
ComputationalCognitiveNeuroscience(Psyc444A/544A)
M/W 3:00- 4:15,Spring2006

Room:PSYCH317B(Labsin PSYCH128)
ClassWebSite: http://www.u.arizona.edu/˜mf rank /cogs im.h tml

Professor TeachingAssistant
Name: MichaelFrank LoganTrujillo
Of�ce: PSYCH208E PSYCH506
Phone: 626-4787 904-6187
Email: mfrank@u.arizona.edu logant@email.arizona.edu
Of�ce Hours: Tues3-4or by appointment Wed2-3or by appointment

Lab Sections:Labsin Psych128
Section Time
01 Tues4-6
02 Thurs11-1

Goals: How doesthebrainsecretethemind? This courseintroducesyou to the�eld of computational
cognitive neurosciencethat have beenappliedtoward answeringthis question. We focuson simulations
of cognitive andperceptualprocesses,usingneuralnetwork modelsthat bridgethe gapbetweenbiology
andbehavior. We �rst considerthebasicbiologicalandcomputationalpropertiesof individual neuronsand
networksof neurons,which give riseto basicprocessingmechanismslike spreadingactivation, inhibition,
andmultiple constraintsatisfaction. We thendiscusslearningmechanismsthatallow networksof neurons
to beadaptive andwhicharerequiredto performany reasonablycomplex task.Weexaminearangeof cog-
nitivephenomenawithin this framework, includingattention,memory, languageandhigher-level cognition,
andhow differentbrainsystems(eg., hippocampus,parietalcortex, frontal cortex) arespecializedto solve
dif�cult computationaltradeoffs. We will seehow damageto differentaspectsof biologicalnetworks can
leadto cognitive de�cits akin to thoseobserved in neurologicalconditions.Theclassincludesa lab com-
ponentin whichstudentsgethandsonexperiencewith graphicalneuralnetwork software(noprogramming
experienceneeded),allowing deeper, moreintuitive appreciationfor how thesesystemswork.

Prerequisites: Theformal prerequisitecoursesfor this courseare: PSYC101(intro), 325(cognitive),
302 (biopsych),which provide basicbackgroundin cognitive psychologyandneurobiologythat will be
usefulfor thecourse.In additionto theseformal prerequisites,studentswho have a sincereinterestand/or
additionalbackgroundin cognitive psychology, neuroscience,and/orcomputers(or their relationships)will
�nd this coursemoreengaging.While themodelswe will beusingaremathematicallybased,only algebra
andsomesimplecalculus-level conceptsareinvolved. Thefocuswill bemoreon intuitive andpracticalap-
plications(i.e., applyingmodelsto psychologicalandneurosciencedata)thanon theoretical/mathematical
derivations(althoughinterestedstudentscancertainlyengagein moredetailedanalytical/mathematicalap-
proaches).Computerprogrammingexperienceis not required,becausethe modelsare accessiblevia a
graphicalinterface.

Text: O'Reilly, R.C. andMunakata,Y. (2000).ComputationalExplorationsin CognitiveNeuroscience:
UnderstandingtheMind bySimultatingtheBrain. Cambridge,MA: MIT Press.

Lab: Thereis aweekly2 hourlabsession,wherestudentsobtainin-depthhands-onexperiencewith the
computersimulationexplorations.Theseexplorationsarethecenterpieceof thecourse,andprovideaunique
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exploratorylearningopportunity. You will performmany what-if scenariousto understandwhataspectsof
thebrain's biologyareimportantfor producingspeci�c cognitive phenomena.Youwill simulatetheeffects
of brain damagein thesemodels,to understandneuropsychology(the studyof brain-damagedpatients).
The computermodelsenablecompletecontrol anddynamic,colorful visualizationof theseexplorations,
providing a uniqueability to understandhow cognitionemergesfrom thebrain. You will documentthese
explorationsby answeringthesimulationexercisesquestions(to beworkedonduringthelabsessions).You
shouldbeableto do most(hopefullyall) of therequiredhomework duringtheselabsessions.

Evaluation: Your grade will be based on three componentsin the following proportions:
Simulationexercises 40%
Readingreactions 15%
Finalproject 30%
Classparticipation 15%

Simulation Exercises:Thetextbookcomeswith a large numberof “pre-built” neuralnetwork models
that illustratekey principlesandphenomena.Every week,you will explore thesepre-built models,and
you will documenttheseexplorationsby answeringquestionsfrom the textbook. For eachchapterof the
textbook,I will tell youwhichsimulationexercisesto do. If youstartdoingtheexercisesbeforeyoureceive
this assignment,you risk doingsomeexercisesthatarenot in theassignment(which is not theworstthing,
but youhavebeenwarned).Youshouldwrite upall of theassignedsimulationexercisesfor eachchapterand
turn themin in classon thedatespeci�edon thesyllabus.Althoughyouwill beworkingon theseexercises
in thelabs,you mustwrite themup individually. We wantto seethateachpersonindividually understands
the material,so this shouldbe evident in your writeup. It is bestto write down resultsand�rst draftsof
answersasyou work throughtheexercises;they cansometimestake a while to run andyou don't want to
have to run themrepeatedly. Exercisesturnedin latewill bepenalized5%for eachdayaftertheduedate.

Collaboration: You are allowed to discussthe simulationexerciseswith other studentsin the class
(indeed,thiswill bearegularpartof theweeklylabsessions).However, youmustwrite themupindividually.
If you discussoneof theexercisesat lengthwith anotherstudent,it is alwaysa goodideato list thatother
student's namein your response(e.g.,“I workedwith Tom Pettyon this question”).This processof listing
namesprotectsyoufrom ethicsproblems,in thefollowing sense:If studentsX andY stateoutrightthatthey
workedtogetheronaquestion,andI think thattheiranswersaretoosimilar, I donotconsiderthisanethics
violation; rather, I will just tell X andY thatthey shouldtry harderto comeupwith differentresponses(and
maybededucta few points).However, if X andY handin identical,idiosyncraticanswers,andthey do not
list eachotherashaving workedtogether, this constitutesanethicsviolation becausethey arerepresenting
theirwork to beentirelytheir own, whenin factit is not.

Reading reactions: For eachchapter, you will be asked to email a few sentencesaboutthe topic you
foundmostinterestingin thechapterandwhy. Thesereadingreactionsaredesignedto ensurethatyou are
keepingup on the readingandto inform us aboutyour interests.Readingreactionsshouldbe emailedto
mfrank@u.arizona.edu,prior to theclassmeetingwhenthey aredue.

Final Project: In the �nal project,you caneither(a) usesimulationsto examinesomepsychological
phenomenonof interestto you; or (b) doa literaturesearchandwrite a review of how recentcomputational
modelshaveaddressedaparticulartopic, includingsuccessesandshortcomingsyet to beaddressed.Choice
(a) will of coursetake morecomputertime, whereyou will exploremanipulationsof oneof themodelsin
the text andwrite up resultsandconclusions.If you choose(a), Do not be overly ambitious— relatively
clearandsimplebut thoughtfulwork is preferredto a complicatedhalf-baked mess.Do not bemisledby
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therelativesimplicity of runningthecannedexercisesin thebook— simulationprojectstakea longtimeto
complete!

Choice(b) will requiremorereadingandintegrationof scienti�c articles.While thisdoesnotinvolveyou
actuallysimulatinganything, it will requiremorein depthunderstandingof publishableresearchmodeling.
You will alsohave to compareandcontrastat leasttwo modelsin theliteratureandhow they differentially
accountfor your phenomenonof interest,andcommenton which you think is a more realisticaccount,
supportedby data,andwhy.

Undergraduatescanwork in groupsof 2, but eachof youwill have to contributeindependentlyandeach
of you will have to write up separatecomponentsof the �nal paper. Thefollowing timeline is designedto
ensurethat you make progresson your project(5 of the 30 pointsfor the projectwill comefrom simply
makingeachof the5 deadlinesbeforethe�nal duedate)andthatyou receive feedbackon it beforeturning
in the�nal version.

Deadline Assignment
Mar 7 Projecttopic
Mar 19 Projectproposal(1 pagesummaryof yourquestionof interestandproposedapproach

to explorethisquestionthroughsimulationsor literaturereview)
Mar 26-30 Meetingw/instructoraboutproject
Apr 23-30 Presentationof projectto class
May 4 Finalpaper

A �nal paperdescribingyour projectis dueMay 4. This papershouldbe10-15pages(doublespaced,
excluding�gures), andshouldcontaina conciseintroductionto thepsychologicalissueor phenomenon,a
justi�cation of your (or others')generalapproachto modelingit, methods,results,anda concludingdis-
cussion(aboutthesigni�canceof your results,whatyou might do to improve your model,etc.). Network
diagramsandgraphsof signi�cant resultsshouldbeincluded.However, do not includeexcessive or redun-
dant�gures; the text shouldprovide a clearinterpretationandjusti�cation of all �gures. NOTE: For each
daythatthe�nal paperis late,5%will bedeductedfrom your �nal papergrade.

ClassParticipation: Productive participationin classdiscussionis encouragedto helpyougetthemost
outof thiscourse.Youareexpectedto readthetext chapterstheweekthey areassignedandto cometo class
preparedto actively participatein discussion.

Grads & Undergrads: This courseis designedfor advancedundergraduatesandgraduatestudents.
Undergradsneednotfeelintimidatedby thepresenceof graduatestudentsin theclass.Morewill beexpected
of the gradsthantheundergrads,especiallywhenit comesto the �nal projects.Also, undergradswill be
responsiblefor fewerof thehomework questions.

Grading Policy: Gradesarenotcurved;they arebasedonpercentages:

90-100 A 80-89 B 70-79 C 60-69 D
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I reserve the right to change the schedule as the semesterprogresses.The most up-to-date
versionwill alwaysbepostedon the classweb-site.

Schedule

Ch = Chapterin text to read,Due = Materialsduein class(HW = homework, RR = readingreaction),Top =
Papertopic,Prop = Finalprojectproposal,Meet = Meetwith instructorthisweekto discussproposals.Paper = Final
papersdueby 5:00pmin professor'sof�ce or mailboxor via email.

Thebelow tableshows thequestionsthatcanbeskippedin your write-upsof lab exercises.You should
still stepthroughtheseexercisesas you go throughthe chapter. (In somecases,this will be useful for
subsequentquestions.)

Ch UndergradsSkip GradsSkip Ch UndergradsSkip GradsSkip
2 2b,3c,4, 5, 8b – 3 3b,4, 7, 11d,e,13,14 4, 14
4 4, 5, 7c,d – 5 5b 5b
6 3, 4, 5b,c 4 8 5, 7c,8, 13 13
9 3, 8, 12,15,16 3, 12,15,16 10 2b,8, 9 –
11 5 –

Pleaseprovidethefollowing informationona sheetof paper:

a. your nameasit appearson ourclassregistrationlist
b. thenameyouuseif differentfrom your �rst name(suchasmiddlenameor nickname)
c. emailaddress
d. yearandmajor
e. whereyouarefrom (city, state/province,countryif outsideof U.S.)
f. any relevantinterests/background asidefrom thecourseprerequisites
g. whatyouhopeto getoutof thiscourse
h. Try a �rst-passdescriptionof a possible�nal projecttopic (or topics). Whataspectsof brain-behavior
relationswouldyoubeinterestedin exploring throughsimulations?Why?


