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ABSTRACT

Thisarticledescribeshowlearningisanativeabilityofthebrain.However,verylittleisknown
of theprocessas ithappens.Theengineeringmodelpresented in thisworkprovidesabase to
explore the innardsofcognition.Thecomputational implementationof themodel isusable to
assesscognitiveprofilesbymeansofmachinelearningandharmonicfiltering.Themodelrelies
onanevolutionarydimensionalspaceconsistingofphylogenetic,ontogeneticandmicrogenetic
timelines.Themicrogeneticspacerevealsthestatemachinenatureofcognition,standingasan
internaltranslatortoabrainspecificlanguage.Thestudyofthismachineanditslanguageisthe
keytounderstandingcognition.
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INTRodUCTIoN

Cognition is thedriveof intellectualactivity in themind. It is thepathwaywheredatabecomes
information,understandingandconcept.Moreover,itisthemainfactorofevolutionproducingthe
Homosapiens sapiens, theverywiseman.Although,anatomicevolution leaves its traces,mind
evolutioncannotbetrackeddirectly.Thisleavesthestudyofcognitioninthefieldofbehaviorism,
wheretheresponsetoastimulusisaccountedassignofmindactivity.Ontheotherhand,tracking
thecognitiveprocessisparamounttounderstandandoptimizethethinkingminddevelopment.The
besttargettocognitivetrackingisamodelwheresomefeedbackfromtheactualbrainprocesscan
assertthemodelledinternalbehavior.

Theactualcomplexityofcognitiveprocesslaysbeyondanyattempttomodelitinfullyfleshed
dimensions.Afeasiblemodelmustfocusonaveryconstrainedpurposeinordertohavetractable
dimensions.Thisworkfocusesonthestudyofthelearningprocess,anessentialaspectofcognition
concerning thedevelopmentof the individual and the species.AnengineeringmodelHollnagel
(2005)issuchaproposalwherecognitioncanbereducedtoasimplemachine.Withinthesemiotics
perspectiveofcognition,thecognitiveprocessisanunfoldingofsignsagainsttheirmeaning.Yielding
fromthisconcept,automataturnouttobeasuitablemachinetoconstructamodelmatchingthe
requirementsofsimplicityandpurpose.
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Computationalneuropedagogyappliesneurosciencetotheproblemoflearning.Intheintent
toachievethisitproducesinstrumentstoassessandinterveneinhumanlearning.Intelligentgames
areexamplesofsuchinstruments,beingcomputergamesdevelopedthroughascientificprocessto
achieveintrospectionintocognitiveaspectsoflearning.Theycantapintotheunconsciousprocess
oflearningandinterchangeinformationbetweencomputerandhumancognition.

THe TANGIBILITy oF HUMAN CoGNITIoN

Cognitionisaninternalprocessmostlyinaccessiblefromtheconsciousmind.AsPenrose(2014)
remarks,consciousness isaprocessoccurringasdeepasquantumevents inmicrotubules inside
braincells.Thecognitionprocessliesdownbeneathbrainfunctionality,evenmoredeeperawayfrom
consciousness,itbelongsessentiallytosubconsciousthought.Thehermeticaspectoftheparticular
processesposesasanoverwhelmingobstacleimpedingdirectobservationwithaccessibletechnology
foryearstocome.Atpsychogenesislevel,examinationcandetermineintellectualimprovement,once
itisaprocessthatoccursinacoupleofyears.Microgenesis,evolvingintheshortspanofminutes,
leavesscarcetracesofitswhereabouts.

The microgenetic dimension encompasses countless microprocesses that bind in a logical
sequencetocompletethelinksofunderstandingthatpertaintohumanreasoning.Ifanyofthese
stepsarebroken,accesstoinformationisinterruptedduetolackofmeaning.Whenonespeaksof
microgenetics,thereisarangeoftheoriesthatapproachthesubject.Inhelder(1992)isco-author
ofthemostacceptedtheory,largelydrawnfromtheextensiveworksofhercolleagueJeanPiaget.
Lemos(2014)increasesthescopeofInhelderwithmodernworksonthissubject.

Microgeneticsdefines a setof states andaprocedure towalk through these statesusingan
internalencodingandprocessingbefittobraininnards.Inaccordancewiththemicrogenetictheory,
theexistenceofthesestatesandprocessariseindependentofthelackofaccesstothecurrentstates
or thementaloperations.Regardingthenatureandinitial installationof thelearningmachine, it
canbesaidthatthedistributionisthesameforallbrains.Incontrast,eachbrainischaracterized
byanindividualformationprocess,inadditiontotheculturalinteractionsthatareresponsiblefor
reformulatingsomeareastoprevailandotherstorecede.Inevitably,thetheoriesofmicrogenesis
presupposetheexistenceofamachinecommontoallbrainscapableofsteppingthroughallthese
statesuntilthecognitiveprocessiscompleted.

Ontheempiricalside,waywardlytotheoryexpectations,insteadofaconsistentlystagingof
learningperformances,whatcomesaboutisalargediversityofcognitionabilitiesscatteredamong
humanpopulation.Suchdiversitysourcesfromthepsychogenicformationandmatchingpredisposition
ofbrainabilitiesfromphenotypicalDNAexpression.

PRoPoSAL oF AN eNGINeeRING ModeL

Anengineeringmodelinpsychologyreferstoanassessmentofhumanbehaviourwhichpresupposes
that themind-brain system is amachine.Thiswork states themindbrain systemas a language
processingmachine.Intheneuraltheoryoflanguage,Feldman(2009)supportthisapproach.

NTLalsosuggeststhatthenatureofhumanlanguageandthoughtisheavilyinfluencedbythe
neuralcircuitrythatimplementsit.

Sincelanguageistheveryproductofitsbraincircuitry,thenalanguageprocessingmachineis
agoodfittorepresentthementalmachine.Incomputingscience,languageprocessingmachinesare
mostlyimplementedasautomata.Statesinthismachinestandforrepresentationlevelsforagiven
chunkoflanguage.Sincethemachineinstudyisthecognitionprocess,theseautomatagobeyond
languageparsingleveluptotheoutreachesofunderstanding.Ensuesthatlinguisticsmustbethe
science toprovide thebasis todefineeachstate for theseautomata.Simplystated, theproposed
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engineering model consist of finite state machine where each state is defined by given level of
complexityoflanguage.

Linguistics being a rather philosophical science, with many niches and streams of thought,
severalsourcesmustbeharvestedtoconveyamanageablecomputationalmodel.Narrativethinking,
Robinson(1986)isacognitiveinstrumentthatencompassesseveralcognitivecharacteristicsrelevant
totheprocessofthinking.Choosingnarrativeasrepresentativeofanengineeringcognitivemodel
issuesasimplebutcomprehensivespectrum.Withthisengineeringsimplification,themachinemodel
canhaveasmallnumberofstatesbuteachonebeingexpressiveenoughtorenderthemodeluseful.

Althoughthenarrativemodelcanbesimpleenoughtobuildthecognitivemachine,definingthe
relevantandconsistentscopeisstillanextensivetask.Describedinaninternalreport,Ribeiroetal.
(2015)crossreferencedseveralproposalsoflinguisticnarrativestructureswithanalogousstructures
inmathematicsandscienceupto thepoint thataconsistentcognitive-linguisticmodelemerged.
Thismodelensuesfromacombinationofseverallinguisticsourcesfilteredtothepointwhereeach
statementcouldhaveamanageablecomputationalimplementation.Theresultingmachinedescribes
twelvecognitive-linguisticlevelsofnarrativeskills.AsRibeirostudiesgoes,narrativeisjustoneof
thepossibleviewsofcognitionmachineformalisation,butgoodenoughtodescribethestatesina
mannerthatscientistsfromdiversefieldscangetagraspofit.Theresultingmachineisanengine
representingtheinternalandnon-observablestepsofcognitiveknowledgeacquisition,orjustfor
shortEICA.Intheresearchtomatchtheengineeringmodeltotheactualmental-braincognition
process,languageconstructsareforcedbackintotheiroriginatingneuralcircuitry.Toachievethis,
theautomatadescriptiontakestheformofasieve,afilterthatdrivescognitionthroughthemachine
steps,ensuingtheopportunityforthemtofire.Table1showsasampleofthesieveconsolidatedform
linguisticnarrativestructuretheorywhichconstitutethecoreofEICAmodel.

Languageisthehallmarkofcivilization,theevolutionarystepthattookHomosapiensapart
ofotherrunnerupspeciesandthetellapartfeaturethatcharacterizeshumanhigh-levelcognition.
LanguageacquisitionisnowunderstoodasinnatehumanabilityChomsky(2014).Innatelanguage
acquisitionisthenjusttheabilitytoprocesslanguage.Languageprocessingistheprocessbeing
modelledbythisengineeringmodel,andifthisabilityisinnate,thensoistheenginebehindit.

AN INSPeCTING MACHINeRy To ANALySe THe CoGNITIoN eNGINe

EICAistheEngineofInternalCognitiveAcquisition,universallyinstalledineveryhumanbrain
whichisresponsibleforthemaincourseofcognitionprocess.LearningisaccomplishedbytheEICA
machine,consistingofeightrecognizedhierarchicalstatesrangingfromsimpletohighcomplexity.

Knowledge is the fundamental cognitive object of EICA, covering structures as data and
information.ItisforgedbythenaturalautomataEICAwhenitiselicitedbyitsmaincategory,that
is,itisaconceptualknowledgetounderstandknowledgeWang(2017).Thiswork,presentsabasic
studyonacognitive-linguisticengineeringmodelof thebrain-mindbinomial.Themicrogenesis

Table 1. EICA narrative Sieve model

EICA States
Narrative Sieve

State Description
Linguistics Complexity Lower Level

RealObjectof
Knowledge(ROK)

Understandingof
logicalprepositions.

Affectiveexpressions.
Thedevelopment
ofthoughtand
language.

TheROKisthebeginning
ofthelearningprocess.

Paradox
Approximationfrom
thepointofviewofa
narrator.

Thepsychological
development

Absenceofprepositions
andnexus.
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andnarrativizedfundamentalsoflearninggenerativerulesofknowledgeareexplored,revealingthe
basiccodestructureofconceptualknowledge,whichisameta-formalconceptofthetransitivityof
logical-grammatical thinking.TheEICAEngineeringModelallows the formal representationof
elaboration-integrationofknowledgethroughcognitivesystems.

Intelligentgamesendowedwithartificialintelligenceareexcellentcandidatestoobserve,evaluate
andinterveneinthecognitive-linguisticprocessesthatcanbecapturedbycomputersystemsand
theiralgorithmstoimprovetheuserexperienceandexpandtheusabilityofadaptiveandevolutionary
systemstothepromotionofadvancedEICAdevelopmentAyesh(2016).TheEICAengineeringmodel
providesaccessibletechnologythatcanenablecognitivefeaturessuchascapturingthequalityand
quantityofsuperiormentalfunctions.EICApresentanewapproachthattriestofindintegrative
automatapatternsofmicrogeneticstatesamongeachothertoconstructthenarrativizationofconcepts,
representationsandstatementsinadefinedtransphrasemeans.Indoingso,itispossibletoachieve
amechanismtogenerateasetofdynamicallypendularproceduresbetweenstates.Theseruleswill
implicitlyencodeaperson’sindividualitybyexpressingtheirmentalstrategies,thusattestingtheir
cognitive-linguisticsignature.

Onlyacognitiontrackingmachinecanthenlogtheacquisitionprocessandmarkthelevelof
understandingattained.Postulatingontheexistenceofacognitionmachine,morepreciseautomata,
cognitive processes evolves propositionally in a cascade of entangled and coordinated automata
operations. More plainly stated, the full process of understanding develops inside the cognitive
machineryasacontinuousflowofintercommunicatinglanguagesacrosstheseveralautomataengaged
inthereasoningeffortSeminerio(1984).Thereafter,thewholeprocessofaccessingandacquiring
aknowledgetranscribestoacollectionofscriptsinalanguagecircumscribedtothementalrealm,
unrelatedtoanyotherhumanlanguage.Capturingandinterpretingtheinternalcognitionlanguage
isthekeytoassessthescoreofunderstanding.

Capturingvestigesofinternalcognitionoperationenablesafineandnon-mediatedassessingof
learning,providingmetricsonhowtomatcheachuniquecognitionwithproperandadaptedaccess
toknowledge.

EICAstateset isevenlydistributedamongeven thesmallestandheterogeneouspopulation,
notwithstandingthefactthatitdiffersforeachandeveryperson,differencewhichmustbedealtwith
toconveyequalityofunderstandinganduniversalaccesstoinformationandlearning.

Computational Cognition as Intervention Interface
Primary studies on mathematics and mathematical engineering Wang (2016b) led to the theory
ofabstractintelligence(AI),whichisasetofmathematicalmodelsofnaturalandcomputational
intelligenceincognitivecomputing(CI)andcognitivecomputing(CC).Abstractintelligenceunleashes
recentadvancesincognitivesystems,suchastheEICAmodelofnaturalcognitiveapprehension
hereproposed.

The development of solid cognitive models can enable a whole new aspect of the human-
machineinterface.Thecurrentinterfacesstillregardtheuserasastranger.Asthemachinemanages
tosynchronizewiththecognitiveprocess,thecomputerbecomesanewprosthesis.Cognitionthen
proceedstoinformthecomputeroftheopportunitiespresentedsothatitpresentsacoherentand
timelyintervention.

development of Research Model
Givenatheoreticalmodeloftheanalyzedmachine,ensuestheprotocolrequiredtoreverseengineer
thelanguageprocessingmechanism.Figure1depictstheoriginaltheoreticalmachinemodel,basedin
studiesofhumanlinguistics.Namedstatesandproposedtransitionspresupposealinearprogression
intheinterpretationofmeaning.

Sincethestudypurposestheinvestigationofthelearningprocess,asuitabledimensional
spaceinvolvesthreeviewsoftemporaldevelopmentspans.Thosedimensionsrecurinthelearning
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procedures and represent evolution in three scalar ranges, namely phylogenetic, ontogenetic
andmicrogeneticLanger(1998).Figure2representsafragmentofthephylogeneticdimension.
Learningisrepresentedbythehumanachievementsinmathematics,languageandsciencein
prehistoricperiodsMarques(2015).

Acompletedimensionalmodelwasdevelopedtoinfusetherequiredstimuliintothelearning
apparatusinordertocapturethefulltransactionalprofileinherenttocognitivelanguageprocessing.
Anintelligentgamewasdesignedandcalibratedtothreedevelopmentaldimensionstocollectvestiges
fromtheinternalcognitionengineandunveiltheminutiaofthelanguageprocessingautomata.

ThevariousmicrogeneticstatesEICAintegratealargerangeofunorderedshorttexts(actions,
events,words,phrasesandaccumulationofsentences)withsemanticcoherencenarrativized,since
theseshorttextshavevastdecentralizedtopics,weakassociationrelations,abundantnoiseandgreat
redundancy. The challenging questions to solve the problem above include, what the ground of
knowledgesupports,theprocessoflinkingsentencesandhowtolinktheseshortunorderedtextsto
achievegoodcoherenceLiu(2017).Here,EICAdevelopsasentence-sentencelinkagemodel,based
onsimultaneousandsuccessiveinferenceandinnovationoftheencodedcognitive-linguisticautomata
discourseofhumanbeings,whichisalayeredsemanticscharacteristic.

Thegame(Figure3)takestheformofascenewhereapaleolithiccharactertriestomake
hiswayintotheobservationoftheworldinwhichhelives.Carefullydesignedassetsconduct
thecavemanactionsintotheprospectiverealmofcognition,forcingadvancesanretrogressesin
thereasoningprocess,coupledwiththerespectivevolitionaryinvestigativereactionsdetermined
bytheinternalautomata.

Theseautomata,entitledtocompiletheincomingsensoryinformationintocognitiveknowledge
havebeenidentifiedinMarques(2017)astheEngineofInternalCognitionAcquisition(EICA).EICA
isaneurobiologicalcomputingapparatusinstalledubiquitouslyinhumanbrainswhichendowsany
individualwiththecognitionproceedingscharacteristictotheHomosapiensspecies.Thismachine

Figure 1. EICA state machine
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Figure 2. Phylogenetic dimension with historic marker of cognitive

Figure 3. The intelligent game for EICA
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istheevolutionarysolutiontoachievethehighlevelofabstractionresponsiblefortheoutstanding
humancognition.

Framework of eICA engineering
TheinstrumentationandobservationofEICArequiresacomplexstudyanddevelopmentprocess
capable of exposing the subtle telltale traces of internal cognition machinery. The basis to the
aforementionedintelligentgameistheexertionofthelearningprocess.Learningisaccomplished
by theEICAmachine,consistingofeight recognizedhierarchicalstates, rangingfromsimple to
highcomplexity.

EICAistheessenceofhumanlearningmachinery,consistingofafinitestatemachineinwhich
eachsubsequentstatecorrespondstoamorecomplexcognitiveachievement.ObservedinEICA
trackingexperiments,eightrecognizablestatesarethehallmarkofthecognitionautomata,shown
inFigure4.

Coloredsectionsrepresentthestatesandcoloredarcsindicatethetransitionsbetweenstates.
Cognitiveacquisitioncyclesfollowsensoryinformationwithvolatileprospectiveresponsesemanating
fromevolvingorinvolvingtransitionsinEICAstates.Theideogramdemonstratesthatbeyondthe
linearperspectiveof the theoreticalmodel, transitionsoccurs tonon-adjacent states and inboth
forwardandbackwarddirections.

Ensuingtransitivestreamsdevelopintoconcatenatedexpressionsofmeaning,imprintingthe
effectuated access to the given information as new linguistic nodes in the epistemic knowledge
network.Althoughrestrainedtointernalcommunicationinterchangeamongtheinternalcognitive
structuresthoselinguisticnodescanbeobservedtobethesameacrossnon-relatedindividuals.The
reverseengineeringnecessaryforthatconsistsofinducingthevolitionaryresponsethroughtheretrace
ofphylogenetic,ontogeneticandmicrogeneticpathdevelopment.Theprospectinginstrumentfor
cognitiveunveillance,whichguidestheacquisitionmachineryintoretracingthethreedimensional

Figure 4. Ideogram representing EICA states and transitions
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rangesof thoughtdevelopment,namelytheevolutionofreasoningwithinthespecies,withinthe
developmentofanindividualandwithinthecoalescenceofanidea.

Inferably,mostvolitive responses thatencompassamotoractivityoriginateultimately from
transitionsinsidethecognitivemachinery.Transitionsareconvulsivephysicaleventsincurringin
telltaleevidence,namelyhighorderharmonics,thatmaypropagateunintentionallythroughthewhole
systemandendupasanelusivesignatureofcognitivestateshifting.

Knowledgelearningisthemostfundamentalcategorytosimulatebraininmachinelearning.
Alongtheselines,theEICAengineeringmodelassumesthatthesemanticspaceofknowledgeis
amicrogeneticepistemicnetworkofhierarchicalconcept,whichcanberigorouslyrepresentedby
formalconceptscharacteristicofthesemanticstructureofnarrativediscourse.Thisarticlepresents
theoriesandalgorithmstoclassifyahierarchicalmicrogeneticstatemachinethroughqualitativeand
quantitativesemanticanalysisbasedonartificialintelligencetoinstallthelearningcompetenceto
observethecognitive-linguisticactivityofthehumanbeing.Thesemanticequivalencebetweenthe
formalconceptsofeachEICAmicrogeneticstateisrigorouslymeasuredbyasemantichierarchy
thatisquantitativelydeterminedbyaRelationalSemanticClassificationAlgorithm(ARSC)Wang
(2016b).TheapplicationoftheEICAmodelevidencesadeepunderstandingofthemicrogenetic
statesmachineandtheirrelationshipsinhierarchicalsemanticdiscursivenarrativespacethroughthe
learningofmachinestocapturedirectlyunobservableevents,aswellastheperspectivesofempirical
observationsofhumanlogical-grammaticalprocessingandcognition.

Microgenetic States of eICA Automata
TheEICAstatemachineisasetconsistingofarticulatedparts.Thepartsarecalledstatesandthejoints
arecalledrelations,bymeansofwhichanystateofthemachinecanbeobtained.Thismeansthat
EICAisanengineeringmodel.TheEICAengineeringmodelwasbuiltonthenotionofpertinence,
thatisitonlyconsidersthecognitivestatesrelevanttolearninginasimplifiedstructure.Atalater
stage,thissimplifiedstructurewillbecome,infutureworks,astateofamorecomplexmachineto
approachamoreexplanatoryandlessgeneralizedcomplexengineeringmodelofthemetacognitive
system(EIMA-InternalMetacognitiveLearningStructures).Eitherway,bothareengineeringmodels
thatconsidercombinatorialbypartitionoperationsandstatecommutationthatreconstitutethewhole.

Ingeneral,themind-engineeringmodelspresenttheoriesintheformofconceptuallanguage
used as methodological tools for transforming the language of objects into logical-grammatical
interpretationentitledasknowledge.

What follows is that theEICAmachine-internalcognitive learningstructures) isa language
modelinthesemioticsense(semiologicalheterogeneity)andinthesyntacticsense(homogeneityof
logicaloperationscharacteristicofabrain-mindcodingsystem),empiricallytestedMarques(2017).

In this work, for the experimentation and verification of EICA, an intelligent game with
artificialintelligencewasdevelopedtocapturetwelvecognitivestates.Thesestateswerepredicted
inanengineeringmodelanditsempiricalvalidationwasbasedontheanalysisofthetimeseries
inbetweenclicksof themouse, theobservationof thesequencesof iconsselectedbytheplayer
(formingstatementsthatoverlapwithotherstatementscontainingsemanticvalue)andtransitivity
(reapplicationofisolatedsignifiersorinseveralcombinedsequencestoformnarrativesindifferent
areasofknowledge).Inthisrespect,itistheuseofarrangementsoficonographicsignifiers,composing
phonemes,syllables,wordsandsentencesof thebrain-mindlinguisticcode(cognitiveautomata)
thatemergefromthechainreapplicationofsignificantsbetweendifferentvirtualenvironmentswith
properaffordancesofthreedifferentareasinknowledge:mathematics(classesandseries),language
(basicstructureofsentence:subject-verb-object)andScience(world-knowledge).

Theabovegraphindicatesthedegreeoftransitivityofthoughtbasedonthenumberofknowledge
representationiconsusedandtheamountofintegrationbetweendifferenttypesofnarrativization
propertoepistemicareas,inthiscasescience,mathematicsandlanguage.Henceforth,wedefinethe
classificationpresentedinTable2.
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Theseparationofstates isapparentbecausetheEICAstatemachinemodelpresupposesthe
existenceofcognitive-linguisticautomatathatinterpretsmessagecosmologiesthatoriginatealogical-
conceptualnarrativediscoursecodifiedtomakethetransphraselanguagesystemofthoughtwork.
TheengineeringmodeloftheEICAmachinesimplifiestheunderstandingofthebasicmechanisms
oftheinfinitepotentialsofcodinganddecodingtofitamodelthatfavorsthenarrativestructureand
itsdecompositionintosmallerelements:phrases,words,syllablesandphonemes.

Thus,thetheoryofnarrativestructureisapilotthroughwhichtheEICAmachineisconstituted
byaheuristicmodelofinvariantelementsofcode,formingabundleofredundantmicrostatesin
aformalandtaxonomicarchitectureMcGarty(1999).Asaresult,thecognitive-linguisticcodeof
thebrain-mindbinomial isconstructedbyuniversalswithdifferent levelsofdepthofsuccessive
andpendularoperationsthatformasystemicdialecticalgorithmthatsupportsthemanifestationsof
meaningattribution.

Hence,thestatesoftheEICAmachinepresentthelearningbeingaspossessorofacognitive-
linguisticautomataprocessorthatiselicitedthroughlogicaloperationstransformedintosyntagmatic
grammaticalactions.Theseareinstantiatedintransformationalandarticulatenarrativethinkingfor
theelaborationofcanonicalmatrixrulesBarthes(1971),canonsthatarecharacteristicoftheabstract
meta-levelformulationsofcognitiveprocedures.

Theseautomataoffersthedegreesoffreedomandrestrictionsnecessarytotheacquisitionof
generativerulesthatallowthetransitivityofthoughttowardsthegeneralizationofawarenessfrom
differentareasofknowledge.Thisallowstheuseofnarrativetransformationalandactuarialmodels
toactivatesystemsofsystemiccodificationanddecodingtransphrase.

Therefore, the cognitive-linguistic universality of narrative nature, has classificatory
principles(statemachine)andserialfocus(time).Thus,conformtoanimplicitsystemofunits
and rules,whoseEICAmodel is the instrumentof theoreticaldescriptionof thepluralityof
logicalandsemioticoperations,itisbasedonanoverallmathematicalstructure:wherethewhole
anditsarticulatedparts(elements)indicaterelationsthatrecoverthewhole,sincethepartshave
pertinencevalue(engineeringmodel).

EICA’s microgenetic states are original units as statement’s phrases, integral segments
representativeofbrain-minddiscourse.Thissetofstatesconstitutealanguagethatissuperiortoone
ofthelinguists(langue),togetherthestate’sfunctionasagreatphrasewithaformalorganizationthat
regulatestherepresentativediscourseofthesecondarysystemstogeneratethedoublearticulationof
theEICA,here,itisamentalinstrumentcapableofelicitingmetalevellanguage,homologousand
formallycorrespondingtothelevel-objectprocessing.

ThegenerallanguageofEICAisunderstoodunderthenarrativizationphrasingmodelofthought
thatiscapableofbeingsubdividedintolevelsBeneviste(1939)ofstacksoperationsoflinguistics,
integrative,establishedbetweendifferentmicrogeneticstatesofhierarchicalperspective.Finally,these
transactionsofstacksoperationscombineTodorov(2008)toformthecognitivesyntaxinstantiatedin
horizontalandverticalaxisfortheformalizationinaprogressiveintegrationmodeofthediscursive

Table 2. Transitivity classification

Index Classification Description

1 ZeroTransitivity Useofrandomobject-Zerointegration

2 LowTransitivity 1Integrationbetweennarrativization

3 MediumTransitivity 2Integrationbetweennarrativization

4 GoodTransitivity 3Integrationbetweennarrativization

5 HighTransitivity TotalIntegrationbetweennarrativization
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knowledgewithproper code that goesbeyond the individual knowledge for thedevelopmentof
unifyingprinciples.

The Microgenetic-Paleopathic Resonance
The foremost feature of this intelligent game resides in exploiting the microgenetic-paleopathic
resonancetoexposetheinnardsofthelearningcognitiveapparatus.Encompassingthewholestream
ofprospectivereactions,emergesacommonpattern,recognizableforeveryandeachindividual.
The pattern features a rhythmical response interwoven with seemingly chaotic jitter, apparently
disconnectedof thegiven information.Themicrogenetic-paleopathicresonanceorResonanceof
Marques (2017)consistingofcouplingbetween thehighenergynervousmotricity impulsesand
the faint andundetectableoccurrenceof transitionswithin thecognitionmachinery.Aprecisely
calibrated analog-digital discriminator can recognize and trace (Figure5) thedisturbance in the
output signal caused by the originating cognitive computation of meaning orchestrated by the
EICAmachinery.EICAstatesetisevenlydistributedamongeventhesmallestandheterogeneous
population,notwithstandingthefactthatitdiffersforeachandeveryperson,differencewhichmustbe
circumventedtoconveyequalityofunderstandinganduniversalaccesstoinformationandlearning.

Account on Cognitive demographics
TheEICAmachineoperationcomplieswitharatherstrictdeterministicbehaviorwhichisthesame
ineveryindividualobservedintheavailableexperiments.Thetemporaldistributionofstatesand
transitionsareratherlogicandregularacrossthesampledpopulation(Figure6).

EquityinEICAmachineconfigurationamongthehumanpopulationimplies,fromthecognitive
pointofview, thatall individualshavethesameaptitude to learn, thereforedeservingequaland
universalaccesstoknowledgeandunderstanding.Uniquenessinindividualexperienceandeducation
resultsinaidiosyncraticusageofEICAmachinery,departingeachpersonfromtheexpectedEICA
behavior.Thoseuniqueusagepatternsarekindredtopersonalityformationandmaynotimplyina
betterorworsecognitiveperformance(Figure7).

Figure 5. Emerging pattern already marked in colors by the discriminator
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Universality and individuality are both inherent to EICA machine manifestation in human
population.Universalityexpressesitselfasarecognizableconsonanceofoperationandaswellas
commonalitiesinthereasoningstreamdevelopment.

Individuality concerns to variations in states and transitional sequences defining a peculiar
traversalofcognitiveacquisitionlandscapesingularizingapersonalitydrivenbehavior.Similarities
inthediversemeaningconstructionnarrativesdemonstratesthatallcognitionprocessesconvergeto
aprototypicalepistemicsubjectquiescentineverypersonwhilstparticularitiesalerttoanadaptive
conformancerequirementforaccessibleknowledgeoutspreading.Thepersonalidiomaticnatureof
cognitioninflowrequirestheassessmentandcompensationofthosedifferenceshithertotakenfor
grantedineducation,eventuallyhinderingtheestablishmentofauniversalaccesstoknowledge.

demographic Cognomics
Cognitionisthemechanismbywhichalllearning,reasoningandreflectiononanyknowledgeis
realized. Also therein lies every obstacle to understanding when some cognitive mechanism or
procedureisnotperfectlyfunctional.Understandingcognitionisacrucialpathforfairandequitable
accesstoknowledgeandunderstandingoftheworldaroundus.

Figure 6. Violin distribution of EICA state characterization
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Investigation on the use of EICA automata by each participant depicts how the cognition
machinery is used among distinct individuals. The distribution cognogram in Figure 8 shows a
collectionofhistogramsaccountingtheuseofeachEICAstatebyagivenparticipant.Participantsare
arrangedfromlefttorightgroupedintocognitiveclassesVeritableSuccess,Success,FalseSuccess
andExclusionFailure.Densityofstateusealsodecreasesfromlefttoright,i.e.fromparticipant0to
63.Noticeableinthepicture,somesparseareasofloworzerocountarescatteredmainlyinthetop
rightsideofthepicture.Thisensuesfromthehighlatencyofhigherstates,takinglongertoappearthe
lowerlevels.Thisindicatesthatindividualswithlowcognitiveprofilecanjusttakelongertoengage
higherabstractionthoughts.Nonetheless,thegraphicstillshowsthatEICAstatesareavailableand
reachablebythemajorityofpopulation.

The inference that cognitionmachinery is equally available to everyperson is theprinciple
behindthepropositionofaneffectiveuniversalaccesstoknowledge.MonitoringtheEICAmachine
performanceisameantoassessandevenadapttheprocessoflearning.Undertheuniversalaccess
principle,thismeansthatbeyondallthedifferencesthatuniquelyidentifyeachindividual,everyone
canhaveaccesstoknowledgethroughintelligentsystems.

Thetemporalspaceconsidersthemodelsaccordingtothesamplingtimegranularityofcognitive
development.Thisspacedelimitsresearchstrategiesthataremainlyfocusedontheindividual.This
space should prioritize the diversity of intelligences and highlight individual differences as the
essentialpatrimonyofhumanity.

Populationalspaceportraysthevariationofcognitionamongindividualsinapopulation.This
studyshoulddelimitfavorableandunfavorablevariations.Thefavorableonesofferadifferentialto
theindividualthatqualifieshimtoarelevantsocialposition.Theunfavorableonescanmeanfailures
intheindividualcognitiveapparatusandmustbeanalyzedandcorrected.Cognitivemodelsmustbe
parameterizedsothattheycanpreservethediversityofthepopulation,ensuringthatallnecessary
skillsarenurturedineducation.

Figure 7. Statistic variations of EICA state events
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AscognomicdataemergesfromEICAreadings,moreunderstandingofcognitiondistributionit
bringsabout.ThegraphicinFigure9depictshowEICAstatescanformwordsandhowthesewords
areusedbytheinvestigatedgroup.IndividualswithVeritableSuccess,showingincyan,makeuse
ofallwordsdetectedintheEICAvocabulary.Thesamedoesnotapplytotheotherthreegroups
(Success,FalseSuccessandExclusionFailure).Thereisacharacteristicsetofwordsdominatedby
eachgroupandsomewordsarenotusedatallbythegroup.Regardingthetaskwherethesewords
occur,Mathtasksuseregularlyallwordswhilenotbeingtruefortheothertwotasks.Words0261
and051arenotpresentinlanguagetasks,whilstSciencetasksuseaminimumofword0412.This
indicatesthatfurtherinvestigationscanmakesenseofthosewordsoratleastdeterminewhetherthey
arenecessaryforeachdifferentcognitiveoperation.

MorediversityofEICAautomatause appears inFigure10.Theaccountof individualword
incidenceshowsararefiedspacespreadingtotherightside.Regionsofwordabsencecanbespotted
ondifferentlevelsacrossthegraphic.TheoccurrenceofEICAwordsindicatesincreasedcomplexity
inthemeaningofcognitiveoperations.Theclassesoflowercognitiveperformancetotherightincurin
largerandscatteredgapsinwordcount.Noteworthy,however,aresomehighcountsoncomplexwords
onthetopofthelexiconaxis,issuedtothelowercognitionparticipants.Thiscanbringthediscussion
uptodifferencesincognitivestyleratherthanjustlowercognitiveabilities.Diversityinthissensecan
meanthatsomecognitivesetupsarenotbeingpromotedbythecommonsenseofregulareducation.

Thediversityofintelligencesisthemainlegacythatmustbepreservedinthehumanspecies.
Educationmustberethoughtsothatindividualdifferencesaretakenintoaccount.Cognitivemodels
shouldbedevelopedwiththisvariabilityinmind.Theywillbethefacilitatorsofthepersonalization
oftheeducationalprocess,preventingthemassprocessfrommisrepresentingthepurposeofbringing
everyonetofulldevelopment.

Within thediversityof thecognoma inapopulation it ispossible thatcharacteristicgroups
emerge.Theidentificationofthesegroupsispartofthepopulationstudy.Thesegroupscanbeused
toimproveunderstandingofthecognoma,notingthedifferencesbetweenthem.

Figure 8. Demographic count of EICA states
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Figure 10. Demographic count of EICA word uses

Figure 9. Demographic distribution of EICA word uses



International Journal of Cognitive Informatics and Natural Intelligence
Volume 12 • Issue 1 • January-March 2018

89

Both differences and similarities are important points in cognitive modeling. Differences
markthelimitsofcognitivedistributioninapopulation.Thesimilaritiesaremarkersofcognitive
specializationsthatmustbeconsideredinboththemodelingandtheteachingprocess,whichmust
takeintoaccountthesepeculiarities.MonitoringEICAmachineperformanceisameantoassessand
evenadapttheprocessoflearning.

Understanding both the universality and nonuniversality of cognition process assures that
learningisaccessibletoanyhumanbeingatanylevel.Theinferencethatcognitionmachineryis
equallyavailabletoeverypersonistheprinciplesustainingthepropositionforaneffectiveuniversal
access.However,uniqueandpersonalizedusecaseprofileofEICAstatesprovidesbothforessential
diversityandcomplexityforeffectiveandefficientlearning.MonitoringEICAmachineperformance
isameantoassessandevenadapttheprocessoflearning.

CoNCLUSIoN

TheactualreportforEICAmodelisacollectionoflecturenotesspanningtenyearsofComputational
NeuropedagogyPost-Graduatecourse,eachyearfocusinginaspecificareaoftheconcerningresearch.
Hundredsofstudentsproducedthousandsofpagestoaccomplishthiselegantandcomprehensive
model.GlimpsesofEICAcanbeobservedoutofsimpletabletopwoodengames,butaremuchless
consistentthanneededtocomplywiththerigorsofscience.Nevertheless,thoseobservationswere
goodenoughtoguidethepathofsciencetowardsabetterunderstandingoftheinnardsofcognition.

EICAmodel isan instrumentofneuropedagogical science,devised tounderstand failureof
learningandguidesolutionstothisproblem.Itistheresultofsystematicstudyofseveralrelevant
authors incognitivescience.EICAcomes truebyabandoningattemptsofreaching to theactual
complexity of the mind in favor of an engineering solution that can produce coarse but useful
results.Asmuchsimplisticitcanseemfromcomputationalscience,EICAhasshownthepotential
ofunderstandingbothindividualandpopulationalcognitivefeatures.Statisticalcoherenceofthe
modelisreassuringofitspotentialnotonlyforthestudyofhumanlearningprocessbutalsoforother
relatedfieldslikeergonometricsandhigh-performancerequirements.

Fromwhatcanbelearnedfromthiswork, thismodel justopenedasmallpeepholeintothe
vast fieldofcomputationalcognitivescience.Thegreatchallengeopened iswhatcanbenamed
ascognomics,thestudyofthecompletesetoflanguagesandcognitivelanguageexpressionsthat
comprises the inventory of the thinking process and the corresponding epistemics, the effective
knowledgethatemergefromthegivencognitivemicrogeneticscripts.Thiscanopenthepathfora
betterhumanitywherecognitioncanbeevenlydistributedandeverypersoncanexperiencebeinga
fullydevelopedHomosapien.



International Journal of Cognitive Informatics and Natural Intelligence
Volume 12 • Issue 1 • January-March 2018

90

ReFeReNCeS

Ayesh, A. (2016). Towards Psychologically based Personalised Modelling of Emotions Using Associative
Classifiers.International Journal of Cognitive Informatics and Natural Intelligence.

Barthes,R.(1971).Análise estrutural da Narrativa, Novas Perspectivas em educação.Petrópolis,RJ:EdVozes.

Beneviste,E.(1939).Naturedusignelinguistique.InActalinguistica.

Chomsky,N.(2014).Aspects of the Theory of Syntax(Vol.11).MITpress.

Feldman,J.,Dodge,E.,&Bryant,J.(2009)A neural theory of language and embodied construction grammar.

Hollnagel,E.,&Woods,D.D.(2005).Joint cognitive systems: Foundations of cognitive systems engineering.
CRCPress.doi:10.1201/9781420038194

Inhelder,B.(1992).Le cheminement des découvertes de lénfant. Recherche sur les microgenèses cognitives.
Paris:DelachauxetNiestlé.

Langer, J. (1998) Phylogenetic and ontogenetic origins of cognition: Classification. Piaget, evolution, and 
development.

Lemos,M.,Motta,C.,Marques,C.,Oliveira,C.,Fróes,M.,&Silva,J.(2014).FioCondutorMicrogenético:
Umametodologiaparaamediaçãometacognitivaemjogoscomputacionais.Revista Brasileira de Informática 
na Educação,22,1–17.doi:10.5753/RBIE.2014.22.01.1

Liu,W.(2017).BridgingInferenceBasedSentenceLinkingModelforSemanticCoherenceInternational Journal 
of Cognitive Informatics and Natural Intelligence.

Marques,C.,Nogueira,E.,&Brasil,G.(2015).GameInteligente:conceitoeaplicação.InProceedingsofthe
XISeminárioJogosEletrônicos,EducaçãoeComunicação,2015,Salvador(pp.162-171).

Marques,C.V.M.(2017).EICA - Estruturas Internas Cognitivas Aprendentes: Um Modelo Neuro-Computacional 
Aplicado à Instância Psíquica do Sistema Pessoa em Espaços Dimensionais[TesedeDoutorado].Universidade
FederaldoRiodeJaneiro.

McGarty,C.(1999).Categorization in Social Psychology.SAGEPublications.

Penrose,R.,&Hameroff,S.(2014).Consciousnessintheuniverse:Areviewofthe‘OrchOR’theory.Physics 
of Life Reviews,11(1),39–78.doi:10.1016/j.plrev.2013.08.002PMID:24070914

Ribeiro,C.,Cavadas,A.P.,&Nunes,A.(2015).ModeloEICAInstanciado,ActivUFRJResearch Report.

Robinson,J.A.,&Hawpe,L.(1986).Narrative thinking as a heuristic process.

Seminério,F.(1984).Infra-estruturadacognição:fatoresoulinguagens?RiodeJaneiro:FGV;ISOP.

Todorov,T.(2008).EdPerspectiva.SP:AsEstruturasNarrativas.

Wang,Y.(2016a).OnCognitiveFoundationsandMathematicalTheoriesofKnowledgeScienceInternational 
Journal of Cognitive Informatics and Natural Intelligence,10(2),1–25.doi:10.4018/IJCINI.2016040101

Wang,Y.,Valipour,M.,&Zatarain,O.A.(2016b).QuantitativeSemanticAnalysisandComprehensionby
CognitiveMachineLearning.International Journal of Cognitive Informatics and Natural Intelligence,10(3),
13–28.doi:10.4018/IJCINI.2016070102

Wang,Y.,Zadeh,L.A.,Widrow,B.,Howard,N.,Beaufays,F.,Baciu,G.,&Zhang,D.et al.(2017).Abstract
Intelligence:EmbodyingandEnablingCognitiveSystemsbyMathematicalEngineering.International Journal 
of Cognitive Informatics and Natural Intelligence,11(1),1–15.doi:10.4018/IJCINI.2017010101

http://dx.doi.org/10.1201/9781420038194
http://dx.doi.org/10.5753/RBIE.2014.22.01.1
http://dx.doi.org/10.1016/j.plrev.2013.08.002
http://www.ncbi.nlm.nih.gov/pubmed/24070914
http://dx.doi.org/10.4018/IJCINI.2016040101
http://dx.doi.org/10.4018/IJCINI.2016070102
http://dx.doi.org/10.4018/IJCINI.2017010101


International Journal of Cognitive Informatics and Natural Intelligence
Volume 12 • Issue 1 • January-March 2018

91

Carla Verônica Machado Marques PhD from the COPPE PESC (Systems and computing Engineering Program. 
Artificial Intelligence Area. Laboratory of computational Neuroscience), cognitive neuropsychologist; Plastic Artist; 
Master in Anthropology of Art. Assistant Professor, Faculty of Medicine Department of Psychiatry: Discipline of 
General Psychology, Speech Therapy Course, UFRJ. Associate Professor of the Master in Informatics in Education, 
NCE, Instituto Tércio Pacitti de Aplicações e Pesquisas Computacionais, UFRJ. Scientific Coordinator of the 
Research Project Neurolog Rede, NCE, UFRJ. Neuropsychologist / Psychopedagogue. Director-President of 
ABRAPA Associação Brasileira de Problemas de Aprendizagem. Head of the Cognition and Language Service of 
ABRAPA. Technical-scientific responsible of LABRINT: Laboratory of Intelligent Toys, ABRAPA. Game design and 
architect of intelligent games of evaluation and neuropsychological cognitive-linguistic habilitation.

Carlo Emmanoel Tolla de Oliveira holds a PhD in Computer Science, University of London (1991). He is currently 
a researcher at the Universidade Federal do Rio de Janeiro. He has a vast experience in the area of   Computer 
Science, with emphasis in Informatics, Information Systems and Software Engineering acting in aspects like: 
neuropedagogy, computational neuroscience, object orientation, uml, distributed systems, software architecture 
and peer-to-equal systems. Head of Research at LABASE (http://j.mp/LABASE_NCE: Laboratory for Automation 
Systems in Education) Computer Science Laboratory at NCE, Instituto Tércio Pacitti de Aplicações e Pesquisas 
Computacionais. Developer of Cognitive Game Engines based on the Intelligent Games approach. Head architect 
of academic systems development at University of Rio de Janeiro. Head of project SuperPython (http://bit.ly/
SuperPython), proposing a neuropedagogical education by means of game development.

Cibele Ribeiro da Cunha Oliveira received her academic degree in English Language Arts at the Universidade 
Federal Fluminense (UFF) in 2006. In 2004, she was hired as an English language teacher at a Montessori School 
named Colégio Ágora in Rio de Janeiro and is currently a master’s degree student in Informatics, Education and 
Society at the Universidade Federal do Rio de Janeiro (UFRJ) she is also engaged in the research project DELL 
SuPyGirls at the Labase Computer Science Laboratory at NCE, Instituto Tércio Pacitti de Aplicações e Pesquisas 
Computacionais that acts on Models of Cognitive Engines based on the Intelligent Games approach.

http://j.mp/LABASE_NCE
http://bit.ly/SuperPython
http://bit.ly/SuperPython

	Article 6: The Cognitive Machine as Mental Language Automata

