesratherthanphysicalmachines;for example, parsers,compilers,structure
matchers,searchengines,planners,etc.Physicalmachinescannotchangetheirstructurefast
enough,thoughvirtual machinesimplementedin physicalmachinescan.

3.2 Inf ormation processingvirtual machines

Whatmakesthemvirtual machinesis thefactthattheentitieswithin themareabstract non-
physical entities, like words,sentences,numbers,bit-patterns,trees,procedures,rules,etc.
andthecausallawsthatsummarisetheiroperationarenotthesameasthelawsof thephysical
sciences.

It maybetrueof a chessvirtual machinethatwhenever it detectsthat its king is threatened
it attemptsto makea defensivemove or a counter-attack,but that is nota law of physics. In
fact,without changingany laws of physics it maybepossible for thesamevirtual machine
to play in “teachingmode” for beginners,in sucha way that that generalisationno longer
holds(ascana humanchessplayer). Its (partial) predictabilityasa chessplayerdepends
on thefactthatthecomponentsin which it is implementedobey thelawsof physics,but the
verysamevirtual machinecouldbeimplementedin differentcomponentssubjectto different
laws(e.g.valvesinsteadof transistors,or somenew kind of computingmachinery).

Moreover, the laws that govern the virtual machinearenot derivable by puremathematics
or purelogic from thephysicallaws governing thecomponents:“bridging postulates”will
be neededto link the statesandprocessesin the virtual machineto thosein the physical
machine. They cannotbe linked by logic alonebecausethe conceptsrequiredto definea
chessvirtual machine(e.g. “queen”,“check”, “win”, “capture”)arenot explicitly definable
in termsof thoseof physics. It’ sadifferentontology. But theontologyis built by engineers,
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notby magic,andnomysteriousspiritualmachinesareneeded.5

If we areto explore the full rangeof designsfor behaving systems,we needto be familiar
with a wide rangeof techniquesfor constructingvirtual machinesof varioussorts. Many
cluesto thevarietyof possible typesof virtual machinescomefrom living things.

Evolution “discovered” andusedmany thingslong beforehumanengineersandscientists
thoughtof them. Paleontologyshows the developmentof physiology andprovidessome
weakevidenceaboutbehaviouralcapabilities.But thereis very little directevidenceregard-
ing early formsof information processing:virtual machinesleaveno fossils. But surviving
formsof informationprocessinggiveclues,andwecantesttheoriesin workingmodels.

Someof the forms are evolutionarily very old. Othersrelatively new (e.g. the ability to
learn to read,designmachinery, do mathematics,or think aboutyour thoughtprocesses.)
Wereturnto questions aboutthepowersandfunctionsof differentsystems,andhow they fit
togetherbelow in section4.

3.3 How to think about non-physical levelsin reality
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Figure4: Various levelsof reality, mostof which arenon-physical

Therearemany familiesof concepts,or “levels” on which we canthink aboutreality (see
figure4 for someexamples).At all levels thereareobjects,properties,relations,structures,
mechanisms, states,events,processesandcausalinteractions(e.g.poverty cancausecrime).
But wearenotadvocatinga “promiscuous” pluralism; theworld is onein at leastthissense:
all non-physical levelsareultimately implementedin physicalmechanisms.However, no-
bodyknows how many levelsof virtual machinesphysiciststhemselves will eventually dis-
cover. In any case,the history of humanthoughtandcultureshows not only that we are

5Thesearecontroversialcomments, discussedat greaterlength,though possiblynot yet conclusively, in
papers here: http://www.cs.bham.ac.uk/research/cogaff/. (Scheutz1999) argues that the existenceof virtual
machineswith therequiredstructurecanbederived mathematically from adescriptionof thephysicalmachine
by abstracting from detailsof thephysicalmachine.
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ableto make gooduseof ontologies thatarenot definablein termsof thoseof thephysical
sciences,but thatwecannotcopewithoutdoingso.

Sowhenwe talk aboutinformation processingvirtual machines,this is no moremysterious
thanour commonplacethinking aboutsocial,economic,andpolitical statesandprocesses
andcausalinteractionsbetweenthem.

3.4 Virtual machinefunctionalism

Functionalistanalysesof mentalconceptsarefairly popular, thoughtherearea number of
difficulties(e.g.the“zombie” problemdiscussedbelow). Weclaimthatthesedifficultiescan
beovercome by basingouranalysesonvirtual machinefunctionalism.

Most philosophersandcognitive scientists write as if ‘functionalism’ werea well defined
generallyunderstoodconcept.E.g. (Block 1996)says

Accordingto functionalism, thenatureof amentalstateis just like thenatureof
anautomatonstate:constitutedby its relationsto otherstatesandto inputsand
outputs. All thereis to S1is thatbeingin it andgettinga 1 input resultsin such
andsuch,etc. Accordingto functionalism, all thereis to beingin painis that it
disposesyou to say‘ouch’, wonderwhetheryouareill, it distractsyou,etc.

I.e. accordingto Block a functionalstateS of a machineor animalA is definedin terms
of setsof possible inputsand outputsto A and other functional statesof A. The stateS
is identifiedby what happensfor eachpossibleinput of A: what outputwill A producein
response(if any) andwhat statetransitions will occur in A. So a functionalstateof A is
definedin termsof causalconnectionsbetweeninputsandoutputsof A andotherfunctional
states.On this view therecouldnot bepartof thesystemthatwasnever affectedby inputs
anditself never affectedany outputs, for instancea sub-processrunningin a computer that
did nothingbut exploremathematical proofs,usingonly internalstoragemechanisms.

In contrast,whatwe call “virtual machinefunctionalism” refersto virtual machineswhose
statesandeventscanhave causalconnectionsonly with othersuchstates,andwithout re-
quiringany links to externaltransducers.Thesestatesmaybelinkedto externaltransducers,
but they neednot be. Virtual machineentities,statesandprocessescanexist and interact
withoutany externalcausalconnections.An examplewouldbeaprocessrunningaprogram
thatneitherreadsnor printsanything, but merelyexplorestheoremsderivable from a setof
axioms,or which repeatedlyplaysgamesof chesswith itself.

After sucha processstartsup, it maybepossible for new causallinks to becreatedbetween
it andotherprocessesthathave links to externaltransducers,but that is not a precondition
for its existence.Likewisea processthatstartsoff with suchlinks might becomedetached
(assometimeshappensto “runaway” processesin computers).

In principleit mightbepossibleto infer whatis happeningin suchadetachedvirtualmachine
by examiningstatesandprocessesin physicalbrainmechanismsor in thedigital circuitry of
a computer, but thatwould require“decompiling” which might betoo difficult in principle,
aspeoplewith experienceof debuggingoperatingsystemswill know. (E.g. searchingfor a
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suitablehigh level interpretationof physical tracesmight requiremoretime thanthehistory
of theuniverse.)

3.5 Causalpowersof inaccessiblecomponents

Although events in sucha decoupledcomponentof a virtual machineare not externally
detectableby modifying inputsandcheckingoutputs,neverthelessthey supporttruecoun-
terfactualconditional statementsof the form “If suchandsucha connectionweremadeto
thespeechunderstandingandspeechgeneratingmechanismsthenthis individualwouldan-
swerquestionsabouttheoremsit hadproved”. But thetruth of thatcounterfactualdoesnot
requirethesub-machineto beactuallyconnectedto input or outputmodules.Moreover, it
is possible that thebandwidthof theavailableoutputdevicesmaybetoo limitedto express
full information aboutthevirtual machinestates.6 Despitethedifficulties in testing,a soft-
wareengineerwho hasdesignedandimplementedthe systemmayknow that thosevirtual
componentsexist andarerunning,becausethemechanismsusedfor compilingandrunning
a programare trusted. (A very clever optimising compilermight detectandremove code
whoserunningcannotaffectoutput. But suchoptimisationcanbeturnedoff.)

In Block’s definition,quotedabove,we seea hint of all this, for heallows internaleventsto
havetwo kindsof effects,external(e.g.saying‘ouch’) andinternal(e.g.wonderingwhether
you areill, beingdistracted). It is not clear, however, whetherhe realisedthatsomeof the
statesandprocessesallowedasfunctionalmightbecompletelydisconnectedfrom inputsand
outputs. Thevery label“functional” is oftentakento connotehaving somekind of potential
survival value for an organismor robot, which disconnectedinternalprocessescould not
have.

3.6 Could decoupledcomponentsevolve?

That is a problemfor “virtual machinefunctionalism” if it is proposedasa framework for
analysingmentalphenomenahumansandotheranimals. For it is unlikely that biological
evolution could producesuchdisconnectedvirtual machines:if they have no behavioural
effectsthatinfluencebiologicalfitnessthey wouldnotbeselected.Theanswerto this is that
selectedmechanismscanhave side-effects. A mutation that producedbiologically useful
brainprocessesmightalsoproducedisconnectedvirtualmachinecomponents.Or aharmless
mutation mightproduceadisconnectedcopy of aconnectedvirtual machine.Theadditional
machinewould requireadditionalenergy to beconsumedto no purpose,but thedifference
mightbetoosmallto beselectedagainstin a lushenvironment.

Fromour viewpoint thevariouscomponentsof a virtual machinecanthemselves beseenas
evolving sub-systemsinfluencedby co-evolving subsystems: a mind canbe viewed asan
eco-system(Sloman& Logan2000).

Theupshotof all this is thatwe cantalk aboutarchitecturesfor virtual machines,wherethe
componentsof thearchitecturesaredefinedprimarily in termsof causalinteractionspurely

6We claim thata careful readingof (Ryle 1949), especiallyhis chapteron imagination, shows a view very
similar to virtual machine functionalism,although he did not have our computationalconcepts. He is often
wrongly characterisedasa behaviourist.
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within the virtual machines,like two chessprogramsrepeatedlyplaying chesswith each
other. We canthenregardany director indirect links to externaltransducersascontingent
additions, not logically necessary, features.A consequenceof this is to reducethe signif-
icanceof psychological experimentsasa way of studying psychology. It alsoundermines
“zombie” argumentsagainstfunctionalismasexplainedbelow.

3.7 Global statesvsrich ontologies

Another featureof virtual machinefunctionalism is that it is not restrictedto referring to
statesof thewholesystem.Whena virtual machineis running, for instancea chess-playing
virtual machine,thereare virtual machineentities that endureacrossevents that change
the machine’s state,for instancethe board,positions on the board,pieceson someof the
positions, etc. Their statesdo not necessarilyall changein synchrony. In addition there
may be someentitiesthat exist for only a short time, with componentsand relationships
thatvary rapidly. For instancewhile themachineis consideringa move it maytemporarily
build a partial lookaheadtreewhich it examines,andthenextends,andthenshortens,and
thenextendsin anotherway. So while somenodesof the treeare createdanddestroyed
otherscontinueto exist. Later almostall of the treemay be removed just beforea move
is selected.So the notion that an information processingmachinehasonly oneglobal but
atomic (unanalysable)stateat a time, as indicatedin statetransitiontables,doesnot do
justiceto thecomplexities andsubtletiesthathavebeenfoundnecessaryfor thepurposesof
AI andsoftwareengineering.

Evenif all thestatesof varyingcomplexity canbemappedontoa collectionof suchglobal
stateswith transitions betweenthem(e.g. by treatingevery changeof sub-state,no matter
how minor, asa changeof stateof thewholemachine),this factgivesno insight into what
really happenswhenmostinterestingcomputerprogramsrun. Thereis thereforeno reason
to believe that thenotionof a unitarystate-transition tablewill behelpful in thinking about
humanmindseither.

So insteadof thinking of a virtual machineonly in termsof transitions betweenpossible
statesof the whole systemwe needto think of it ashaving a rich ontologyof entitiesof
differentkindsanddifferentdegreesof complexity, which coexist but endureover different
time-scales,beingcreatedanddestroyedasrequired,with changingpropertiesof andrela-
tionsbetweenthoseentities,andchanginginternalstructureandcomplexity in someof the
entities.7

Moreover, evenif someof themainfeaturesof sucha virtual machinearecapableof being
testedfor while it is running,therecanbemany detailsin thetemporarydata-structuresthat
haveno links to externalsensorsor effectors,andcouldnotberevealedby theprogram.For
someotherinternalprocessesit maybepossible to revealthemin summary form, but not in
completedetail. For others,any attemptto reporttheir existence,or their featuresandrela-
tionships,will interferewith therunningof themachine,asmany studentsof programming
havefoundif they attemptto turnontrace-printingfor theprinting sub-routines.Thiskind of
complexity is commonplacein programming, yet ignoredin mostphilosophicaldiscussions.

7This is alsoanobjectionto standard presentationsof dynamical systemstheory.
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3.8 Somelimits to self-monitoring

Later, we’ll introducethenotionof asystemin whichsomevirtual machineprocessesmon-
itor, categorise,evaluate and perhapsalso modify other processes.This kind of internal
self-observation canitself be a processof a kind that, in somecases,cannotbe externally
reported,or in somecasescanonly bereportedpartiallyor inaccurately. Thusasystemmay
have informationaboutitself that is not accessibleexternally. But someinternalprocesses
maynotbeself-accessible,eitherbecausesuitableconnectionsdonotexist or becausethere
is no suitableinternalformalismfor recordingwhathappensin thoseprocesses,or because
the information routeswithin thesystemdo not have sufficient band-widthto allow all the
detailsto berecorded,or becauserecordingall detailswouldrequirethememorycapacityto
grow too fast.

4 Organismsasinformation processors

Successfulorganismsareinformationprocessors(in this discussion,we use“information”
in the everydaysense,not the Shannon/Weaver technicalsense).This is becausesurvival
for organisms, unlike rocks,mountains,planetsandgalaxies,typically requiresaction(ex-
ceptionsmay be certaindormantsporesthat areableto survive indefinitely without doing
anything), andactionsmustbe selectedand initiatedundercertainconditions. Therefore
successfulselectionandtimed initiation requiresat a minimum information aboutwhether
thoseconditions obtain.Seefigure5.

[[SHOULD THE FIGUREBE OMITTED?]]
Once upon a time there were only inorganic things:
atoms, molecules, rocks, planets, stars, etc.
These merely reacted to resultants of all the physical
forces acting on them.

Later, there were simple organisms. And then more and
more complex organisms.

These organisms had the ability to reproduce. But more interesting
was their ability to initiate action, and to select responses, instead
of simply being pushed around by resultants.

That achievement required the ability to
acquire, process, and use information.

Figure5: A fairy tale?

4.1 Organismsneedto processinformation

Acting or selectingrequiresinformation, which in anorganismmay includethe following:
information about:
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� densitygradientsof nutrientsin theprimaeval soup� thepresenceof noxious entities� wherethegapis in abarrier� preciselocationsof branchesin a treeasyoufly through� how muchof yournestyouhavebuilt sofar� whichpartof thenestshouldbeextendednext� whereapotentialmateis� something thatmighteatyou� somethingyoumighteat� whatthatthingover thereis likely to donext� how to achieveor avoid variousstates� how you thoughtaboutthatlastproblem� whetheryour thinking is makingprogress

andmuch,muchmore.Althoughmostof theseprocessesdonot involveself-consciousness,
they do involve a kind of consciousness,or sentience,definedasthe ability to acquirein-
formationaboutsomething. We shallseethatsomeorganisms have richervarietiesof con-
sciousness.

4.2 Wedon’t needto defineour terms

It is importantthatwe resisttheurgeprematurelyto askfor a strict definitionof “informa-
tion”. Compare“energy” – thatconcepthasgrown muchsincethetimeof Newton,andnow
coversforms of energy beyondhis dreams.Did he understandwhatenergy is? Insteadof
defining“information” weneedto analysethefollowing:

� thevarietyof typesof informationthereare,� thekindsof formsthey cantake,� themeansof acquiring information,� themeansof manipulating information,� themeansof storing information,� themeansof communicating information,� thepurposesfor which informationcanbeused,� thevarietyof waysof usinginformation.

As we learnmoreaboutsuchthings,our conceptof “information” grows deeperandricher.
Likemany deepconceptsin science,it is implicitly definedby its role in our theoriesandour
designsfor working systems.To illustratethis point,we offer this partialanalysisof things
anorganismor machinecandowith information:

� Reactingimmediately(it cantriggerimmediateaction,eitherexternalor internal)� Segmenting, clusteringlabellingof componentswithin a complex information struc-
ture(i.e. parsing)
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� Trying to derive new informationfrom it (e.g. whatcausedthis? whatelseis there?
whatmighthappennext? canI benefitfrom this?)� Storingit for futureuse(andpossibly modifying it later)� Consideringalternativepossibilities, e.g.in planning� Interpretit asascontaininginstructions,andobeying them,e.g.carryingoutaplan� Observingthe processof doing all the above andderiving new informationfrom it
(self-monitoring,meta-management)� Communicatingit to others(or to oneselflater)� Checkingit for consistency, eitherinternalor external.

. . .andmany more.Differentformsof representationmaybeusedfor differentpurposes.

4.3 Inf ormation processingand architecture

Whatanorganismor machinecandowith information dependson its architecture– not just
its physicalarchitecture,but alsoits virtual machineinformationprocessingarchitecture.An
architectureincludes:

� formsof representation,� algorithms,� concurrentlyprocessing sub-systems,� connectionsbetweenthem,

In additionsomearchitecturesdevelop i.e. they changethemselvesover time so that the
componentsandlinks within thearchitecturechange.A child’s mind anda computeroper-
atingsystemarebothexamples.Thevariouskindsandusesof information processingdid
notall evolveat thesametime. Not all of themoccurin all animals.For example,perceptual
mechanismsthatevolved at differenttimesprovideverydifferentsortsof informationabout
theenvironment:

� Someinformation is very localisedandsimple (here’s adot, there’s somemotion);� Otherinformation may be far moreholistic (e.g. recognisinga sceneasinvolving a
forestglade);� Somemay be very abstract(the weatherlooks fine; it looks asif a fight is aboutto
breakout in thatcrowd) comparefigure2;� Someperceptualmechanismsinvolve only general-purposeknowledge aboutthege-
ometryandtopologyof staticandmoving shapes;� Othersrequirespecificknowledgeaboutthingsthat arerelevant only in a particular
part of the world, or a particulartype of activity. For example,seeingtext, hunting
fast-moving prey, seeinggeologicalformations,lookingat exposedbrains.

Thesedifferentbiological information processingfunctionsrequiredifferentkindsof mech-
anisms,oftenoperatingondifferentformsof representationanddifferentformsof longand
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1. A dichotomy (one big division):

atoms
rocks

clouds waves

microbes
humans

2. A continuum (seamless transition):

microbes   fleas   chickens   chimps   humans

3. A space with many discontinuities:

Figure 6: Models of conceptual spaces. It is often assumed that the only
alternative to a dichotomy(conscious/non-conscious) is a continuumof cases
with only differencesof degree. Thereis a third alternative.

shorttermstorage.Sometimesthey requiredifferentsub-mechanismsworkingtogether(per-
ceiving, learning,usingprior knowledge,decidingwhatto do,constructingplans,executing
plans,etc.). But thereis alwaysan overall architecturecontainingall the mechanisms and
theprocessesthey produce.

Someof the moresophisticatedmechanismsandarchitecturesevolved only relatively re-
cently, andarein very few species(e.g.deliberativecapabilities, describedbelow). Weneed
to understandhow thenew mechanismdiffer from,how they arebuilt on,andhow they inter-
actwith themucholder, morewide-spreadmechanisms.Thesameorganism, e.g.a human,
mayincludebothveryancientcommonplacemechanismsandverynew raremechanisms,in
many sub-systems.

If what we have saidso far is correct,thenin order to understandconsciousnesswe need
to understandthespaceof informationprocessingarchitecturesandthestatesandprocesses
they cansupport– includingthevarietiesof typesconsciousness.There’snounique,correct
architecture;the belief that thereis amountsto believing the conscious/non-consciousdis-
tinction is adichotomy, asin figure6. Many assumethattheonly alternative is acontinuum,
in which all divisionsarearbitraryandall differencesaredifferencesof degree. Both are
wrong,sinceconceptualspacesmayhave many discontinuities. Examplesarethespaceof
possibledesignsandthespaceof requirementsfor designs(niches)(Sloman2000).

4.4 The spaceof designsis discontinuous

The view that consciousnessis just a matterof degree (seefigure 6) ignoresthe fact that
many evolutionary anddevelopmentalchangesin biology areinherentlydiscontinuous,in-
volve many changesof kind, andcanbebig or small, for example, structuralchanges,and
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developmentof new capabilities.Therearetwo reasonsfor this discreteness:(a) molecular
structuresand molecularchangesin DNA are discrete,and (b) therecanbe only a finite
numberof generationsbetweenany two time points,which rulesouta continuumof stages.
Likewise niches,andsetsof requirements,canchangediscontinuously, dependingon how
surroundingdesignschange.Somediscontinuitiesmay be big, otherssmall, so not every
spaceis eithera continuumor a dichotomy. All of this is not only compatiblewith, but
impliedby Darwinianevolution (Sloman2000).

Therearemany differenttypesof designs,andmany waysin whichdesignscanvary. Some
variationsarecontinuous(gettingbigger, faster, heavier, etc.). But somevariations aredis-
continuous. For exampleschangesbetweentwo softwaredesignsarediscontinuous.

Many of thechangesthatmightbemadeto a system(by evolution or design)arediscontin-
uous:

� duplicatingastructure,� addinganew connectionbetweenexisting structures,� replacingacomponentwith another,� extending aplan.� addinganew controlmechanism

We don’t know what sortsof evolutionarychangesaccountfor the factsthat humansun-
like all (or most)otheranimalscanusesubjunctive grammaticalforms,canthink aboutthe
relationbetweenmind andbody, canlearnpredicatecalculusandmodallogic, canseethe
structuralcorrespondencebetweenfour rowsof fivedotsandfiverowsof four dots.8

5 Evolvablearchitectur es

Evolution hasobviously producedan enormousvariety of physicaldesignsfor organisms.
Differentsortsof informationprocessingsystemsarerequiredfor organismswith different
bodies,with differentneeds,with differentenvironments– andthereforedifferentniches.
Sincethesearevirtual machinestheir architecturescannoteasilybe inspectedor readoff
brainstructures.Soany theoryaboutthemisnecessarilyatleastpartlyconjectural.However,
it seemsthatthevastmajorityof organismshavepurelyreactivearchitectures.A tiny subset
seemto have deliberative capabilitiesin addition. An even smallersubsetseemto have
meta-managementcapabilities(describedbelow). Thesedifferentarchitecturalcomponents
supportdifferentvarietiesof consciousness.

5.1 Reactivearchitectures

A reactive mechanism(figure 7) is one that producesoutputs or makes internal changes,
perhapstriggeredby its inputsand/orits internalstatechanges,but without doinganything
thatcanbeunderstoodasexplicitly consideringandcomparingalternativesor deliberating
aboutexplicitly representedpossibilities.

8Canachimpanzeedoany of those?Someapescandoamazing things (Hauser2001).
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THE ENVIRONMENT

perception action

REACTIVE PROCESSES

Figure 7: A simple, insect-like architecture. Arrows indicate direction of
informationflow. Somereactionsproduceinternal changesthatcantrigger or
modulatefurther changes. Perceptual andactionmechanismsmay operate at
different levelsof abstraction, usingthesamesensors andmotors.

Many alternative reactive architecturesarepossible: somediscreteandsomecontinousor
mixed; somewith andsomewithout internalstatechanges;somewith andsomewithout
adaptationor learning(e.g. weightchangesin neuralnets);somesequentialandsomewith
multipleconcurrentprocesses;somewith global“alarm” mechanisms(figure15),andsome
without.

Somereactionsproduceexternalbehaviour, while othersmerelyproduceinternalchanges.
Internalreactionsmayform loops.Teleo-reactivesystems(Nilsson1994)canexecutestored
plans.An adaptivesystemwith only reactivemechanismscanbeaverysuccessfulbiological
machine.

Somepurely reactive specieshave a socialarchitectureenablinglarge numbersof purely
reactive individuals can give the appearanceof considerableintelligence. (E.g. termites
building “cathedrals”).Themainfeatureof reactivesystemsis thatthey lack thecoreability
of deliberative systems,explainedbelow, namelythe ability to representandreasonabout
non-existent or unperceived phenomena(e.g. future possible actionsor hiddenobjects).
However, wehaveyet to explorefully thespaceof intermediatedesigns(Scheutz& Sloman
2001).

In principle a reactive systemcanproduceany externalbehaviour that moresophisticated
systemscanproduce.However, to dosoin practiceit mightrequirea largermemoryfor pre-
storedreactivebehavioursthancouldfit into thewholeuniverse.Moreover, theevolutionary
historyof any speciesis necessarilylimited, andreactive systemscannotusestrategiesnot
previously selectedby evolution (or by a designerin thecaseof artificial reactive systems).
Theselimitationscanbe overcomeby deliberative capabilities,asevolution seemsto have
discovered,for someorganisms.

5.2 Consciousnessin reactivesystems

Whatabout“consciousness”in reactiveorganisms? Is afly consciousof thehandswooping
down to kill it? Insectsperceive thingsin their environment,andbehave accordingly. How-
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DELIBERATIVE PROCESSES

(Planning, deciding,
scheduling, etc.)

Motive
activation

Long
term
memory

THE ENVIRONMENT

REACTIVE PROCESSES

perception action

Figure8: An architecture that is bothreactive anddeliberative.

ever, it is notclearwhethertheirperceptualmechanismsproduceinformation statesbetween
perceptionandactionusablein differentwaysin combinationwith differentsortsof infor-
mation. (Comparewaysof usinginformationthata tableis in the room.) Rather, it seems
that their sensoryinputsdirectly drive action-controlsignals,thoughpossibly after trans-
formationswhich mayreducedimensionality, asin simplefeed-forwardneuralnets.There
maybeexceptions: e.g. beesget informationwhich canbeusedeitherto control their own
behaviour or to generate“messages”lateron thatinfluencethebehaviour of others.

Typically purely reactive systemsdo not useinformationwith the sametype of flexibilit y
asa deliberative systemwhich canconsidernon-existentpossibilities. They alsolack self-
awareness,self-categorisingabilities.A fly thatseesanapproachinghandprobablydoesnot
know that it sees— it lacksmeta-managementmechanisms,describedlater. Sothevariety
of consciousawarenessthata fly hasis very differentfrom thekindsof awarenesswe have
by virtue of our abilities to recombineand processsensoryinformation, our deliberative
capabilities,andour capacityfor reflection. It is this moreelaborateanswer, ratherthana
simple “yes” or “no”, which is thebestreply to thequestion“is afly conscious?”

5.3 Pressuresfor deliberativemechanisms

Sometimestheability to planis useful;in suchcases,anarchitecturesuchasthatdepictedin
figure8 is anadvantage.Thelaminarstructurein theverticaldimensionneednotcorrespond
to spatially distinct aspectsof the system;moreusually, the higher layerswill be realised
in (somesubsetof) thephysical aspectsof thesystemwhich realisethe lower layers. This
couldresultfrom anevolutionarystepin which somereactive componentis first duplicated
thenlatergivenanew function(MaynardSmith& Szathḿary1999).

Deliberativemechanisms provide theability to representpossibilities (e.g.possibleactions,
possible explanations for what is perceived). Purelydeliberative architectureswereusually
employed in traditionalAI (except in robotics,sincerobotsneedreactive mechanismsin
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addition to planningcapabilities). A famousexamplewas Winograd’s SHRDLU (Wino-
grad1972).Otherexamplesincludetheoremprovers,planners,programsfor playingboard
games,naturallanguagesystems, andexpertsystems of varioussorts.Deliberative mecha-
nismscandiffer in variousways,e.g.:

� theformsof representationsused(oftendata-structuresin virtual machines,e.g. logi-
cal,pictorial, activation vectors– somewith andsomewithout compositional seman-
tics).� whetherthey useexternalrepresentations,asin trail-blazingor message-sending� thealgorithms/mechanismsavailablefor manipulatingrepresentations� thenumberof possibilities thatcanberepresentedsimultaneously(working memory
capacity)� thedepthof ‘look-ahead’in planning� theability to representfuture,past,or remotepresentobjectsor events� theability to representpossibleactionsof otheragents� theability to representmentalstatesof others(linkedto meta-management,below).� theability to representabstractentities(numbers,rules,proofs)� theability to learn,in variousways� thevarietyof perceptualmechanisms(seebelow)

Somedeliberativecapabilitiesrequiretheability to learnnew abstractassociations, e.g.be-
tweensituations and possibleactions,betweenactionsand possibleeffects. In a hybrid
reactive-deliberative architecture,thedeliberative partmaybeunableto actdirectly on the
deliberativepart,but maybeableto train it throughrepeatedperformances.

The kinds of informationprocessingavailable in deliberative mechanismscanbe usedto
definekinds of consciousnesswhich merely reactive systemscannothave, including for
instance“awarenessof what canhappen”. The perceptionof possibilities andconstraints
on possibilities (affordances)is something thathasnot yet beenadequatelycharacterisedor
explained(Sloman1996). Hybrid reactive-deliberative systemscanhave morevarietiesof
consciousness, thoughthekindsin differentpartsof thearchitectureneednotbeintegrated.

5.4 Pressuresfor multi-win dow perception and action

Deliberative capabilitiesmay provide the opportunity for moreabstractperceptualandac-
tion mechanismsthat facilitatedeliberationandactionto evolve, New levelsof perceptual
abstraction (e.g. perceiving objecttypes,abstractaffordances),andsupportfor high-level
motorcommands(e.g.“walk to tree”,“graspberry”) mightevolveto meetdeliberativeneeds
– hencethe“taller” perceptionandactiontowersin figure9. If multiple levelsandtypesof
perceptualprocessinggo on in parallel,we cantalk about“multi-window perception”,as
opposedto “peephole”perception.Likewise, in anarchitecturetherecanbemulti-window
actionor merelypeepholeaction. Laterwe’ll extendthis ideain connectionwith thethird,
meta-management,layer. Few currentAI architecturesincludesuchmulti-window mecha-
nisms.
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Figure9: Reactive-deliberativearchitecturewith “multi-window” perceptionand
action. Higher level perceptual and motor systems (e.g. parsers, command-
interpreters)mayhave“direct” connectionswith higher level central mechanisms.

5.5 Pressuresfor self-knowledge,self-evaluation and self-control

A deliberative systemcaneasilygetstuckin loopsor repeatthesameunsuccessfulattempt
to solve a sub-problem(oneof themaincausesof stupidity in many symbolic AI programs
with sophisticatedreasoningmechanisms). One way to prevent this is to have a parallel
sub-systemmonitoringandevaluating thedeliberativeprocesses.If it detectssomethingbad
happening,thenit maybeableto interruptandre-directtheprocessing.We call this meta-
managementfollowing (Beaudoin1994).(CompareMinsky on“B brains”and“C brains”in
(Minsky 1987).) It is sometimescalled“reflection” by othersthoughwith slightly different
connotations. It seemsto be rare in biological organisms andprobablyevolved very late.
Much researchon ‘reflective’ AI systems is in progress.A simplified versionis depicted
in figure10. As with deliberative andreactive mechanisms,therearemany formsof meta-
managementandwe’ll discussmoreelaborateversions below.

Self monitoring canincludecategorisation, evaluation,and(partial)controlof internalpro-
cesses,not just measurement.The richestversionsof this evolved very recently, andmay
be restrictedto humans,thoughtherearecertainkindsof self-awarenessin otherprimates
(Hauser2001).

Absenceof meta-managementcanleadto “stupid” reasoninganddecisionmakingboth in
AI systems, and in brain-damagedor immaturehumans,thoughthis may sometimes be
mis-diagnosedas due to lack of emotional mechanisms,as in (Damasio1994). Among
psychologists andpsychiatrists it is fairly common to refer to “executive” functions. We
believe thatthis conceptasnormallyuseddoesnotadequatelydistinguishdeliberative from
meta-managementfunctions.Both theweaknessesof earlyAI programswith powerful de-
liberative capabilitiesandsomeeffectsof braindamagein humansthatleave “intelligence”
asmeasuredin IQ testsinteactindicatetheneedfor a sub-division.
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Figure10: A reflective architecture

5.6 Accessto intermediate perceptual data

In addition to monitoring of centralproblem-solving and planningprocessestherecould
bemonitoring of intermediatestagesin perceptualprocessesor actionprocesses,requiring
additional arrows goingfrom within theperceptionandactiontowersto thetop layerin fig-
ure10. Exampleswouldbetheability to attendto finedetailsof one’sperceptualexperience
insteadof only noticingthingsperceivedin theenvironment; andtheability to attendto fine
detailsof actionsoneis performing,suchasusingproprioceptive information to attendto
whenexactlyonebendsor straightensone’skneeswhile walking. Theformerability is use-
ful in learningto draw picturesof things, andlatterhelpswith developmentthedevelopment
of variousmotor skills, for instancenoticing which waysof performingactionstendto be
stressfulandthereforeavoiding them– a problemfamiliar to many athletesandmusicians.
A full catalogueof usesfor suchinternalmonitoringmechanismshasnotyetbeenproduced.

5.7 Yet moreperceptual and motor “windo ws”

We conjecturethat,asindicatedin figure11, centralmeta-managementled to opportunities
for evolution of additional layersin “multi-window” perceptualandactionsystems:e.g.,
socialperception(seeingsomeoneassador happy or puzzled),andstylised socialaction
(e.g. courtly bows, socialmodulation of speechproduction). This would be analogousto
genetically(anddevelopmentally)determinedarchitecturalmechanismsfor multi-level per-
ceptionof speech,with dedicatedmechanismsfor phonological, morphological, syntactic
andsemanticprocessing.
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In particular, the categoriesthat an agent’s meta-managementsystemfinds useful for de-
scribingandevaluatingits own mentalstatesmight alsobe usefulwhenappliedto others.
Thereverseprocesscanalsooccur, duringsociallearning,e.g. whenpeoplelearnto think
of theirown thoughtsas‘sinful’, a powerful tool of socialcontrol.So:

Other knowledgefr om self-knowledge: Therepresentationalcapabilitiesthat
evolved for dealingwith self-categorisationcanalsobeusedfor other-categorisation,
andvice-versa.Perceptualmechanismsmayhave evolvedrecentlyto usethese
representationalcapabilitiesin percepts.Example:seeingsomeoneelseashappy,
or angry(cf figure12).

5.8 Further stepsto a human-likearchitecture

Additional requirementsfor copingwith a fastmoving environmentandmultiple motives
(Beaudoin1994)andfor fitting into a societyof cognitively capableagents,provide evolu-
tionarypressurefor furthercomplexity in thearchitecture,e.g.:

0 ‘interruptfilters’ for resource-limitedattentionmechanisms,0 moreor lessglobal ‘alarm mechanisms’ for dealingwith importantandurgentprob-
lemsandopportunities,0 asociallyinfluencedstoreof personalities/personae,i.e. modesof controlin thehigher
levels of thesystem.

Theseareindicatedin thefigure11,with extended(multi-window) layersof perceptionand
action,alongwith globalalarmmechanisms:

Like all thearchitecturesdiscussedsofar, this conjecturedarchitecture,(which we call “H-
CogAff ”, for “human-like architecturefor cognition andaffect)couldberealisedin robots
(in thedistantfuture).

5.9 Other minds and “philosophical” genes

If we are correctabout later evolutionary developmentsproviding high level conceptual,
perceptualandmeta-managementmechanismsthatareusedbothfor self-categorisationand
other-categorisation (in multi-window perceptionillustratedin figures2 and 12) then in-
steadof anew-borninfanthaving to work outby somephilosophicalprocessof inductiveor
analogicalreasoningor theoryconstructionthat thereareindividualswith mindsin theen-
vironmentit maybeprovidedgeneticallywith mechanismsdesignedto usementalconcepts
in perceiving andthinking aboutothers. This canbe useful for predatorspecies,for prey
speciesand for organismsthat interactsocially. Suchmechanisms,like the innatemech-
anismsfor perceiving and reasoningaboutthe physicalenvironmentmight have a “boot-
strapping”componentthat fills in many detailsduring individual development througha
processof interactingwith theenvironment.

Insofar asthosementalconcepts,like theself-categorisingconcepts,refer to internalstates
andprocessesthey will bearchitecture-basedeventhoughthenaturallydeveloped,implic-
itly pre-supposedarchitecturesareprobablymuchsimplerthanthe actualvirtual machine
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Figure11: The H-CogAff architecture. As before, the addition of a central
layer providespressureto evolveyet morelayersin perceptualandmotorsub-
systems,with direct links to thenew layer.

Figure12: Seeingastateof mindwhenlooking atafaceis anexampleof perceptual
processeslinked to conceptsusedby ameta-management system. Comparefigure2.
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architecturesof otheragents.In otherwords,evenif someanimalswith meta-management
naturallyusearchitecture-basedconceptsthey are likely to be over-simplified conceptsin
partbecausethey presupposeover-simplified architectures.

Nevertheless, evolutionapparentlysolvedthe“other mindsproblem”beforeanyoneformu-
latedit, by providing built-in apparatusfor conceptualisingmentalstatesin othersat least
within intelligentprey species,predatorspeciesandsocialspecies.

6 SomeImpli cations

We have specifiedin outlineanarchitecturalframework in which to placeall thesediverse
capabilities,aspartof thetaskof exploring designspace.Laterwecanmodify theframework
aswe discover limitationsandpossibledevelopmentsboth for thepurposesof engineering
designandfor explanationof empiricalphenomena.Theframework should simultaneously
helpusunderstandtheevolutionaryprocessandtheresultsof evolution.

Within thisframework wecanexplain(or predict)many phenomena,someof whicharepart
of everydayexperienceandsomewhichhavebeendiscoveredby scientists:

0 Several varietiesof emotions: at leastthreedistinct typesrelatedto the threelayers:
primary (exclusively reactive, suchasanger),secondary(partly deliberative, suchas
frustration)andtertiary emotions(including disruption of meta-management,suchas
grief). Someof theexplainedemotionsmightbesharedwith otheranimals,somewill
beuniqueto humans(Wright, Sloman& Beaudoin1996,Sloman& Logan2000);0 Discoveryof differentvisualpathways, sincetherearemany routesfor visualinforma-
tion to beused(Sloman1989,Goodale& Milner 1992,Sloman1993)— thoughwe
canexpectlater researchto distinguishmany moreperceptualpathwaysaswe come
to understandthevaryingarchitecturalrequirementsfor perceptualinput (e.g.detect-
ing variouskindsof affordancesandfunctioning in variouskindsof feedbackcontrol
loops);0 Many possible typesof brain damageandtheireffects,e.g.frontal-lobedamageinter-
feringwith meta-management(Damasio1994);0 Blindsight: damageto somemeta-managementaccessroutespreventsself-knowledge
aboutintact(reactive?)visualprocesses(Weiskrantz1997);0 Many varietiesof learninganddevelopment. For example,“skill compilation” when
repeatedactionsat deliberative levelstrain reactive systems to producefastfluentac-
tions, and action sequences.This requiressparecapacityin reactive mechanisms,
(perhapscorresponding,in the humancase,to structuresin the cerebellum). Infor-
mationalsoflows in the reversedirectionasnew deliberative knowledgeis derived
from observation of one’s own reactive behaviours, like a violinist discovering that
changingtheelevationof theelbow of thebowing armis usefulfor switching between
violin strings andchangingtheangleof theelbow movesthebow on onestring. We
canalsoanalysedevelopmentof thearchitecturein infancy, including developmentof
personalityasthearchitecturegrows;0 Themodeldoesnotentailthatselfmonitoring is perfect:soelaborationsof themodel
mightbeusedto predictwaysin whichself-awarenessis incompleteor inaccurate.A
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familiarexampleis our inability to seeourown visualblind-spots. Theremaybemany
formsof selfdelusion,includingincorrectintrospectionof whatwedoor donotknow,
of how we do things(e.g.how weunderstandsentences),of whatprocessesinfluence
our decisions, andof timing: peoplemaytake part in experimentsthat indicatewhen
they becomeawarethatthey have decided,without realisingthattheir decisionswere
actuallytakenslightly beforetheawarenessof thedecisionwasbroughtabout.
[[XXX REFERENCEto Libet’swork??]]
Experimentsonchange-blindness[[XXX ref O’Regan]] andmany othersassumethat
peoplecantell whatthey see.Fromour pointof view they maybeableto reportonly
on theseeingprocessesasthey aremonitoredby themeta-managementsystem.But
that neednot be an accurateaccountof everything that is seen,e.g. in partsof the
reactive layer.0 The distinctionsprovidedby the architectureallow us to make a conjecturethat can
be investigatedempirically: mathematicaldevelopment dependson development of
meta-management– theability to attendto andreflecton thoughtprocessesandtheir
structure,e.g. noticingfeaturesof your own countingoperations,or featuresof your
visualprocesses;0 Furtherwork may help us understandsomeof the evolutionary trade-offs in devel-
oping thesesystems. (Deliberative andmeta-managementmechanismscanbe very
expensive,andrequirea foodpyramidto supportthem.)0 Discoveryby philosophersof sensory‘qualia’. Wecanseehow philosophicalthoughts
(andconfusions) aboutconsciousnessareinevitablein intelligentsystemswith partial
self-knowledge(discussedfurtherbelow in section9.1).

7 Multiple elephants: The CogAff architectureschema

Themulti-disciplinaryview of thewholearchitectureof anorganismor system, andthedif-
ferentcapabilities,states,processes,causalinteractions, madepossible by thevariouscom-
ponents,presentsa (fairly) completeelephant.(At leastmorecompletethannormal). But
therearedifferentarchitectures,with verydifferentinformationprocessingcapabilities,sup-
portingdifferentstatesandprocesses.For example,fleas,fishes,andphilosophicalhumans.
Sotherearemany elephants– not justone.

Thus, we considerfamilies of architecture-basedmentalconcepts. For eacharchitecture
we can specify a family of conceptsof typesof virtual machineinformation processing
states,processesandcapabilitiessupportedby thearchitecture.Theoriesof thearchitecture
of matterrefinedandextendedour conceptsof kinds of stuff (periodic tableof elements,
andvarietiesof chemicalcompounds) andof physical andchemicalprocesses.Likewise,
architecture-basedmentalconceptscan extend and refine our semantically indeterminate
pre-theoreticalconcepts,leadingto muchclearerconceptsrelatedto the mechanisms that
canproducedifferentsortsof mentalstatesandprocesses.

Thischangesthenatureof muchof philosophy of mind. Insteadof seekingto find “correct”
conceptualanalysesof familiar mentalconceptsthat are inherentlyindeterminatewe ex-
ploreaspaceof moredeterminateconceptsandinvestigatewaysin whichourpre-theoretical
conceptsrelatedto varioussubsets(asthe pre-theoreticalconceptof “water” relatesto the
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New questionsthensupplantold ones;wecanexpectto replaceold unanswerablequestions
(“Is afly conscious?”or “Cana foetusfeelpain?”)with new empiricallytractablequestions
(e.g.“Which of the57varietiesof consciousnessdoesafly have, if any?” and“Which types
of paincanoccurin an unbornfoetusagedN monthsandin which senseof ‘being aware’
canit beawareof them,if any?”).

7.1 Towards an architecture schema

WehaveproposedtheCogAff schema(Sloman& Logan2000,Sloman2001)asaframework
for thinking abouta wide variety of informationprocessingarchitectures,including both
naturallyoccurringandartificial ones.

Two coarsedivisionswithin componentsof information processingarchitecturesarefamil-
iar, asdepictedin Nilsson’s “triple tower” model(Nilsson 1998)andmodelswith ‘layers’
(e.g. reactive,deliberativeandmeta-managementlayers),asin figure13. Theseorthogonal
functionaldivisionscanbecombinedin agrid,asindicatedin figure14. In suchagrid,boxes
indicatepossible functionalrolesfor mechanisms.Only a subsetof all possible information
flow routesareshown; cyclesarepossiblewithin boxes, but notshown.

We call this superimposition of the tower andlayerviews theCogAff architecture schema,
or “CogAff ” for short. Unlike H-CogAff (seesection5.8), CogAff is a schemanot an ar-
chitecture:it is asortof ‘grammar’for architectures.Differentorganisms,differentartificial
systems, mayhave differentcomponents of theschema,differentcomponents in theboxes,
and/ordifferentconnectionsbetweencomponents.For example,someanimals,andsome
robotshave only the reactive layer (e.g. insects,microbes).The reactive layer caninclude
mechanismsof varyingdegreesandtypesof sophistication,someanalog,somedigital, with
varyingamountsof concurrency. Theothertwo layerscanalsodiffer betweenspecies.

The CogAff schemacanbe extendedin variousways: e.g.,seefigure 15. It may turn out
that therearebetterwaysof dividing up levelsof functionality, or that moresub-divisions
shouldbemade– e.g. betweenanaloganddiscretereactive mechanisms, betweenreactive
mechanismswith andwithoutchainedinternalresponses,betweendeliberativemechanisms
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with andwithoutvariouskindsof learning,or with variouskindsof formalisms;andbetween
many sortsof specialised“alarm” mechanisms.Alarm mechanismsdealwith theneedfor
rapidreactionsusingfastpatternrecognitionbasedoninformation from many sources,inter-
nalandexternal.An alarmmechanismis likely to befastandstupid, i.e. error-prone,though
it maybetrainable.TheCogAff schemais still adraft, likely to evolve.

7.2 CogAff and consciousness

Differentarchitecturessubsumed by the CogAff schemasupportdifferentkinds of mental
processesconnectedmoreor lesscloselywith ournormalnotion of ‘consciousness’.For ex-
ample,all supportsomeform of ‘sentience’,i.e. awarenessof somethingin theenvironment,
including thefly’sawarenessof yourhandswoopingdown to catchit. If two perceptualpath-
waysareaffectedwhenthefly detectsmotion of thehand,e.g. onerelatively slow normal
behaviouralcontrolpathway, andarapidreactionpathwayinvolving an“alarm” mechanism,
thenthefly hastwo sortsof awarenessof thehand.But thatdoesnot imply that it is aware
of thatawareness.Compare(LeDoux1996)onemotionsin rats.

Architecturalchangecan occur not only over evolutionary timescales,but alsowithin an
individual. Learningcan introducenew architecturalcomponents, e.g. the ability to read
music,theability to write programs.Developmentof skill (speedandfluency) throughprac-
ticecanintroducenew connectionsbetweenmodules,e.g.links from higher-level perceptual
layersto specialistreactive modules,for instancein learningto readfluently, or developing
sophisticatedathleticskills. Highly trainedskills canintroducenew “layer-crossing”path-
ways.for example,in vision,recognitionof acategoryoriginally developedfor deliberation
can,after training,triggerfastreactions.Sothevarietiesof consciousnessthatarepossible
within anindividualcandevelopover time.
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7.3 Somesub-speciesof the CogAff schema

An examplesub-categoryof theCogAff schemaiswhatwecall “Omegaarchitectures”.Here
only someof thepossibleroutesthroughthesystemareused,forming roughlytheshapeof
anOmega: 6 (seefigure16). This is justapipeline,with “peephole”perceptionandaction,
asopposedto “multi-window” perceptionandaction (seesection5.4). For examplessee
(Albus1981,Cooper& Shallice2000).

Anothersub-speciesof CogAff is thesubsumptionarchitecture(Brooks1991);seefigure17.
Thisarchitectureis usefulfor understanding or designingcertainrelatively primitivesortsof
organisms (e.g.insects,fish,crabs?)androbots.

By locatingvariousarchitectureswithin a commonschematicframework, we facilitatethe
taskof comparingandcontrastingthevariousformsof consciousnesswhichthearchitectures
support.Comparingdesignsandanalysingtrade-offs is abetterwayto proceedthanarguing
endlesslyaboutwhich is “correct”, or “sufficient for consciousness”.

8 Summary of our proposalsofar

Thesolutionsanddissolutionsof muddlesaboutconsciousnessthatweoffer arebasedon:

0 Virtual machinefunctionalism – emphasisinginternalcausalpowers,states,interac-
tions,implementedin physicalmechanisms,butnotthemselvesphysical(likepoverty);0 Comparativestudiesof mindsof many kinds(infants,toddlers,childrenhumans,healthy,
damaged,disturbed,many kindsof animals,many kindsof machines);0 Investigationof the(huge)spaceof virtualmachinearchitectures,includingbothevolved
anddesignedarchitectures;0 Refiningandextending(not replacing)existing confusedconceptswith several fami-
lies of architecture-basedconcepts(many ‘elephants’)(differentinformationprocess-
ing architecturessupportdifferentvarietiesof consciousness– anddifferentvarieties
of learning,motivation,beliefs,emotions, intentionality, etc..);
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0 Separationof conceptualquestions (how to distinguishdifferentconceptsof experi-
ence)from empiricalissues(which typesdoesa new bornhumaninfant,or a mouse,
have);0 Integration of multiple disciplines(for example,Philosophy, psychology, ethology,
neuroscience,evolution, artificial intelligence,softwareengineeringandcomputersci-
ence);

This is a complex, long term researchprogramme.Our approachis a mixture of science,
engineeringandphilosophy. The scienceandengineeringinclude the studyof evolvable
virtual informationprocessingarchitecturesaspartof a largerstudyof:

0 thespaceof possibledesigns;0 thespaceof possibleniches;0 relationsbetweenthosespaces;0 trajectorieswithin thosespaces;0 thedynamicsof interactingtrajectoriesin thosespaces.

On thebasisof suchexplorationswe developa generalconceptualframework for defining
different typesof consciousnessin termsof the informationprocessingarchitecturesthat
supportthemandthekindsof states,eventsandprocessesthatcanoccurin thosearchitec-
tures.Thatcanthenleadto empiricalinvestigationsto find outwhichanimalshaveparticular
preciselydefinedsortsof consciousness:a deeperandmorerewardingquestthanarguing
aboutthepresenceor absenceof oneill-definedsort.

9 Someobjections

9.1 An architecture-basedexplanation of qualia?

At this point, somereadersmight be at the point of exasperation,wonderinghow these
architecturalnotionscouldmakeany headwayonsomeinfamousproblemsof consciousness,
e.g.,theproblemof qualia– theprivate, ineffableway thingsseemto us. In section6, we
suggestedthat an architecture-basedexplanation of qualia is possible. Suchan approach
doesn’t explainqualiaby sayingwhatthey are. Insteadwe explainqualiaby explaining the
phenomenathatgeneratephilosophical thinkingof thesort foundin discussionsof qualia.

Thediscovery of theconceptof ‘qualia’ is a consequenceof having theability to attendto
aspectsof internalinformationprocessing(internalself-awareness),andthentrying to ex-
pressthe resultsof suchattention. That possibility is inherentin any systemthat hasthe
H-CogAff architecture(seesection5.8), thoughdifferentversionswill bepresentin differ-
entarchitectures,depending,e.g.,on the formsof representationandmodesof monitoring
availableto meta-management.A meta-managementsystemcouldgive anagenttheability
to attendnot only to what is perceived in theenvironment,but to alsofeaturesof themode
of perceptionthatarecloselyrelatedto propertiesof intermediatesensorydata-structures.

Considerperceiving a table. You canattendnot only to the tableandits fixed 3-D shape,
but also to the 2-D appearanceof the table in which anglesand relative lengthsof lines
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Figure18: Noticing two perspectiveson thesameobject is oneroute to concernsabout qualia.

changeasyouchangeyourviewpoint (or thetableis rotated;seefigure18). Theappearance
canalsochangeasyou squint, tap your eyeball, put on colouredspectacles,etc. This is
exactly thesortof thing that led philosophers(andothers)to think aboutqualia(previously
called“sensedata”)assomethinginternal,non-physical, knowableonly from inside,etc. If
meta-managementprocesseshaveaccessto intermediateperceptualstates,thenthiscanpro-
duceself-monitoring of sensorycontents,leadingrobotphilosopherswith this architecture
to discover “the problem(s)of qualia”. And thesamewould go for anythingwhich hasthat
architecture:six reflective robotsdiscussing their experienceof the sametableseenfrom
different viewpoints could get boggeddown discussing consciousness,just like six blind
philosophers.

Moreover, if theprecisesetof conceptsusedby eachindividual is in parta productof that
individual’s learninghistory, for instanceif theconceptsareproducedby a self-organising
neuralnetwork, thentheconceptsof qualia,or sense-data,usedby differentindividualswill
be strictly non-comparable:not only canyou know which of your qualiaare the sameas
mine, thequestionis incoherent,for thenatureof thequaliawill bedeterminedmainly by
how they fit into a systemof relationshipsto otherqualiathatcanexist in thesamesystem.
Askingwhetherthequaliain two experiencersarethesamewould thenwouldbeanalogous
to askingwhethertwo spatiallocationsin differentframesof referencearethesame,when
theframesaremoving relative to eachother.

Notethatwearenotsayingwhatqualiaare.Weratherexplainhow theprocessof comingto
think andworry aboutqualiais explainedby thenatureof thearchitectureof thethinker. (It
is an“architecture-driven”) concept(contrastedwith architecture-basedconceptswhich are
notnecessarilyusedwithin thearchitecturethatsupportsthem).

Is this anew kind of explanation?Perhaps,althoughit seemsto havesomesimilaritieswith
oneof Hume’s explanationsof theconceptof “causation”.Humeattemptedto explainwhat
acausewasby lookingatwhatit wasaboutusthatmadeuslook at theworld in termsof that
concept.Kant attemptedto reformulatethis by arguing thathaving a conceptof causation
wasnecessaryfor having experiencesof anobjectiveexternalworld.

Again,wearenotsaying:“this is whatqualiaare...” Instead,weoffer (conjectured)sufficient
conditionsfor aninformation processingsystemto gothroughtheverysameprocessesasled
humansto startthinking aboutsensory(andotherkindsof) qualia. Becominginterestedin
andpuzzledby qualiais a side-effect of sophisticatedbiologicalmechanisms. In casessuch
astheproblemof qualia,wethink thattheproblemneedsnotasolution,but aresolution. We
donotoffer adirectanswer, andwedonotsaytheproblemis nonsensicalassomepositivist
philosopherswould. Sucha resolutionis provided by explaining the mentalmechanisms
thatgeneratean interestin thinking andtalking aboutqualia. Robotswith our information
processingarchitecturewould do the same. The more intelligentonesshouldacceptour
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explanation of how thathappens.

9.2 Is somethingmissing?

Therewill alwaysbe peoplewho areconvincedthat this sort of project inevitably fails to
answerthequestionsaboutconsciousnesswhich they think aretherealones.Oftentheseare
peoplewhosayof consciousnesssomeof thethings in we listedin table1, e.g.:

0 It’ s indefinable,knowableonly throughhaving it;0 It’ swhatit is like to besomething (hungry, in pain,happy, abat...);0 It’ s possibly absentin something (behaviourally, functionally) indistinguishable from
us(zombies).

The fact that many peopledo think like this is part of what needsto be explainedby any
adequatetheory of consciousness. Our explanationis that it is a side-effect of someof
theprocessesmadepossible by theexistenceof a meta-managementlayerwhich allows an
information-processingsystemto attendto aspectsof its own internalfunctioning,e.g.some
of theintermediatestatesin its sensorymechanisms.

Therefore,weoffer yet anotherconjecture:

The inevitability of consciousnesstalk: Whenrobotshave suitably rich inter-
nal informationprocessingarchitecturessomeof themwill alsofeel inclinedto
talk aboutconsciousness,andqualia,in awaysimilar to thewaywedo.

This isn’t a particularlynew idea; sciencefiction writers thought of this long ago. it im-
pliesthatevenif philosophicaltheoriesaboutqualia,about“what it is like to besomething”,
involve muchconfusionandevenerror, it doesnot follow that they arecompletelywrong.
They arebasedonacorrectpartial view of thenatureof mind. A meta-managementsystem
candevelop its own conceptualframework for categorisingits own internalstatesandpro-
cesses,which mayhave featureswhich it cannotpossiblycommunicate(reliably) to others.
This could lead robot philosophersto raiseunanswerablequestions aboutwhetherothers
have thesameexperiencesasthey do.

We take a differentapproach:Whena questionhasno answerbecauseit is basedon confu-
sions,thenext bestthing to giving anansweris to presenta theoryof thearchitecturesand
mechanismswhich lead, in humans,to the questionbeingformulated,andwould alsodo
in machineswith a similar information-processingarchitecture.But it appearsto be much
easierto persuadesix blind menthatthey arefeelingasmallpartof amuchlargerobject.

9.3 Zombies

Whenpeoplefeel thatthekind of explanationbeingofferedherecannotsufficesincethey are
convincedthatsomething is left out, thisoftenthis takestheform of the‘zombie’ argument:
a robot could have all the informationprocessingcapabilitiesdescribedhereandstill lack
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“this” – saidattendinginwardly, usinghumanmeta-managementcapabilities.That is, the
robotmight be a zombie. (For a survey of argumentssee(Chalmers1996))Usually this is
basedonaconfusionbetween:

1. a robot having all the externally observablebehaviours humanshave, without being
conscious,and

2. a robothaving all the internal informationprocessingcapabilitieshumanshave,with-
outbeingconscious.

Case2 is hardto understandevenif youarefamiliarwith thedesignandoperationof virtual
machinesandmuchharderif youarenot! Wheninternalprocessingof a human-like virtual
machineis describedin great detail, including the meta-managementabilities involved in
thinking aboutqualia, it is not clear that anything intelligible is left over: the description
of a zombieasbeingjust like us in all its capabilitiesyet unlike us in experiencingqualia
becomesincoherent.

9.4 Ar ewecommitted to “computationalism”?

It is importantto distinguishtwo questions:

1. Is any informationprocessingvirtualmachinearchitecturesufficienttoproducemental
statesandprocesseslikeours?

2. Which, if any, of thesevirtual machinescanbe implementedon a computer(of the
sortthatwecurrentlyknow how to build)?

It is often assumed,wrongly, that a negative answerto 2 implies a negative answerto 1.
That’sbecausemany peopledonotappreciatethatthegeneralnotionof aninformationpro-
cessingmachineis notdefinedin termsof computers– computersjusthappento bethebest
toolswe currentlyhave. In the next centurywe may inventnew kindsof informationpro-
cessingengines,asdifferentfrom computersascomputersarefrom mechanicalcalculators.
It might turn out thatcertainsortsof virtual machinearchitecturesareadequatefor the im-
plementation of all typical adult humanmentalphenomena,but thatno digital computeris
ableto supportthemall. Findingout theanswersrequiresusfirst to clarify meaningsof the
questions andthe availableanswers.We know no bettermethodthanthe methodoutlined
here.

9.5 The causationproblem: Epiphenomenalism

A problemnot discussedhereis how it is possiblefor eventsin virtual machinesto have
causalpowers. It is sometimesarguedthatsince(by hypothesis)virtual machinesarefully
implementedin physical machines,the only causesreally operatingarethe physicalones.
This leadsto theconclusionthatvirtual machinesandtheir contentsare“epiphenomenal”,
i.e. lackingcausalpowers.If correct,this would imply that if mentalphenomenaarestates,
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processesor eventsin virtual information processingmachines,thenmentalphenomena(e.g.
desires,decisions)havenocausalpowers.

A similar argument,if correct,would refutemany assumptionsof everydaylife, e.g. igno-
rancecancausepoverty, poverty cancausecrime, etc. Dealingwith this issuerequiresa
deepanalysisof thenotion of ‘cause’,probablythehardestunsolvedproblemin philosophy.
In theabsenceof a full accountof causation,wecansaythis: virtual machinestatesareonly
asepiphenomenalasany otherstateexisting ona level of descriptionhigherthanthelowest
level of physics(if any suchlevel exists). Soonouraccount,mentalstateswill bejustasreal
asanythingelse:molecules,trees,interestrates,justice,poverty, war, etc.

9.6 Falsifiability? Irr elevant.

What we have proposedisn’t directly confirmableor falsifiableasa scientifichypothesis.
Some,perhapsarmedwith asuperficialreadingof Popper(Popper1934),mighttakethislack
of falsifiability asgroundsfor rejectingour proposal.But to ask:“Is thetheoryfalsifiable?”
is to askthe wrong question.Within the proposedframework we canmake simultaneous
progressin science(severaldifferentsciences)andphilosophy, including investigatingrela-
tionships betweenbrain mechanismsandthe virtual machinearchitecturesdescribedhere.
What’smoreimportantthan(immediate)falsifiability is theability to generatelargenumbers
of different,non-trivial consequencesaboutwhatis possible,e.g.implicationsaboutpossible
typesof learning,aboutpossible formsof perception,aboutpossible typesof emotions.

You can’t empiricallyrefutestatementsof theform “X canhappen”.But they canopenup
majornew linesof researchandunify old ones.Following PopperandLakatoswe needto
askwhetherthiswill turnout to beaprogressiveor adegenerativeresearchprogramme.We
hopewe havegivenreasonto believe thatit is theformer.
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