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1 INTRODUCTION 2

1 Intr oduction

COGENT (Cooper& Fox, 1998; Cooper Yule, Fox, & Sutton,1998; Cooper 2002)is a graphical
ervironmentfor thedevelopmentandexplorationof informationprocessingnodelsof cognitive func-

tioning. It providesdomain-generalacilities for developing, runningandevaluatingcomputational
modelsbasedon abox andarrav notation. The systemallows usersto 1) sketchthefunctionalcom-

ponentof theirmodel;2) esh outsucha sketchby specifyingthe computationapropertiesof boxes
or writing production-lile rules;and3) explore the behaiour of the resultingmodelthrough“com-

putationalexperiments”.COGENTiIs currentlybeingusedfor bothcognitive modellingteachingand

researchn severalinstitutionsandan introductorycognitive modellingtext basedon COGENT has
recentlybeenpublishedCoopey2002).

Thistutorialaimsto introduceattendee$o the COGENTenvironmentby steppinghroughthedevel-
opmentandtestingof animplementatiorof AtkinsonandShiffrin's (1968)Modal Model of memory
After creatinganinitial implementatiorattendeewill exploretheeffectsof modelparametersuchas
short-termstorecapacityandthe rateof informationtransferfrom short-termstoreto long-termstore
onthefreerecallbehaiour of themodel. On completingthetutorial attendeeshouldhave sufcient

familiarity with COGENTto make aninformeddecisionaboutits appropriatened®r theirneedsand
to begin to developtheir own models.

2 COGENT: Principal Features

COGENT hasbeendesignedo simplify rigorousdevelopmentandtestingof models,andto aid data
analysisandreporting.As such,it providesarangeof functionsthatallow studentandresearcher®
explore ideasandtheoriesrelatingto cognitive processesvithout commitmentto a particulararchi-
tecturencluding:

A visualprogrammingervironment;

A rangeof standardunctionalcomponentsincluding rule-basedrocessesnemorybuffers,
simpleconnectionishetworks, TCP/IPsoclets,input “sources”andoutput“sinks”;

An expressie, extensible rule-basednodellinglanguageandimplementatiorsystem;
Mechanismdgor the controlof intercomponentommunication;
Automateddatavisualisatiortools,includingtables graphs andanimateddiagrams;

A powerful modeltestingervironment,supportingVionte Carlo-stylesimulationsanda gener
alised“experiment-basedscriptinglanguage;

Researclprogrammemanagemerntiols, allowing relatedmodelsto be encapsulatedithin a
researctprogrammeandproviding a graphicaldisplayof the relationsbetweemrmodelswithin
suchaprogramme;

Versioncontrolon models;and
Supportfor documentatiomf bothindividual modelsandcompleteresearctprogrammes.

2.1 The Visual Programming Environment

CoGENT simpli es the procesof modeldevelopmentby providing a visual programmingernviron-
mentin which modelsmay be created,edited, and tested. The visual programmingernvironment
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Figurel: A boxandarrav diagramof the Modal Model of memory(asdevelopedin Section3)

allows usersto develop cognitive modelsusinga box andarrav notationthat builds uponthe con-
ceptsof functionalmodularity (from cognitve psychology)and object-orienteddesign(from com-
puterscience).Functionalmodularityviews a cognitive processasthe productof a setof interacting
sub-processesyhereeachsub-procesbasanidenti able functionthatcontritutesto the whole and
theinteractionshetweensub-processearelimited in range(see for example,Fodor, 1983). Object-
orienteddesignanalysesomplex computationabystemsn termsof sub-systemsf differenttypes,
with the behaiour of eachsub-systenbeingdeterminedn partby its type andthe valuesof a setof
propertieghatarespeci ¢ to eachtype of sub-systenfsee for example,RumbaughBlaha,Premer
lani, Eddy, & Lorensen;1991;Graham1994).

Modelsarespeci edin COGENT by sketchingtheir functionalcomponentsisSingCOGENT's graphical
modeleditor Thus,Figurel shavsaboxandarrov diagramdepictinga classictheoryfrom cognitive
psychology— the Modal Model of memory(Atkinson & Shiffrin, 1968,1971). The diagramshavs

ve functional componentsfour of which are centralto the Modal Model: I/O Process(a process
thatactsasaninterfacebetweerthe memorysystemsandary taskto whichthey areapplied),STSa
short-termstorein which informationis temporarilyplacedwhile it is rehearsed). TS (a long-term
storein which informationis consolidated)andReheasal (a procesghattransferanformationfrom
STSto LTS. The oneremainingcomponenof the diagram— Task Ervironment— is a compound
box (i.e.,abox containingfurtherinternalstructurehatis usedto administera taskwhentestingthe
model.

Differentshapedoxeswithin a COGENT box andarrov diagramrepresentifferenttypesof com-
ponent.Hexagonalboxesrepresenprocessethattransforminformation,roundedrectangulaboxes
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represenbuffers that storeinformation,andrectangulaboxesrepresentompoundsystemswith in-
ternalstructure Similarly, differentstylesof arrow indicatedifferenttypesof communicatiorbetween
the componentssuchasreadinginformationfrom a buffer or sendingmessage$o a process.Co-
GENT's graphicalmodeleditor providesfacilitiesfor creatingmodelsusingtheseand otherstandard
typesof component. Componentgprovided in additionto the above include simple feed-forvard
networks, interactve activation networks andinput/outputdevices.

Several differentkinds of information may be associatedvith a model. This information may be
viewed or editedby selectingthe appropriatetab on the main portion of the model editor window
(Figurel). TheDiagram view is shavn in the gure. Otherviews (Description, Properties, Message
Matrix, andMessages) provide accesgo: atext window into which notesor commenton the model
may be entered;the setof propertiesand parametershat control aspectf the models execution;
atwo-dimensionamapthat shavs, during modelexecution,intercomponentommunicationanda
text-basedview of messagegeneratear receved by the models top-level box.

2.2 Standard ComponentTypes

A COGENT modelis constructedy assemblingomponentsrom acomponentibrary into aboxand
arrov diagramandthencon guring thecomponentaisnecessarylhe componentibrary includes:

Rule-basedprocesses:Rule-basedrocessesnanipulateinformation accordingto symbolic rules
speci edby theuser A powerful rule languageandrule interpreterallows rule-basegrocesses
to performcomplex manipulationsandtransformation®f information. Suchprocessingnay
be contingentuponthe contentf othercomponent®f themodel.

Memory buffers: Buffersaregenerainformationstoragedevices. They maybeusedfor bothshort
term andlong term storage,and different subtypesof buffer may be usedto storeinforma-
tion in differentformats(e.g.,propositional takular, andanalogue).The detailedbehaiour of
ary instanceof a buffer is determinedy its propertieswhich specifysuchthingsascapacity
limitations, decayparameterandaccesgestrictions. The useof propertiesto specify buffer
behaiour (andin fact,the behaiour of all COGENT objects)leadsto componentshatareboth
e xible (i.e., canperforma variety of functions)andwell-speci ed (i.e., the variousproperty
valuesfully de ne thecomputationabehaiour of thecomponents).

Connectionistnetworks: COGENT's generalisegrocessingngineallows directinterfacebetween
componentshatwork with symbolicrepresentationge.g.,rule-basegrocessesandconnec-
tionist networks. Version2.3 of COGENT supportshreekinds of connectionishetwork: two-
layer feed-forvard networks, associatie networks, and interactve actvation networks. This
facility makes COGENT suitablefor a variety of hybrid modellingapplications.As in the case
of buffers, precisenetwork behaiour is determinedy propertiesassociateavith the network.
Thesepropertiegovernlearningrate, initialisation,theactivationfunction, etc..

I/O sourcesand sinks: Specialiseddatasourcecomponentsallow datato be fed into other com-
ponentsn a controlledmanner Datasinksby contrastallow the collectionof datafrom other
componentsluringmodelexecution.Threetypesof datasink— text-basedsinks,takular sinks,
andgraphicalsinks— allow arangeof optionsfor storageandpresentatiomf modeloutput.

TCP/IP sockets: COGENT modelsmay communicatewith other processegrunning either on the
samemachineor acrossthe internet)through TCP/IP soclets. Two typesof soclet box are
provided. A sener soclet box listensfor messagesn a speci ed TCP/IP port andresponds
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IF: operator (Move possible ) isin PossibleOpeiators
evaluate _operator (MoveValue)

THEN: deleteoperator (Move possible ) from PossibleOpeiators
addoperator (Movevalue (Value)) to PossibleOpemators

Box 1: A simplerule thatupdatesa buffer

to thosemessagesyhile a client soclet box is ableto generatanessageequestand process
responsegeneratedby anotherprocess.

Inter-module communicationlinks: Intermodule communicationis indicatedwithin a COGENT
box and arronv diagramby arravs dravn betweenthe boxes. Two basictypesof arrov are
provided: readarrovs andwrite/sendarrows.

Furtherdetailsof thesecomponentypesaregivenbelow.

2.3 The Rule-BasedModelling Language

CoGENT's rule-basednodellinglanguageallows comple processeto be speci edwith production-
like rules. Eachrule consistsof a setof conditionsanda setof actions. Conditionsincludelogical
operationavhoseoutcomemay betrue or false,suchastestingthe equalityof dataelementsaswell

asoperationghat setvariables suchasmatchingsomeinformationstoredin a buffer. Actionsallow

messagesf variousformsto be sentto otherboxes. Therule languagés highly expressie. While

thisintroducessomecompleities, structuredule editorssimplify the processf specifyingrulesand
othertoolsallow the processingf rulesduringmodelexecutionto be monitored.

An examplerule is shavn in Box 1. This rule res when PossibleOpelators (a buffer) contains
anelementof theform operator (Move possible ), andthe conditionevaluate operator (Move
Value) canbe satis ed. MoveandValue arebothvariables.On ring, MoveandValue arebound,
therule deletesoneelementrom PossibleOpeiators (operator (Move possible )) andaddsanother
(operator (Move value (Value))).

Rulesarecontainedwithin processe@hehexagonalboxeswithin a COGENT boxandarrav diagram:
seeFigurel), andmaybesupplementedith userde ned conditions.Suchconditionsmaybeusedto
provide additionalcontrol over the circumstances which rulesapply Thisis illustratedby therule
in Box 1: evaluate _operator (MoveValue) is a call to a userde ned condition,the de nition of
whichis speci edelsevhere. The conditionde nition languages basedn Prolog(see e.g.,Bratko,
1986; Sterling, 1986; Clocksin & Mellish, 1987), a highly expressie Al programminglanguage
which providesCOGENT with substantiale xibility .

The rulesand conditionde nitions of a processarelistedin a standardormat within the process'
Rules and Condition De nitions view. This view also provides accesgo specialisedrule editing
facilities. Figure2 shaws this view for SelectOpemators, a procesgrom a modelof problemsolving
describedn Chapterd of Cooper(2002).

2.4 Automated Data Visualisation Tools

COGENT provides a numberof visualisationtools to assistin the monitoring and evaluationof a
model. Thesetoolstake theform of additionaltypesof box,andallow datato be displayedn standard
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Figure2: Somerulesfrom the SelectOperator processwithin a problemsolvingmodel

Figure3: A tablebuffer, displayingdataaccumulateaver ve blocksof atask

takular or graphicalforms. More sophisticatedvisualisationsmay alsobe craftedthroughuseof a
generalisedraphicaldisplaybox.

Tables Tablesallow datato be displayedin a standardiwo-dimensionalformat, asin Figure 3.
Messagesentto a tablespecifyvaluesfor the variouscells. Tablesareupdateddynamicallyduring
theexecutionof amodel,with detailsof tablelayoutfor ary particulartable(e.g.,row height,column
width, row andcolumnlabels,etc.) beinggovernedby thattables properties.
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Figure4: A graphicalbuffer, shaving a line graphsummarisingoutputfrom a model of memory
appliedto afreerecalltask

Two typesof tableareprovided. Outputtablesarewrite-only: datasentto suchtablesaredisplayedout
cannoteinspectedy othercomponentsBuffer tablesareread/write:othercomponentsonnectedo
thebuffer with readaccessnay querythevaluein ary cell. This queryingis governedby the buffer's
accespropertieswhich allow access$o bebasedn eithertemporalfeaturesof buffer elementge.g.,
primag/, receng) or spatialfeaturesf theelementge.g.,left to right or right to left placement).

Graphs Datamaybedisplayedgraphicallyin severalstandardormats,includingline graphsscat-
ter plotsandbarcharts.Figure4 shavs aline graphof datageneratedy a modelof the Glanzerand
Cunitz (1966)freerecalltask. A singlegraphmay be usedto displaymultiple datasetsin different
colours.Messagesentto agraphspecifydatapointsor styleinformationrelatingto a particulardata
set.As with tables graphsareupdateddynamicallyduringmodelexecutionandpresentationaletails
arecontrolledthroughcon gurablepropertiesaassociateavith thegraph.

Generalised Graphical Output Facilities are also provided for more generalgraphicaloutput.
Propositionabuffersmaybeaugmentedvith visualisatiorruleswhich mapbuffer elementgo graph-
ical objects(e.g.,lines, shaper text at speci ed coordinatepositions),andthesegraphicalobjects
may be storedandviewed directly within analoguebuffers. To illustrate, Figure 5 shaws a visuali-
sationof the contentsof a propositionabuffer whosecontentsepresentlisksin the Tower of Hanoi
problem. (This problemis discussedt lengthin Chapter4 of Cooper(2002).) Displaysassociated
with propositionabndanaloguébuffers aredynamicallyupdatedvheneer the contentof the buffer
change.
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Figure5: A visualisationof a propositionalbuffer's contents shaving an intermediatestateof the
Tower of Hanoiproblem

2.5 The Model TestingEnvironment

The modeltestingervironmentprovidesa rangeof facilities for monitoringanddeluggingmodels.
Monitoring is provided throughthe Messages view available on eachcomponens window. This
view shawvs all messagegeneratear receved by a component.Thus,Figure6 shavs the messages
relatingto the SelectOpemtors processnentionedabove after7 processingycles. Eachline shavs
the cycle on which the messagavasreceved or generatedthe sourceof the messagée.g.,Rule 5
of SelectOpeator), themessags'destination(e.g.,PreviousMove), andthemessage'content(e.g.,
add(mové€30))). Otherfacilitiesallow thetrafc betweercomponentsvithin acompoundooxto be
monitored(throughthe box's Message Matrix view), andthe executionof speci ¢ conditionswithin
rulesto betraced.

2.6 Reseach ProgrammeManagement

Thedevelopmenbf acognitve modeltypically takesplaceoveranextendedoeriodof time. COGENT

supportsthis developmentthroughtools for managingsetsof modelswithin a reseach programme
(seelLakatos,1970). Thesetools include a graphicaldisplay of the modelscontainedwithin a re-

searchprogrammeshaving ancestralinks betweermmodels) facilitiesfor versioncontrolon models
(e.g.,copying andarchving), documentatiorsupport,anda front-endto the graphicalmodeleditor
describedabove.

Accessto researchprogrammemanagementools is throughthe ResearchProgrammeManager
shawvn in Figure7. Theleft side of the window shaws all researclprogrammesegisteredwith co-
GENT. Whenaresearclprogrammeas selectedts historyis displayedn theframeon therightin the
form of atree.Eachnodein thetreecorrespond$o a separatenodel,anddouble-clickingon anode
0pensCOGENT's modeleditoronthecorrespondingnodel. Theprogres®f timeis representeth the
history diagramalongthe horizontalaxis, with modelsto the right being developedafter modelsto
theleft. Links in thetreeshawv ancestratelationsbetweersuccessi versionsof thesamemodel.As
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Figure6: TheMessages view of SelectOperators

Figure7: Theresearclprogrammehistoryview

canbeseenfrom the gure, severalversionsof amodelmaybeexploredin parallel.
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2.7 Domainsof Application

COGENT isintendedo beas e xible anddomaingenerabhspossible . To date,modelsin thefollowing
domainshave beendeveloped:

Memory (Freerecall)

Arithmetic (Multicolumn additionandsubtraction)
Mentallmagery(Shepard'snentalrotationtask)

ProblemSolving (Missionaries% CannibalsTower of Hanoi, Cryptarithmetic)
Deductie ReasoningSyllogisms Allen inferences)
Catgyorisation/DecisioMaking (Medicaldiagnosis)
SentencérocessingParsing)

Executive Functioning(Routineandnon-routinebehaiour)

Memory Early modelsof memoryarguedthat primag/ andreceng effectsin free recall resulted
from theinteractionof two storagedevices. The COGENT modelcaptureshisinteraction,andallows
exploration of the computationalimitations (e.g., decay capacity)of thosestoragedevices. The
modelalsogenerateserialpositioncurves(seeSection3).

Multicolumn Subtraction This modelemplo/s an OPS-styleproductionsysteminterpreter The

subtractiorprocedurds de ned by a setof productionrules(Young& O'Shea,1981). An analogue
buffer is usedto displaythe currentstateof the problem. Productionamay be ignoredto simulate
errorsor bugsin childrens subtractiomprocedures.

Mental Rotation An analoguebuffer is usedby this modelto storethe mentalrepresentatioof

eachshape Rotationof the mentalimageis performedon the analogueepresentatioandis subject
to point movement,meaningthat rotationdoesnot perfectly presere the shapebeingrotated. The
modelpresentslataon speedandaccurayg in agraph.

Problem Solving Themissionarie@ndcannibaldaskemplo/s a standardperatorcycle: propose,
evaluate,selectand execute. The Tower of Hanoi/Londontasksusea goal stackto focus operator
selection. The cryptarithmeticmodelis an order of magnitudemore comple. Operatorselection
in this taskinvolves a choicebetweendozensof applicableoperators.Neverthelessthe samebasic
mechanismare usedin this model andin the missionariesand cannibalsmodel. In addition, an
analoguebuffer is usedasanexternalrepresentatioduring problemsolving.

Reasoning SyllogisticreasoningnodelsusingbothmentalmodelsandEulercircleshave beende-
veloped. For mentalmodels,modelsof the premisescan be developedusing a takular buffer. For
Euler circles,modelsof the premisesanbe developedusingan analoguebuffer. Allen inferencing
modelshave alsobeendeveloped.In thesemodels,point movementin ananaloguebuffer is usedto
accountfor someempiricaleffectsassuggestetby Berendt(1996).
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Medical Diagnosis Serveral setsof modelshave beendevelopedwithin an extensve researctpro-
grammeinvestigatinginformation seekingbehaiour in diagnosistasks(seeCooper& Fox, 1997;
Fox & Cooper 1997; Yule, Coopey & Fox, 1998; Cooper& Yule, 1999; Cooper Yule, & Fox,

2003). Within eachsetof models,an experimentemodulepresentstimuli andcollatesresults. An

experimentscript speci esthe experimentaldesign(e.g.,numberof trials per block). Visualisation
componentandstatisticalfunctionsallow constanimonitoringof the model. This packageof work
demonstrateshe useof COGENT to supportcomparatie modelling of differentapproacheso the
sametask.

SentenceProcessing A seriesof sentencgrocessingnodelsbasedon left-cornerchart parsing,
incrementaprocessing@ndbacktrackinghave beendeveloped(seeChapter7 of Cooper(2002)).

Executive Processing Currentwork is developing modelsof non-routinebehaiour basedon the
supervisonattentionakystemheoryof Norman& Shallice(1986)andthe “domino” architectureof
Fox & Das(2000).

COGENT hasalsobeenappliedasa generalsimulationervironmentin non-cognitve domains,in-
cludingthe simulationof biological processeandmulti-agentsystems.

3 A COGENT Implementation of the "Modal Model' of Memory

Theremainderof this sessionntroducesmary of the basicconceptf COGENT througha tutorial-
styledevelopmentof animplementatiorof a classiccognitive model: Atkinson& Shiffrin's so-called
“Modal Model” of humanmemory(Atkinson & Shiffrin, 1968,1971). The model, called“modal”

becausemostpsychologistsubscribedo it at onepoint, is no longercurrent(thoughelementof it

remainin morerecenttheoriesof memory),but it is usedherebecausét senesasa goodillustration
of how COGENT canbeusedto implementconceptandmodelsfrom the psychologicaliterature.

3.1 The lllustrati ve Task: FreeRecall

The Modal Model was developedto explain the receng and primag effectsin free recall serial
position curves (Glanzer& Cunitz, 1966; Postman& Phillips, 1965). In a free recall paradigm,
participantsaarepresentedvith alist of words,oneatatime, andinstructedto memorise¢hewordsas
well aspossiblesothatthey mayrecallasmary aspossiblan asubsequerfteerecallphaseBecause
thewordsarepresentederially it is possibleto plot theaverageaccurag of recallateachpointin the
seriesasin Figure8. Thetypical nding is thatthecurweis roughlyU-shapedwordsatthebeginning
of thelist arerecalledrelatively well, asarewordsat the endof the list, but thosein the middle are
poorly recalled. The peakat the beginningis known asthe primacyeffectandthe peakat the endis
known astherecencyeffect

Thereceny effectcanbeexplainedby postulatingwo distinctmemorystores:alimited-capacitybut
relatvely reliable Short-Term Store(STS),andan unlimited capacitybut relatvely unreliableLong-
Term Store(LTS). Accordingto the Modal Model, theitemsin thereceng portionof the freerecall
cune arerecalledwell becausehey arestill heldin the STS,whereaghoseearlierin the curve are
recalledrelatively poorly sincethey areonly heldin the decay-prond.TS. If participantscanrecall
from eitherstore,one would expecta peakat the end of the curve, spanningas mary itemsasthe
postulateccapacitylimitation of STSwill allow (e.g.,7 2items:Miller, 1956).
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Figure8: Typical recallaccurag asa function of serialpositionin the freerecalltask (adaptedrom
Glanzer& Cunitz,1966)

Theprimag effect requiresa differentexplanation.in the Modal Model it is assumedo resultfrom
alimited-capacityprocesof Reheasal, which is usedto transferinformationfrom STSto LTS. The
explanationdependon the factthat at the beginning of the list therearerelatively few itemsto re-
hearsesotheseitemsreceve disproportionatelynorerehearsathanitemslaterin thelist. Assuming
thatmorerehearsaimpliesbetterrecall,they shouldthereforeberememberedbetter

3.2 TaskInfrastructur e

The box andarronv languageof COGENT is very powerful, andit is possibleto usethe languageto
specifyboth cognitve modelsandcomputationakrnvironmentsin which thosemodelsmay be evalu-
ated.Thatis, COGENT maybe usednot only to simulatecognitive processingbut alsoto implement
stimuluspresentatiorand datacollection. We adoptthis approach.However, becausesuchaspects
may obscurethe presentatiorof the Modal Model, we encapsulatéhe “task ervironment”and“sub-
ject” modulesin functionallydistinct, pre-speci ed,compoundioxes.

Becausehisis ashorttutorial,andsincewe areconcentratingn producinga simplecognitve model
ratherthana completeexperimentalprogram,we startthe tutorial with a modelin which we already
have a developedexperimentakrnvironmentwhich presentshe stimuli, collectsresponseandgraphs
results. If you have installedthe tutorial package this “stub” model should be installedon your
machine. SelectFreeRecall from COGENT's ResearchiProgrammeVanagerwindon anddouble-
click on Stub Modelto openit. You shouldseea screeriike thatin Figure9.

Thisisthemainbox-arrav diagramof themodel.It compriseswo compoundoxes,linkedby arrows.
Thebox labelledTaskEnvironmentpresentstimuli to, andcollectsresponsefom, the box labelled
SubjecModel TaskEnvironmentlsomaintainsaagraphicakepresentationf theserialpositioncurve
(asshavn abovein Figure4). Youcan nd thegraphdisplayby double-clickingon TaskEnvironment
whichwill openanewv window (Figurel10).

The graphdisplayitself is openedby double-clickingthe box at the bottomof the diagramlabelled
Serial Position Curve Whenyou openit, you needto click on the Current Graph tab to view the
graph.Of coursethereis no graphyet, sincethereis no data.

Youshouldby now beableto seethateachboxin abox-arrav diagranmrepresentanobject,andwhen
you opena box, you have a variety of differentviews available— the exactrangeof views depends
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Figure9: Thetop-level box-arrav diagramfor the Modal Model

Figure10: Internaldetail of TaskEnvironment

on thetype of box. Boxesthatcontainotherboxes (which they displayasa box-arrav diagram)are
known asCompoundsndarerepresentedy a rectangulabox. Round-endedboxesare Bufers, of
whichtherearearangeof types.HexagonalboxesareProcesses
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3.3 The Stub Subject Model

Returnto the main box-arrav diagram. (You may wish to closethe windows associatedvith Task
EnvironmentandSerial Position Curve) Double-clickonthe compoundoox labelledSubjectModel
This, asits namesuggestsis goingto containour modelof the humansubjectin thefree-recalltask.
But sincethis modelisn't built yet, it containsonly astub,asshavn in Figurel1l.

Figurell: The“stub” SubjectModel

The hexagonalbox labelledl/O Processis a Process and it will handleall interactionwith Task
Environment Double-clickon it to openit, then switch to the Messages tah This will initially
displayablankscreen.Now noticetherow of buttonsmarkedin redonthetool-baratthetop of the
window, like this:

e>>n
Thisis theruntool-bar andit is displayedn thewindow of every openbox. It providesaccesdo the

commandsisedio runamodel. You cangetmoreinformationaboutthe buttons'functionsby placing
themousepointerover eachone,without clicking. Thefunctionsareasfollows:
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Button | Action Performed

® | Initialise
2| | SingleStep

”| | Run

B| | Stopexecution

The rst thing to do is click on the “Initialise model” button, to initialise the model. Then click
the “Run” button; you should seesignsof actiity, and messageshouldaccumulaten the open
window. Thesemessagesare being sentby Task Environment— in this model Task Environment
sendsa messagef the form word(Word to SubjectModel on eachsuccessie cycle. When Task
Environmenthassent25wordsto SubjectModel it sendsa nal recall messagéseeFigurel?2).

Figure12: Messagesecevedby I/O Processrom TaskEnvironment

Themodelwill ultimatelyneedo beableto respondappropriatelyto thesemessagesrhenext section
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describedow to getSubjectModelto dothis.

3.4 Building the Short Term Store

We bggin by addinga short-termstoreto our stubmodel. (Recallthatthe short-termstorewasheldto
beresponsibldor therecenyg effectsin freerecall.) Fromthe mainbox-arrav diagram doubleclick
on Subjectto openit. The modelneedsto containtwo boxesrepresentingnemorystores,the STS
andLTS. Thesecanbe implementedas propositionalbuffers. To addthe STSbox to the diagram,
rst notethedrawing tool-barat the bottomof the window; it containsa setof buttonsrepresenting
differentbox types,andtwo arrow types. Click onceon the “Buffer/Propositional™button (the one
shawving theletter P within a round-corneredectangle)thenclick on the diagramcarvas. A Buffer
box, annotatedvith a P in thetop right corner will appeaion thediagram(seeFigure13).

Figure13: Building SubjectModel(part1)

Next, we needto link 1/0 Procesdo thenew buffer, to allow 1/O Procesdo storetheincomingwords
in thatbuffer. For this we needa Write arrav. Selectthe appropriatearrov type (by clicking on the
rightmostof the two arronv buttonson the drawing tool-bar). Now click on I/O Processand,without
releasingmovethepointerto thenew buffer— anarrown will follow themousepointer— andrelease
thebutton. Figure14 shaws how theresultingdiagramshouldlook.

Before continuing,you shoulddouble-clickthe newv box to openit, andgive it a name,by typing
“STS” into the eld labelledName nearthetop of the buffer's window.
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Figurel14: Building SubjectModel(part2)

We arenow readyto addaruleto I/0O Procesghatwill transferincomingwordsto STS Double-click
on I/O Procesdo openit, andview the Rules & Condition De nitions tah You will seeatool-barat
the bottomof thewindow; to createa rule, click onthebuttonmarked“If. ..then...”, andthenclick
somavherein the main, white region of thewindow. A new rule will appear;double-clickit anda
new window will open.Thisis the Ruleeditor. It simpli es the procesof writing rules,andensures
thatthey follow the syntaxof COGENT's rule languageWe aregoingto usetherule editorto createa
rule which will write eachincomingword from TaskErnvironmentto STS

First,checktheRule is triggered check-boxwithin therule editor Thisindicateghatthisruleresponds
to triggermessagesuchasthosesentby TaskEnvironment The Triggering pattern eld, previously
grayedout, will becomeactive. You shouldtypethetriggeringpatternword(X) in it. (Make sureyou
capitalisehe Xinsidethebraclets,but nottheword outside.)Recall(from Figure12) thatl/O Process
recevesmessagesf theformword(X) from TaskErvironmentiwhereXis awordto beremembered).
Thisrulewill betriggeredby suchmessagesndeachtimeit is triggeredXwill beboundor setequal
to thewordin theactualtriggeringmessageNext, pull down the Add Action menu,andselectheadd
itemonthemenu.A new entryunderthe Actionspartof thewindow will appearThis entry hastwo
boxes.In theleft box, typetheletterX (againcapitalised— it refersto thesamevariableastheonein
thetrigger pattern). Theright box offers a selectionof namesof otherboxes(the onesto whichit is
possibleto additems). Fromthese selectSTS Finally, in thebox atthe top labelledComment, type
acommentto explain whatthe rule does— suchasStore incoming words in STS. Figure15 shavs
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how therule editorwindow shouldnow look.

Figurel5: Therule for storingincomingwordsin STS

As explainedabore, this rule will be triggeredwhenelementsof the form word(X) (whereXis may
beary speci c word) arereceved by I/O Process TaskEnvironmentsendsa seriesof suchmessages
during an experimentalrial. Wheneer the rule is triggered,it will addan element(whatever the X
happengo correspondo) to STS

Now closethe rule editorwindon. COGENT will askyou to con rm saving of your edits. At this
pointthemodelis actuallyableto do somethingfor eachincomingword, it will be copiedinto STS
To testit, openSTSandselectthe Current Contents tabh Now click the Initialise button andthenthe
Run button. A list of wordsshouldappeaiin the window. Initialise again,andsingle-stedor a few
cycles. Youwill seethatwordsareappearingandaccumulatingpncepercycle. (Notethatnothing
will appeairin this window for the rst coupleof cyclesbecauset takes sometime for wordsto be
generatedy TaskEnvironmentandfed to SubjectModel)

Now aswasmentionedbefore,in the Modal Model the short-termstoreis supposedo be capacity-
limited with a spanof about7 items. Switch to the Properties view of STS— you will seea list
of propertynamesandtheir associated/alues. Find the Limited Capacity propertyand ensureit is
checled. This worksin conjunctionwith the Capacity property which shouldbe setto 7. At this
point,also nd theOn Excess propertyandsetit to Oldest. Now returnto the Current Contents view,
re-initialiseandstepthroughthetrial again;youwill seethatthenumberof itemsin STSgrows until it
reached, afterwhich pointnew additionsto thebuffer overwrite existing elements— in this casethe
oldestelements alwaysthe oneto bereplaced Returnto the propertiessiew, changehe On Excess
propertyto Random, andagainstepthroughthe trial, viewing the currentcontents.This time, when
the capacitylimit is reachedarandomlyselectedtem shouldbe overwritten by eachnew element.

Now we canadda recall facility to this memorysystem,allowing the modelto performthe free-
recallmemorytask. Returnto the SubjectModelbox-arrav diagram,andadda Readarraov from I/O
Procesdo STS(SeeFigurel6.)
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Figure16: Building SubjectModel(part3)
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To adda rule to respondto recall requestscreatea new rule in 1/0O Processand double-clickit to
openthe rule editor This rule will respondto the recall trigger so you shouldenablethis, as
before by checkingtheRule is Triggered boxandtypingrecall in theTriggering Pattern eld. Then
selectmatch from the Add Condition menu.A new entrywill appeaiin the Conditions sectionof the
rule editor In theleft eld, type Wordandin theright eld, selectSTS Now from the Add Action
menu, selectsend, andin theleft eld, typerecalled (Word, thenin theright eld, selectTask
Environment:ExperimenteProcess Figure17 shavs how therule shouldnow appear

Figurel7: A ruleto recallwordsfrom STS

Now, whentriggeredby the recall messagethe rule shouldreadthe wordsit rememberdrom
memory (currently just thosestoredin ST, and sendthemto ExperimenteProcesswithin Task
Environment Closetherule editorwindow, andreturnto the Serial Position Curvein TaskEnviron-
ment Click the Initialise Model button,thenclick the Run button. After a momentyou shouldseea
jaggedpatternrepresentingecallin asingletrial. Withoutinitialising, try clicking the Run buttona
few moretimes. Eachrun correspondso a completeblock of trials. You should nd thatthe graph
becomedessjagged,andif you keepclicking around20 timesyou shouldseea curve beginning to
develop. It mightlook somethindike Figure18.

Thiscertainlylooksquitelike areceng effect, but thereis of courseno primag effect; theprobability
of recalljust dropsasitemsgetolder If you have the time, you might like to experimentwith this
modelsomemorebeforegoingonto the next section.Hereareafew suggestions:

1. Keeprunningmoretrials — the cune will graduallypbecomesmoother

2. Returnto theProperties tabof STSandchangeheOn Excess propertyto anothewalueof your
choice.Seewhathappengo the shapeof thegraphwhenyou run afew trials. Explain.

1CocENT's default behaiiour is to re all possibleinstantiationsof ruleswheneer they apply In particular because
we haven't marked therule to re oncepercycle, it will re multiple time on the samecycle, sendingall wordsthat it
remembers$o ExperimenteiProceson a singleprocessingycle.
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Figure18: A receng graphgenerateavith recallfrom STSonly

3. Remembethe Messages view of 1/0 Proces8 Watchwhathappengherenow whenyou run
(or single-stepjhroughatrial. Also look atthe Messages views of otherboxes. What's going
on?Whatdo thenumbergepresent?

3.5 Adding the Long Term Store

We have seenthatthe shortterm storealonecangeneratea respectableeceng effect. However, to
producea primag effect too, we needto addtwo morecomponentsalong termstore(LTS), which
shouldbeapropositionabuffer, andarehearsaprocessTherehearsaprocesshouldbeableto read
from STSandwrite to LTS 1/0 Processshouldbeableto readL TS Givenwhatyou've learnedabout
editingbox-arrav diagramsn the previous section,you shouldbe ableto modify the old diagramto
producesuchanarrangemensogo aheadanddoit. Feelfreeto rearrangeheboxesto suityourtaste
by draggingthemaroundon the box-arrav carvas— you'll nd thatthearraws follow themaround.
Thediagramshouldendup looking roughlylike Figure 19.

Next we needto make Reheasal actuallydo something.Recallthatits purposes to take elements
from STSandtransferthemto LTS andthatit is capacity-limited.SoopenReheasal andcreateanev
rulein the Rules and Condition De nitions view. Unlike the previousruleswe have encounteredhis
oneis nottriggered— theideais thatit is supposedo operateautonomouslyHowever, thefactthat
it is capacity-limitedmeanghatwe mustrestrictits ring somehw, sochecktheRule res once per
cycle box,anduncheckheRule is refracted box. The rst of theseensuresghattherulewill only re
onetime on eachprocessingycle, evenif therearemary possiblewaysthevariablesin therule can
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Figurel19: TheextendedSubjectModelbox-arrav diagram

be bound.(Thevariable-bindinghatis usedwill ultimatelydependntheaccespropertienf STS)
The secondallows therule to re with the samevariable-bindingon subsequenprocessingycles.
(In this caseallowing the sameword to berehearsednultiple times.) Now therule mustreadanitem
from STSandaddit to LTS soaswith therecallrule, we needa match conditionwhich readsaword
from STS Finally the actionshouldbe an add operation,to addthewordto LTS It shouldendup
looking like Figure20.

Now if you switchto the Current Contents tab of LTS initialise and single-stepghroughthe model
usingthe Step button, afterafew stepsyouwill seewordsaccumulatingn LTS Butif yourunatrial

at this point, you will soondiscorer thatit never stops.(Usethe Stop execution buttonto terminate
this kind of runavay execution.) This is becauseahe rehearsatule is alwaysableto re, whatever

elsehashappenedAn ad hoc solutionto this problemis to drav a Send arrav from 1/0O Procesgo

Reheasal, andadda new rule to I/O Process We will senda specialstop messageia this arrov

to Reheasal wheneer the recall phaseof the trial starts.Createan appropriateriggeredrule in I/O

Process Therule shouldhave recall asits triggerandsend stop to Reheasal asits only action.
(Therearemoreprincipledsolutionsto the problemof stoppingrehearsal— seebelow.)

While we'rein 1/0O Processwe needio modify therecallprocedureo recallfrom bothmemorystores.
We could addanotherrecall rule (like thatin Figure17, but which matchesagainstLTSratherthan
STS. Insteadwe're goingto demonstratéhe useof auserde ned condition(actuallya pieceof pure
Prolog),with two clausesgachof which readsfrom a differentstore. So, inserta dummycondition
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Figure20: Therehearsatule

by clicking on the buttonmarkedf (X) :- g(X) onthelower tool-barandthenclicking on the carvas;
a nev dummy conditionwill appeamwhereyou clicked. Double-clickon this to openthe condition
editor First of all, you shouldchangethe contentsof the Functor eld to a nameof your choice.
(You shouldnt usecapitallettershereasthe functoris not a variable.) We'll usethe namerecall
Thenchangehevaluein the No. of args eld to 1 — this meanghatthe conditionwill take asingle
amgument.

Now, click theAdd Clause button,andanew entrywill appeain theConditions sectionof thewindow.
Right-click on the button at the far left, to pull down a menu,andnavigateto the Add subcondition
menuandselectmatch. A new match subconditionwill appear— you shouldsetit to reada Word
from STS Next type Wordin theagument eld in the headof the clause— this variableshareghe
valueof theword readfrom the buffer, andpassest up to therecallrule. Next, click the Add Clause
button again. Now de ne the secondclauseof the conditionasyou did the rst, exceptthistime it
shouldreada Wordfrom LT Sinsteadof STSIn theendit shouldlook like Figure21.

Closethe conditioneditorwindow. The conditionthatwe have justde ned stategwo waysin which
aword canberecalled— it canberecalledif it is in STS andit canberecalledif it isin LTS We
mustnow adjustour recall rule to usethis de ned condition. Go to the I/O Processwindow and
double-clickon the mainrecall rule; a rule editor window will open. Right-click on the button at
theleft of the only conditionto pull down the menu,andnavigateto the Insert after condition! user
de ned submenu.You shouldseeanentryfor recall/1 (or whatever you calledthe recall condition).
Selectthis, andit shouldappeaafterthe matchconditionin the mainrule editorwindow. TypeWord
in the agument eld, andthendeletethe matchcondition, by selectingthe appropriatatem on its
menu. Closetherule editorwindow. By now the Current Contents view of 1/0 Processshouldlook
like Figure22.

At this point you cantry runningthe model, while you monitor the graphoutput. If you run 20 or
moretrials, it shouldbecomeclearfrom thegraphdisplaythatthereis now aprimag effectaswell as
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Figure21: Therecallcondition

Figure22: Thecompleterule setfor 1/0 Process

areceng effect. We will improve onthis behaiour in the next section but for nov you canconsider
thefollowing questions:

1. You shouldbe ableto accountfor the primag effect on the basisof the considerationgn the
introduction.What's goingon?

2. If you monitorthe Messages view of /0O Processyou'll seethatthe modelsometimesecalls
thesamewordtwice in the sametrial. Why is this? Canyou x it sothisdoesnt happen?



3 A COGENTIMPLEMENTATION OF THE 'MODAL MODEL' OF MEMORY 25

3. Theserialpositioncure still doesnt look like the onein theintroduction. Try to characterise
ary differencesCanyou explain why they occur?

3.6 Decay Time and Rehearsal

The previous sectionshave produceda modelwhich shavs simple primag/ andreceng effectsin a
serialpositioncurve. However, thereis onemajor featureof the theorywhich we still haven't dealt
with, namelydecay Thelongtermstoreis supposedo be of unlimited capacitybut less-tharperfect
reliability, whereasn the presenmodel,if somethinggetsin to LTSit staysthereuntil theendof the
trial.

COGENT supportsdecayof itemsheldin buffers by meansof buffer properties.We've alreadyseen
suchpropertiesn actionwhenconsideringlifferentbehaiour of limited capacitybuffers. OpenLTS
andswitchto its Properties tah Therearetwo propertiesof interesthere,the Decay property which

hasfour possiblevalues— None, Half Life, Linear andFixed — andthe Decay Constant, which is

anumber The Decay Constant is interpretedasa numberof cycles. (The cycle is COGENT's basic
unit of time.) Half Life, Linear andFixed decayall usethe valueof the Decay Constant — call it D

— but in differentways. In Fixed decay itemsaredeletedassoonasthey have beenin the buffer for

D cycles. In Half Life decayD speci esa half-life (asin radioactve decay),sothatitemsmaydecay
atary time, but the probability of their having decayedy thetime they areD cyclesold is 0.50. In

Linear decayD speci esthe maximumnumberof cyclesanelemenimayremainin the buffer, but the
a prior probability of the elementecayingon ary cycle prior to thisis 1/ D.

Setthe Decay propertyof LTSto Half Life, andthe Decay Constant to 20, thenreturnto the graph
view andrun a block of 20 trials. You will (probably)seethatthe primag effect hasbeengreatly
reducedpr evenabolisheccompletelywhereaghereceng effectis still strong.Now if youincrease
the LTS Decay Constant, makingitemslesslikely to decayin the courseof a trial, the size of the
primag effect shouldincreaseoo.

Anotherway you canaffect the performancef the modelis to changethe rehearsatate. Remember
that Task Ernvironmentsendsoneword per cycle during the memorisatiorphase andthat Reheasal
transfersoneitem per cycle to LTS If you copy the rehearsalule, so that thereare two identical
copies,you doublethe rehearsatate. Try it — you shouldseeanotherincreasein the size of the
primag effect, aswell asaraisingof thelevel of the centralportion of the curve. On arelatednote,
if you like you cansetthe Duplicates propertyof LTS This allows multiple copiesof the sameword
in LTS andshouldimprove recallfrom LTS

Theseconsiderationgabouttime suggestanotherway the model canbe improved. Although Task
Environmentsendswvordsto SubjectModel serially SubjectModel currentlydoesnot recall serially
We would like to recallwordsoneat a time, on separateycles, ratherthanin a parallelburston a
singlecycle. Openl/O Processandedit therecall rule again. Checkthe Rule res once per cycle
andRule is Refracted boxes. The rst ensureghatonly oneword will berecalledpercycle, andthe
seconcensureghateachword will berecalledonly once.Thenaddasend action,to sendthetrigger
recall to I/O Process This meanghateachtime therule res, it sendsa messagéo itself to try to
re againonthenext cycle. (Notethatif youcant getarulein agivenprocesoxto sendamessage
to the samebox, make surethat the process'Recurrent propertyis set.) The nal rule shouldend
up looking like Figure23. The rule works by recallingoneword andthentriggeringitself to recall
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another Whenall wordsthatarein STSor LTShave beenrecalled therule's conditionwill fail, and
recallwill terminate.

Figure23: A rulefor serialrecall

This completesthe modellingwork of the tutorial. If you have time, considerand/orpursuethe
following suggestions:

1. Youhave alreadybeenintroducedto a rangeof parametershatcanaffect the behaiour of the
model, including capacitylimitations, behaiour whenthat capacityis exceededdecaytype
andrate,andrehearsatate. Anotherpropertyof interestis the buffer Access property which
offerstheoptionsFIFO (First-In/First-Out) LIFO (Last-In/First-OutiandRandom, andcontrols
the orderin which itemsarereadfrom buffers. Play with these(andother) parameterso see
how they affectthe models behaiour.

2. Have alook aroundTaskEnvironmentandits componentsYou'll seeit'swrittenusingthesame
languageasSubjectModel Try to discover how it works.

3. Remembethattherewasa problemwith the modelcontinuingto rehearsavordsafterit had
nished recalling. Thesimplesolutionto thisgivenabove, sendingastop messagéo Reheasal
is notvery principled.Find aprincipledsolutionto theproblemof haltingexecutionafterrecall.

4 Mor e AdvancedFeatures: Experiment Scripting

All cOGENT modelssharean underlyingprocessingsystemthat supportsfour levels of execution:
trial, block, subjectandexperiment.Thesdevelscorrespondlirectly to theiranalogue# experimen-
tal psychology The simplestway of using COGENT is to run a singletrial. Normally this involves
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presentinga single stimulusandgatheringa singleresponse However, it is alsopossibleto specify
extendedexperimentaldesignsjn which, for example,numerousvirtual subjectsarerun in eachof
several experimentalconditions with eachexperimentalconditioninvolving a numberof blocksand
eachblock involving a numberof trials. Suchdesignsare constructedhrougha specialpurposeex-
perimentscripteditor To view the scripteditor, selectview ! OOS Window... from ary window. A
newv window shouldappeashaving thedefault script. If thetutorial modelis correctlyinstalled,this
scriptshouldrunone“trial” 20times,whereonetrial is de ned by a secondscript.
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