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1 INTRODUCTION 2

1 Intr oduction

COGENT(Cooper& Fox, 1998;Cooper, Yule, Fox, & Sutton,1998;Cooper, 2002)is a graphical
environmentfor thedevelopmentandexplorationof informationprocessingmodelsof cognitive func-
tioning. It providesdomain-generalfacilities for developing,runningandevaluatingcomputational
modelsbasedon a box andarrow notation.Thesystemallows usersto 1) sketchthefunctionalcom-
ponentsof theirmodel;2) �esh outsuchasketchby specifyingthecomputationalpropertiesof boxes
or writing production-like rules;and3) explore thebehaviour of the resultingmodelthrough“com-
putationalexperiments”.COGENTis currentlybeingusedfor bothcognitive modellingteachingand
researchin several institutionsandan introductorycognitive modellingtext basedon COGENThas
recentlybeenpublished(Cooper, 2002).

This tutorialaimsto introduceattendeesto theCOGENTenvironmentby steppingthroughthedevel-
opmentandtestingof animplementationof AtkinsonandShiffrin's (1968)ModalModelof memory.
After creatinganinitial implementationattendeeswill exploretheeffectsof modelparameterssuchas
short-termstorecapacityandtherateof informationtransferfrom short-termstoreto long-termstore
on thefreerecallbehaviour of themodel.On completingthetutorial attendeesshouldhave suf�cient
familiarity with COGENTto makeaninformeddecisionaboutits appropriatenessfor theirneedsand
to begin to developtheir own models.

2 COGENT: Principal Features

COGENT hasbeendesignedto simplify rigorousdevelopmentandtestingof models,andto aid data
analysisandreporting.As such,it providesarangeof functionsthatallow studentsandresearchersto
explore ideasandtheoriesrelatingto cognitive processeswithout commitmentto a particulararchi-
tecture,including:

� A visualprogrammingenvironment;

� A rangeof standardfunctionalcomponents,including rule-basedprocesses,memorybuffers,
simpleconnectionistnetworks,TCP/IPsockets,input “sources”andoutput“sinks”;

� An expressive,extensible,rule-basedmodellinglanguageandimplementationsystem;

� Mechanismsfor thecontrolof inter-componentcommunication;

� Automateddatavisualisationtools,includingtables,graphs,andanimateddiagrams;

� A powerful modeltestingenvironment,supportingMonteCarlo-stylesimulationsanda gener-
alised“experiment-based”scriptinglanguage;

� Researchprogrammemanagementtools,allowing relatedmodelsto beencapsulatedwithin a
researchprogrammeandproviding a graphicaldisplayof therelationsbetweenmodelswithin
suchaprogramme;

� Versioncontrolon models;and

� Supportfor documentationof bothindividual modelsandcompleteresearchprogrammes.

2.1 The Visual Programming Envir onment

COGENT simpli�es theprocessof modeldevelopmentby providing a visualprogrammingenviron-
ment in which modelsmay be created,edited,and tested. The visual programmingenvironment
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Figure1: A boxandarrow diagramof theModalModelof memory(asdevelopedin Section3)

allows usersto develop cognitive modelsusinga box andarrow notationthat builds uponthe con-
ceptsof functionalmodularity(from cognitive psychology)andobject-orienteddesign(from com-
puterscience).Functionalmodularityviews a cognitive processastheproductof a setof interacting
sub-processes,whereeachsub-processhasanidenti�able functionthatcontributesto thewholeand
the interactionsbetweensub-processesarelimited in range(see,for example,Fodor, 1983). Object-
orienteddesignanalysescomplex computationalsystemsin termsof sub-systemsof differenttypes,
with thebehaviour of eachsub-systembeingdeterminedin partby its typeandthevaluesof a setof
propertiesthatarespeci�c to eachtypeof sub-system(see,for example,Rumbaugh,Blaha,Premer-
lani, Eddy, & Lorensen,1991;Graham,1994).

Modelsarespeci�edin COGENT by sketchingtheir functionalcomponentsusingCOGENT's graphical
modeleditor. Thus,Figure1 showsaboxandarrow diagramdepictingaclassictheoryfrom cognitive
psychology— theModal Model of memory(Atkinson& Shiffrin, 1968,1971).Thediagramshows
� ve functionalcomponents,four of which arecentralto the Modal Model: I/O Process(a process
thatactsasaninterfacebetweenthememorysystemsandany taskto which they areapplied),STS(a
short-termstorein which informationis temporarilyplacedwhile it is rehearsed),LTS(a long-term
storein which informationis consolidated),andRehearsal (a processthattransfersinformationfrom
STSto LTS). Theoneremainingcomponentof thediagram— TaskEnvironment— is a compound
box (i.e.,aboxcontainingfurtherinternalstructure)thatis usedto administera taskwhentestingthe
model.

Differentshapedboxeswithin a COGENT box andarrow diagramrepresentdifferent typesof com-
ponent.Hexagonalboxesrepresentprocessesthattransforminformation,roundedrectangularboxes
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representbuffers thatstoreinformation,andrectangularboxesrepresentcompoundsystemswith in-
ternalstructure.Similarly, differentstylesof arrow indicatedifferenttypesof communicationbetween
the components,suchasreadinginformationfrom a buffer or sendingmessagesto a process.CO-
GENT's graphicalmodeleditorprovidesfacilitiesfor creatingmodelsusingtheseandotherstandard
typesof component. Componentsprovided in addition to the above include simple feed-forward
networks,interactive activationnetworksandinput/outputdevices.

Several different kinds of informationmay be associatedwith a model. This informationmay be
viewed or editedby selectingthe appropriatetab on the main portion of the modeleditor window
(Figure1). TheDiagram view is shown in the�gure. Otherviews (Description, Properties, Message
Matrix, andMessages) provide accessto: a text window into whichnotesor commentson themodel
may be entered;the setof propertiesandparametersthat control aspectsof the model's execution;
a two-dimensionalmapthatshows, duringmodelexecution,inter-componentcommunication;anda
text-basedview of messagesgeneratedor receivedby themodel's top-level box.

2.2 Standard ComponentTypes

A COGENT modelis constructedby assemblingcomponentsfrom acomponentlibrary into aboxand
arrow diagramandthencon�guring thecomponentsasnecessary. Thecomponentlibrary includes:

Rule-basedprocesses:Rule-basedprocessesmanipulateinformation accordingto symbolic rules
speci�edby theuser. A powerful rule languageandrule interpreterallowsrule-basedprocesses
to performcomplex manipulationsandtransformationsof information. Suchprocessingmay
becontingentuponthecontentsof othercomponentsof themodel.

Memory buffers: Buffersaregeneralinformationstoragedevices.They maybeusedfor bothshort
term and long term storage,and different subtypesof buffer may be usedto storeinforma-
tion in differentformats(e.g.,propositional,tabular, andanalogue).Thedetailedbehaviour of
any instanceof a buffer is determinedby its properties,which specifysuchthingsascapacity
limitations, decayparametersandaccessrestrictions.The useof propertiesto specifybuffer
behaviour (andin fact,thebehaviour of all COGENT objects)leadsto componentsthatareboth
�e xible (i.e., canperforma varietyof functions)andwell-speci�ed (i.e., thevariousproperty
valuesfully de�ne thecomputationalbehaviour of thecomponents).

Connectionistnetworks: COGENT's generalisedprocessingengineallows direct interfacebetween
componentsthatwork with symbolicrepresentations(e.g.,rule-basedprocesses)andconnec-
tionist networks. Version2.3 of COGENT supportsthreekindsof connectionistnetwork: two-
layer feed-forward networks, associative networks, andinteractive activation networks. This
facility makesCOGENT suitablefor a varietyof hybrid modellingapplications.As in thecase
of buffers,precisenetwork behaviour is determinedby propertiesassociatedwith thenetwork.
Thesepropertiesgovernlearningrate,initialisation,theactivationfunction,etc..

I/O sourcesand sinks: Specialiseddatasourcecomponentsallow datato be fed into other com-
ponentsin a controlledmanner. Datasinksby contrastallow thecollectionof datafrom other
componentsduringmodelexecution.Threetypesof datasink— text-basedsinks,tabularsinks,
andgraphicalsinks— allow a rangeof optionsfor storageandpresentationof modeloutput.

TCP/IP sockets: COGENT modelsmay communicatewith other processes(running either on the
samemachineor acrossthe internet)throughTCP/IPsockets. Two typesof socket box are
provided. A server socket box listensfor messageson a speci�ed TCP/IPport andresponds
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IF: operator (Move; possible ) is in PossibleOperators
evaluate operator (Move; Value)

THEN: deleteoperator (Move; possible ) from PossibleOperators
addoperator (Move; value (Value)) to PossibleOperators

Box 1: A simplerule thatupdatesabuffer

to thosemessages,while a client socket box is ableto generatemessagerequestandprocess
responsesgeneratedby anotherprocess.

Inter -modulecommunication links: Inter-module communicationis indicatedwithin a COGENT

box and arrow diagramby arrows drawn betweenthe boxes. Two basictypesof arrow are
provided: readarrows andwrite/sendarrows.

Furtherdetailsof thesecomponenttypesaregivenbelow.

2.3 The Rule-BasedModelling Language

COGENT's rule-basedmodellinglanguageallows complex processesto bespeci�edwith production-
like rules. Eachrule consistsof a setof conditionsanda setof actions.Conditionsincludelogical
operationswhoseoutcomemaybetrueor false,suchastestingtheequalityof dataelements,aswell
asoperationsthatsetvariables,suchasmatchingsomeinformationstoredin a buffer. Actionsallow
messagesof variousformsto besentto otherboxes. Therule languageis highly expressive. While
this introducessomecomplexities,structuredruleeditorssimplify theprocessof specifyingrulesand
othertoolsallow theprocessingof rulesduringmodelexecutionto bemonitored.

An examplerule is shown in Box 1. This rule �res when PossibleOperators (a buffer) contains
anelementof theform operator (Move; possible ), andtheconditionevaluate operator (Move;
Value) canbesatis�ed. MoveandValue arebothvariables.On �ring, MoveandValue arebound,
theruledeletesoneelementfrom PossibleOperators(operator (Move; possible )) andaddsanother
(operator (Move; value (Value))).

Rulesarecontainedwithin processes(thehexagonalboxeswithin a COGENT boxandarrow diagram:
seeFigure1), andmaybesupplementedwith user-de�nedconditions.Suchconditionsmaybeusedto
provide additionalcontrolover thecircumstancesin which rulesapply. This is illustratedby therule
in Box 1: evaluate operator (Move; Value) is a call to a user-de�ned condition,thede�nition of
which is speci�edelsewhere.Theconditionde�nition languageis basedon Prolog(see,e.g.,Bratko,
1986; Sterling, 1986; Clocksin & Mellish, 1987), a highly expressive AI programminglanguage
whichprovidesCOGENT with substantial�e xibility.

The rulesandconditionde�nitions of a processare listed in a standardformat within the process'
Rules and Condition De�nitions view. This view also provides accessto specialisedrule editing
facilities. Figure2 shows this view for SelectOperators, a processfrom a modelof problemsolving
describedin Chapter4 of Cooper(2002).

2.4 AutomatedData VisualisationTools

COGENT provides a numberof visualisationtools to assistin the monitoring and evaluationof a
model.Thesetoolstaketheform of additionaltypesof box,andallow datato bedisplayedin standard
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Figure2: Somerulesfrom theSelectOperator processwithin aproblemsolvingmodel

Figure3: A tablebuffer, displayingdataaccumulatedover � veblocksof a task

tabular or graphicalforms. More sophisticatedvisualisationsmay alsobe craftedthroughuseof a
generalisedgraphicaldisplaybox.

Tables Tablesallow datato be displayedin a standardtwo-dimensionalformat, as in Figure 3.
Messagessentto a tablespecifyvaluesfor thevariouscells. Tablesareupdateddynamicallyduring
theexecutionof amodel,with detailsof tablelayoutfor any particulartable(e.g.,row height,column
width, row andcolumnlabels,etc.)beinggovernedby thattable's properties.
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Figure4: A graphicalbuffer, showing a line graphsummarisingoutput from a modelof memory
appliedto a freerecalltask

Twotypesof tableareprovided.Outputtablesarewrite-only: datasenttosuchtablesaredisplayedbut
cannotbeinspectedby othercomponents.Buffer tablesareread/write:othercomponentsconnectedto
thebuffer with readaccessmayquerythevaluein any cell. Thisqueryingis governedby thebuffer's
accessproperties,whichallow accessto bebasedoneithertemporalfeaturesof buffer elements(e.g.,
primacy, recency) or spatialfeaturesof theelements(e.g.,left to right or right to left placement).

Graphs Datamaybedisplayedgraphicallyin severalstandardformats,includingline graphs,scat-
terplotsandbarcharts.Figure4 shows a line graphof datageneratedby a modelof theGlanzerand
Cunitz (1966)freerecall task. A singlegraphmaybeusedto displaymultiple datasetsin different
colours.Messagessentto agraphspecifydatapointsor styleinformationrelatingto aparticulardata
set.As with tables,graphsareupdateddynamicallyduringmodelexecutionandpresentationaldetails
arecontrolledthroughcon�gurablepropertiesassociatedwith thegraph.

GeneralisedGraphical Output Facilities are also provided for more generalgraphicaloutput.
Propositionalbuffersmaybeaugmentedwith visualisationruleswhichmapbuffer elementsto graph-
ical objects(e.g.,lines,shapesor text at speci�ed coordinatepositions),andthesegraphicalobjects
may be storedandviewed directly within analoguebuffers. To illustrate,Figure5 shows a visuali-
sationof thecontentsof a propositionalbuffer whosecontentsrepresentdisksin theTower of Hanoi
problem. (This problemis discussedat lengthin Chapter4 of Cooper(2002).) Displaysassociated
with propositionalandanaloguebuffersaredynamicallyupdatedwhenever thecontentsof thebuffer
change.
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Figure5: A visualisationof a propositionalbuffer's contents,showing an intermediatestateof the
Towerof Hanoiproblem

2.5 The Model TestingEnvir onment

Themodeltestingenvironmentprovidesa rangeof facilities for monitoringanddebuggingmodels.
Monitoring is provided throughthe Messages view availableon eachcomponent's window. This
view shows all messagesgeneratedor receivedby a component.Thus,Figure6 shows themessages
relatingto theSelectOperators processmentionedabove after7 processingcycles.Eachline shows
the cycle on which the messagewasreceived or generated,the sourceof the message(e.g.,Rule 5
of SelectOperator), themessage's destination(e.g.,PreviousMove), andthemessage's content(e.g.,
add(move(30))). Otherfacilitiesallow thetraf�c betweencomponentswithin a compoundbox to be
monitored(throughthebox's Message Matrix view), andtheexecutionof speci�c conditionswithin
rulesto betraced.

2.6 Research ProgrammeManagement

Thedevelopmentof acognitivemodeltypically takesplaceoveranextendedperiodof time. COGENT

supportsthis developmentthroughtools for managingsetsof modelswithin a research programme
(seeLakatos,1970). Thesetools includea graphicaldisplayof the modelscontainedwithin a re-
searchprogramme(showing ancestrallinks betweenmodels),facilitiesfor versioncontrolonmodels
(e.g.,copying andarchiving), documentationsupport,anda front-endto thegraphicalmodeleditor
describedabove.

Accessto researchprogrammemanagementtools is through the ResearchProgrammeManager,
shown in Figure7. The left sideof thewindow shows all researchprogrammesregisteredwith CO-
GENT. Whena researchprogrammeis selectedits historyis displayedin theframeon theright in the
form of a tree.Eachnodein thetreecorrespondsto a separatemodel,anddouble-clickingon a node
opensCOGENT'smodeleditoronthecorrespondingmodel.Theprogressof time is representedin the
historydiagramalongthehorizontalaxis,with modelsto the right beingdevelopedaftermodelsto
theleft. Links in thetreeshow ancestralrelationsbetweensuccessive versionsof thesamemodel.As
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Figure6: TheMessages view of SelectOperators

Figure7: Theresearchprogrammehistoryview

canbeseenfrom the�gure, severalversionsof amodelmaybeexploredin parallel.
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2.7 Domainsof Application

COGENT is intendedto beas�e xible anddomaingeneralaspossible.Todate,modelsin thefollowing
domainshave beendeveloped:

� Memory(Freerecall)

� Arithmetic (Multicolumnadditionandsubtraction)

� MentalImagery(Shepard'smentalrotationtask)

� ProblemSolving(Missionaries& Cannibals,Towerof Hanoi,Cryptarithmetic)

� Deductive Reasoning(Syllogisms,Allen inferences)

� Categorisation/DecisionMaking (Medicaldiagnosis)

� SentenceProcessing(Parsing)

� Executive Functioning(Routineandnon-routinebehaviour)

Memory Early modelsof memoryarguedthat primacy andrecency effects in free recall resulted
from theinteractionof two storagedevices.TheCOGENT modelcapturesthis interaction,andallows
exploration of the computationallimitations (e.g., decay, capacity)of thosestoragedevices. The
modelalsogeneratesserialpositioncurves(seeSection3).

Multicolumn Subtraction This modelemploys an OPS-styleproductionsysteminterpreter. The
subtractionprocedureis de�ned by a setof productionrules(Young& O'Shea,1981). An analogue
buffer is usedto display the currentstateof the problem. Productionsmay be ignoredto simulate
errorsor bugsin children's subtractionprocedures.

Mental Rotation An analoguebuffer is usedby this model to storethe mentalrepresentationof
eachshape.Rotationof thementalimageis performedon theanaloguerepresentationandis subject
to point movement,meaningthat rotationdoesnot perfectlypreserve the shapebeingrotated. The
modelpresentsdataonspeedandaccuracy in agraph.

Problem Solving Themissionariesandcannibalstaskemploys a standardoperatorcycle: propose,
evaluate,selectandexecute. The Tower of Hanoi/Londontasksusea goal stackto focusoperator
selection. The cryptarithmeticmodel is an orderof magnitudemorecomplex. Operatorselection
in this taskinvolvesa choicebetweendozensof applicableoperators.Nevertheless,thesamebasic
mechanismsare usedin this model and in the missionariesand cannibalsmodel. In addition, an
analoguebuffer is usedasanexternalrepresentationduringproblemsolving.

Reasoning SyllogisticreasoningmodelsusingbothmentalmodelsandEulercircleshave beende-
veloped. For mentalmodels,modelsof the premisescanbe developedusinga tabular buffer. For
Eulercircles,modelsof thepremisescanbe developedusingan analoguebuffer. Allen inferencing
modelshave alsobeendeveloped.In thesemodels,point movementin ananaloguebuffer is usedto
accountfor someempiricaleffectsassuggestedby Berendt(1996).



3 A COGENTIMPLEMENTATION OFTHE `MODAL MODEL' OFMEMORY 11

Medical Diagnosis Severalsetsof modelshave beendevelopedwithin an extensive researchpro-
grammeinvestigatinginformationseekingbehaviour in diagnosistasks(seeCooper& Fox, 1997;
Fox & Cooper, 1997; Yule, Cooper, & Fox, 1998; Cooper& Yule, 1999; Cooper, Yule, & Fox,
2003). Within eachsetof models,anexperimentermodulepresentsstimuli andcollatesresults.An
experimentscript speci�es the experimentaldesign(e.g.,numberof trials per block). Visualisation
componentsandstatisticalfunctionsallow constantmonitoringof themodel. This packageof work
demonstratesthe useof COGENT to supportcomparative modellingof different approachesto the
sametask.

SentenceProcessing A seriesof sentenceprocessingmodelsbasedon left-cornerchart parsing,
incrementalprocessingandbacktrackinghave beendeveloped(seeChapter7 of Cooper(2002)).

Executive Processing Currentwork is developingmodelsof non-routinebehaviour basedon the
supervisoryattentionalsystemtheoryof Norman& Shallice(1986)andthe“domino” architectureof
Fox & Das(2000).

COGENT hasalsobeenappliedasa generalsimulationenvironmentin non-cognitive domains,in-
cludingthesimulationof biologicalprocessesandmulti-agentsystems.

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

Theremainderof this sessionintroducesmany of thebasicconceptsof COGENT througha tutorial-
styledevelopmentof animplementationof aclassiccognitive model:Atkinson& Shiffrin's so-called
“Modal Model” of humanmemory(Atkinson & Shiffrin, 1968,1971). The model,called“modal”
becausemostpsychologistssubscribedto it at onepoint, is no longercurrent(thoughelementsof it
remainin morerecenttheoriesof memory),but it is usedherebecauseit servesasa goodillustration
of how COGENT canbeusedto implementconceptsandmodelsfrom thepsychologicalliterature.

3.1 The Illustrati veTask: FreeRecall

The Modal Model was developedto explain the recency and primacy effects in free recall serial
position curves (Glanzer& Cunitz, 1966; Postman& Phillips, 1965). In a free recall paradigm,
participantsarepresentedwith a list of words,oneata time,andinstructedto memorisethewordsas
well aspossiblesothatthey mayrecallasmany aspossiblein asubsequentfreerecallphase.Because
thewordsarepresentedserially, it is possibleto plot theaverageaccuracy of recallateachpoint in the
series,asin Figure8. Thetypical�nding is thatthecurveis roughlyU-shaped:wordsatthebeginning
of the list arerecalledrelatively well, asarewordsat theendof the list, but thosein themiddleare
poorly recalled.Thepeakat thebeginning is known astheprimacyeffectandthepeakat theendis
known astherecencyeffect.

Therecency effectcanbeexplainedby postulatingtwo distinctmemorystores:a limited-capacitybut
relatively reliableShort-TermStore(STS),andanunlimitedcapacitybut relatively unreliableLong-
TermStore(LTS).Accordingto theModal Model, the itemsin therecency portionof thefreerecall
curve arerecalledwell becausethey arestill held in theSTS,whereasthoseearlierin thecurve are
recalledrelatively poorly sincethey areonly held in thedecay-proneLTS. If participantscanrecall
from eitherstore,onewould expecta peakat the endof the curve, spanningasmany itemsasthe
postulatedcapacitylimitation of STSwill allow (e.g.,7� 2 items:Miller, 1956).
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Figure8: Typical recallaccuracy asa functionof serialpositionin thefreerecall task(adaptedfrom
Glanzer& Cunitz,1966)

Theprimacy effect requiresa differentexplanation.In theModal Model it is assumedto resultfrom
a limited-capacityprocessof Rehearsal, which is usedto transferinformationfrom STSto LTS.The
explanationdependson the fact that at thebeginning of the list therearerelatively few itemsto re-
hearse,sotheseitemsreceive disproportionatelymorerehearsalthanitemslaterin thelist. Assuming
thatmorerehearsalimpliesbetterrecall,they shouldthereforeberememberedbetter.

3.2 Task Infrastructur e

The box andarrow languageof COGENT is very powerful, andit is possibleto usethe languageto
specifybothcognitive modelsandcomputationalenvironmentsin which thosemodelsmaybeevalu-
ated.That is, COGENT maybeusednot only to simulatecognitive processing,but alsoto implement
stimuluspresentationanddatacollection. We adoptthis approach.However, becausesuchaspects
mayobscurethepresentationof theModal Model,we encapsulatethe“task environment”and“sub-
ject” modulesin functionallydistinct,pre-speci�ed,compoundboxes.

Becausethis is ashorttutorial,andsinceweareconcentratingonproducingasimplecognitive model
ratherthana completeexperimentalprogram,we startthetutorial with a modelin which we already
haveadevelopedexperimentalenvironmentwhichpresentsthestimuli, collectsresponsesandgraphs
results. If you have installedthe tutorial package,this “stub” model shouldbe installedon your
machine.SelectFreeRecall from COGENT's ResearchProgrammeManagerwindow anddouble-
click on Stub Model to openit. You shouldseeascreenlike thatin Figure9.

Thisis themainbox-arrow diagramof themodel.It comprisestwocompoundboxes,linkedbyarrows.
Thebox labelledTaskEnvironmentpresentsstimuli to, andcollectsresponsesfrom, thebox labelled
SubjectModel. TaskEnvironmentalsomaintainsagraphicalrepresentationof theserialpositioncurve
(asshown abovein Figure4). Youcan�nd thegraphdisplayby double-clickingonTaskEnvironment,
whichwill openanew window (Figure10).

Thegraphdisplayitself is openedby double-clickingthebox at thebottomof thediagramlabelled
Serial Position Curve. Whenyou openit, you needto click on the Current Graph tab to view the
graph.Of coursethereis no graphyet,sincethereis nodata.

Youshouldby now beableto seethateachboxin abox-arrow diagramrepresentsanobject,andwhen
you opena box, you have a varietyof differentviews available— theexact rangeof views depends
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Figure9: Thetop-level box-arrow diagramfor theModalModel

Figure10: Internaldetailof TaskEnvironment

on thetypeof box. Boxesthatcontainotherboxes(which they displayasa box-arrow diagram)are
known asCompoundsandarerepresentedby a rectangularbox. Round-endedboxesareBuffers, of
which therearea rangeof types.HexagonalboxesareProcesses.
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3.3 The Stub SubjectModel

Returnto the main box-arrow diagram. (You may wish to closethe windows associatedwith Task
EnvironmentandSerialPositionCurve.) Double-clickon thecompoundbox labelledSubjectModel.
This,asits namesuggests,is goingto containour modelof thehumansubjectin thefree-recalltask.
But sincethismodelisn't built yet, it containsonly astub,asshown in Figure11.

Figure11: The“stub” SubjectModel

The hexagonalbox labelledI/O Processis a Process, and it will handleall interactionwith Task
Environment. Double-click on it to openit, then switch to the Messages tab. This will initially
displaya blankscreen.Now noticetherow of buttonsmarkedin redon thetool-barat thetop of the
window, like this:

This is therun tool-bar, andit is displayedin thewindow of everyopenbox. It providesaccessto the
commandsusedto runamodel.Youcangetmoreinformationaboutthebuttons'functionsby placing
themousepointerover eachone,withoutclicking. Thefunctionsareasfollows:
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Button Action Performed

Initialise

SingleStep

Run

Stopexecution

The �rst thing to do is click on the “Initialise model” button, to initialise the model. Then click
the “Run” button; you shouldseesignsof activity, and messagesshouldaccumulatein the open
window. Thesemessagesarebeingsentby TaskEnvironment— in this modelTaskEnvironment
sendsa messageof the form word(Word) to SubjectModel on eachsuccessive cycle. WhenTask
Environmenthassent25wordsto SubjectModel, it sendsa �nal recall message(seeFigure12).

Figure12: Messagesreceivedby I/O Processfrom TaskEnvironment

Themodelwill ultimatelyneedto beableto respondappropriatelyto thesemessages.Thenext section
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describeshow to getSubjectModelto do this.

3.4 Building the Short Term Store

Webegin by addingashort-termstoreto ourstubmodel.(Recallthattheshort-termstorewasheldto
beresponsiblefor therecency effectsin freerecall.)Fromthemainbox-arrow diagram,doubleclick
on Subjectto openit. The modelneedsto containtwo boxesrepresentingmemorystores,the STS
andLTS. Thesecanbe implementedaspropositionalbuffers. To addthe STSbox to the diagram,
�rst notethedrawing tool-barat thebottomof thewindow; it containsa setof buttonsrepresenting
differentbox types,andtwo arrow types. Click onceon the “Buffer/Propositional”button (the one
showing theletterP within a round-corneredrectangle),thenclick on thediagramcanvas. A Buffer
box,annotatedwith aP in thetop right corner, will appearon thediagram(seeFigure13).

Figure13: Building SubjectModel(part1)

Next, weneedto link I/O Processto thenew buffer, to allow I/O Processto storetheincomingwords
in thatbuffer. For this we needa Write arrow. Selecttheappropriatearrow type(by clicking on the
rightmostof thetwo arrow buttonson thedrawing tool-bar).Now click on I/O Process, and,without
releasing,movethepointerto thenew buffer — anarrow will follow themousepointer— andrelease
thebutton.Figure14 shows how theresultingdiagramshouldlook.

Beforecontinuing,you shoulddouble-clickthe new box to openit, andgive it a name,by typing
“STS” into the�eld labelledName nearthetopof thebuffer's window.
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Figure14: Building SubjectModel(part2)

Wearenow readyto adda rule to I/O Processthatwill transferincomingwordsto STS. Double-click
on I/O Processto openit, andview theRules & Condition De�nitions tab. You will seea tool-barat
thebottomof thewindow; to createa rule,click on thebuttonmarked“If. . . then.. . ”, andthenclick
somewherein themain,white region of the window. A new rule will appear;double-clickit anda
new window will open.This is theRuleeditor. It simpli�es theprocessof writing rules,andensures
thatthey follow thesyntaxof COGENT's rule language.Wearegoingto usetheruleeditorto createa
rulewhichwill write eachincomingword from TaskEnvironmentto STS.

First,checktheRule is triggered check-boxwithin theruleeditor. Thisindicatesthatthisruleresponds
to triggermessagessuchasthosesentby TaskEnvironment. TheTriggering pattern �eld, previously
grayedout,will becomeactive. You shouldtypethetriggeringpatternword(X) in it. (Make sureyou
capitalisetheXinsidethebrackets,but notthewordoutside.)Recall(from Figure12)thatI/O Process
receivesmessagesof theform word(X) from TaskEnvironment(whereXis awordto beremembered).
This rulewill betriggeredby suchmessages,andeachtime it is triggeredXwill beboundor setequal
to thewordin theactualtriggeringmessage.Next, pull down theAdd Action menu,andselecttheadd
item on themenu.A new entryundertheActionspartof thewindow will appear. This entryhastwo
boxes.In theleft box,typetheletterX(againcapitalised— it refersto thesamevariableastheonein
thetriggerpattern).Theright box offersa selectionof namesof otherboxes(theonesto which it is
possibleto additems).Fromthese,selectSTS. Finally, in thebox at thetop labelledComment, type
a commentto explain what therule does— suchasStore incoming words in STS. Figure15 shows
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how theruleeditorwindow shouldnow look.

Figure15: Therule for storingincomingwordsin STS

As explainedabove, this rule will be triggeredwhenelementsof the form word(X) (whereX is may
beany speci�c word)arereceivedby I/O Process. TaskEnvironmentsendsaseriesof suchmessages
duringan experimentaltrial. Whenever the rule is triggered,it will addanelement(whatever theX
happensto correspondto) to STS.

Now closethe rule editor window. COGENT will askyou to con�rm saving of your edits. At this
point themodelis actuallyableto do something:for eachincomingword, it will becopiedinto STS.
To testit, openSTSandselecttheCurrent Contents tab. Now click the Initialise buttonandthenthe
Run button. A list of wordsshouldappearin thewindow. Initialise again,andsingle-stepfor a few
cycles.You will seethatwordsareappearing(andaccumulating)oncepercycle. (Notethatnothing
will appearin this window for the �rst coupleof cyclesbecauseit takessometime for wordsto be
generatedby TaskEnvironmentandfed to SubjectModel.)

Now aswasmentionedbefore,in theModal Model theshort-termstoreis supposedto becapacity-
limited with a spanof about7 items. Switch to the Properties view of STS— you will seea list
of propertynamesandtheir associatedvalues. Find the Limited Capacity propertyandensureit is
checked. This works in conjunctionwith the Capacity property, which shouldbe set to 7. At this
point,also�nd theOn Excess propertyandsetit to Oldest. Now returnto theCurrent Contents view,
re-initialiseandstepthroughthetrial again;youwill seethatthenumberof itemsin STSgrowsuntil it
reaches7,afterwhichpointnew additionsto thebuffer over-write existingelements— in thiscasethe
oldestelementis alwaystheoneto bereplaced.Returnto thepropertiesview, changetheOn Excess
propertyto Random, andagainstepthroughthetrial, viewing thecurrentcontents.This time,when
thecapacitylimit is reached,a randomlyselecteditem shouldbeover-written by eachnew element.

Now we canadda recall facility to this memorysystem,allowing the model to perform the free-
recallmemorytask.Returnto theSubjectModelbox-arrow diagram,andadda Readarrow from I/O
Processto STS. (SeeFigure16.)
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Figure16: Building SubjectModel(part3)
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To adda rule to respondto recall requests,createa new rule in I/O Processanddouble-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 theAdd Condition menu.A new entrywill appearin theConditions sectionof the
rule editor. In the left �eld, type Wordandin the right �eld, selectSTS. Now from the Add Action
menu,selectsend, and in the left �eld, type recalled (Word), then in the right �eld, selectTask
Environment:ExperimenterProcess. Figure17shows how theruleshouldnow appear.

Figure17: A rule to recallwordsfrom STS

Now, when triggeredby the recall message,the rule shouldreadthe words it remembersfrom
memory(currently, just thosestoredin STS), andsendthemto ExperimenterProcesswithin Task
Environment.1 Closetherule editorwindow, andreturnto theSerialPositionCurvein TaskEnviron-
ment. Click the Initialise Model button,thenclick theRun button. After a momentyou shouldseea
jaggedpatternrepresentingrecall in a singletrial. Without initialising, try clicking theRun buttona
few moretimes. Eachrun correspondsto a completeblock of trials. You should�nd that thegraph
becomeslessjagged,andif you keepclicking around20 timesyou shouldseea curve beginning to
develop. It might look somethinglike Figure18.

Thiscertainlylooksquitelikearecency effect,but thereis of coursenoprimacy effect; theprobability
of recall just dropsasitemsgetolder. If you have the time, you might like to experimentwith this
modelsomemorebeforegoingon to thenext section.Herearea few suggestions:

1. Keeprunningmoretrials— thecurve will graduallybecomesmoother.

2. Returnto theProperties tabof STSandchangetheOn Excess propertyto anothervalueof your
choice.Seewhathappensto theshapeof thegraphwhenyou runa few trials. Explain.

1COGENT's default behaviour is to �re all possibleinstantiationsof ruleswhenever they apply. In particular, because
we haven't marked the rule to �re onceper cycle, it will �re multiple time on the samecycle, sendingall wordsthat it
remembersto ExperimenterProcessona singleprocessingcycle.
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Figure18: A recency graphgeneratedwith recallfrom STSonly

3. RemembertheMessages view of I/O Process? Watchwhathappenstherenow whenyou run
(or single-step)througha trial. Also look at theMessages views of otherboxes.What's going
on?Whatdo thenumbersrepresent?

3.5 Adding the Long Term Store

We have seenthat theshorttermstorealonecangeneratea respectablerecency effect. However, to
producea primacy effect too, we needto addtwo morecomponents:a long termstore(LTS), which
shouldbeapropositionalbuffer, andarehearsalprocess.Therehearsalprocessshouldbeableto read
from STS, andwrite to LTS. I/O Processshouldbeableto readLTS. Givenwhatyou've learnedabout
editingbox-arrow diagramsin theprevioussection,you shouldbeableto modify theold diagramto
producesuchanarrangement,sogoaheadanddo it. Feelfreeto rearrangetheboxesto suityour taste
by draggingthemaroundon thebox-arrow canvas— you'll �nd thatthearrows follow themaround.
Thediagramshouldendup lookingroughlylike Figure19.

Next we needto make Rehearsal actuallydo something.Recallthat its purposeis to take elements
from STSandtransferthemto LTS, andthatit is capacity-limited.SoopenRehearsalandcreateanew
rule in theRules and Condition De�nitions view. Unlike thepreviousruleswehave encountered,this
oneis not triggered— theideais thatit is supposedto operateautonomously. However, thefact that
it is capacity-limitedmeansthatwe mustrestrictits �ring somehow, sochecktheRule �res once per
cycle box,andunchecktheRule is refracted box. The�rst of theseensuresthattherulewill only �re
onetime on eachprocessingcycle,evenif therearemany possiblewaysthevariablesin therule can
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Figure19: TheextendedSubjectModelbox-arrow diagram

bebound.(Thevariable-bindingthatis usedwill ultimatelydependon theaccesspropertiesof STS.)
The secondallows the rule to �re with the samevariable-bindingon subsequentprocessingcycles.
(In thiscaseallowing thesameword to berehearsedmultiple times.)Now therulemustreadanitem
from STS, andaddit to LTS, soaswith therecallrule,weneedamatch conditionwhichreadsaword
from STS. Finally the actionshouldbe an add operation,to addthe word to LTS. It shouldendup
looking like Figure20.

Now if you switch to the Current Contents tab of LTS, initialise andsingle-stepthroughthe model
usingtheStep button,aftera few stepsyouwill seewordsaccumulatingin LTS. But if youruna trial
at this point, you will soondiscover that it never stops.(UsetheStop execution button to terminate
this kind of runaway execution.) This is becausethe rehearsalrule is alwaysableto �re, whatever
elsehashappened.An ad hocsolutionto this problemis to draw a Send arrow from I/O Processto
Rehearsal, andadda new rule to I/O Process. We will senda specialstop messagevia this arrow
to Rehearsal whenever therecallphaseof thetrial starts.Createanappropriatetriggeredrule in I/O
Process. Therule shouldhave recall asits triggerandsend stop to Rehearsal asits only action.
(Therearemoreprincipledsolutionsto theproblemof stoppingrehearsal— seebelow.)

While we'rein I/O Process, weneedto modify therecallprocedureto recallfrom bothmemorystores.
We couldaddanotherrecall rule (like that in Figure17, but which matchesagainstLTSratherthan
STS). Instead,we'regoingto demonstratetheuseof auser-de�nedcondition(actuallyapieceof pure
Prolog),with two clauses,eachof which readsfrom a differentstore.So,inserta dummycondition
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Figure20: Therehearsalrule

by clicking on thebuttonmarked f (X) :- g(X) on the lower tool-barandthenclicking on thecanvas;
a new dummyconditionwill appearwhereyou clicked. Double-clickon this to openthe condition
editor. First of all, you shouldchangethe contentsof the Functor �eld to a nameof your choice.
(You shouldn't usecapitallettershereasthe functor is not a variable.)We'll usethenamerecall .
Thenchangethevaluein theNo. of args �eld to 1 — this meansthattheconditionwill take a single
argument.

Now, click theAdd Clause button,andanew entrywill appearin theConditions sectionof thewindow.
Right-click on thebutton 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 typeWordin theargument�eld in theheadof theclause— this variablesharesthe
valueof theword readfrom thebuffer, andpassesit up to therecallrule. Next, click theAdd Clause
button again. Now de�ne the secondclauseof the conditionasyou did the �rst, exceptthis time it
shouldreadaWordfrom LTSinsteadof STS. In theendit shouldlook like Figure21.

Closetheconditioneditorwindow. Theconditionthatwe have just de�ned statestwo waysin which
a word canberecalled— it canbe recalledif it is in STS, andit canbe recalledif it is in LTS. We
mustnow adjustour recall rule to usethis de�ned condition. Go to the I/O Processwindow and
double-clickon the main recall rule; a rule editor window will open. Right-click on the button at
theleft of theonly conditionto pull down themenu,andnavigateto the Insert after condition! user
de�ned submenu.You shouldseeanentry for recall/1 (or whatever you calledtherecallcondition).
Selectthis,andit shouldappearafterthematchconditionin themainruleeditorwindow. TypeWord
in the argument�eld, andthendeletethe matchcondition,by selectingthe appropriateitem on its
menu.Closetherule editorwindow. By now theCurrent Contents view of I/O 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 aprimacy effectaswell as
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Figure21: Therecallcondition

Figure22: Thecompleterulesetfor I/O Process

a recency effect. Wewill improve on thisbehaviour in thenext section,but for now youcanconsider
thefollowing questions:

1. You shouldbeableto accountfor theprimacy effect on thebasisof theconsiderationsin the
introduction.What's goingon?

2. If you monitor theMessages view of I/O Processyou'll seethat themodelsometimesrecalls
thesameword twice in thesametrial. Why is this?Canyou �x it sothisdoesn't happen?
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3. Theserialpositioncurve still doesn't look like theonein the introduction.Try to characterise
any differences.Canyouexplainwhy they occur?

3.6 Decay, Time and Rehearsal

Theprevioussectionshave produceda modelwhich shows simpleprimacy andrecency effectsin a
serialpositioncurve. However, thereis onemajor featureof the theorywhich we still haven't dealt
with, namelydecay. Thelong termstoreis supposedto beof unlimitedcapacitybut less-thanperfect
reliability, whereasin thepresentmodel,if somethinggetsin to LTSit staysthereuntil theendof the
trial.

COGENT supportsdecayof itemsheld in buffersby meansof buffer properties.We've alreadyseen
suchpropertiesin actionwhenconsideringdifferentbehaviour of limited capacitybuffers.OpenLTS
andswitchto its Properties tab. Therearetwo propertiesof interesthere,theDecay property, which
hasfour possiblevalues— None, Half Life, Linear andFixed — andthe Decay Constant, which is
a number. The Decay Constant is interpretedasa numberof cycles. (Thecycle is COGENT's basic
unit of time.) Half Life, Linear andFixed decayall usethevalueof theDecay Constant — call it D
— but in differentways.In Fixed decay, itemsaredeletedassoonasthey have beenin thebuffer for
D cycles. In Half Life decayD speci�esa half-life (asin radioactive decay),sothat itemsmaydecay
at any time, but theprobabilityof their having decayedby thetime they areD cyclesold is 0.50. In
Linear decayD speci�esthemaximumnumberof cyclesanelementmayremainin thebuffer, but the
a prior probabilityof theelementdecayingon any cycleprior to this is 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)seethat the primacy effect hasbeengreatly
reduced,or evenabolishedcompletely, whereastherecency effect is still strong.Now if you increase
the LTSDecay Constant, making itemslesslikely to decayin the courseof a trial, the sizeof the
primacy effect shouldincreasetoo.

Anotherway you canaffect theperformanceof themodelis to changetherehearsalrate.Remember
thatTaskEnvironmentsendsoneword percycle during thememorisationphase,andthatRehearsal
transfersone item per cycle to LTS. If you copy the rehearsalrule, so that thereare two identical
copies,you doublethe rehearsalrate. Try it — you shouldseeanotherincreasein the sizeof the
primacy effect,aswell asa raisingof thelevel of thecentralportionof thecurve. On a relatednote,
if you like you cansettheDuplicates propertyof LTS. This allows multiple copiesof thesameword
in LTS, andshouldimprove recallfrom LTS.

Theseconsiderationsabouttime suggestanotherway the modelcanbe improved. Although Task
Environmentsendswordsto SubjectModelserially, SubjectModelcurrentlydoesnot recallserially.
We would like to recall wordsoneat a time, on separatecycles,ratherthanin a parallelburst on a
singlecycle. OpenI/O Processandedit the recall rule again. Checkthe Rule �res once per cycle
andRule is Refracted boxes. The�rst ensuresthatonly oneword will berecalledpercycle, andthe
secondensuresthateachwordwill berecalledonly once.Thenadda send action,to sendthetrigger
recall to I/O Process. This meansthateachtime therule �res, it sendsa messageto itself to try to
�re againonthenext cycle. (Notethatif youcan't geta rule in agivenprocessboxto 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 rule for serialrecall

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

1. You have alreadybeenintroducedto a rangeof parametersthatcanaffect thebehaviour of the
model, including capacitylimitations, behaviour whenthat capacityis exceeded,decaytype
andrate,andrehearsalrate. Anotherpropertyof interestis thebuffer Access property, which
offerstheoptionsFIFO (First-In/First-Out),LIFO (Last-In/First-Out)andRandom, andcontrols
theorderin which itemsarereadfrom buffers. Play with these(andother)parametersto see
how they affect themodel's behaviour.

2. Havealook aroundTaskEnvironmentandits components.You'll seeit' swrittenusingthesame
languageasSubjectModel. Try to discover how it works.

3. Rememberthat therewasa problemwith themodelcontinuingto rehearsewordsafter it had
�nished recalling.Thesimplesolutionto thisgivenabove,sendingastop messageto Rehearsal
is notveryprincipled.Findaprincipledsolutionto theproblemof haltingexecutionafterrecall.

4 Mor eAdvancedFeatures: Experiment Scripting

All COGENT modelssharean underlyingprocessingsystemthat supportsfour levels of execution:
trial, block,subjectandexperiment.Theselevelscorresponddirectly to theiranaloguesin experimen-
tal psychology. The simplestway of usingCOGENT is to run a singletrial. Normally this involves
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presentinga singlestimulusandgatheringa singleresponse.However, it is alsopossibleto specify
extendedexperimentaldesigns,in which, for example,numerousvirtual subjectsarerun in eachof
severalexperimentalconditions,with eachexperimentalconditioninvolving a numberof blocksand
eachblock involving a numberof trials. Suchdesignsareconstructedthrougha specialpurposeex-
perimentscripteditor. To view thescripteditor, selectView ! OOS Window... from any window. A
new window shouldappearshowing thedefault script. If thetutorialmodelis correctlyinstalled,this
scriptshouldrunone“trial” 20 times,whereonetrial is de�ned by asecondscript.
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