ComputationalCognitive NeurosciencéPsyc444A/544A)
M/W 3:00- 4:15,Spring2006
Room:PSYCH317B(Labsin PSYCH128)

ClassWeb Site: http://www.u.arizona.edu/"mf rank /cogs im.h tml
Professor TeachingAssistant
Name: Michael Frank LoganTruijillo
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 Wed2-3 or by appointment

Lab Sections:Labsin Psychl128
Section Time
01 Tues4-6
02 Thurs11-1

Goals: How doesthe brain secretehe mind? This courseintroducesyou to the eld of computational
cognitive neurosciencehat have beenappliedtoward answeringthis question. We focus on simulations
of cognitve and perceptualprocessesysingneuralnetwork modelsthat bridge the gap betweenbiology
andbehaior. We rst considerthe basicbiologicalandcomputationapropertiesof individual neuronsand
networks of neuronswhich give rise to basicprocessingnechanisméik e spreadingactivation, inhibition,
andmultiple constraintsatishction. We thendiscusdearningmechanismshatallow networks of neurons
to beadaptve andwhich arerequiredto performary reasonablgomple task.We examinearangeof cog-
nitive phenomenavithin this framework, includingattention memory languageandhigherlevel cognition,
andhow differentbrain systemqeg., hippocampusparietalcortex, frontal cortex) arespecializedo solve
dif cult computationatradeofs. We will seehow damageo differentaspectf biological networks can
leadto cognitive de cits akin to thoseobsered in neurologicalconditions. The classincludesa lab com-
ponentin which studentgiethandson experiencewith graphicalneuralnetwork software(no programming
experienceneeded)allowing deepermoreintuitive appreciatiorfor how thesesystemsawork.

Prerequisites: Theformal prerequisitecoursedor this courseare: PSYC 101 (intro), 325 (cognitive),
302 (biopsych),which provide basicbackgroundn cognitve psychologyand neurobiologythat will be
usefulfor the course.In additionto theseformal prerequisitesstudentsvho have a sincereinterestand/or
additionalbackgroundn cognitive psychologyneuroscienceand/orcomputergor their relationshipsill
nd this coursemoreengaging While the modelswe will be usingaremathematicallypasedpnly algebra
andsomesimplecalculus-lgel conceptsareinvolved. Thefocuswill be moreon intuitive andpracticalap-
plications(i.e., applyingmodelsto psychologicabndneuroscienceata)thanon theoretical/mathematica
dervations(althoughinterestedstudentancertainlyengagaen moredetailedanalytical/mathematicalp-
proaches). Computerprogrammingexperienceis not required,becausahe modelsare accessiblevia a
graphicalinterface.

Text: O'Reilly, R. C.andMunakata,Y. (2000). ComputationaExplorationsin Cognitive Neuioscience:
Undesstandingthe Mind by Simultatingthe Brain. CambridgeMA: MIT Press.

Lab: Thereis aweekly2 hourlab sessionwherestudentobtainin-depthhands-orexperiencewith the
computessimulationexplorations.Thesesxplorationsarethecenterpiecef thecourseandprovide aunigue
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exploratorylearningopportunity You will performmary what-if scenariouso understandvhataspectof

thebrain's biology areimportantfor producingspeci ¢ cognitive phenomenaYouwill simulatethe effects
of brain damagen thesemodels,to understandheuropsychologythe study of brain-damagegbatients).
The computermodelsenablecompletecontrol and dynamic,colorful visualizationof theseexplorations,
providing a uniqueability to understandiowv cognitionemepgesfrom the brain. You will documenthese
explorationsby answeringhe simulationexercisesjuestiongto beworkedonduringthelab sessions)You

shouldbe ableto do most(hopefullyall) of therequiredhomevork duringthesdab sessions.

Evaluation: Your grade will be based on three componentsin the following proportions:
Simulationexercises 40%
Readingeactions  15%
Final project 30%
Classparticipation  15%

Simulation Exercises: The textbook comeswith a large numberof “pre-tuilt” neuralnetwork models
thatillustrate key principlesand phenomena.Every week, you will explore thesepre-hiilt models,and
you will documenttheseexplorationsby answeringquestionsrom the textbook. For eachchapterof the
textbook, | will tell youwhich simulationexercisego do. If you startdoingthe exerciseseforeyoureceve
this assignmentyou risk doing someexerciseghatarenotin theassignmenfwhichis nottheworstthing,
but youhave beerwarned).You shouldwrite upall of theassignedimulationexercisedor eachchapterand
turnthemin in classonthedatespeci ed onthe syllalus. Althoughyou will beworking ontheseexercises
in thelabs,you mustwrite themup individually. We wantto seethateachpersonindividually understands
the material,so this shouldbe evidentin your writeup. It is bestto write down resultsand rst draftsof
answersasyou work throughthe exercisesthey cansometimegake a while to run andyou don't wantto
have to runthemrepeatedlyExercisedurnedin latewill be penalizedb% for eachdayaftertheduedate.

Collaboration: You are allowed to discussthe simulationexerciseswith other studentsin the class
(indeedthiswill bearegularpartof theweeklylabsessions)However, youmustwrite themupindividually.
If you discussoneof the exercisesat lengthwith anotherstudent;t is alwaysa goodideato list thatother
students namein your responsée.g.,“l workedwith Tom Pettyon this question”). This procesof listing
namegprotectsyoufrom ethicsproblemsjn thefollowing senseif students< andY stateoutrightthatthey
workedtogethermon aquestionandl think thattheiranswersaretoo similar, | do not considerthis anethics
violation; rather | will justtell X andY thatthey shouldtry harderto comeup with differentresponsegand
maybedeductafew points). However, if X andY handin identical,idiosyncraticanswersandthey do not
list eachotherashaving worked togetherthis constitutesan ethicsviolation becausehey arerepresenting
theirwork to be entirelytheir own, whenin factit is not.

Readingreactions: For eachchapter you will be asled to email a few sentenceaboutthe topic you
found mostinterestingin the chapterandwhy. Thesereadingreactionsaredesignedo ensurghatyou are
keepingup on the readingandto inform us aboutyour interests.Readingreactionsshouldbe emailedto
mfrank@u.arizona.edprior to the classmeetingwhenthey aredue.

Final Project: In the nal project,you caneither(a) usesimulationsto examinesomepsychological
phenomenowf interestto you; or (b) do aliteraturesearchandwrite a review of how recentcomputational
modelshave addressed particulartopic,includingsuccesseandshortcomingyetto beaddressedChoice
(a) will of coursetake morecomputertime, whereyou will explore manipulationf one of the modelsin
the text andwrite up resultsandconclusions.If you choose(a), Do not be overly ambitious— relatvely
clearandsimplebut thoughtfulwork is preferredto a complicatechalf-baled mess. Do not be misled by
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therelative simplicity of runningthecannedexercisesn thebook— simulationprojectstake a longtimeto
complete!

Choice(b) will requiremorereadingandintegrationof scienti ¢ articles.While thisdoesnotinvolve you
actuallysimulatingarything, it will requiremorein depthunderstanding@f publishableesearchmodeling.
You will alsohave to compareandcontrastatleasttwo modelsin the literatureandhow they differentially
accountfor your phenomenorof interest,and commenton which you think is a more realisticaccount,
supportedy data,andwhy.

Undegraduatesanwork in groupsof 2, but eachof youwill have to contritute independenthandeach
of youwill have to write up separateomponent®f the nal paper Thefollowing timelineis designedo
ensurethat you make progresson your project(5 of the 30 pointsfor the projectwill comefrom simply

makingeachof the 5 deadlinedbeforethe nal duedate)andthatyoureceve feedbackonit beforeturning
in the nal version.

Deadline  Assignment

Mar 7 Projecttopic

Mar 19 Projectproposall pagesummaryof your questionof interestandproposedapproach
to explorethis questionthroughsimulationsor literaturereview)

Mar 26-30 Meetingw/instructoraboutproject

Apr 23-30 Presentationf projectto class

May 4 Final paper

A nal paperdescribingyour projectis dueMay 4. This papershouldbe 10-15pagesdoublespaced,
excluding gures), andshouldcontaina conciseintroductionto the psychologicaissueor phenomenona
justi cation of your (or others') generalapproachio modelingit, methods results,anda concludingdis-
cussion(aboutthe signi cance of your results,what you might do to improve your model, etc.). Network
diagramsandgraphsof signi cant resultsshouldbeincluded.However, do notincludeexcessie or redun-
dant gures; thetext shouldprovide a clearinterpretationandjusti cation of all gures. NOTE: For each
daythatthe nal paperis late,5% will be deductedrom your nal papergrade.

ClassPatrticipation: Productve participationin classdiscussions encouragedo helpyou getthe most
outof thiscourse.You areexpectedo readthetext chapterstheweekthey areassigne@ndto cometo class
preparedo actively participatein discussion.

Grads & Undergrads: This courseis designedior advancedundegraduatesand graduatestudents.
Undegradsneednotfeelintimidatedby thepresencef graduatestudentsn theclass.Morewill beexpected
of the gradsthanthe undegrads,especiallywhenit comesto the nal projects. Also, undegradswill be
responsibldor fewer of thehomavork questions.

Grading Policy: Gradesarenotcurved;they arebasedn percentages:

[90-100 A[80-89 B|70-79 C|60-69 D |
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| resene the right to change the schedule as the semesterprogresses. The most up-to-date
versionwill alwaysbe postedon the classweb-site.

Schedule
Wk Date Monday: Lecture Ch Due Date Wednesday Ch Due Due Fri

1| 8Jan07 10 Jan 07 Introduction 1
2| 15 Jan 07 No class (MLK day) RR1 17 Jan 07 Neurons 2RR2
3| 22 Jan 07 Neurons 2HW2 24 Jan 07 Networks 3RR3a
4| 29 Jan 07 Networks 3 31 Jan 07 Networks RR3b HW3
5 5 Feb 07 Model (“Hebbian”) Learning 4 7 Feb 07 Model Learning 4 RR4 HW3a
6| 12 Feb 07 Task (“error-driven”) Learning 5 14 Feb 07 Task Learning 5RRA5 HW4
7| 19 Feb 07 Combo Learning 6 21 Feb 07 Temporal Learning 6 RR6 HWS5
8| 26 Feb 07 Temporal Learning 6 28 Feb 07 Large Scale Org 7 RR7 HW6
9| 5 Mar 07 Perception: early vision 8RRs 7 Mar 07 Perception: object recognition 8 Top

10| 12 Mar 07 No class (spring break) 8 14 Mar 07 Mo class (spring break) 8

11| 19 Mar 07 Attention 8 Prop 21 Mar 07 Memory: priming 9 HWS8

12| 26 Mar 07 Memory: Hippocampus 9RR9 28 Mar 07 Memory: Working memory 9

Meet Meet

13| 2 Apr 07 Memory: Working Memory 9 4 Apr 07 Language 10RR10,HWY

14| 9 Apr07 Language 10 11 Apr 07 Higher Level Cognition 11 HW10

15| 16 Apr 07 Higher Level Cognition 11 RR11 18 Apr 07 Higher Level Cognition: BG/PFC

16| 23 Apr 07 Student Presentations 11 HW11 25 Apr 07 Student Presentations

17| 30 Apr 07 Student Presentations 2 May 07 Grand Finale 12RR12 Paper

Ch = Chapterin text to read,Due = Materialsduein class(HW = homevork, RR = readingreaction),Top =
Papertopic, Prop = Final projectproposalMeet = Meetwith instructorthis weekto discusgroposalsPaper = Final
papergdueby 5:00pmin professors of ce or mailboxor via email.

Thebelaw tableshavs the questionghat canbe skippedin your write-upsof lab exercises.You should
still stepthroughtheseexercisesasyou go throughthe chapter (In somecasesthis will be useful for
subsequemjuestions.)

Ch UndegradsSkip GradsSkip | Ch UndegradsSkip GradsSkip
2 2b,3c,4,5,8b - 3 3b,4,7,11d,e,13,14 4,14

4 4,5,7cd - 5 5b 5b

6 3,4,5b,c 4 8 5,7¢8,13 13

9 3,8,12,15,16  3,12,15,16 | 10 2b,8,9 -

11 5 -

Pleaseprovide thefollowing informationon a sheeif paper:

a. your nameasit appear®n our classregistrationlist

b. thenameyou useif differentfrom your rst name(suchasmiddle nameor nickname)

c. emailaddress

d. yearandmajor

e. whereyou arefrom (city, state/praince, countryif outsideof U.S.)

f. ary relevantinterests/backgroaasidefrom the courseprerequisites

g. whatyou hopeto getout of this course

h. Try a rst-passdescriptionof a possible nal projecttopic (or topics). Whataspectof brain-behwaior
relationswould you beinterestedn exploring throughsimulationsWhy?



