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The temporalrelationsamonglist items exert a powerful influenceon episodicmemoryre-
trieval. For example,in free recall, participantsexhibit marked receny andlag-receng ef-
fects:temporalproximity of anitemto thetime of test(receng) andtemporalproximity of an
item to thejust-recalledtem (lag-receng) both sene to promoteretrieval. Previousresearch
hasanalyzedhe effects of experimentalmanipulationson differentportionsof the serial po-
sition curve asa meansof distinguishingbetweeri'short-term”and*“long-term” memory We
emplg/ a decompositiormethodto the serial position curve, partitioning performanceanto
the probability of first recall, illustrating the receng effectin immediatefree recall, andthe
conditionalresponserobability illustrating the lag-receng effect (M. W. Howard andM. J.
Kahana,1999)in bothimmediateanddelayedfreerecall. Two experimentssxaminedthe age-
relateddeficitin freerecall. Although olderadultsinitiated recallin the samemannetin both
immediateand delayedfree recall, temporalproximity of studyitems (contiguity) exerteda
muchwealer influenceon recalltransitionsin olderadults. This finding of a clearassociatie
deficitin normalagingconstituteslirectevidencefor M. Naveh-Benjamins (2000)associatie
deficithypothesisandsuggestshatthis associatie deficitmayberesponsibldor olderadults’
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well-known impairmentin freerecall.

This paperexaminesthe temporalassociatie processes
governingmemoryretrieval in freerecall by usinga decom-
positiontechniquethat elucidatesthe distinct contributions
of receny and contiguity (Kahana,1996; Howard & Ka-
hana,1999). Receng refersto the penasie finding thatthe
retrievability of previously experiencedstimuli or eventsdi-
minisheswith the passagef time andthe concomitanpres-
enceof interfering activity. Temporalcontiguity of events
alsoinfluencesthe easeof memoryretrieval. If two events,
A andB, areexperiencedn temporalproximity, information
aboutA facilitatesretrieval of B, andvice-versa.

To introduceour dissociatiortechniquewe first illustrate
how free recall can be decomposednto separableeceny
andcontiguity componentsWe thengo on to introducethe
notionof scaleinvarianceandtheideathatcontiguity effects
in freerecallcouldbe a consequencef theretrieval of tem-
poralcontext. Finally, weintroducethenotionthatacompar
isonof youngandolderadults— two groupswell-known to
differ in episodicmemoryperformance— may inform this
theoreticaldistinction betweenreceng and contiguity pro-
cessedn freerecall.
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RecencyndLag-recencyEffectsin FreeRecall

The effect of receny on memoryperformancas striking
in thefreerecalltask. In this task,participantsattemptto re-
call alist of previously studieditems,in ary order Plotting
recallaccurag asafunctionof input(serial)positionreveals
that participantsalmostalways successfullyrecall the last 2
or 3 list items, but thatmemoryfor earlierlist itemsis much
worse. A benefitfor thefirst few list items,the primagy ef-
fect, is much smallerthan the receny effect and depends
critically on rehearsalBrodie & Murdock, 1977; Rundus,
1971;Tan& Ward, 2000). Figure 1A illustratesthe primagy
effect, the receng effect, andtheflat interior portion of the
serialpositioncurve calledtheasymptote.

Examining the order of recalling list items, Deeseand
Kaufman(1957)obsenedthat participantsbegin recallwith
thelastfew list items.In fact,thetendeny to begin recallat
theendof thelist providesanexcellentindex of therecengy
effectobsenedin theserialpositioncurve (Figure1A). This
tendeng canbe measuredby plotting the probability of first
recall (PFR) curve, which is a serial position curve for just
the first item recalled (Hogan, 1975; Howard & Kahana,
1999; Laming, 1999). Figure 1B shaws the PFR curve for
datafrom Murdock (1962).

Temporally-definedinteritemassociationgxert a strong
influence on output order in free recall (Kahana, 1996).
Theseassociationare inferred from participants'tendeng
to successiely recallitemsfrom nearbylist positions.Given
thataparticipantasjustrecalledanitemfrom serialposition
i, andthatthe next recallis from serial position j, Kahana
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(1996)plottedtherelationshipbetweerrecallprobabilityand
thelag (separationin items)between and j. This measure,
the conditionalresponseprobability as a functionof lag, or
Lag-CRP,measureshe distribution of successie recallsas
afunctionof lag.

Figure 1C shaws the Lag-CRPfunction calculatedfrom
datacollectedby Murdock (1962). Positive valuesof lag =
(i— ) correspondo forward recalls;negative valuesof lag
correspondo backwardrecalls.Largeabsolutevaluesof lag
correspondo wordsspacedvidely in thelist; smallabsolute
valuescorrespondo wordsclosetogetherin thelist. For ex-
ample,if thelist hadcontainedhe sub-sequenctABSENCE
HOLLOwW PUPIL" anda participantrecalled“HoLLow” then
“PUPIL”, therecallof “PupPIL” would havealag of +1. If, in-
steadthe participantrecalled“ HoLLow” then“ABSENCE”,
therecall of “ABSENCE” would be associatedvith a lag of
-1. In this case,the participantis moving backward in the
list. “ABSENCE” followedby “pPuPIL” would yield a lag of
+2.

The Lag-CRPshows that successiely recalleditemsare
morelikely to comefrom nearbyserial positionsthanfrom
remoteserialpositions. We referto this phenomenonijlus-
tratingthe effect of contiguity on retrieval transitions asthe
lag-recencyeffect(Howard& Kahana,1999;Kahana,1996).
Whereaghe standardend-of-listreceng effect relatesper
formanceto the temporalproximity of a studyitem to the
time of test,thelag-recenyg effectrelatesperformancdo the
temporalproximity of a studyitem to the just-recalledtem.
We usethe termtemporalproximity in this context to mean
the numberof items, or the amountof distractingactiity,
intervening betweentwo study events(Howard & Kahana,
1999).

The tendeng for the Lag-CRPto be greaterfor positive
valuesof lag thanfor negative valuesof lag indicatesthat
theassociatie processn freerecallis asymmetricfavoring
forwardassociationsverbackwardassociationsindeedthe
ubiquity of thisasymmetryin bothfreerecall(Kahana,1996;
Howard & Kahana,1999)andserial recall (Kahana& Ca-
plan, 2001; Raskin& Cook, 1937),in contrastto the sym-
metryin cuedrecall of paireditems(Kahana2001;Rizzuto
& Kahana,2001),presents puzzlefor theoriesof episodic
association.

The serialpositioncurve, which hasplayeda key role in
almostall theoriesof humanmemory function (Murdock,
1960; Anderson,1976; Metcalfe & Murdock, 1981; Atkin-
son& Shiffrin, 1968; Raaijmalers& Shiffrin, 1980,1981;
Anderson,Bothell, Lebiere,& Matessa1998), reflectsthe
endproductof acomplex anddynamicprocessA weakness
in traditionalserialpositionanalysess in theway they have
focusedon the probability of recallasa function of orderof
presentatiomvhile disregardingthe orderof recall. As such,
they have discardednformationaboutsequentiatlependen-
ciesin retrieval. Suchinformation,we argue,is crucial for
understandinghe procesf self-initiatedmemoryretrieval.

HowardandKahana(1999)arguedfor the decomposition
of free recall performanceausing the PFR, as a measureof
how participantsinitiate recall, and the lag-CRR asa mea-
sureof recalltransitions Inimmediatefreerecall,the PFRIl-

lustrateghereceng effectin participantstendenyg to begin
by recallingend-of-listitems(seeFigure1B). TheLag-CRP
illustratesthe lag-recenyg effectin participants'tendeny to
successiely recall items that come from nearbylist posi-
tions. As shown in Figure1C, the Lag-CRPis morepealed
atearlyoutputpositionsthanatlateroutputpositions.Thisis
only true of immediatefreerecall;in delayedfreerecall,the
Lag-CRPremainsconstanbverall outputpositions(Howard
& Kahana,1999). Togethey thesetwo measuresincover a
detailedpictureof retrieval in freerecallthatis obscuredy
standardserial positionanalyseghat disregardoutputorder
(FigurelA).

Thescale-irvarianceof recencyandlag-recencyn
freerecall

Numerouglissociationdetweernrecallof thelastfew (re-
ceng) items,andearlier(prereceng) itemsled early inves-
tigatorsto embracethe notion of distinct memorysystems:
a short-termor primary memory store responsiblefor the
receng effect anda long-termor secondarymemorystore
responsibldor the primagy effect andthe level of recall for
items from asymptoticserial positions(Glanzer& Cunitz,
1966;Waugh& Norman,1965).

Although recentevidencehaschallengedhis traditional
two-storemodel (Greene,1986; Howard & Kahana,1999;
Neath & Crowder, 1990; Neath, 1993), the dissociations
betweerrecall of receny andprereceng items, previously
usedto supportthat duality, remainrobustfindings. Exper
imental manipulationsof list length (Murdock, 1962), pre-
sentationrate (Murdock, 1962; Glanzer& Cunitz, 1966),
word frequengy (Raymond,1969; Sumby 1963), stimulus
type (Raymond,1969),andintralistitem semanticsimilarity
(Craik & Levy, 1970; Glanzer& Schwartz, 1971; Glanzer
1976) only affect recall probabilitiesfor prereceng items.
Corversely whenincorporatinganend-of-listdistractortask
(Glanzer & Cunitz, 1966), manipulatinglist-item phono-
logical similarity (Craik, 1968; Shallice,1975), or varying
modality of presentation(Murdock & Walker, 1969), only
recallfor end-of-listitemsis affected.

In additionto thesefunctionaldissociationsa numberof
neuropsychologicaand pharmacologicatlissociationgdis-
tinguishrecallof receng andprereceng items. Forinstance,
pureamnesicsshav a normalreceng effect in free recall,
yet their recall of prereceng itemsis impairedrelative to
control participants(Baddelg & Warrington,1970). Stud-
ies have reportedsimilar resultsfor individualswith mental
retardation(Ellis, 1970), degeneratie dementia(Spinnler
Della Sala,Bandera,& Baddelg, 1988), and closed-head
injuries (Brooks & Baddelg, 1976). Further impairedre-
ceng, but not prereceny, is seenin normalparticipantsun-
der the influenceof diazepam,a dopaminegic antagonist
(Mewaldt, Hinrichs,& Ghoneim,1983).

In more recentyears,investigatorshave shavn that re-
ceng effectsin freerecallexhibit anapproximatdime-scale
invariance Thereceng effect,whichis greatlyattenuatedby
giving participantsa short-distractotask(e.g.,solvingarith-
metic problemsfor 10 s) at the end of the study list, resur



RECENCYAND LAG-RECENCY

1 1 1 —
A B. > C. Output Position
_ 08 T 0.8 | 208F 5
© o) <
Q 14 o —— 3
o6 206 206 4
o L 5
£ S a
504 204f T 0.4
I 3 [
= o c
o o K]
0.2 g 0.2 £02
c
[e]
1 1 1 1 1 L §\A - L L U 1 1 1 1 1 1 1
2 4 6 8 10 12 2 4 6 8 10 12 4-3-2-1012 3 4

Serial Position

Serial Position

Figure1l. Thedecompositiorof freerecall. PanelA shavs a standardserialpositioncurve for theimmediateconditionof Experimentl of
HowardandKahana(1999). Theuseof anorientingtaskto inhibit rehearsain this experimentaccountdor the smallprimagy effect. Panel
B shaws the probability of first recall function, illustrating participantsendenyg to begin recall with end-of-listitems. PanelC shaws the
conditionalresponserobability functionsfor eachof thefirst 4 outputpositions.SeeHowardandKahana(1999)for furtherdetails.

facesin the continuous-distractgparadigmwherethe same
distractortaskis given after eachstudyitem. Manipulating
the length of this distractor(the inter-presentatiorinterval,

or IPI) altersthe absolutetime betweerlist itemswhile pre-
servingthe relative spacingof the list. The relative size of

thereceny effect dependgprimarily on therelative spacing
of theitems,andnot on the absoluteime sincethe lastitem

was encodedBjork & Whitten, 1974; Howard & Kahana,
1999). This finding is extremely difficult to reconcilewith

thedual-stordramewnork (Howard & Kahana,1999).

HowardandKahana(1999)examinedthelag-receny ef-
fect in the continuous-distractoparadigm(Bjork & Whit-
ten, 1974). Figure 2A illustratesthe lag-recenyg effect for
IPIs rangingfrom O secondqstandarddelayedfree recall)
to 16 seconds As canbe seenin the figure,thelag-receng
effect wasrelatively constantacrosghis wide rangeof IPIs.
Although 16 second=f a taxing arithmetictask had virtu-
ally noimpacton thelag-recenyg effect, the sameamountof
distractoractiity, presentedat the end of the list, was suf-
ficientto eliminatethe end-of-listreceng effect (Howard &
Kahana1999).

To quantify this effect, we separatelyfit power functions
of theform CRP(lag)= allag” to eachparticipants datafor
the forward and backward directions. Figure 2B shows the
averageexponentcollapsingtheforwardandbackwardtran-
sitionsacrossll participantsjasafunctionof thelPI. Insofar
asthe lag-receng effect is insensitve to the absolutedelay
betweerlist items,it canbesaidto exhibit ascale-ivariance
with respecto time.

Prior to this discovery, the lag-receng effect was in-
terpretedas evidencefor associationgormedin short-term
memory(Kahana,1996). If short-termmemoryis the locus
for episodically-formedssociationgaspostulatedy Atkin-
son& Shiffrin, 1968;Glanzer1972;Raaijmalers& Shiffrin,
1980),thenthiswould predictthelag-receng effect,because
nearbyitemspresumablyspendmoretime togethelin short-
term memorythanremoteitems. However, because long
inter-item distractorshoulddisrupt short-termmemory the

scale-ivarianceof thelag-receng effectrequiresanalterna-
tive explanation.

Retrievedtempoal context

In the free recall task, asin ary episodicmemorytask,
participantsarechallengedvith rememberingheoccurrence
of well-known itemsin a particularcontext—typically, the
just-presentedroup of itemsdesignatedas“The List”. To
describeepisodicmemory we thusneedto introducesome
time-varying representatiof context. This representation
allows participantso differentiatethe occurrenceof a com-
mon word on one list from the occurrenceof that word on
someotherlist.

Following Esteq1955hb,1955a)andothers(e.g.,Mensink
& Raaijmalers,1988; Murdock, 1997),we candefinecon-
text asa collectionof (abstractfeatureshat changeslowly
overthe courseof item presentationlf context is associated
with eachlist item, andif time-of-testcontext is usedto cue
recall,we canaccountor thescaleinvariancein thereceng
effect. Becauseend-of-listcontext is mostsimilar to thecon-
texts of recentlystudieditems,the modelpredictsa recengy
effectthatis sensitve to therelative receng of differentlist
items.

Although this variablecontext model(Mensink& Raaij-
makers, 1988; Glenbeg & Swanson,1986) neatly predicts
the scaleinvarianceof receng effects, it hasno mecha-
nismfor generatinghe lag-receny effect seenprominently
in immediate delayed,and continuous-distractdiree recall
(Howard & Kahana,1999). To explain the lag-receng ef-
fect,onecanresortto directinteritemassociationge.g.,Ka-
hana,1996). This view, thoughappealingcannotexplainthe
scale-ivariancen thelag-receng effect. It would seemthat
interitem associationshouldat leastbe partially disrupted
by ademandingnteritemdistractor

An alternatve, proposedby Howard and Kahana(1999),
is theideathatrecall of anitem resultsin a partialreinstate-
mentof thecontext thatobtainedvhenthatitem wasstudied.
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Figure 2. Thescale-ivarianceof associatie memory Datais from a re-analysisof Experiment2 of Howard and Kahana(1999). This
experimenthadfour conditions,which variedin the amountof distractoractiity betweeneachof theitemsin thelist. A. The CRPcures
from eachof the four conditions.B. To quantifythetendeng to make adjacentecalls,pover functionswerefit to each“arm” of the CRP
curve andaveragedor eachparticipantfor eachcondition. Error barsin both panelsare 95% confidencentervals calculatedaccordingto

themethodof Loftus andMasson(1994).

Thisretrievedcontet senesasaretrieval cuefor subsequent
items,producingthelag-receng effect. Becausat is therel-
ative similarity in thetemporalcontext to differentlist items
thatdrivesretrieval transitionsthelag-receny effectis scale
invariant.

Within the retrieved context framework, the receny ef-
fect,asseerin participantstendeng to begin recallingitems
from the end of the list, andthe lag-receng effect, asseen
in participantstendeng to recallnearbyitemssuccessiely,
reflecttwo distinctmemoryprocessesTo initiate recall,the
retrieval cueis the stateof context attheendof the studylist.
This contectual statewill be more similar to the statesthat
wereassociatetvith recentist itemsthanto thoseassociated
with earlierlist items. As mentionedabove, this produces
thereceng effect in that theseend-of-listitemstendto be
recalledfirst andwith highestprobability. Upon successful
recallof anitem, the participantretrievesthe stateof context
that obtainedwhenthatitem wasoriginally presentedThis
retrievedcontect thensenesasaretrieval cuefor subsequent
recalls. Becausdhe retrieved context will be similar to the
context of nearbylist items, it will serneasastrongercuefor
theseitems,generatinga lag-receny effect.

Dissociatingrecencyandlag-recency

The retrieved variable context framework offers an al-
ternative to the traditional explanationof receng and lag-
receng in termsof theoperatiorof short-termandlong-term
memory Theretrievedvariablecontect approachunlike that
of thetwo-storemodel,naturallypredictsthe obsenedscale
invariancein bothreceng (Bjork & Whitten,1974)andlag-

receny (Howard& Kahana1999).

Theretrievedvariablecontext approactstill predictsthat
two processedrive retrieval in free recall. Instead of
theseprocessedeing retrieval from short-termand long-
term memory they are retrieval using time-of-testcontext
asthe cue,andretrieval usingretrieved context asthe cue.
Thesetwo processearemeasuredby the probability of first
recallandthe Lag-CRP(describedabove).

It is temptingto askwhetherthesetwo measureganbe
experimentallydissociated.To answerthis questionwe ex-
aminedthewell-known age-relatedleficitin freerecall(Ceci
& Tabor 1981; Craik, Byrd, & Swanson,1987; Laurence,
1967). We choseto examineage-relatedchangesn perfor
mance,becausdhe Lag-CRPis a measureof temporalas-
sociation,andrecentwork by Naveh-Benjamin(2000) sug-
gestedhatolderadultshave a specificdeficit in their ability
to form new associations Also, unlike othervariablesthat
clearly dissociatereceng from pre-recenyg, the age-related
deficitin freerecallis seenat all serialpositions(Parkinson,
Lindholm, & Inman, 1982; Foos, Sabol, Corral, & Mob-
ley, 1987; Rissenbay & Glanzer 1987; Poitrenaud,Moy,
Girousse,Wolmark, & Piette, 1989; Capitani, Della Sala,
Logie, & Spinnler 1992).

Within free recall, an age-relatedieficit may reflectim-
pairmentin eitherthe processesesponsibldor thereceny
effect, thoseresponsibldor the lag-recenyg effect, or both.
A deficitin thereceng effect would posea challengeto the
widely-heldbeliefthatshort-termmemoryprocessesemain
intact with aging, while a deficit in the lag-recenyg effect
would beconsistentvith theassociatie deficit hypothesisof
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Naveh-Benjamin2000).Our goalhereis to usedataon out-
putorderin freerecallto partitionretrieval into receng and
lag-receng componentsandto seewhetherolderadultsare
specificallyimpairedin oneor the otherprocesspr whether
they areimpairedin both.

In Experimentl, we useimmediatefree recallto demon-
stratethedissociatiorprocedureandevaluateagedifferences
in receny andlag-recenyg effects. Becausereceny domi-
natesmuchof the datain immediatefreerecall, Experiment
2 useddelayedfreerecallto eliminatethereceng effectand
focusour attentiononthe possibility of anage-relatedieficit
in lag-recenyg. Furthermorewe examinedparticipants’in-
trusionson eachfree recall trial for both experiments par
titioning theseinappropriaterecallsinto repetitions,prior-
list intrusions(items from previous lists), and extra-list in-
trusions(itemsnoton ary list).

Experimentl
Methods

Participants The older participantavere28 community-
dwelling adults,14 menand 14 women, with agesranging
from 69 to 84 years(M = 75, AD = 5.4). The older group
hada meanof 16 yearsof formal educationSD = 2.6), and
ameanWAIS-R vocalulary scoreof 56 (SD = 6.8).

The young participantswere 31 university undegradu-
ates,13 menand 18 women,with agesrangingfrom 17 to
21 (M =18, SD = 1.0). At time of testing,the grouphada
meanof 12 yearsof formal educationSD = 0.7),andamean
WAIS-R vocahulary scoreof 58 (SD = 5.0). As a group,
the older participantsthus had an averageof 4 more years
of formal educationthan the young at the time of testing,
t(57) = 6.27, p < 0.01, but the two groupsdid not differ
on WAIS-R vocalularyt(57) < 1.0. Both participantgroups
reportedthemselesto bein goodhealthandto have no dif-
ficulty readingthe wordsasthey would be presentedn the
computerscreen.

Procedue. Participantsstudiedlists of wordsfor anim-
mediatefree-recalltest. Lists were composedof 10 com-
mon, two-syllablenounschosenat randomandwithout re-
placementfrom the TorontoNoun Pool (Friendly, Franklin,
Hoffman, & Rubin, 1982). Randomizatiorof list itemswas
doneboth acrosstrials within a testing sessionand across
participants. A computercontrolled stimulus presentation
and recordedparticipants’vocal responses At the start of
eachtrial, a fixation crosssenedasa warningsignalfor list
presentation. This crossappearedor 1.4 s followed by a
100 ms blank ISI. Then, the computerdisplayedeachlist
item in capitallettersfor 1.4 s, followed by a 100 ms blank
inter-stimulusinterval (1S1). During list presentationpartic-
ipantswere requiredto say eachword aloud. Immediately
following the presentatiorof list items, a row of asterisks
accompanietby atone(lasting300ms)signalledthatpartic-
ipantsshouldbegin recallingthelist items,in ary order We
gave participants30 s to recalllist items. During this time,
they wereto recallasmary itemsaspossiblefrom thelist, in
ary order We madeclearto our participantsthat they need

not attemptto recalltheitemsin orderof presentation(Al-
thoughour instructionsattemptedo make clearthat partici-
pantscouldrecallitemsin anyorder, someolderparticipants
consistentlyecalledtemsin serialorderonmary trials. Par-
ticipantswhoseprobability of beginningtheir recallwith the
firstlist item exceededwo standardleviationsabovetheme-
dianwere excludedfrom theseandall subsequenanalyses.
Usingthis criterion, 8 older participantsut no youngemar
ticipantswere excluded. Theseexcludedparticipantswere
replacedto bring the total numberof older participantsto
28.) Participantsweretestedon a total of 33 lists; the first
threelists were consideredas practiceand not includedin
theanalyseseported Eachsessiodastedapproximatelyone
andahalf hours.

Results

Figure 3 shows recall probability as a function of input
serialpositionfor youngandolder participants.The perfor
mancefor bothyoungandolderadultsgeneratedhe classic
serialpositionfunctionwith a morepronouncedeceng ef-
fectthanprimagy effect (Murdock,1962;Glanzer& Cunitz,
1966).Consistentvith Capitanietal. (1992),theage-related
deficitin free recall performancecould be seenat all serial
positions,but especiallyin the middle portion of the serial
positioncurve.

Goingbeyondthe serialpositioncurve, we examinedthe
age-relatedieficitin receng andlag-receny effects.In Fig-
ure4, we plot the probability of first recall(PFR),a sensitve
index of thereceng effect. In Figure5, weplottheLag-CRRP
a sensitve index of the lag-recenyg effect. To illustratethe
calculationof PFRandLag-CRRTablel shavsfour trials of
actualdatatakenfrom Experimentl. Thefirstline below the
trial numbershovsthetenwordspresentedo the participant
in their presentatiomrder Thesecondine reportsthewords
recalledin their outputorder Finally, thethird line givesthe
serialpositionwithin the presentedist of eachof therecalled
words.

To calculateprobabilitiesof first recall for thesefour tri-
als,we would tally the numberof timesthefirst recallcame
from a certainserialpositionin the presentedvord list, and
thendivide the tally by the numberof timesthe first recall
couldhave comefrom thatserialposition. Here,we seethat
serialposition10 (thefinal list item) wasrecalledfirst 3 out
of 4 possibletimes. Serial position 8 (the third to last list
item) wasrecalledfirst 1 out of 4 possibletimes. Therefore,
the probabilitiesof first recallare0.75for serialposition10,
0.25 for serial position 8, and 0.0 for the remainingeight
serialpositions.

To calculateconditionalrespons@robabilitiesfor thefirst
recalltransitionin thesefour trials, onewould tally thenum-
berof timesatransitionof a certainlag wasmade,andthen
dividethistally by thenumberof timesthattypeof transition
could have beenmade. Here, we seethat the lags between
the first two wordsrecalledon trials 1 to 4 were-1, -1, -2,
and-1, respectiely. Becauseall of the first recalleditems
of trials 1 to 4 wereeitherat or nearthe endof thelist, the
participantcould have maderecall transitionsof either-1 or
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Tablel
Sampldreerecalltrial informationusedto calculateprobabilitiesof first recall and conditionalresponserobabilities.
Trial 1
List Event Painting Outline Question Temple Party Fountain Commerce Mixture Monkey
Recall Monkey Mixture Commerce Question Temple Outline
SP 10 9 4 5 3
Trial 2
List Elbow Wrinkle Model Limit Hero Channel Program Comrade Cherry Building
Recall Building Cherry Comrade Model Limit Channel
SP 10 9 8 3 4 6
Trial 3
List Mness Circuit Mother College Senate Soldier Chapel Instant Cousin Candle
Recall Candle Instant lliness College Soldier
List 10 8 1 4 6
Trial 4
List Lemon Onion Boundary Evening Acid Level Anchor Paper Hatred Current
Recall Paper Anchor Hatred Current
SP 8 7 9 10
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Figure3. Traditionalserialpositioncurve, shaving theprobability ~ Figure 4. Probability of first recall curves for young and older

of recallof itemsin eachof tenserialpositionsfor youngandolder
adults.Error barsare95%confidencentervals.

-2 betweerthefirst two wordsrecalledon eachtrial. Thus,
the conditionalresponserobabilitiesfor lags of -1 and-2
are 0.75 and 0.25, respectiely. The conditional response
probabilitiesare 0.0 for all remainingpossibleforward and
backwardrecalltransitions.

Figure 4 shows the calculatedPFR functionsfor young
andolder participants.Participantsin both groupsexhibit a
striking tendeny to begin recall towardsthe endof thellist.
Furthermoreyoungandolderadultsdid notdifferin thePFR
atary serialposition. Thatis, bothyoungandolderadultsex-
hibit anequaltendeny to begin recallingitemsfrom agiven
serialposition.

Figure 5 shaws the Lag-CRP functions for young and
older participantsseparatelfor outputpositionsl to 4. Al-

adultsin immediatefreerecall. Error barsare 95% confidencen-
tenals.

thoughthereappeato beage-relatedifferencesn thequan-
titative levels of thesefunctions,the samebasicform is ob-
sened for both young and older adults. After recallingan
item, both youngandolder participantstendto recall items
from nearbylist positionswith a biastowardsgoingin the
forward direction. At early output positions,the Lag-CRP
is moresharplytunedthanat later outputpositionsfor both
groups. This resultis consistentwith previous work on
youngadults(e.g.,Kahana,1996;Howard& Kahana1999).

Ideally, onewouldliketo comparehelLag-CRPfunctions
for youngandolderadultsto assesthe age-relatedieficitin
the lag-receny effect. However, becausegyoungandolder
adultsdiffer in their overall levels of recall, one cannotcol-
lapsetheir dataover output position, and at the late output
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Figure5. Conditionalrespons@robabilityasafunctionof lag for thefirst four outputpositions.Theleft panelshavs datafor youngadults

andtheright panelshavs datafrom olderadults.

positions wherethe Lag-CRPfunctionsbegin to asymptote,
olderadultsgive too few correctrecallsto provide the statis-

tical power to comparethemwith their youngcounterparts.
This difficulty is circumventedin Experiment2.

Intrusions In addition to recalling fewer items, older
adultsproducedboth a greaterproportionandeven a larger
numberof repetitionsandintrusionsthanyoungadults. On
averageplderadultsrecalled4.2list items,made0.40repeti-
tions,and0.79intrusions(0.390f thesewerefrom prior lists,
with theremaindebeingextra-listintrusions).Youngadults,
on average,recalled5.4 list items, made0.20 repetitions,
and 0.54 intrusions (0.27 of thesewere from prior lists).
Thatis, althougholder adultsrecalledfewer list itemsthan
youngadultst(57) = 6.38, p < 0.001,they mademorerep-
etitionst(57) = 2.75, p < 0.01, moreintrusionsfrom prior
lists t(57) = 2.12, p < 0.05 and more extra-list intrusions
t(57) = 2.36, p < 0.05. For both young and older adults,
abouthalf of all prior-list intrusionscamefrom the immedi-
atelyprecedindist. In addition,prior-list intrusionsfor both
youngandolder adultstendto comelate in output,with at
least4 timesasmary prior-list intrusionsin the 5th output
positionthanin thefirst outputposition.

Discussion

The decompositiorof free recall revealsthat youngand
olderadultsinitiate recallin the sameway, with a strongten-
deng to begin recallwith itemsneartheendof thelist. Both
youngandolder adultsalsomake extensve useof episodi-
cally formedassociation# driving their subsequentecalls.
Both groupsexhibit the hallmarklag-receng effectsof ad-
jaceny and asymmetry with the Lag-CRPfunction being
mostpealedat early outputpositions.

The changein the tuning of the Lag-CRPfunction with
outputpositionmalesit hardto assess possibleage-related
deficitin thelag-recenyg effectin this experiment.This pre-
ventsusfrom collapsingdataacrosutputpositionshecause
olderadults’memorydeficitleadsto the productionof fewer
responsefn late outputpositions. In Experiment2, we use
delayedtreerecallto attenuateéhereceng effectandthereby
obtainLag-CRPfunctionsthatarestableoveroutputposition
(seeKahana,1996; Howard & Kahana,1999). In this way,
we hopedto make more refined measurementsf the lag-
receng effect by includingall outputpositionsin the analy-
sis.

Experiment2
Methods

Participants Theolder participantsvere25 community-
dwelling adults,10 menand 15 women,with agesranging
from 66 to 88 years(M = 74, SD = 5.5). The older group
hada meanof 16 yearsof formal educationSD = 3.1)anda
meanWAIS-R vocahulary scoreof 51 (SD=8.5). Theyoung
participantswere 25 undegraduates menand20 women,
with agesrangingfrom 18 to 21 (M = 19, SD = 0.8). At
time of testing,the grouphada meanof 12 yearsof formal
education(SD =0.5) and a meanWAIS-R vocahulary score
of 52 (SD=5.7). As agroup,theolderparticipantghushad
an averageof 4 more yearsof formal educationat the time
of testing,t(48) = 6.28, p < 0.0001, but did not differ on
WAIS-R vocahularyt(48) = 0.45.

Both participantgroupsreportedhemselesto bein good
health,andbothgroupsweretestedo insurethey hadno dif-
ficulty readingthe wordsasthey would be presentean the
computerscreen.Usingthe sameserialrecall criterionasin
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Experimentl ledto theexclusionof 1 olderand1 youngpar
ticipant. Theseexcludedsubjectsverereplacedo maintain
25youngand?25 older participants.

Procedue. Participantsstudiedlists of words for a de-
layedfree-recalltest. As in Experimentl, lists were com-
posedof 10 wordsfrom the TorontoNoun Pool. Thetiming
and methodof list selectionand presentatiorwasidentical
with Experimentl. In this case however, immediatelyfol-
lowing the list presentatiorparticipantswere givena 16 s
arithmeticdistractortask. During this task,arithmeticprob-
lemsof the form A+B+C=?wereshavn oneatatime. Par
ticipantswererequiredto saythe answeroutloud. For each
arithmeticproblem,participantscould take asmuchtime as
they neededanderrorswererare. After 16 s of performing
this distractortask,arow of asteriskaccompaniedty atone
signalledthe participantsto begin recalling list items. We
instructedparticipantgo try to recallasmary itemsaspos-
sible from thelist, in any order Participantsweregiven45
sto recalllist items. This recall periodwaslongerthanthat
usedin Experimentl, becausepreliminary studiesshoved
that participantstook longerto respondin delayedthanin
immediatefree recall. Responsesvererarely madeat the
end of this recall period indicating that 45 s was sufficient
time for both young and older adultsto give their recall of
list items. Participantsweretestedon a total of 23 lists; the
first threelists wereconsideredspracticeandnot included
in theanalyseseported.

Results

Figure6 shavstheserialpositionfunctionsfor youngand
olderparticipants.As expectedtherecengy effectis greatly
diminishedin this delayedrecall task (Glanzer& Cunitz,
1966; Postman Phillips, 1965). The age-relatedleficit is
apparenttall serialpositions.

Figure 7 shavs PFR functionsfor young and older par
ticipants,which, in contrastto Experimentl results,display
a marked shift from receng towardsprimagy. This shift re-
flectsthe sharpreductionin receny associatedvith delayed
freerecall. In concordancavith Experimentl, the PFRfunc-
tionsarenearlymatchecht every serialposition,demonstrat-
ing thatbothyoungandolderadultsareequallylikely to be-
gin recallfrom ary givenserialposition.

Figure8 reportsLag-CRPfunctionsfor youngadults(left
panel)and older adults(right panel). Separateanalysisof
Lag-CRPfunctionsat eachoutput position shaved that, as
in previousstudiege.g.,Howard& Kahana1999),theLag-
CRPcunesin delayedrecall do not changewith outputpo-
sition. Althoughthe Lag-CRPfunctionsof older adultsare
similar in form to thoseof youngadults,older adults’ Lag-
CRPfunctionsarelesssharplytuned. This flatteningof the
Lag-CRPrevealsthat older adultsarelesslikely to succes-
sively recall items from neighboringinput positions. Be-
causetransitionsin recall are indicative of associatie pro-
cessingthisreductionin thelag-receng effectindicateshat
a deficit in episodicassociatioris oneimportantfactorun-
derlyingthe age-relatedmpairmentin freerecall.

—— Young
—O— Older

0.6 1

04 r

Probability of Recall

oL+ v 11
1 2 3 4 5 6 7 8 9 10
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Figure 6. Serialpositioncurvesfor youngandolderadultsin de-
layedfreerecall. Error barsare 95% confidencantenals.
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vals.
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adultsandtheright panelshawvs datafrom olderadults.

To quantitatvely assessolder adults’ deficit in the
lag-receng effect, we fit power functions of the form
CRP(lag)= allag)” to eachparticipants dataseparatelyfor
the forward and backward directions. The forward and
backward exponentswere 0.82 (+0.09) and 0.50 (+0.09)
for young adults, and 0.37 (+0.10) and 0.26 (+0.07) for
older adults. The age-relatedmpairmentin the Lag-CRP
was thus statistically significantin both the forward direc-
tion (t(48) = 3.52, p < 0.001) andthe backward direction
(t(48) = 2.26, p < 0.05).

Consistentwith this, a 2 (lag: adjacent,remotd by 2
(age: young, older) mixed-designANOVA shaved sig-
nificant main effects of age (F(1,48)=6.12,MSe=.00086,
p < 0.02), lag (F(1,48)=153.30,MSe=.002, p < 0.001),
and most importantly a significantage x lag interaction
(F(1,48)=7.26MSe=.00086p < 0.01).

Intrusions Despiterecallingfeweritems,theolderadults
again producedboth a greaterproportionand a larger ab-
solutenumberof repetitionsand intrusionsthanthe young
adults.Olderadults,onaveragerecalled3.Olist items,made
0.15repetitionsand0.95intrusions(0.520f thesewerefrom
prior lists, with the remainderbeing extra-list intrusions).
Youngadults,on average recalled4.4 list items,made0.05
repetitionsand0.35intrusiong0.150f thesewerefrom prior
lists). Thatis, althougholder adultsrecalledfewer list items
thanyoungadults(t(48) = 6.39, p < 0.001),they mademore
repetitions(t(48) = 2.63, p < 0.01), more intrusionsfrom
prior lists (t(48) = 5.40, p < 0.001)andmoreextra-listintru-
sions(t(48) = 3.32, p < 0.002). As in Experimentl, approx-
imately half of all prior-list intrusionsfor both young and
olderadultscamefrom theimmediatelyprecedindist. Sim-
ilarly, prior-list intrusionsfor both young and older adults
camelate in output, with about4 times as mary prior-list

intrusionsin the 5th outputpositionthanin the first output
position. Thus,althoughthe olderadultsdid make a greater
proportionof intrusionsin bothimmediateanddelayedfree
recall,the overall outputpatternof intrusionswasquite sim-
ilar.

Discussion

In delayedfreerecall, asin immediatefree recall, older
adultsrecalledsignificantly fewer items thanyoungadults,
with the deficit appearingat all serialpositions.Decompos-
ing freerecallinto PFRandLag-CRPmeasuresevealedthat
youngandolder adultsdo not differ in theway they initiate
recall,but thattheolderadultsmadefarlessuseof contiguity
in theirretrieval thandid theyoungadults.Thislatterfinding
indicateghatatemporalassociatiordeficitis contributingto
olderadults’impairmentin freerecall.

GeneraDiscussion

We examinedthe receng andlag-receng effectsin free
recallfor youngandolderadults.Becausgarticipants’out-
put streamin freerecall containsa greatdealof information
not seenby standardserial positionanalyseswe useda de-
compositiontechniquethat separateperformancento two
measuresThefirst measurespecifieghe probabilitythatthe
first recalleditem comesfrom a givenlist (serial) position.
In immediatefree recall, this measurerevealsparticipants’
tendeng to begin recallingitemsfrom the endof thelist.

The secondmeasurespecifiesthe probability that two
successiely-recalleditems comefrom neighboringlist po-

! For the ANOVA we definedadjacentsthe averageof lags+1
and-1. We definedremoteasthe averageof all lagswith absolute
valuesbetweerB and5.
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sitions. This measurecapturegarticipants’tendenyg to as-
sociatenearbyitemswithin the studylist. We have referred
to thistendeny asalag-recencyeffect, becausdt represents
enhancedecallof itemsthatwerestudiedclosein time (i.e.,
recent)to theitem justrecalled.

In immediatefree recall, participants’tendeng to begin
recalling items from the end of the list coupledwith their
tendeng to successiely recallnearbylist itemsproduceghe
classicreceng effect(Howard& Kahana1999).Occasion-
ally, participantsbegin recalling items from the beginning
of thelist. Both measuregrovide informationon the order
of recallthatis obscuredby moretraditional serialposition
analyses.

Age-relatedchangesin recencyandlag-recency

Consistentvith previouswork (Kahana,1996;Howard &
Kahana,1999), young adults shoved a strongreceny ef-
fectin immediate but not delayed freerecall. This wasre-
vealedboth by the standardserial position curve (Compare
Figures3 and6) andby the probability of first recall (Com-
pareFigures4 and7). Youngparticipantdendto beginrecall
with end-of-listitemsin immediate but not delayedfreere-
call. Youngadultsalsoshow astronglag-recenyg effect(e.qg.,
Howard & Kahana,1999)with recall of anitem following
recallof anadjacenitem on a large proportionof trials, and
with forwardtransitionsheingabouttwice aslik ely asback-
ward transitions. This wastrue for bothimmediate(Figure
5, left panel)anddelayed(Figure8, left panel)freerecall.

Olderadultsrecallitemsin a qualitatively similar manner
to thatof youngadults. They exhibit strikingreceng, asseen
in their tendeny to begin recallwith thelastfew list items,
andthey exhibit alag-receny effect,asrevealedby theirten-
deng to successiely recallitemsfrom neighboringlist po-
sitions. However, the decompositiorof recall performance
into thesetwo measuredlustratesa striking dissociatiorbe-
tweenyoung and older adults. While the function describ-
ing the mannerin which the youngandolder adultsinitiate
recallis nearlyidentical, older adults’ recall transitionsare
muchlessinfluencedby thetemporalrelationsamongitems
atstudy

TheTempoal Contect Framewvork

To betterunderstandheseresults,we needto consider
the processeshat generatedhesetwo measures.As men-
tionedin theintroduction,HowardandKahana(1999)found
that a retrieved-variable contet model could accountfor
the obsenedscaleinvarianceof receny andlag-receng ef-
fects. Otherformal modelsof free recall (e.g.,Raaijmalers
& Shiffrin, 1980,1981)couldnot handletheseresults.

Within the temporal context framework (e.g., Estes,
1955b,1955a; Howard & Kahana,1999; Murdock, 1997),
eachitem is associatedvith a representatiorthat changes
graduallywith time. By this we meansomethingsimilar to
time tags (Yntema& Trask, 1963), but ratherthan coding
timelikeaclock, contet drifts graduallyasaconsequencef
changingmentalactivity and/orperceptuainput. Thetem-
poralcontext modelof HowardandKahana(submitted)pro-
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posesa specificmechanisnfor contectual drift and contex-
tual retrieval that accountgfor the asymmetryin contiguity
effects seenin both free recall (seeFigures1, 2, 5 and 8)
andserialrecall (Kahana& Caplan,2001;Raskin& Cook,
1937).For the presentliscussionye consideronly themore
generalconceptuaframework, aspresentedn Howard and
Kahana(1999).

At test,two differenttypesof cuesdrive recall: Time-of-
testcontext drivesthefirst recallandretrievedcontext guides
subsequentecalls.A participantwhois impairedin episodic
memorymay be impairedin oneor both of theseprocesses
(or in someotheraspectof memoryretrieval). An impair-
mentin theuseof time-of-testcontext would reducetheend-
of-list receng effectin immediatefreerecall. Similarly, an
impairmentin the useof retrieved context would be seenas
areductionin thelag-receng effectin delayedreerecall.

Insofar as young and older adultsinitiate recall in the
samemanney asseenin the equivalenceof their PFRfunc-
tions (seeFigures 4 and 7), time-of-testcontext senesas
anequallyeffective cueacrosdist itemsfor eachagegroup.
Within thetemporalontet framework, theshapeof thePFR
functionreflectsthe similarity of time-of-testcontext to the
context associatedvith eachlist item. The equivalenceof
youngandolderadults’ PFRfunctionssuggestshattempo-
ral context during studychangesat the sameratefor young
andolderadults.

If, indeed context changestthe sameratefor youngand
olderadults,thenary deficit obseredin the lag receng ef-
fect (seeFigure8) mustbe a consequencef a differencein
the processf contextual retrieval. Therefore we conclude
thatthe age-relatedieficit seenin the lag-receng effect re-
flectsa deficit in contextual retrieval, but not in contextual
coding.

The age-relatedmpairmentin thelag-receng effect, but
not in the end-of-list receny effect, as reportedin these
experiments,can also be seenas consistentwith a simple
inter-item associatie framework, asformalized,for exam-
ple,in theclassidwo-storeSAM model(e.g.,Raaijmalers&
Shiffrin, 1980,1981;Kahana,1996). In thatmodel,onecan
selectvely impair the formationof inter-item associationé
short-termmemory (reducingthe value of the b parameter
for older adults),without changingthe meanbuffer size,or
therule for buffer retrieval. Althoughthis could explain the
basicpatternof our results two-storemodels,suchasSAM,
are unableto capturepreviously publishedfindings on the
scaleinvarianceof episodicassociatior{Howard& Kahana,
1999),or onthescaleinvarianceof receng (Glenbeg etal.,
1980;Nairne,Neath,Serra,& Byun,1997).

Thedecompositiorof freerecall,asdescribedabore, pro-
videsimportantinformationaboutepisodicretrieval. Its fo-
cusis on therole of temporalfactorsin guiding recall, both
usingtime-of-testandretrieved context ascues.It doesnot,
however, considertherole of semantidactorsin guidingre-
call (e.g.,Wingfield, Lindfield, & Kahana1998).

Semantiesimilarity’s effectonrecallsometimesssertst-
selfin theform of intrusionerrors— recallof itemsthatwere
not presentedn thetamgetlist. Suchresponsearetypically
itemsthat are structurallyrelatedto one or morelist items,
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eitherin termsof semanticor phonology Intrusionsmay
be itemsthatappearedn earlierlists (prior-list intrusions),
or itemsthatwerenot presentedn the experiment(extra-list
intrusions).

Our finding that older adults produce more prior- and
extra-list intrusionsin both immediateand delayedfree re-
call is consistentwith argumentsthat older adults have a
poorerability to inhibit activatedresponse&Zacks& Hasher
1997).Within theretrievedcontext framework, suchaninhi-
bition deficit would directly impair free recall performance,
becauseecallof anitem thatwasnot onthe studylist would
reco/er aninappropriateepresentationf its context, which
would fail to help participantsecall othercurrentlist items.
Howeverthelack of informationon semantiandphonolog-
ical similarity limits theseanalysesAn examinationof both
temporaland semanticfactorsin free recall would improve
ourunderstandingf theage-relatedieficitin episodicomnem-
ory.

Conclusions

Retrieval from episodic memory is impaired in older
adults.Thisdeficitis especiallypronouncedn freerecalland
pairedassociatdearningtasks. The deficit in pairedasso-
ciateshasbeenusedto arguethatolderadultshave a specific
associatie deficit (e.g., Naveh-Benjamin,2000), whereas
thedeficitin freerecallhasbeenusedto arguefor a deficitin
self-initiated,or contextually-mediatedetrieval.

Usinganew decompositiomethodwe canpartitionfree-
recall performancento two measures. The probability of
first recall, illustratesparticipants’tendeng to begin recall
with recentitemsin immediate but not delayed freerecall.
The conditionalresponsegrobability asa function of lag il-
lustrateghelag-recenyg effect—thetendeng for participants
to successiely recallitemsfrom nearbylist positions.

Youngandolderadultsinitiate recallin the samemanney
beginning with end-of-listitemsin immediate,but not de-
layed,freerecall. The equivalenceof the probability of first
recallfunctionsacrossagegroupssuggestshatboth groups
effectively usetime-of-testcontet to aid recall. However,
the lag-receng effect, which measureshe effect of tempo-
ral associatiorat encodingupon subsequentetrieval, was
markedly impairedin older adults. We seethis associatie
deficit asa consequencef older adults’ impairmentin re-
trieving thetemporalcontect associatedavith list items.

References

AndersonJ.R. (1976).Languae, memoryandthought.Hillsdale,
NJ: Erlbaum.

AndersonJ. R., Bothell, D., Lebiere,C., & MatessaM. (1998).
An integratedtheory of list memory Journal of Memoryand
Language, 38, 341-380.

Atkinson, R. C., & Shiffrin, R. M. (1968). Humanmemory: A
proposedsystemandits control processesin K. W. Spence&
J.T. SpencqEds.), Thepsytolagy of learning and motivation
(Vol. 2, p. 89-105).New York: AcademicPress.

Baddelg, A. D., & Warrington,E. K. (1970). Amnesiaandthe
distinction betweenlong- and short-termmemory Journal of
\erbal Learningand\erbal Behavior 9, 176-189.

Bjork, R. A., & Whitten,W. B. (1974). Receng-sensitve retrieval
processes long-termfreerecall. Cognitive Psydiology, 6, 173-
189.

Brodie, D. A., & Murdock, B. B. (1977). Effectsof presentation
time on nominalandfunctionalserialpositioncurvesin freere-
call. Journal of Veerbal Learningand Verbal Behavior 16, 185-
200.

Brooks,D. N., & Baddelg, A. D. (1976). Whatcanamnesiga-
tientslearn. Neuopsytologia, 14, 111-122.

Capitani,E., Della Sala,S., Logie, R. H., & Spinnler H. (1992).
Receng, primag/, andmemory:Reappraisingndstandardising
theserialpositioncune. Cortex, 28, 315-342.

Ceci, S.J.,& Tabor L. (1981). Flexibility andmemory: Are the
elderly really lessflexible? ExperimentalAging Reseath, 7,
147-158.

Craik, F. I. M. (1968). Two componentsn free recall. Journal of
\erbal LearningandVerbal Behavior 7, 996-1004.

Craik, F. I. M., Byrd, M., & Swanson,J. M. (1987). Patternsof
memorylossin threeelderlysamplesPsydology andAging, 2,
79-86.

Craik,F. 1. M., & Levy, B. A. (1970). Semantiandacoustidnfor-
mationin primary memory Journal of ExperimentalPsytol-
ogy, 86, 77-82.

Deese,).,& Kaufman,R. A. (1957).Serialeffectsin recallof unor
ganizedand sequentiallyorganizedverbalmaterial. Journal of
ExperimentaPsydology, 54, 180-187.

Ellis, N. R. (1970). Memory processein retardatesandnormals:
Theoreticalandempiricalconsiderationsin N. Ellis (Ed.), In-
ternationalreview of reseach in mentalretadation (Vol. 4, p.
1-32). New York: AcademicPress.

EstesW. K. (1955a).Statisticatheoryof distributionalphenomena
in learning.Psydological Review, 62, 369-377.

Estes,W. K. (1955b). Statisticaltheory of spontaneousecovery
andregression.Psytological Review, 62, 145-154.

Foos,P. W., Sabol,M. A., Corral,G., & Mobley, L. (1987). Age
differencesin primary and secondarynemory Bulletin of the
psydionomicsociety 25, 159-160.

Friendly M., Franklin,P. E., Hoffman,D., & Rubin,D. C. (1982).
The TorontoWord Pool: Normsfor imagery concretenessr-
thographicvariables,and grammaticalusagefor 1,080words.
BehaviorReseath Methodsand Instrumentation14, 375-399.

GlanzerM. (1972).Storagamechanism recall. In K. W. Spence
& J.T. SpencgEds.), The psytology of learningand motiva-
tion (p. 129-193).New York: AcademicPress.

Glanzer M. (1976). Intonationgroupingandrelatedwordsin free
recall. Journal of Verbal Learningand Verbal Behavior 15(1),
85-92.

Glanzer M., & Cunitz,A. R. (1966). Two storagemechanismén
freerecall. Journal of Verbal Learningand Veerbal Behavior 5,
351-360.

Glanzer M., & Schwartz, A. (1971). Mnemonicstructurein free
recall: Differentialeffectson STSandLTS. Journal of Veerbal
Learningand Verbal Behavior 10, 194-198.

Glenbeg, A. M., Bradley, M. M., Stevenson,J. A., Kraus,T. A.,
Tkachuk,M. J., & Gretz,A. L. (1980). A two-processaccount
of long-termserial position effects. Journal of Experimental
Psytology: HumanLearningand Memory 6, 355-369.



12 KAHANA ET AL.

Glenbeg, A. M., & SwansonN. G. (1986).A temporaldistinctive-
nesstheoryof receny andmodality effects. Journal of Experi-
mentalPsytology: Learning Memory& Caognition, 12, 3-15.

Greene,R. L. (1986). Sourcesof receng effectsin free recall.
Psydtological Bulletin, 99, 221-228.

Hogan,R. M. (1975). Interitemencodingand directedsearchin
freerecall. Memory& Cognition, 3(2), 197-209.

Howard, M., & KahanaM. J. (1999). Contetual variability and
serial position effects in free recall. Journal of Experimental
Psytology: Learning Memory and Cognition, 25, 923-941.

KahanaM. J. (1996). Associatve retrieval processe freerecall.
Memory& Cognition, 24, 103-109.

KahanaM. J. (2001). Associatve symmetryandmemorytheory
Submitted

KahanaM. J.,& Caplan,J. B. (2001). Associatve asymmetryin
probedrecallof seriallists. Memory& Cognition, in press

Laming,D. (1999).Testingtheideaof distinctstoragenechanisms
in memory InternationalJournal of Psydology, 34(5/6), 419-
426.

LaurenceM. (1967). Memorylosswith age: A testof two strate-
giesfor its retardation.PsydhonomicSociety 9, 209-210.

Loftus, G. R., & Masson,M. E. J. (1994). Using confidencen-
tervalsin within-subjectdesigns PsydionomicBulletinand Re-
view, 1, 476-490.

Mensink,G.-J.M., & Raaijmalers,J. G. W. (1988). A modelfor
interferenceandforgetting. Psydological Review, 95, 434-55.

Metcalfe,J., & Murdock,B. B. (1981). An encodingandretrieval
modelof single-trialfreerecall. Journal of Verbal Learningand
Verbal Behavior 20, 161-189.

Mewaldt, S. P, Hinrichs, J. V., & Ghoneim,M. M. (1983). Di-
azepamand memory; supportfor a duplex model of memory
Mem.Cognit., 11, 557-564.

Murdock,B. B. (1960). Thedistinctivenesof stimuli. Psydolog-
ical Review, 67, 16-31.

Murdock, B. B. (1962). The serial position effect of free recall.
Journal of ExperimentaPsydology, 64, 482-488.

Murdock, B. B. (1997). Contet and mediatorsin a theory of
distributedassociatie memory(TODAM2). Psydological Re-
view, 1997 839-862.

Murdock, B. B., & Walker, K. (1969). Modality effectsin free
recall. Journal of Verbal Learningand Verbal Behavior 8, 665-
676.

Nairne,J. S., Neath,l., Serra,M., & Byun, E. (1997). Positional
distinctivenessandtheratio rule in freerecall. Journal of Mem-
ory andLanguaye, 37, 155-166.

Naveh-BenjaminM. (2000).Adult-agedifferencesn memoryper
formance:Testsof anassociatie deficit hypothesis.Journal of
ExperimentalPsydology: Learning Memory and Cognition,
26(5),1170-1187.

Neath,l. (1993).Contetual anddistinctive processeandtheserial
positionfunction. Journal of Memoryand Languaye, 32, 820-
840.

Neath,l., & Crowder, R. (1990). Schedulef presentatiorand
temporaldistinctvenessn humanmemory Journal of Experi-
mentalPsytology: Learning Memoryand Cognition, 16, 316-
327.

ParkinsonS.R.,Lindholm,J.M., & Inman,V. W. (1982).An anal-
ysisof agedifferencesn immediaterecall. Journal of Gerontol-
ogy, 37, 425-431.

PoitrenaudJ., Moy, F., Girousse,A., Wolmark, Y., & Piette, F.
(1989). Psychometriproceduresor analysisof memorylosses
in the elderly Archivesof Gemntolagy and Geriatrics, 1, 173-
183.

PostmanL.., & Phillips,L. (1965). Short-termtemporalchangesn
freerecall. Quarterly Journal of ExperimentaPsydology, 17,
132-138.

Raaijmalers,J. G. W., & Shiffrin, R. M. (1980). SAM: A theory
of probabilisticsearchof associatie memory In G. H. Bower
(Ed.), Thepsyhology of learning and motivation: Advancesn
reseach andtheory(Vol. 14,p. 207-262).New York: Academic
Press.

Raaijmalers,J.G. W., & Shiffrin, R. M. (1981).Searclof associa-
tive memory Psydolagical Review, 88, 93-134.

Raskin,E.,& Cook,S.W. (1937). Thestrengthanddirectionof as-
sociationdormedin thelearningof nonsensayllables.Journal
of ExperimentaPsydology, 20, 381-395.

Raymond,B. J. (1969). Short-termstorageandlong-termstorage
in freerecall. Journal of Verbal Learningand Veerbal Behavior
8,567-574.

Rissenbeg, M., & GlanzerM. (1987).Free-recalandwordfinding
ability in normal agingand seniledementiaof the alzheimers
type- the effect of item concretenessJournal of Gemntolay,
42, 318-322.

Rizzuto,D. S.,& KahanaM. (2001). A neuralnetwork modelof
pairedassociatéearning.Neural Comp, 13, 1835-1852.

RundusD. (1971).An analysisof rehearsabrocesses freerecall.
Journal of ExperimentaPsydolagy, 89, 63-77.

Shallice,T. (1975).0Onthecontentf primarymemory In P. M. A.
Rabbitt& S. Dornic (Eds.),Attentionand performancg\Vol. 5,
p. 269-280).London: AcademicPress.

SpinnlerH., DellaSala,S.,BanderaR., & Baddelg, A. D. (1988).
Dementiaaging,andthestructureof humanmemory Cognitive
Neuopsytology, 5, 193-211.

Sumby W. (1963). Word frequeng and serial position effects.
Journal of Verbal Learningand Verbal Behavior 1, 443-450.

Tan,L., & Ward,G. (2000). A receng-basedaccountof the pri-
magy effectin freerecall. Journal of ExperimentaPsytology:
Learning Memory and Cognition, 26(6), 1589-1626.

Waugh,N. C., & Norman,D. (1965). Primarymemory Psydo-
logical Review, 72, 89-104.

Wingfield, A., Lindfield, K. C., & Kahana,M. J. (1998). Adult
agedifferencesn the temporalcharacteristic®f cateyory free
recall. Psydology and Aging 13, 256-266.

Yntema,D., & Trask,F. (1963).RecallasasearciprocessJournal
of Verbal Learningand Verbal Behavior 2, 65-74.

Zacks,R., & HasherL. (1997). Cognitive gerontologyand at-
tentionalinhibition: A reply to Burke andMcDowd. Journals
of Geontolayy: SeriesB: Psydolagical Science SocialSci-
ences52B(6), 274-283.



