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Rob Blumenfeld

Functional connectivity during working memory maintenance and manipulation

R. S. Blumenfeld, TDimtcheva, & C. Ranganath
UC Davis Center for Neuroscience and the Dept. of Psychology

Studiesinvestigatingworking memory (WM) have suggestedhat maintenanceand manipulationof information are neurally
separablerocessesin the prefrontalcortex, ventrolateralprefrontalcortex (VLPFC) hasbeenimplicatedin WM maintenance,
whereasVLPFC and dorsolateraprefrontalcortex (DLPFC) havebeenshownto be involved in manipulation.Here,we used
event-relatedMRI to investigatefunctional connectivity of the VLPFC and DLPFC during verbal WM maintenanceand
manipulation.On maintenancerials, participantsactively maintainedsequencesf threewordsacrossa twelve seconddelay.On
manipulationtrials, participantswereinstructedto reordersequencesf threewords (basedon the relative size of the referentof
eachword) acrossa twelve seconddelay. During maintenanceposteriorregionsof VLPFC and DLPFC showedenhanced
connectivitywith regionsof posteriorperisylvian cortex that have beenassociatedvith phonologicalrehearsalln contrast,
during WM manipulation posteriorregionsof the VLPFC showedenhancedonnectivityto the DLPFC, anteriorregionsof the
VLPFC, aswell asposteriorparietalcortex. DLPFC exhibitedheightenedconnectivitywith anteriorregionsof VLPFC, posterior
parietal, anterior cingulate,and retrosplenialcortex. Thesefindings suggestthat the prefrontal cortex accessesjualitatively
different cortical networks involved in maintenance compared to manipulation.

Brad Buchsbaum
An fMRI study of serial position effects in a Sternberg item-recognition task

Bradley R. Buchsbaum, Wei-Li Chang, Daniella Furman, & Karen F. Berman
National Institue of Mental Health

The Sternbergtem-recognitionparadigmhasbeenstudiedextensivelyover the past40 yearsas a testof short-termmemory.
Recently,researcherfiave usedthis paradigmin neuroimagingstudiesin orderto investigatethe brain basisof the cognitive

operationgequiredto performsucha memoryscanningtask. Oneaspecbf the Sternbergaskthat hasreceivedmuchattention
in the behavioralliteraturehasbeenthe effect of the serial position of the to-be-recognizedtem (the "probe") on the subject's
reactiontime (RT). As is the casewith othershort-termmemorytaskssuchasfree andserialrecall, U-shapedserial position

curvesare observedn the Sternbergtask, with subjectsrespondingfastestwhen the probe correspondgo the first (primacy
effect) or last (recencyeffect) itemsof the memoryset. In the presentstudy, we usedfunctional MagneticResonancémaging

(fMRI) anda verbal(six one-syllablenouns)Sternbergaskto isolatethosebrain regionswhoseBOLD responsés modulatecby

the serial position of the memoryprobe. Serial position effectswere observedor auditory stimuluspresentatiorin the inferior

frontal gyrus (IFG) and supramarginayrus (SMG) bilaterally. In the IFG, the fMRI responselecreasedinearly with serial

positionwhile the reversepattern(increasedesponsewith later serial positions)wasobservedn the SMG. Inverted-Ushaped
serial position effectswere observedn the middle frontal gyrus (MFG) bilaterally, andthe right anteriorfrontal cortexat the

approximatdocationof BrodmannarealO. Linearly increasingeffectswereseenin the posteriorhippocampusndthe anterior
cingulate gyrus.



Jesse Rissman
The effects of working memory load on top-down modulation of visual processing

Jesse Rissman, Adam Gazzaley, Ari Kane, & Mark D'Esposito
University of California, Berkeley

RecentfMRI andERP findings havedemonstratedhatindividuals are ableto enhanceactivity for behaviorallyrelevantvisual
stimuli and suppressactivity for irrelevantstimuli in stimulus-specificvisual associatiorareas(Gazzaleyet al., 2005). Unlike
typical studiesof top-downmodulationin which targetstimuli are presentegimultaneouslywith distractorstheseenhancement
andsuppressiorffectswereobtainedin the contextof a working memorytaskin which the relevantandirrelevantstimuli were
presentedsequentially. Thus,suppressiorof the irrelevantstimuli wasnot driven by competitionfor visuospatialprocessing
resourcesbput ratherby competitionfor mnemonicresources. To gain further insightsinto this interplay betweenworking
memoryand selectiveattention,we conductedwo complementarfMRI studies. In both studies,we soughtto examinehow
manipulationsf working memoryload would influencesubjectsability to modulateactivity in posteriorcortical regions.In the
first study, the load manipulationinvolved increasingboth the numberof relevantand irrelevantstimuli. In the low load
condition,subjectswerepresentedvith two facesandtwo scenesanddependingn the instructions they hadto eitherremember
the faces,rememberthe scenespr passivelyview the stimuli. In the high load condition, threefacesand three scenesvere
presented.In the secondstudy, ratherthanincreasingthe numberof visual stimuli, memoryload was manipulatedby auditorily
presentingsubjectswith six digits to memorizeat the beginningof eachtrial. In the high load condition, the digit sequencavas
random;in thelow load condition,the digits occurredin anascendingequence After hearingthe digits, subjectswerepresented
with two facesandtwo scenewwith the samecollectionof taskinstructionsdescribedabove. In both experimentsfMRI activity
levels during the image encodingperiod of the taskin a functionally-definedscene-selectiveegion of interestwere usedasa
markerof top-downmodulation. The resultsfrom thefirst studyfoundthatincreasinghe numberof facesto be remembereded
to anincreasen the degreeto which activity in this scene-selectiveegionwas suppressedelow the passiveviewing baseline.
In contrastthe digit load manipulationin the secondstudyhadno effecton thelevel suppressiorin this region. Takentogether,
thesefindings suggesthat one'sability to suppresghe neuralrepresentatiomf distractingvisual informationis facilitated by
visual,but not phonologicalworking memoryload. This increasedsuppressiorffectcould be dueto a heightenedncentiveto
inhibit irrelevantvisual stimuli whenfacedwith a demandingvisual working memorytask. Alternatively,the reducedprocessing
of visual distractors in the high image load condition could be conceptualized as an increased withdrawal of attention.

David Badre
Computational modeling and fMRI support for interference in task switching

David Badre
Department of Psychology, Stanford University

The ability to shift betweendifferenttasksandthe representationthat governactionis a fundamentarequirementor flexible
behavior. Despiteestablishedehavioralconsequenceshe sourcesof task switching costsremaincontroversial. The present
study soughtto test the hypothesisthat task switch costsreflect proactiveinterferencearising from retrieval of competing
representationfom long-termmemory. In an effort to be theoreticallyexplicit, a novel computationamodelof taskswitching
wasdevelopedhatderivesswitch costsentirely from changesn the model's'long-term" associativestructure ratherthanfrom a
time-consumingeconfigurationprocessor transientcarry-overof interference. Critically, estimatef conflict computedfrom
the modelacrosgaskswitch manipulationgprovidedquantifiablehypothesegor analyzingdatafrom anfMRI experimenf task
switching. An event-relatedMRI experimentindexed neural responseswvhile subjectsswitchedtasks (odd/evennumber
judgmentsand vowel/consonantetter judgments)underdiffering levels of preparednesand interference. Preparation-related
decayof switchingeffectsin left mid-VLPFC (~Brodmannarea45) wasaccountedor by the model'sestimateof conflict among
competingconceptualrepresentations.Furthermore this conceptualconflict patterndissociatedeft mid-VLPFC from the
responsen inferior parietal cortex, which was characterizedy the estimatedchangein conflict computedfrom a distinct
responséayer of the model. Thesedataandthe associatedheoreticalframeworkserveto formally link fMRI responseneasures
with interferencetheoriesof task switching,and so provide insightsinto the sourcesof task switch costsandthe processedy
which these costs are overcome.
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Patrick Khader
Event-related fMRI reveals content-specific cortical activation during associative long-term memory retrieval

Patrick Khadér, Michael Burké, Charan RangandtiSiegfried BieA & Frank Rsslet
'Experimental and Biological Psychology, Philipps-University Marburg, Germi@ewter for Neuroscience and Dept. of
Psychology, University of California at Davis, Califormidguroradiology, Philipps-University Marburg, Germany

In two experimentswve testedwhethervisual stimulusmaterialthat is assumedo be processedn different cortical networks
during perception(i.e., picturesof faces,manmadebjects(herecups),andspatialpositions)arealsotopographicallydissociable
during long-termmemoryrecall. With an extensiveoverlearningprocedureparticipantslearnedword-positionand word-face
associationsn Exp. I, andword-positionand word-objectassociationsn Exp. Il. Eachword wascombinedwith eitheroneor
two positions/faces/objectdhe fMRI was recordedseveraldays later during a cuedrecall testin which two words were
presentedn eachtrial andthe participantshadto decidewhetherthesewerelinked to eachothervia a commonmediator,i.e. a
positionor afacein Exp.| anda positionor acupin Exp. ll, respectivelyDependingon the numberof learnedassociationstwo,
threeor four associatedtimuli hadto be comparedn a giventrial. This kind of a fan-paradigmenforcesretrievalfrom long-term
memorywithout confoundingrecall with perceptuaprocessesA broadlydistributednetworkof cortical areaswasfoundto be
differently activatedduring recall of positions,facesand manmadeobjects,including the parietaland precentralcortex for
positions,the left prefrontal, occipito-temporaland posteriorcingulatecortex for faces,and the left temporaland prefrontal
cortex for cups. Theseactivationsincluded stimulus-specificregionsalong the dorsaland ventral visual pathways(i.e., the
parietalcortexfor positions,the occipitalandfusiform gyrusfor faces,andthe middle temporalgyrusfor cups).In a subsebf the
activatedareasfor eachstimulustype the BOLD responsavasfoundto increasemonotonicallywith the numberof the to-be-re-
activatedassociationsindicating that the activity level of stimulus-specificcell assembliesncreasedhe morerepresentations
hadto be accessedTheseareasalsodissociatedopographicallyfor positions,faces,andobjects.The left superiorparietallobe
andbilateralprecentrakortexwere morestronglyactivatedfor positionscomparedo facesandobjects,whereashe left inferior
prefrontalcortexwas moreactivefor objects,andslightly moreactivefor faces.Furthermorethe posteriorcingulatecortexwas
activatedonly duringfaceretrieval.Becausehe activatedareasalsoshowedup asstimulus-specifidn the generalcomparisorof
stimulustype, we concludethat theseareasplay a crucial role in storing, recalling and comparingstimulus-specifiomemory
representationsThe resultsclearly showthat material-specificcortical networksare systematicallyactivatedduring long-term
memoryretrieval that overlapwith areasalso activatedby positionsand objectsduring perceptuand working memorytasks.
This is consistentwith information- processingnodelsof material-specificcortical representationsyhich are assumedo be
established as localized cortical cell assemblies during encoding and reactivated during recall.

Alison Preston
High-resolution fMRI of stimulus-specific novelty encoding and subsequent memory responses in human medial temporal lobe

A.R. Prestoh M.E. Gaarg & A.D. Wagnet?
! Dept. of Psychology, arfiileurosciences Program, Stanford University

The medialtemporallobe (MTL) is critical for declarativememory,thoughthe functionsof specificMTL subregiongemain
underspecifiedGiven known differencesin anatomicakonnectivityandinputsto particularsubregionsMTL substructuresnay
differentially supportmemoryencoding,dependingon the contentof the experiencelUsing high-resolutionfMRI, the present
experimentinvestigatedthe topographicorganizationof stimulus-specificencodingprocessesn humanMTL, focusingon
encodingresponseselatedto novelty processingand subsequentmemoryperformanceDuring scanning subjectsperformeda
novelty-encodingaskon classeof stimuli (e.g.,unfamiliarfacesandscenes}hat differed accordingto perceptualomain(e.g.,
visual-objectand visuo-spatial).A post-scanrecognitionmemory test assessednemory for stimuli presentedat encoding.
Analysis of novelty encoding (Novel>Repeatedand subsequenmemory (Remembered>Forgottenmesponsesevealed
differential activationalongthe anterior-posterioaxis of MTL cortex.Parahippocampalortexdemonstrateéncodingresponses
associatedvith novelty and subsequentnemory during scenepresentationwhereasperirhinal cortex demonstratedsuch
responsesluring presentatiorof faces.Heterogeneougsovelty-encodingesponsesvithin MTL cortexwere also revealedby
distributedpatternanalysesexaminingthe overlapbetweenpatternsof activationacrossstimulusclass.Within hippocampus
proper (CA1, CA3, dentategyrus), segregationof stimulus-specificnovelty and subsequenmemory responsesvas less
differentiated,with hippocampalsubfieldsdemonstratinghovelty and subsequentmemoryresponsescrossmultiple stimulus
classesTheseresultssuggesthat MTL contributionsto encodingvary acrossexperiencewith certainclasseof stimuli/events
being differentially processed by specific MTL subregions.



Colleen Parks
Aging and noncriterial recollection in the remember-know and confidence-rating procedures

Colleen Parks
University of Davis, California

When trying to remembera specific detail abouta prior event, peoplefrequently recollect other, often irrelevant, details.
Memory of thesedetails,dubbedoncriterialrecollection@ncR), elevatesamiliarity estimatesand may operateautomatically
and independentlyof GriterialOrecollection(Yonelinas& Jacoby,1996). To date,ncR hasbeenconsidereduniqueto the
procesddissociationprocedure and hasbeenfound only in youngadults(Toth & Parks,in press). The remember-knowand
confidence-ratingproceduresvere usedto addresgheseissuesin youngandolder adults. ncR elevatedfamiliarity estimatesn

all groups,but was greaterfor thosewith optimal levels of criterial recollection(e.g.,young> old). This pattern,alongwith

receiver-operatingharacteristicevidence,suggestshat ncR may operatemore similarly to criterial recollectionthan to

familiarity. Overall, the findings demonstratéhat ncRiis likely to elevatefamiliarity estimatesvhenoperationaldefinitions of

recollection are both specific and difficult, regardless of the process estimation method.

Amy Gitcho
Brain imaging predicts cognitive decline in aging: Evidence of preclinical AlzheimerOs disease

Amy Gitcho, Felice Sun, Beth Kuczynski, Dan Mungas, Mary Haan, & William Jagust
Helen Wills Neuroscience Institute, University of California, Berkeley

Thereis greatinterestin using biomarkersto predictwho will developAlzheimer'sdisease(AD). Studieshaveinvestigated
individuals with mild cognitive impairmentand geneticrisks as modelsof preclinical diseaseusing a variety of imaging
modalities.In this study, we used positron emissiontomography(PET) and magneticresonancamaging (MRI) to detect
metabolicandstructuralchangeghat predictcognitive declinein asymptomatielderly people(> 60 yrs). The participantsn this
study were drawn from a subsetof the Sacramentdrea Latino Study of Aging (SALSA), N=61. Theseparticipantsreceived
MRI and PET and were neitherdementedhor cognitively impairedat baseline.The modified mini mental stateexamination
(3MSE) anddelayedrecall (DelRec)examinationwere administeredat approximateyearly intervalsfor an averagefollow up of
3.8 years.The rate of changein the 3MSE/yearand DelRec/yeamvere correlatedwith baselinePET dataand MR-measured
volumesof entorhinalcortexand hippocampusBaselinePET metabolismin the left andright parietallobesandleft temporal
lobespredictedthe rate of changeon the BMSE (p<0.001).Six individuals developedncidentdementisor cognitiveimpairment
(converters) The left hemisphergegionsremainedsignificantwhen convertersvere excluded.!Left parietalcortexmetabolism
wasassociatedvith DelRecdecline,but not whenconvertersvereexcluded.Both hippocampalp=0.03)andentorhinalcortical
regions(p=0.01) predicteddeclineon DelRecover time, and entorhinalcortical volumesremainedsignificantwhen converters
were excluded(p=0.02).! Thesebrain volumesdid not predict SMSE decline.The resultsfrom this study showedthat global
cognitivetestdeclineis relatedto temporaland parietalmetabolismand memorytestdeclineis relatedto medialtemporallobe
brain volumesin normalolder people.!This detectionof presymptomaticognitive declineis consistenwith the detectionof
presymptomatic AD pathology in healthy older individuals.
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Jack Day
A Ophonological loopO for non-linguistic working memory?

Jack Day & Margaret Wilson
University of California, Santa Cruz

Previousresearchhas shownthat the architecturethat characterizeverbal working memory (the phonologicalloop) is not
restrictedto the caseof speechbut hasa nearly-exactparallelin working memoryfor sign languagein fluent signers. Is
linguistic expertisenecessaryor this, or canthe equivalentof a "phonologicalloop" be createdon-the-fly, for novel, non-
phonologicalmaterials?In a seriesof threeexperimentave testedworking memoryfor meaninglesgesturesn non-signers.A
new methodof stimulusconstructionwas usedto minimize verballabeling. The datashowa similarity effect, a length effect,
and an articulatorysuppressioreffect, suggestinghe useof a sensorimotorehearsaktrategythat resembleghe phonological
loop. We propose that the key property for the emergence of such a loop is stimulus imitability.

Kristin Geraci
Sharp limits on transfer of motor skills

Kristin Geraci & Margaret Wilson
University of California, Santa Cruz

Previousresearcthasshownthat peoplecanmapa motor skill thathasbeenlearnedby a particularsetof effectorson to a new
setof effectors.!However,this researchhasgenerallylackedappropriatecontrolsfor perceptualor cognitive learningof the
temporalandspatialpatternsnvolvedin thetask.This presentatiorarguesfor limitations of our motor system'sability to transfer
motor skills.! Specifically,we aimedto find out whetherthe motor systemcanusea logically possiblemapping(from two fingers
to the feet) in a dancingtask to enhancemotor learning. This condition was comparedto a control condition in which no
systematianappingis possible(threefingersto feet). The resultsgive no indicationthattransferis aidedin anyway by the useof
analogouseffectors.!This finding placeslimits on theoreticalclaimsthathavebeenmadeaboutthe transferof motor skills across

effectors.
|



Simona Ghetti
When true memory availability promotes false memory: Evidence from confabulating patients

Elisa Ciaramelli?, Simona Ghetii
'Dipartimento di Psicologid/niversit™ di Bologna, Bologna, ItalCentro Studi e Ricerche in Neuroscienze Cognitive, Cesena,
Italy; *Dept. of Psychology, University of California, Davis

The presentstudy examinedconfabulators@usceptibilityto falserecall andfalserecognition.Specifically, we wereinterestedn
determiningthe effectsof increasedrue-memoryavailability on confabulators@bility to discriminatebetweentrue and false
memories.

Five confabulatingpatientswere administeredthe DRM paradigm (Deese,1959; Roediger& McDermott, 1995). Their
performancevascomparedo thatof (a) five non-confabulatingmnesicswith lesionsto the medialtemporallobes,diencephalic
regions,or posteriorregions,but not in the frontal regions(NF amnesics)(b) four non-confabulatingmnesicsvho hadfrontal-
lobe damagein additionto damagein other memory-relevantaireas(F amnesics)and (c) 10 individuals without any form of
brain damage.

Participantdook partin two testingconditions.In both conditions,they studied8 lists of semanticassociatesndfree recallwas
testedafter the presentatiorof eachlist. In the Standardestingcondition, recognitionmemorywas testedafter studyingall 8
lists; in the Proximal testing condition, recognitionmemory was testedafter studyingeachof the 8 lists. The order of the
Standardand Proximal conditionwas counterbalancedn both sessionsparticipantsprovidedremember/knowudgments,and
described the content of their recollections.

In all groups,true recognitionwas higherin the Proximalthanin the Standardcondition. However,the groupsvariedin their
patternof false recognition:(1) Confabulatorsshowedhigher false recognitionof critical luresin the Proximalthanin the
Standarccondition,whereagheir falserecognitionof unrelateduresdid not differ betweerthe two conditions;(2) F amnesicsO
falserecognitionof both critical andunrelateduresdid not differ betweerthe two conditions;(3) NF amnesics€@lserecognition
of critical luresdid not differ betweerthe two conditions,but their falserecognitionof unrelatedureswaslower in the Proximal
thanin the Standarccondition;(4) Control participantsshowedower falserecognitionof critical luresin the Proximalthanin the
Standardcondition; falserecognitionfor otherdistractersvasat floor levelsin both conditions.Together theseresultsindicate
that confabulators@bility to extractthe gist of the lists is preservedand can be paradoxicallypromotedif true memoriesare
made more readily available.However, confabulatorsdo not appearto use this gist-basedinformation to reject unrelated
distracters.

With respectto the phenomenologica¢xperienceassociatedvith true and false recognition,resultsshowedthat confabulators
wereaslikely ascontrol participantsto give remembei(R) responsesywhereas and NF amnesicsverelesslikely thancontrol
participantsto do so. Contentanalysef participants® responsesevealedqualitativedifferencesamongthe four groups.Only
confabulators@ response#ncludedsignificantly more descriptionsof thoughtprocesseshatwereirrelevantto the taskat stake,
andshowed,unlike the othergroups,virtually no reportof contextualinformation. The relation betweenthe inability to report
contextualinformationandthat of rejectingunrelateddistractershasimportantimplicationsfor our understandingf the natureof
memory deficits exhibited by confabulators.

Ellen Klostermann
The inhibition of memories for performed and learned actions by executive control

Ellen C. Klostermann & Arthur P. Shimamura
University of California, Berkeley

To successfully function in our environment we need to be able to inhibit the retrieval of unwanted, distracting memories using
executive control. Previous research by Anderson and Green (2001) has shown that repeated prevention of a retrieval attempt
impairs later memory for the item to be retrieved such that those items are forgotten more often than baseline levels. Here, we
applied their paradigm to assess two different types of inhibitory control conditions- the repeated prevention of retrieval of
actions one has learned and actions one has performed. We found that this paradigm can be used to bring about the successful
inhibition of memories for both learned and performed actions, although here inhibiting learned or performed actions did not
cause memory to go below baseline levels. Additionally, when the two inhibitory control conditions are compared, memories for
performed actions were more susceptible to inhibition than memories for actions that were learned.



Diane Marian
Emotional lexical decision: Effects of gender and priming on attention and memory

Diane E. Marian & Art Shimamura
University of California, Berkeley

Sexdifferencesn emotionalprocessingareoften posited. We useda lexical decisiontaskto explorewhethermalesandfemales
differ in their responsdgime to andmemoryfor emotionaland neutralwords. Replicatingpreviousfindings, memorywasbetter
for emotionalthan neutralwords, and both sexesshowedthis patternof results. Interestingly,analysisof the lexical decision
responsdimes showeda word type by sexinteraction;malesrespondedequally fastto both emotionaland neutralwords, but
femaleswere slowerto respondto emotionalwordsthanto neutralwords. Affective priming wasassessetly examininghow
responsdime to a word was influencedby whetherthe precedingword was emotionalor neutral. The effectsof affective
priming were consistent across both sexes. Possible explanations for the apparent sex difference are discussed.

Adriane Mayda
Disconnection of working memory processes by cerebrovascular disease.

Adriane Mayda
University of California, Davis

Mild Cognitivelmpairment(MCI) is characterizedby episodicmemorydeficits beyondthat expectedor normalaging,leading
to the notionthat MCI is a transitionstatebetweenmormalagingand Alzheimer'sdiseas§MCI-AD). Recentevidencehowever,
finds that MCI is heterogeneouwith multiple etiologies,including cerebrovasculadiseasg MCI-CVD). Behavioraldataalso
showthat patientswith MCI-CVD haveimpairmentsof episodicmemoryidenticalto MCI-AD, butit is hypothesizedhatthese
deficits resultfrom impairedworking memory.White matterhyperintensitiefWMH) are a recognizedmarkerfor CVD andare
correlatedwith performanceon variousworking memorytaskssuggestinghat white matterinjury may mediatethe working
memory deficit of MCI-CVD. WMH, however, are non-specific and cannot

revealthe extentof underlyinginjury. We hypothesizethat working memorydeficits in individualswith severeWMH arethe
directresultof white matterfiber tract disconnectiondetweendorsolateraprefrontalcortexand other cortical and subcortical
targets.In orderto examinethis hypothesiswe useddiffusion tensorimaging (DTI) to generatdractionalanisotropy(FA) maps
asa measureof white matterfiber track integrity and correlatediocal FA valueswith working memory performancen MCI

patientswith varying degreesof WMH burden.Atlas basednon-linearwarping techniquesnabledinter-subjectaveragingand
voxel-basedorrelationswith working memoryusingboth a regionof interestandwhole brain approachWorking memorytasks
consistedf a 4-itemrecognitiontaskanda 2-backtest. FA valuesin severalregionsof interestwere more strongly correlated
with performanceon the working memorytasksthanWMH volumesin the sameregions.Performancen the 4-item recognition
taskwas correlatedwith ROIs alongthe superiorlongitudinalfasciculus,suggestingnvolvementof a frontal-parietalnetwork.
Performanceon the 2-backtask was correlatedwith a frontal pericallosalROI, suggestinghat frontal-subcorticakircuits are
involved. Thesepreliminaryresultsindicatethat performanceon the working memorytasksis impairedwhenwhite mattertracts
aredisrupted suggestinghis asa mechanisnby which CVD canimpair cognitive function, andthat differentanddiscretewhite
matter tracts may mediate performance on these different working memory tasks.



Rosanna Olsen
The effects of perceptual similarity on item recognition and repetition suppression in the medial temporal lobe

R. K. Olsen, B. D. Gonsalves A. R. Prestoh T. Currad, K. A. Normari, & A. D. Wagnet
Dept. of Psychology & Neurosciences Program, Stanford UniveiBigpt. of Psychology, University of lllinoi$Psychology
Dept., University of ColoraddPsychology Dept., Princeton University

Declarativememory permitsan organismto recognizestimuli as previously encounteredOne basisfor recognitionis item
memorystrength,which may supportthe perceptionof stimulusfamiliarity. Thoughthe medialtemporallobesareknownto be
critical for declarative memory, the neural mechanisms supporting differences in memory strength remain poorly specified.
Recentimaging studieshaveshownrepetitionsuppressioreffectsfor old versusnew itemsin the medialtemporalcortex (e.qg.,
Hensonet al., 2003), effectsthat may influencethe perceptionof memorystrength.For example,GonsalvesKahn, et al. (in
press)observedthat fMRI and MEG measuref medial temporalactivationvaried accordingto subjectivereportsof item
memorystrength.in that study, participantsrespondeavith a ORemember/Know/New@lgmentfor studiedand unstudiedface
stimuli. BOLD signalin perirhinal and parahippocampatortex was lowestfor rememberedand highly familiar) itemsand
highestfor correctrejections(highly unfamiliar) items. This strength-dependentsponseeductionsuggestghat repetition
suppressionn medialtemporalcortexis relatedto the perceptionof item memorystrength.Moreover, MEG datarevealeda
rapidly emerging (150-300 ms) response that showed a similar monotonic pattern according to perceived memory strength.
While thereappeardo be alink betweenrepetitionsuppressionn medialtemporalcortexanditem memorystrength the factors
that mediatethis effect are unclearat present.Recognitionmemory modelsposit that a key factor impactingitem memory
strengthis the global similarity betweena testprobeand studieditems. Accordingly, in the currentexperimenthigh-resolution
functionalMRI (fMRI) indexedcorrelatef gradedmemorystrengthin the humanbrain, focusingon the medialtemporalcortex
(parahippocampadndperirhinal cortex).At study,faceswereincidentallyencodedduring performanceof a similarity judgment
task. At test(scanned)a subsequentecognitionmemorytest varied study-testperceptualsimilarity acrossthree classesof
memoryprobes:studiedfaces,facesthat were morphsbetweena studiedand an unstudiedface, and unstudiedfaces.Subjects
respondedisinga five-point confidencescale,indicatingwhetherthey recognizedhe faceasold or new (1= surenew, 5= sure
old). Behavioralresultsshowedthat perceiveditem strengthwas modulatedby study-testperceptualimilarity. Initial fMRI
analysesevealeda decreasén medialtemporalcortical activationthatwassensitiveto similarity, andthatvariedwith perceived
item strength.Thus, memorystrengthis affectedby study-testsimilarity andis associatedvith repetitionsuppressiotin medial
temporal cortex.

Rebecca Ray
Self-reference effect in children

Rebecca Rdy Amy Shelto, Nick Hollon', James Grossand John Gabriéli
!Stanford University?Johns Hopkin$MIT

Behavioralstudieshaveconsistentlyshownthat adultsremembemoreinformationthatis encodedvhenrelatedto the self than
informationthatis encodedsemanticallyor processedby perceptuafeaturesThis is referredto asthe self-referenceffect (SRE;

e.g.,Craik andLockhart,1972).Imagingstudieshavefurtheridentified areasn the medial prefrontalcortexasbeinginvolvedin

self-referentialprocessingJohnsonet al., 2002; Kelley, Heathertonet al., 2002; Kircher et al., 2000; Ochsneret al, 2004;

OchsnerRay et al, 2004). Giventhat structureof the prefrontalcortexis continuingto developthroughoutchildhood,thereis

reasonto believethat the functionaldevelopmenbf a self may be alsodevelopingduringin this time period. Few behavioral
studieshaveinvestigatedhe developmenbf preferentiaimemoryfor self relatedinformationin children.Thosepreviousstudies
that havespotsampledcross-sectionsf childrenandadolescentshavefound mixed supportfor the ideathatthe self reference
effecthasany linear relationshipto age(Hammen& Zupan,1984;Halpin, et al, 1984; Pullyblank, et al, 1985). Thesestudies
often mixed malesand femaleswho might differ in verbalmemorydevelopmentnddid not alwayssamplethe agespectrum
thoroughly. Additionally, studies did not control for the valence or abstract nature of words.

The currentstudy hopedto avoid someof thesepotentially confoundingproblemsandtested42 male childrenspreadacrossthe

agesof 7 and13. Eachchild wastestedon two lists of positivewords (abstractand concrete)ounterbalancedcrossndividuals.
Eachword was presentedn one of four trial types:self-referencéls this word like you?), closeother (Is this word like your

Mom?),semantiq(ls this a niceword?)or perceptualls this word outlined?)and recallwasassessedftereachlist. Memoryfor

words processedn the self-referencerials had a curvelinearrelationshipwith age suchthat self-referentialmemorywas
correlatedwith agebetweenthe agesof 7 and 11 evenafter controlling for memoryability. However,betweenll and 13 the

relationshipbetweenflattenedout. In addition, this relationshipbetweenself-referentialmemory and age was strongestfor

abstractwords. This suggestghat thereis a window in which this ability is developing. Furtherstudiesinvestigatingthe

relationshipbetweenthe developmenbf the prefrontalcortex and the developmenbf self-referentialprocessingmay benefit
from sampling more densely in this age range in order to understand the relationship of structure and function.
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Linda Chao

fMRI evidence of intact distractor inhibition in elderly individuals who do not stemative priming

Linda Chao
University of California, San Francisco

Negativepriming (NP) is a decrementn performanceobservedvhena previouslyignoredstimulusis re-presentedsa target.
One explanationfor the NP effect is that it reflectsinhibitory attentionalmechanismghat suppresdrrelevant, distracting
information (Tipper, 1985).0lder adultsoften do not showthe NP effectandit hasbeensuggestedhatthis may be indicative of
age-associateithpairmentsn inhibitory mechanismége.g.,Hasher& Zacks,1988).To testthe hypothesighatolderadultsfail to
showNP becausehey havea reducedability to inhibit irrelevant,distractinginformation, the presenttudy usedfunctionalMRI
to examinethe neuralfate of ignoredstimuli in 9 healthy,elderly adults(meanage:684.8years)while they performeda selective
attentiontask with picturesof scenesWe focusedour analyseson scene-relatedctivity in the parahippocampagblacearea
(PPA), a region of the medial temporalcorteximportantfor sceneprocessing(Epstein& Kanwisher,1998). The PPA was
independentlytocalizedin eachsubject.As expectedattendedsceneproducinggreateractivationin the PPA than unattended
scenesln additionto the fMRI selectiveattentiontask, subjectsalso performeda NP task outsideof the scannerFive subjects
exhibitedrobustNP while 4 subjectgdid not. Whenwe comparedPPA activity to attendecandunattendedcenesn subjectsvho
showedNP relativeto thosewho did not, we found greatersignaldifferenceshetweenattendedss. unattendedcenesn subjects
who did not show NP thanthosewho did.! Theseresultssuggesthat older individuals who fail to exhibit NP do not havean
impaired ability to inhibit distracting stimuli.

Nicole Dudukovic
Prefrontal, parietal, and medial temporal contributions to item and temporal-recency recognition

Nicole Dudukovic, & Anthony Wagner
Dept. of Psychology and Neurosciences Program, Stanford University

Declarativememorysupportsrememberingvhat eventsoccurredaswell aswhenthey were experiencedFew imaging studies
haveinvestigatedhe neuralprocessesupportingretrieval of temporalinformation,and extantstudieshavetendednot to match
testconditionswhen comparingitem and temporal-recencyecognition.!Somedatasuggesthat recencydecisionsrecruit left
prefrontaland parietalregionstypically involvedin attemptsto recollector retrievesourceinformation,whereasotherevidence
suggestghat recencydecisionsrecruit right prefrontal regionsimplicatedin orienting to item familiarity. While carefully
matchingtest conditions,the presentstudy soughtto investigatethe neuralprocessesinderlyingtemporal-orderetrieval and
item recognition.!Functional magneticresonancemaging (fMRI) was conductedwhile eighteenparticipantsmadeitem
recognitionandtemporal-recencyecisions During eachstudy phase participantsmadean abstract/concretdecisionfor each
word in a series.!Subsequentlya brief retentioninterval wasfilled throughengagemenin a spatialworking memorytask.
Event-relatedMRI datawere then collectedwhile participantsencounteredhree-alternative-forced-choigeemoryretrieval
trials, eachconsistingof two wordsfrom the precedingstudy phaseandonenovelword.! Participantavereto eitheridentify the
novel item (Novelty trials) or the more recently presentedstudy item (Recencytrials). Relativeto correctNovelty decisions,
correctRecencydecisionselicited greateractivationin left frontopolar,dorsolateraprefrontalcortex (PFC), and intraparietal
sulcus,suggestinghat participantsattemptedo recollectcontextualdetailsto guidetheir recencydecisions.Recencydecisions
alsorecruitedright superiorPFC,indicatinga putativerelianceon visuo-spatiahttentionin the serviceof orientingto familiarity.
Correct Recencydecisionswere further associatedwith greaterleft ventral precuneusactivation than incorrect Recency
decisionswhich could either reflect more successfuhttemptsto recollectand retrieve contextualinformation or an enhanced
familiarity signal.By contrastcorrectNovelty decisionsactivatedright hippocampuso a greaterextentthandid correctRecency
decisionswhich may reflectincreasechovelty encoding. Temporal-orderetrieval appeargo activatea distributednetwork of
PFCandparietalregions,suggestinghat both recollectiveand familiarity processesnay play a role in determiningthe relative
recency of an event.



Daphna Shohamy
Dynamics of medial temporal lobe and basal ganglia activity during associative learning

Daphna Shohamytamar Kahn, & Anthony D. Wagner
Dept. of Psychology and Neurosciences Program, Stanford CA

Convergingevidenceindicatesthat the medialtemporallobe (MTL) andbasalganglia(BG) supportdistinct forms of memory.
The MTL is thoughtto play animportantrole in the acquisitionof novel stimulus-stimulusassociationswhile the BG is thought
to contributeto the acquisitionof implicit, stimulus-responsassociationsRecentstudiesfurther suggesta neuralinteraction
betweernthesesystemaluring learning,thoughthe specificdynamicsof this interactionandits implicationsfor memoryfunction
remainunknown. The presentfMRI study investigatedthe dynamicsof MTL and BG activity while subjectsperformedan
associativdearningtask. On eachtrial, subjectsviewed a stimulus (a visual scene)and presseda key to predictone of two
outcomeg('dollar bill' or 'dollar coin'), followed by response-contingerieedback.Stimuli were either perfectpredictorsof an
outcome(p=1.0) or probabilistic predictorsof an outcome(p=0.7). Assessmendf learning-relatecchangesacrossacquisition
revealedchangesn MTL activity thatwere particularly prominentin the probabilisticcondition,while changesn the BG were
presentin the deterministiccondition. Analysesof individual differencesas a function of learning indicatedthat better
performanceon the task was associatedvith systematicactivationdecreasetn MTL, BG, and prefrontal cortex, while poor
learning performancewas associatedvith decreasesn MTL, suggestinga stimulus-basedearning effect. Theseresultsare
discussedn the contextof recentviews of the natureand dynamicsof the interactionbetweenmemory systems,and the
implicationsof suchinteractionsfor memoryfunction. [Supportedby an NIMH National ServiceResearchAward, the National
Science Foundation, and McKnight Fund for Neuroscience]

Carter Wendelken
Working memory for structured item sets

Carter Wendelken
Center for Mind and Brain, UC Davis

An fMRI investigationinto the neuralsubtratef maintenancdor organizedtem setswasconducted.This wasdesignedo test
the hypothesighatdorsolateraPFCandsuperiorparietalcortexareboth involved specificallyin the maintenancef organization
or structureover setsof itemsin working memory.!Subjectsvereaskedto remembessetsof lettersoveran 18-secondielay.!On

sometrials -- the organizationcondition (ORG) -- arbitrary relationshipsbetweenthe letterswere indicatedwith arrows,and

subjectswere supposedo maintainthis relationalorganizationaswell asthe identity of the letters.!A basiccontrol condition

(LOW) requiredsubjectsto rememberthe samenumberof letters(4) without organizationwhile a difficulty-matchedcontrol

condition (HIGH) requiredsubjectsto remembersevenletterswithout organization.Regionsof interest,basedon previous
experimentatiorand computationalmodeling work, were dorsolateralPFC (BA 9, BA 46, and lateral BA 10) and superior
parietalcortex(BA 7 andBA 40).! Examinationof averageBOLD timeseriesn theseregionsrevealedsignificantdelay-period
activationin BA 7 andleft lateralBA 10 for the ORG condition, relativeto both LOW andHIGH, andsignificantdelay-period
activity for boththe ORG andHIGH conditions,relativeto the LOW condition,in BA 46 andright lateralBA 10.! Timecourses
for the threedifferent conditionswere similar in all othertestedregions.Theseresultssuggesthat parietalcortex, specifically

BA 7, is involved wheneveiitemsin working memoryneedto be maintainedn an organizedor structuredmanner.The current
resultsfail to distinguishorganizationdemandrom loadin mid-DLPFC,althoughenhancedctivationfor organizationwvasseen
in amoreanteriorregion(left lateralBA 10), suggestinghatthis areamight play animportantrole in the organizatiorof content
in working memory.



TALK SESSION Il
Roshan Cools
Dopaminergic modulation of stability and flexibility of representations in visual working memory

R. Cools, E. Jacobs, L. Altamirano, & BOEsposito
Helen Wills Neuroscience Institute, University of California, Berkeley

The mesocorticolimbicdopamine(DA) systemis known to be implicatedin the cognitive processe®f working memoryand
cognitive flexibility. Recenttheorizingsuggestghat dopaminergicdrugs may have contrastingeffectson cognitive function
dependingon task demandsMoreover,thereis large individual variability in the direction and extentof drug effects: Some
individuals benefitfrom dopamine(DA)-enhancingdrugswhile the performanceof othersis impaired. We investigatedthe
neuraleffectsof DA receptorstimulationin humanvolunteerson the flexibility andstability of representations visualworking
memoryas a function of personalitytrait impulsivity. A large sample(n > 1000) of young psychologyundergraduatewere
prescreenedn the BarrattimpulsivenessSScale(BIS-11, Pattonet al., 1995). We selectedwo groupsof 10 participantsfrom the
tail endsof the resultingnormal distribution of total BIS scores.Thesetwo groupswere scannedwith functional Magnetic
Resonancdmaging on two occasions,once following administrationof an oral dose of the DA D2 receptoragonist
bromocriptine(1.25mg)andoncefollowing placebo.During scanning participantsperformeda visual, delayedmatch-to-sample
paradigmwhich allowedthe separateassessmertf (i) the flexible adaptatiorto changesn currentlyrelevantinformationand
(i) thestablemaintenancef relevantinformationin the faceof distraction.Preliminarydataanalysisrevealedthatbromocriptine
increased or decreased BOLD activity in fronto-striatal circuitry depending on task demands and trait impulsivity.

Susan Landau

Aging and compensation: What is the relationship between individual variability in dopamine function and working memory
processing?

Susan Landau
University of California, Berkeley

Individual variability in dopaming(DA) function hasimportantconsequence®r working memory(WM) function. The healthy
older populationshowsa greatdeal of variability in DA function, sinceDA levelsdeclinewith agebut thesedeclinesmay be
compensatetbr via upregulationof DA synthesisand/orfunctionalactivationduring WM performance.Psychopharmacological
studiesin youngsubjectshavesuggestedhat WM spanasmeasuredy the ListeningSpanTest(Daneman& Carpenter1980),in
particular,may correlatewith DA levels. Additionally, functional neuroimagingstudieshave suggestedhat prefrontal cortex
activationduring performanceof a delayedWM task may dependon DA levelsand WM span.To addresshesehypotheses
regardingthe relationshipbetweenDA levelsand WM functionin normalaging,we conducted?ET and fMRI scanningin the
samegroup of healthyolder adultsand obtainedthe following measurementq1) DA measurements caudateand putamen
using the tracer 6-[18F]Fluoro-L-m-tyrosing(FMT), (2) fMRI activationin prefrontaland basalgangliaregionsduring the
Sternbergdelayedrecognitiontask,and (3) neuropsychologicatestsof motorand WM function, including the Listening Span
Test. Preliminaryanalyseshaverevealedthat WM span,as measuredy the LST, doescorrelatepositively with caudateDA
synthesidevelsaspredicted suchthat higherspanindividualshavehigherlevelsof DA. Performancen the Sternbergaskalso
correlateswith caudateDA levels suchthat fasterand more accuratesubjectshave higher caudateDA. Finally, a negative
correlationwas observedbetweencaudateDA levelsandactivationin ventrolateraprefrontalcortexduring the encodingphase
of the Sternbergask. Subjectswith highercaudateDA hadlessventrolaterabrefrontalactivationduring encodingthansubjects
with low caudateDA. Thesefindings suggesthatupregulationof DA synthesisandventrolateraprefrontalactivationmay serve
as compensatory mechanisms for maintaining working memory function in the high-performing older population.



Brice Kuhl

Forgetting and remembering during competitive memory retrieval: Prefrontal and parietal mechanisms impact episodic memory
suppression and recovery

Brice A. Kuhl, Itamar Kahn, Nicole M. Dudukovic, & Anthony D. Wagner
Dept. of Psychology and Neurosciences Program, Stanford University

Episodic retrieval often involves selectionof a target amidst interferencefrom competingmemories.To explore the
neurobiologicalmechanismgecruitedduring retrieval in the face of competitionand the mechanismghat contributeto the
suppressiorof selected-againstompetitors,we usedfMRI to study retrieval-inducedorgetting (Anderson,Bjork, & Bjork,
1994). Participants(n=13) initially studiedcue-associatevord pairs, learningmultiple associate$or eachcue. Subsequently,
participantsperformedretrieval practice for some of the associatef someof the cues.Finally, a cuedrecall test was
administeredor all items.Behavioraldatareplicatedthe retrieval-inducedorgettingeffect: unpracticedassociatesf a practiced
cue (competitors)werelesslikely to be recalledthan unpracticedassociate®f an unpracticedcue (baselineitems)-behavioral
evidencefor suppressiorof competingmemories.!Initial fMRI analysestargetingthe neural processesassociatedwith
suppressiorand the recoveryof selected-againghemoriesrevealedtwo main findings.! First, fMRI datacollectedduring
retrieval practicerevealeda correlationbetweenthe magnitudeof activationin intraparietalsulcus(IPS) and the extentof
forgetting (suppressionpf competingmemories,suggestinga role of IPS in internally guiding selectiveattentionto target
memoryrepresentationsS$econd successfulecall of previouslyselected-againstompetitorson the final testwas associated
with increasedactivity in dorsolateraprefrontalcortex (DLPFC), suggestinghat DLPFCis involvedin overcomingsuppression
suchthat competitorscan be successfullyrecovered. Takentogether,thesedataprovide evidencefor a consequencef IPS
selectiveattentionmechanismd$or memorysuppressiomuring competitiveretrieval,andof DLPFCin overcominginterference
in service of remembering.

Scott Frein
Effects of valence and arousal on spatial context memory for unpleasant stimuli

Scott T. Frein & Richard J. Maddock
Departments of Psychology and Psychiatry, University of California, Davis

Previously the authorsdemonstratethat emotionalwordsimpactcontextualmemoryin differentways. Specifically,in a series
of four studies the authorsdemonstratedhat spatialandtemporalmemorydoesnot differ betweenpleasantind neutralwords.
However,thereis a significantdecreasen both spatialandtemporalmemoryfor unpleasantvords comparedo both pleasant
and neutralwords. Thesedifferenceswere consistentlyfound eventhoughunpleasantvords enhancedree recall memory
comparedto the neutralwords. This study builds on thosepreviousfindings by examiningthe role that arousalplaysin the
impairmentof spatialmemoryfor negativewordsandexaminesvhetheror not participants’spatialmemoryscoresarecorrelated
with specificassessmerihstruments. Using one of two lists of 96 words, forty-eight participantsindividually identified the
spatiallocationandratedthe valenceof eachword. Thelists contained48 neutraland48 unpleasantvords. The two groupsof
wordswere matchedon the dimensionsof imageability,frequency part of speechandsemantiaelatednessln onesetof words,
the unpleasantvordsweresubdividedinto high andlow arousalgroupswhile still beingmatchedon valence. Resultsindicated
that spatial memory performancefor the unpleasantwords was significantly lower than for the neutralwords. When the
unpleasantvordsweresubdividedinto high andlow arousalgroups,the spatialmemoryscoresfor the high arousalwordswere
significantly lower thanfor the low arousalwords and accountedor virtually all of the differencein spatialmemoryscores
betweenthe neutraland unpleasanwords. We had previously balancedfor arousalin a third study in which we included
pleasantvordsmatchedo the unpleasantvordson arousalaswell asall of the otherpreviouslylisted dimensions. Resultsfrom
that studyindicatedthattherewasno differencein spatialmemoryscoreshetweernthe pleasantndneutralwordsandthatthere
was a significantimpairmentin spatialmemoryscoresfor the unpleasantvords. Takentogether thesestudiessuggesthat
negativevalencealoneleadsto a deficit in spatialcontextmemory,but that highly arousingunpleasantvords createmore of a
deficit thando low arousalunpleasantvords. At the endof eachstudy, participantscompletedmultiple behavioraland mood
assessmerihstruments. Spatialmemoryscoresfor unpleasantvords correlatedsignificantly with participants'scoreson the
DissociativeExperiencesScale(DES) suchthatasa participantscoredhigheron the DES, he scoredower on the spatialmemory
testfor unpleasantvords. DES scoreswere not significantly correlatedwith overall spatialmemoryscores. Thesefindings
suggestthat both arousaland valenceplay a role in the disruptionof spatialcontextmemoryfor unpleasantvords and that
individuals who more frequently dissociate in their day to day lives may be more likely to show evidence of this disruption.



TALK SESSION IV
Mike Cohen

Reinforcement learning signals predict future decisions

Mike Cohen
University of California, Davis

The ability to usethe outcomesof onesactionsto dynamicallyadaptongoingreward-seekindehavioris critical to biological

andsocial survival. Reinforcementearningtheory providesa mathematicaframeworkfor understandindearninganddecision-
making processesandalthoughneuroscienceesearchs beginningto uncoverhow the brain identifiesreinforcementsasbeing

betteror worsethanexpected(.e., rewardpredictionerror), little is known abouthow reinforcementsre usedto guide future

decisions andfurther, how individual differencesmight influencethis process! will presentevidencethat neuralresponsess
early as300 millisecondsfollowing negativereinforcementgredictshumandecision-makingehaviorin subsequentrials. This

predictiveactivity canbe observedn severaldifferent decision-makingsituations,andis encodedn a network of anatomically
and functionally interconnectedegionsincluding the anteriorcingulateand ventral striatum.A computationakeinforcement
learningmodel suggestghat this predictivebrain activity reflectsongoingerrorsin rewardprediction,becausg1) the models
calculatedrewardpredictionerrorsfollowing eachtrial duringthe experimentloselyresemblechangesn humanbrain activity,

and(2) whenthe modelis given eachsubjectsuniquehistory of decisionsandreinforcementsthe modelsrewardpredictionerror
signalgeneratedafter eachtrial predictsboth choicebehaviorand neuralactivity during thosechoices.Further,the modelthat
incorporatesndividual differencesn learningratespredictsbehaviorandbrain activity significantly betterthana modelin which

theselearningratesarefixed, asthey havebeenin previousstudies.Theseandotherrecentfindings suggesthathumandecision-
making processesre well characterizedy simple equationsderived from reinforcementiearningtheory, and that ongoing
assessments of errors in reward prediction mediate the use of reinforcements to guide future decisions.

Alison Adcock
Reward-motivated learning: Proactive mesolimbic influences on encoding

Alison Adcock
University of California, San Francisco

We examinedthe effectsof rewardanticipationon memory.Using event-relatedunctional MRI, mesolimbicregionsreflecting
rewardanticipationwere independentlyocalized,theninvestigatedalongwith medialtemporallobe memoryregionsduring a
novel reward-motivatednemoryencodingtask.!Cuessignaleda high- or low-valuerewardfor memorizingan upcomingscene.!
High-confidencescenerecognitionwas tested24 hourslater.! We found that dopamine-richregions(ventral tegmentalarea,
nucleusaccumbensindanteriorhippocampus,jvereselectivelyactivatedduring high-valuecuesthat precededater-remembered
scenes.Activations were correlatedin theseregionsand predictedindividuals'memory scores.!In contrastto hippocampus,
reward-drivenactivationin dopamine-pooparahippocampatortexwas not specificto rememberedrials during either cuesor
scenes.Thesenovel resultsdemonstratdirst, that transientantecedenactivation(mesolimbicand hippocampal)predictslong-
term memoryfor anupcomingexperienceandsecondthat memory-relatedunctionalcouplingof hippocampusndmesolimbic
regions occurs during reward anticipation.



Daniel Krawczyk
Influences of reward motivation on encoding and delay in human working memory

Daniel C. Krawczyk & Mark DOEsposito
Helen Wills Neuroscience Institute & Dept. of Psychology
University of California, Berkeley

Rewardmotivation generallytendsto enhanceperformancean working memorytasks;however therehasbeensomedegreeof
controversyaboutwhich brain regionssupportthis enhancementit is generallyacceptedhat the prefrontal cortex (PFC)
supportsboth working memory and reward processing,but the regional specificity has been unclear. The majority of
investigationsinto this processcome from single-neurorelectrophysiologywhich is limited in providing information about
broad cortical organization.The possiblerole of posteriorregionshasalso receivedlittle investigation.We testedworking
memoryfor facesor sceneswith fMRI in a taskin which participantswererequiredto attendto one picturetype andignorethe
other.Information aboutthe attendedpictureswas consistentfor eachblock of 16 trials. Four pictureswere presentedserially
followed by an 8-12sdelayandprobepicture. Participantanadematchnon-matchjudgmentsaboutthe proberespondingwithin
1s. Points were given for correct probe responsest high, medium, and no reward levels acrossthe trials. Points were
exchangeablér moneyat the endof the sessiorandrewardvalueswere presentedrior to eachencodingperiod. Thusreward
motivationandworking memorytrials werecomparedalongwith passiveviewing trials thatdid not requirepicture maintenance
or probejudgments.Behavioralresultsindicatedresponseime decreasesvith higher reward levels, while accuracylevels
remainedhigh acrossall rewardlevels. This finding indicatesthat subjectswere ableto emphasizéoth speedandaccuracyin
respondingandthat rewardaids performanceas measuredy responsdime. At the encodingperiod BOLD contrastdndicated
thata PFCexhibitedgreateractivity at higherlevelsfor highly rewardedcomparedo non-rewardedrials. Furtheranalysisof a
scene-specifiwisual associatiortemporalcortical areaindicatedthat this region showedenhancemenof the BOLD signalfor
remembescenetrials andsuppressiomwf signalfor ignorescenetrials at encoding.This patternof resultswasenhancedor non-
rewardedover non-rewardedrials. At delay,a left PFCregionshowedreward-relatecduppressionwhile face-responsiveisual
regionsshowedrewardenhancementf signal. This resultindicatesthatthe PFCmay suppressnappropriatestimuli during delay
andthatface-stimulishowreward-relateaffectslaterin thetaskcomparedo scenesOveralltheseresultsareconsistentith the
hypothesisthat reward motivation can enhanceperformancethrough modulationof the network of brain regionssupporting
working memory function.



