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Horv we respond emotional ly to the peaks and val leys of
l i l i r  reveals nruch about who we are now, who we have
irccn, and has implications for who we could be in the
f rrturc. The qucstion of how we remember these emotional
,,r 'ents is lhus of central inrportance to understanding hu-
nran experir:nce, and is the subfect of this chapter. In ad-
, lressing this qucstion, our goals are to understand the spe-
r i f ic neurocognit ive mechanisms that preserve records of
signif icant experiences, the motivational and contcxtual
iar:tors that inf luence their operation, and what their in-
tcraction tel ls us about the relat ionship betwet'n memory
,rnd emotion rnore general ly.

We begin with a brief historir ;al sketch of previous ap-
proaches to emotion and mernory and then move to our
orvn mult i leveled social cognit ive neuroscience approach.
\Ve then apply this approach to understanding how the
enotional nature of an event inf luences the encoding, stor-
age, and retr ieval of information about i t .  We conclude
rvith suggestions for ways in which a social cognit ive neu-
roscience approach can guide future research.

Perspectives on the Emotional Past

Most investigations of emotion and memory have begun
rvith the same question: How do we remember emotion-
al lv evocative events? But investigators have framed this
question dif ferently and, as a result,  have reached dif fer-
ent conclusions. Three approaches have domirrated past

research, and the strengths and weaknesses of each are
rooted in the wavs in which their questions have been
posed.

Indel ible or Reconstructed?

Debate over whether emotional memories, and especial ly
traumatic ones, are remembered poorly or well  has a long
historv and is central to current discussion about the re-
covery of supposedly repressed rnemories of sexual and
physical abuse during chi ldhood ( lbr discussion, see Con-
lvav, 1997; Loftus & Ketcham, 1994; Schacter, 199ti).  The
question of whether emotion improves or impairs memory
often is framed in terms of the question of whether emo-
t ional memories are indel ible or reconstructed. Debate

:: l :"-t"t  

this issue has played out in three di l ' fer.ent are-

Repression: Fact or Fict ion?

First,  some have argued that memories of especial ly aver-
sive experiences n-lav be temporari ly lost-driven out of
consciousness by repressive mechanisms that seek to pro-
tect the psvche frorn the harmful consequences of thinking
about them. Yet i f  recovered at some later t ime, such mem-
ories are held to be highly accurate (e.g., van der Kolk a
Fisler, 1995). This account seems to turn on the truth of a
tradit ional metaphor for memory as a l ibrary in which are
stored volumes of experience that contain verbatim rec-
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ords  o f  events  tha t  can  be  re t r ieved la te r  (Conwav,  1997) .
On this account, repressed ntemories of erlot ional expe-
r iences  are  s imp l r ,vo lumes tha t  have been los t  due lo  op-
eration of a repressive process but that can later be ibrrncl
and reread in their entirety. As argued bv various inves-
t igators (cf.  Lindsav & Read, 1994; Loftus, 1993; Schacter,
1996; Schacter, Korrtstaal,  & Norman, 1996), this account
is problematic because (1) traumatic memories are tvpi-
cal ly dif f icult  to forget. even when ono wants to clo so (e.g..

Wenzlaff et al. ,  1993; for review, see Sr;hacter, 19ft6), and
(2)  fa lse  memor ics  1or  var ious  k inds  o f  in fo rnra t ion ,  in -
r : lud ing  persona l  l i fe  evcn ts ,  can  be  genera tcc l ,  sorne t in rcs
wi th  re la t i vc  ease (e .g . ,  Hvuran,  Hr rsband.  &  B i l l i ngs .  19951
Lof ius  &  P i r ;k le l l .  1995;  Roed iBcr  &  Mr ;Dc ln to t t ,  l ! ) ! )5 i
Schactcr, Verfael l ic, & Pradore, 199fi).

Fad ing  F lashbu lbs

Seconrl,  investigators stuclving "f lashbull l"  nreutorics also
have arguecl that speci i i l  mer:hanisms mav promote the in-
del ible recorcl ing ol traccs ol emotional evcnts (r.- .g.,  l l l r tr ,r ,n
& Ku l ik ,  1977) .  Howcvcr ,  lh is  v icw has  bccn a l ta r r r loncc l
in  l igh t  o f  a  g rowing  t r r r r l ,1 ,  6 i  cv i r lence dcr r rons t la t ing  tha t
so-cal lr)d f lashbulb nrcnrories alo iar frorr photographir;  rc-
t:ordings al ld in fhct are sult jec:t to sonre oI thr: sarrrt , '  kirrcls
of distort iorrs as is rt :r :al l  of l tore generic pr:rsonal cxpt---
r ienr;c-s (Brerver, . l  992; Neisscr'  & Harsch, 1992).

I t  i s  wor th  no t ing  tha t  conc l r . rs ions  a l tou t  thc  p r r ta l i ve  i l t -
de l ib i l i t y  o f  f lashbu lb  rnemor ics  n rav  dcpend on  thc  k inc l  o l
rnnemonic  in fo rmat ion  tha t  i s  assesser l .  [ )n  the  onc  hanr l .
people do not oftcn iorget t l rol an emotional event has oc;-
currcd, anci thev tencl to rcr:al l  act;ur:rtelv the thenres arrr l
ac t ion  sequences  r :cn t ra l  to  an  event ' s  cmot iona l  s ign i l i -
cancc (Heuer & Rt; isberg. 1992). On thc other hanrl,  crno-
t iona l  exper iences  invo lve  subs tan t ia l  r : va lua t ion  o f ,  and
in fe rcnces  abot r t ,  one 's  c l ' , vn  and o thers 'mot i r .a t ions  anr l  in -
ten t ions  (Lazar t rs ,  199.1 :  S te in .  Wac le ,  &  L iwag,  1 ( ) { )7 ) :  cur -
rent goals and desires can r l istort perception ancl ntelrorv
for these aspects olernotioual si tuations during both euco(l-
ing and retr ieval.  Thus memories for the broad "objer;t ive

fac ts "  o fan  event  rnav  be  less  sub iec t  to  d is to r t ion  than are
one's subjective interpretat ions of i ts personal and emo-
t ional signif icance ( lohnson & Sherrnan, 1990).

Focus  on  Fear

The third arena in rvhich the indel ibi l i tv issue has
emerged involves fear condit ioning in rats. Fear responses
to condit ioned st imuli  appear to remain indefinitelv intact
when brain areas responsible for ext inguishing them are
damaged (LeDoux. 1995). Recent accounts of the for.gett ing
of condit ioned responses have suggested that past condi-
t ioned associat ions are l tot lost but that their expression
is inhibited bv the learning of nenr responses that preempt
expression of old behavioral patterns (Bouton, 1994).

Although i t  mav be trr.re that sonte traces of fearlr.
everl ts are relat ivelt ,  long-last ing ancl enduring, i t  is rrr:
portant to note that t l .re f ir .rdings that support this cont lr .
sion come primari ly front indirect tests of behavior iu ,rr.

imals. In contrast, reconstruction and distort ion ..
common when memory for emotional experiences is r, \ .
amined using expl ici t  tests in humans (e.g., Eich, Recl i , .

Jaeger, & Craff-Radford, l t t8s; Levine, 1997; Ochsncr : .
Schacter, 2000). I t  appears that whether one reaches t l . .

t ;onc lus ion  tha t  emot iona l  mcmor ies  a re  inde l ib le  o l  r . .
cons t ru r ; ted  rnav  depenr l  o l )  the  k inc ls  o l  r la ta  unc le r  t : r , : .

siclerat ion. Althotrgh thcsu traces are refkrxivelv expn':-
I t le  on  ind i rcc t  tcs ts  o f  behav io r ,  lhey  u tav  be  o f  t r  d i f fe r ' . : . '

tvpe than those rtsetl  r t 'herr rvr- '  cotrsciousl l '  rct ' l i :ct ort tnt

t iona l  exper ien t ;es .

Emotion ls in the Detai ls

A r ; lose ly  re la tec l  c lcba te  co l l cems whcther  men lorv  lo r  ( 'n .

t io t ta l  cvcn ts  a r ; r ;u ra te ly  p rcsorves  records  o f  on ly  r ;c r r t :
de ta i l s  o r  o f  bo th  cent ra l  anc [  pcr iphera l  c le ta i l s  (c .g . .  O lu . ,
t ianson & Lo f tus ,  1991) .  ' l ' hc  

n ra  jo r i l v  o f  s tuc l ies  inc l i r ;a tc  t i
ccu t ra r l  t l t - . ta i l s  a re  l l l os t  a t ;< ; t r ra te l - \ ' r ' e r ;a l l cc l  b t - . r ;ausc  r , r r .

t ionzr l  cvents  ac t iva t ( )  goa ls  tha t  lavor  r l v i r lua t ion  o f  th r ,  1 ' '
so t ra l  r r rean inu  o f  l to ten t ia l l v  s ign i f i c ;an t  s t in ru i i  t iu r ing  l r '  '

encoc l ing  and r r l t r ieva l .  Du l i r rg  lhe  in i t ia l  appra isa l  a r r r i ,
r ;oc l ing  o lan  erno t iona l  eve l l t ,  i1  i s  in rp r t r ta t r t  to  unders t , r :
l vh i t ;h  charac tur is t i cs  o f  ex temal  s t i rn r r l i  a re  re la tec l  to  i r r t .  :

na l  I 'eel ing states. F or examplt: ,  wht-.n walking alone at n i : :

a long a  c leser tec l  s t rcc t ,  i t  wor r l t l  be  morc  impor lan t  to  c l r , .
in fe rences  about  the  poss ib le  in ten t ions  o f  the  person n ' , , - ,

ing towarul vou and to cleterrnine whcther the object in : .  .

hands  is  a  weapon than i t  wor r lc l  be  to  no t i r ;e  the  co lo r  o l  r .

ha t ,  shoes ,  o r  coa t  (L i i zams,  1991;  S te in  e t  a l . ,  1997) .  S in r  i .

goals at memory retr ieval nla,v f irr ther for;us attention
ccnt ra l  in fo rmat ion  anc l  r ;an  lead to  b iascs  in  lhe  uur  .

l vh i r :h  events  a re  reca l led .  The kev  po in t  i s  tha t  the  k in r i
inlornration that is lecal led tnost accuratelv depenrl:

where  a t ten t ion  is  d i rec ted  and wh ich  emot ion  aDDr i r i -
sc r ip ts  a le  ac t iva ted  (Lev ine ,  1  997) .

A methodological shortcoming of some of the ibregol: -
research involves a fai lure to indeper.rdently veri fv thr, , , :

fect ive quali t ies of experimental st imuli .  Because the ,. .

tent to which to-be-remembered st imuli  el ici t  affect is r:

known, when a given type of detai l  is remembered poor.
n,e cannot be sure whv this has occurred: I t  could be 1,.

caLrse that kind of detai l  is not remembered well .  or
could be that the st imuli  were not arousing enough to 1r,, ,

part icipants to more deeplv encode them.

Quanti ty Versus Qual i ty

A third long-running debate in the emotion and menlor ' ,

l i terature concerns what aspect of emotion-orou:,: .
(quanti tv of emotion) or valence (the posit ive or negatir '
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quali ty of emotion)-most cr i t ical lv determines how emo-

t ion inf luences memory. Early theorists postulated that

oeople pleferential ly encode ancl recal l  posit ive experi-
' ,nces because ref lect ing on negative ones is too painful

sce Bradley, 1994, and Matl in & Stang, 1978, for review).
\ lore recentlv, the focus has shif ted toward comparing

:nemory for negative, often highly aversive, events with

:r)emory for more munclane experiences. Some of this re-
., 'arch has found aversive memories to be less accurate, as
'.r  hen encoding is disruptecl by extremes of emotion pro-

iur;ed by highly traumatic experiences (Kihlstrom, 1998;
i t  hacter, 1996), whereas other research has concluded
' lat these memories are more accurate, as in the case of

:. , ishbulb memories or studies of fear condit ioning

iJ rc rver ,  1992;  Brorvn  & Ku l ik ,  1977;  LeDoux e t  a l . ,  lgBS) .
' , \ ' r '  considerecl some of the problems with interpreting this
- . ,search  in  the  preced ing  sec t ions .

' l 'he 
relat ionship of arousal to memorv has been

':rorrght to depcnd on exar;t ly how arousing an experient;e
-. rvi th nroderatc amouuts of arortsal proclucing the nrost

: rrrrate memory, and either too l i t t le or too much arousal

i r rs ing  nemory  i rnpa i rments  (see Reve l le  &  Lo t t t rs ,  1992,
'  ,r  review). Support for this proposal in human studics
' : , rs  b t :en  sontewhat  shaky  (Chr is t ianson,  1992)  bu t  i s
- ' rong ly  suppor tcd  by  s tuc l i cs  in  an ima ls  showing a  dose-

: ' ,ptrncleut relat iorrship bctween m{}rnory fbr stressful
- ' ,  t ,nts and release of arousal-rclate<l neurotransmitters
.  ,1 . .  McGaugh,  1995) .

Iu  most  s tud ies  avers ive  or  pos i t i vc  events  have a lso
' " , rn  h igh ly  a rous in6 l ,  and i t  i s  na tL t ra l  to  ask  how each
: ' t  lor inl luencos nrorlory indcpendently. Unfortunately,

.  ) \ \ 'cver, i t  has bcen dif l icult  to tease apart the indepen-
:. ,nt ef lccts of arousal ancl valcnce because the two vari-

, i r lcs selclonr have been nranipulatecl systenraticral ly
. , ,  i th in  a  s ing le  cxper i rnent .  Th is  i s  par t l y  a t t r ib r - r tab le  to
' : r l  fac t  tha t ,  in  lec (n t  ycars ,  the  rnentory  and c rno t ion

.:tr)ratr lre has been concernerl primari ly with understand-

.: ]q nrcnlorv lor t larrmalic cvents sur;h as abuse that are
' r th  h igh lv  a rous ing  anr l  ex t rumel ,v  negat ivc .  I t  a lso  may

' ' ,  t lLrc to thc lact that negative al ' fect can be more easi ly

,n r l  re l iab ly  e l i c i te r l  than  pos i t i ve  a f lec t .

Neverthelcss, two studies havc compared memory for

:,osit ive arrd ne6lat ive information that varied in degrec oI

: isocriatecl arousal. Both found that i t  is the quanti ty of
:rouSal, not the quali ty of valencc, that predicts mernory

:,, ,r formance. h.r a str-rdy of autobiographical memory, Reis-

:)r ' r [ ] ,  Heuer, Mclean, aud O'Shaughnessy (fSAA) found
'hat retrospective reports of arousal predicted rat ings of
' .  iv idness, independent of the valence ascribed to an
..r 'ent. In a studv of recognit ion and recal l  for careful ly
. al idated emotional lv evocative pictures, Bradley, Green-

.rald, Petrv, and Lang (rSgz) found that part icipants'rat-

.nqs of arousal predicted memorv acclrracv in the same
:r 'av for both posit ive and negative images.

It  is possible that these studies did not f ind that va-

Ience inf luenced memory because the.v used quanti tat ive

dependent measures that are insensit ive to qual i tat ive

variat ions in the experience of recol lect ion. The con-
scious experience of emotion dif fers as a function of
which emotion is being aroused, and thus we would ex-
pect recol lect ion of emotional events to ref lect this qual i-

tative difference in experiential awareness. In a series of
studies, we (Ochsner, 2000) used the remenber/knorv

procedure (Tulving, 1983) to measure conscious recol lec-
t ive experience of posit ive, neutral.  and negative photos
(Lang et al. ,  1993) that varied in degree of arousal and
complexity of visual detai l .  In this method part icipants

are asked to classify i tems presented on a recognit ion

memory test as either new (the i tem was not seen during
a prior study phase). as "known" (the i tem evokes a sense

of famil iar i ty and the part icipant is sure i t  was seen pre-

viouslv, but no specif ic detai is come to mind about i ts
prior or;currence), or as "remembered" [ the i tem evokes a

detai led sense of recol lect ive re-experiencing of the prior

studv episode repletc with sensory, affect ive. or semantic

detai ls).  Previous research has shown that remernber re-

sponses are sensit ive to how dist inct ively an i tem has
been encoded, whereas knolv responses art l  sensit ivc to
the factors that inf luence general fanri l iar i ty (Ralaram &
Roeri iger, 1997). Highl-y dist inct ivc i terns possess a greatcr
numbcr of unique attr ibutcs, rnay be ntore deeply en-

r;oded. and rnav el ici t  a greater numtter of r;ognit ive and

affer;t ive appraisals than less dist inct ive i tents (Hunt &

McDanir:I ,  1993; Ochsner, 2000). As discussed later, af i 'cc-
t ivc st irnul i  possess more attr ibutes than ncutral oncs ancl

tend to  ( jap ture  anc l  ho ld  our  a t ten t ion .  On th is  bas is  we

rr:asonecl that afTective st imuli  wi l l  be encodecl more dis-

t inr:t ively than nerttral st inrul i  and hcnce should be "rc-

mernberetl" rrore often. In acldit ion, wc reasoned that be-
cause cnr;oding biascs may operate more strongly, or evcn

prt-. ferential ly, for negative inforrnation (e.g., Pratto &

John, 1991), negativc photos woulcl bc enr;odecl more dis-
t inct ivelv and should tcnd to el ici t  nrore "remember" re,

sponses  than pos i t i vc  photos .  Ur rder  a  var ic ty  o f  enr :od ing
condit ions, we founcl r; lear and consistent support for

both hvpotheses (Ot;hsner 2000): Independent of the ef-
f 'ects of arousal, both negative and posit ivc st imuli  were

remembered more of len than neutral ones. which is con-

sistent with the idea that affect ive events are encoded dis-
t inct ively. In addit ion, negative photographs tended to be

remembered more often than posit ive pl.rotos, whereas
posit ive photographs tended to be known more often than
negative ones. This is consistent with the idea that rtega-
t ive events are encoded dist inct ively. In addit ion, nega-
t ive photographs tended to be remembered nrore often
than posit ive photos, whereas posit ive photographs

tended to known more often than negative ones. This is
consistent with the idea that negative events are encoded
more dist inct ivelv than posit ive ones and so are re-
experienced dif ferentlv during recol lect ion.
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The Social Cognitive
Neuroscience Approach

Past research on memorv and emotion has fai led to de-
velop an overarching theoretical approach that specif ies
what emotior-r is, how emotional information is processed,

and how we would expect i t  to inf luence memorv mech-

anisms. Studies have been concerned more with providing
an explanation for a part icular phenomenon than with cle-
veloping an intosrated theoretical approach.

II I  contrast, tht-.  prcsent approach cornbincs theories of
menrorv and emotion drawn f iom social psychologv and

cognit ive neuroscieinc;r. '  to provide an account of how we

renronrber affbr:t ing cxpt. ' r ienr:es (Ochsner & Liebern'rarr,
20( )1  ) .  Our  accor . rn t  c r r ts  across  manv leve ls ,  rang ing  f ro rn

the social lcvcl of experiencn antl  behavior, to the r;ogni-
t ive lcvel of inl trrnrat ion processing, clown to thc neural

level of brain svstems and mer;hanisms. Wr: cal l  this typt:
ol '  analysis tht:  sor-- ial  cognit ivc neuroscience (SCN) att-
proach [o denotc i ts emphasis on intcgrating clata and thc-

ory across thcsc three broadl,v clcf ined levels of analysis
(Licberrnan, 2000; Licbernan, C)chsncr, Gilbert,  & Schar;-

te r ,  2001 ;  Or :hsner  &  Fe lc l rnan Bar re t t ,  2001 ;  Ochsncr  &
L ie l ;e r rnan,  2001;  Ochsner  &  Schacter ,  2000;  c ; f .  Ochsner
& Koss lyn ,  1999) .  Owing sonrcwhat  to  the  re la t i ve  nove l ty

of our approach, the account of emotion and memory we

c le l i vc  i s  less  than a  comprehens ive  theorv  tha t  exp la ins

al l  ernotion ar)r l  n)emort/ phenontena, but ntore than a cl is-
t i l l a t ion  o f  reccn t  researc ;h .  I t  i s  an  a t tcml t t  to  r l raw p l in -

cipled conr; lusions about the way in which emotional
events arc rcmenrbered that draw on and make sense of
da ta  a t  the  soc ia l ,  r ;ogn i t i ve ,  anc l  neura l  levc ls  (Ochsner  &

L ieberman,  2001) .

Flom an SCN perspcctive, the answer to the question

ol how emotional evc'nts are remembered is that i t  de-
pends on the goals one has in encoding, storing, antl  re-

tr ieving information. I t  shor,r lcl  be noted that the Ierm gool

is shorthand for a variety of motivational processes that
mav inf luenue memorv. Goals may be conscious or uncorl-
scior,rs, and mav range from relat ivelv basic biological
needs  (such as  ea t ing  food or  avo id ing  pa in )  and impu lses
(such as sexual desire) to more complex str ivings that

drive us to protect our self-esteem or attain professional
success. The relat ionship of events to goals in turn deter-

mines both the nature of our ini t ial  emotional response to
the event and hovy cognit ive processes wil l  be deploved

in the service of remembering i t .  This means that memory

is inherently constructive and that questions about the ab-
solute strength or qual i ty of one type of remembered in-
formation are i l l  posed. Ansr.r 'er ing a question about the
absolute acclrracy of memorv depends on specifuing ex-

actlv what i t  means to say that a memory is more or less

accurate, and i t  may be dif f icult  to agree on cri teria that

app ly  to  a l l  cond i t ions  equa l ly  we l l .  Fur thermore ,  Tu lv r : . -
(1983) has suggested that the absolute strength ol a mr,::

orv can never be determined because expression of stor '

information is strongly determined by situational and st:

tegic factors. Instead of asking lvhether memorv is goorl

bad,  research  shou ld  focus  on  e luc ida t ing  the  fac to rs  t i . . '

de te rmine  wh ich  aspec ts  o f  emot iona l  ep isodes  w i l l  b t ,  : .

membered accuratelv, when this wil l  occr,rr.  and n j .

mechanisms mediate these effects. Our analyses arc r: .

t i va ted  bv  exac t ly  th is  k ind  o f  approach,  and wc l r r , -

with a brief overviern' of current theories of menrort , ' :

emot ion  to  serve  as  the  backdrop aga ins t  wh i r ;h  we d is r  r .  -  .

studies of thcir relat ionshio in later sr-.ct ions.

Systems for the Construction of Memory

Memor.y is not a col),v or reprcldrLr;t ion of past expcri lrr ,  .

bu t  ins tead invo lves  a  c :onrp lc -x  cor rs l ruc t ion  tha l  r l rau  -

var ious  k inds  o f  in fo rmat ion .  Sr ;hac tc r .  Nor r r ra r r . , , :

Kouts taa l  ( r0sa)  have recent lv  J l royrosr ' : r l  a  " r :ons ln t ( ' .

menrorv  t ramework"  tha t  sunrmar izes  some o f  thc  r r r , ,

encoding and rctr icval processos that unclcrl ier srrr:h ,

s t ruc t ions .  In  th is  f ramcwork ,  rcprcsenta t ions  o l  n r ] \ \

pcricnr;es arc vicwecl as patt()rns of f i ratures. Consti tL.

Iea turcs  o f  a  rncmolv  represcnta t ion  arc  d is t r ib r r tec l  n  r , : .

across dit lercnt parts of thc brain; no single lor;atron r

tains a r;ornplctc rcr;ord ol thc trace or cnflranl of a slrr ' ,  . '

exper iencc  (Danas io ,  1989;  Sqr r i rc ,  1992) .  Rc t l ieva l  ,  :

pas t  exper ience invcr lves  a  p rocoss  o f  "pa t te rn  r :on l

l ion"  (McCle l land,  McNar rgh ton ,  &  O 'Re i l l1 , ,  199: ) ) .  5  .

sets of the f 'eatures that comprise a part icular past tr :

r ience are  reac t iva ter l  bv  a  re t r ieva l  cue ,  and ac t i r , i :

spreads  to  the  remain ing  fea tures .

To procluce rnainly accurartc representations of pitst .  ,

per ience,  a  memorv  svs tem tha t  oPcra tes  in  s t tch  i l  n r iu ) : . .

must  so lve  a  number  o f  p rob lens .  A t  the  cncod ing  s t . , -

f 'eatures must be l inked together to tbrm a bour.rci or "

heren t "  r 'epresenta t ion  (Moscov i tch .  199a) .  A  c losc l r  : .

lated encoding process, sometinres referred to as ptrt l '  :

separa t ion  (McCle l land e t  a l . ,  1S95) ,  i s  requ i red  to  k '

bound episodes separate from one another in ntetnorr

episodes overlap extensively with one another, irrcl ivj  :

a ls  mav reca l l  what  i s  comrnon to  manv ep isodes  bu t  : ,

to remember dist inct ive part icr-r lars that dist inguish ,

ep isode f rom another  (e ,g . ,  Schac ter ,  I s rae l ,  &  Rar  i : .

1999) .

S imi la r  k inds  o f  p rob lems ar ise  rvhen re t r iev inB in l

mation from memory. Because retr ieval cues can potr ' :

t ial ly match stored experiences other than the sought- ir1' .  '

episode, the rememberer mav form a more re1ln.

descript ion of the characterist ics of the episode to bc :.

t r ieved (Burgess  & Sha l l i ce ,  1996) ,  re fe r red  to  as  a  p ro( , . - -

of "focusing" (Norman & Schacter, 1996). lVhen the p,. '

tern completion process produces a match, the remt'r:
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berer must decide whether the retr ieved information con-

st i tutes a specif ic memorv of a part icular experience or a

generic image. The rememberer now needs to consider the

cl iagnostic value of perceptual vividness, semantic detai l ,

and other kinds of information that can help to specify the

origin of the retr ieved pattern (fohnson, Hashtroudi, &

Lir.rdsay, 19931 Schacter & Wagner, 1999).

Cont ro l l ing  Encod ing  and Ret r ieva l

. \  r 'ar iety of brain regions have been l inked to these and

related aspects of constructive memory functions (see

Sr;hacter et al. ,  lSSB), However, two regions are part icu-

larlv relevant to memorv construction: the medial tem-

pr. lral region and the prefrontal cortex. The medial tem-

polal region has long been associated with memorv

iunctions, because clamage to this region produces a se-

i  ere impairment of rnemory for recent experiences

Squiro, 1992). I{ecent nertrointaging data incl icate that the

:ncdial temporal area is involved in ent;oding novel events

.n to  rnernory  (c .g . ,  S tern  e t  a l . ,  1996;  fo r  rev iew,  see Schac-
' , , r  &  Wagner ,  1999) .  Inc leed,  a  consensus  account  has  be-

tun to cmurge regarding how exactly t l ie medial tcnrporal

:r ' .r ion inplernents f 'eaturc binding and pattern scparation

" .e . ,  McCle l lanr l  e t  a l . ,  1 .c195;  see Schacter  n t  a l . ,  1998,  fo r

:  s t l l l l l l l d f V , ) .
' l 'he 

nedial tr :nrporal region also contr ibutes to patt()rn

, r rnp le t ion  a t  re t r ieva l  ( r ; f .  McCle l land e t  a l . ,  1995;  Mos-

r rv i t r ;h ,  1994) .  A l though thc  neuro iu rag ing ,  da ta  on  med ia l

" , r r rpora l  con t r ibu t ions  to  s t tc :h  re l r ieva l  a re  I ro t  cn t i re ly

Irrur-r;ut-many studies have fai led to obscrve meclial

",rnporal act ivi tV cluring rctr ieval-sovcral brain inraging
. t r r r l ies  have imp l ica ted  the  mec l ia l  tempora l  a rea  in  the
-trr;r :cssful rec;ol lect ion of rer;ently acquired inforrnation

\r 'berg, ( labeza, & Tulving, 1996; Schacter, Alpert,  Sav-

, , t c .  Rauch,  &  A lber t ,  1996;  Sqt r i re  e t  a l . ,  1992;  fo r  rcv iew,
., ' r)  Schacter & Wagner, 1999).

' lhe 
prefrontal cortex has also been implicated in both

. . r r r ;c r r l ing  and re t r ieva l  p rocesses .  On the  encod ing  s ide ,

.pccif ic regions within t l .re pref i 'ontal t ;ortex play ar.r im-

lrortant role in elaborative ent;oding activi t ies that relate

.nr;oming inf irrmation to previotts expcrietrces (fbr ret:ent

. t r rd ies ,  see  Brewer ,  Zhao,  G lover ,  &  Gabr ie l i ,  1998;  Wag-

:rt ' r  et al. ,  1998). Numerous neuroimaging studies have

,lso documented prefrontal act ivi tv during episodic re-
'r i t* 'al ,  espec;ial ly in the r ight hemisphere (for reviews, sec

iJur:kner, 1996; Nyberg, Cabeza, & Tulving, 1S96). Al-
'hough the exact nature of the functions indexed by these

't . t ivat ions remains to be determined, they appear to tap
.tfortful aspects of retr ieval (Schacter, Alpert et al. ,  1996)

:t ' lated to focusing or entering the "retr ieval mode" (Ny-

:rerg et al. ,  19s5) and also to postretr ieval monitoring and

riterion sett ing (Rugg et al. ,  1997; Schacter, Buckner,

Kouts taa l ,  Da le ,  &  Rosen,  1997) .

Automatic or lmpl ic i t  Processes

Whereas the constructive memory framework focuses on

conscious, expl ici t ,  or episodic memory for specif ic past

experiences, other memory systems are involved in non-

cortscious or implici t  forms of memorv (for reviews, see

Schacter, Chiu, & Ochsner, 1993; Schacter, Wagner, &

Buckner, 2001; Squire, 1992). Consider brief ly two such

svstems: the perceptual representation svstem (PRS) and

procedural memorv.

According to Schacter (1994J and Tulving and Schacter
(1990), the PRS plays an important role in the identi f ica-

t ion of words and obiects on the basis of their form and

structure. PRS operates at a "presemantic" level and is not

involved in representing associat ive or conceptual infor-

mation (which is the province of yet another svstem, se-

mant ic  nemory ;  sec  Tu lv ing .  1983) .  Schac ter  (1994J  has

dist inguished among three major PRS subsystems: a visual

word tbrm sttbsystenr that handles inforrnation concerning

physical and orthographic features; an auditory word fornr

system that handles phonologir;al and acoustic informa-

t i t-rn; ancl a strur;tural desr;r ipt ion subsystem that handles

information about thc relat ions betwcen parts of an object

that specifv i ts global form and strur;ture.

The PRS appears to play a prominent role in the phe-

nonlenon known as prirning. which has been sttrcl ied in-

tensively during the past r lecacle. Priming refers to

r;hanges in one's abi l i ty to identi fy a worcl or an object

fronr recluccd perccptual cucs as a conseqllencc ofa reccnt

r)xposure to i t  (Tulving & Sr;hacter, 1t)90). Priming appoars

to opcrate nonconsciously, in the sense that people can

cxhibit  ef l 'ects of prirning undcr condit ious in which thcy

lack cxpl ici t  mcrnorv for having studicrl  a word or objet;t
( for revicws, see Rocdiger & MclJerrnott,  1993; Schacter et

al. ,  1993). Irurthcr, patients with amnesic syndrornes that

resrr l t  from damage to the mccl ial temporal lobcs-paticnts

who have great dif f icult ies expl ici t ly rerr leml)nring recont

experiences-exhibit  intact prinrirrg across a wide varicty

oI tasks, materials, and situations (fbr review, see Scherr;ter

& Buckner, 1998; Squire, 1992). These f indings indicate

that priming does not depend on the medial tcmporal

structures that mediate expl ici t  remembering. Rccent neu-

loimaging studies oi priming suggcst that rcgior.rs of ex-

trastr iate visual cortex play a key rolc (see Schacter &

Buckner, 1998, for review), Changes in the PRS that arise

as a consequence of analyzing pelceptual features, words,

ol objects l ikely consti tute the basis of many kinds of
p r im ing .

Procedural menrorv refers to the acquisit ion of ski l ls

and habits: "knowing how" rather than "knowing that."

Procedural memories are acquired gradually over t ime

through repeti t ive practice. Studies of amnesic patients

have revealed that er,en patients with a profound inabi l-

i ty to expl ici t ly remember past experiences can gradu-
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ally acquire new perceptual, motor, and cognit ive ski l ls
(e.g., Cohen & Squire, 1980), habits that are involved in
classif icat ion and categorization (e.g., Knowlton &

Squire, 1993), and implici t  knowledge of sequences (Nis-

sen & Bullemer, 1987) or grammatical rules (Knowlton,

Ramus, & Squire, 1992). These results show clearly that

the acquisit ion of procedural knowledge does not de-
pend on the medial temporal lobe structures that are

damaged in amnesic patients. In contrast, patients with

Huntington's disease, who are characterized bv damage

to the basal ganglia, have dif f icult ies acquir ing new nro-

tor and cognit ive ski l ls despite relat ively intact expl ici t

memory-the exact opposite of the pattern exhibited bv

amnesic patients (e.g., Salmon & Butters, 1995; see Lie-

berman, 2000, for review). Recent neuroimaging cvi-
dence also implicates the basal ganglia, as well  as motor

cortex, in procedural learning (e.g., Karni et al. ,  1995;
Pctcrscn, van Mier, Fiez, & Raichle, 1998).

Ult imately, the construction of memories depends on
interactions among networks that involve mult iple brain

regions. The exact nature of the operations perforrnecl bv

the consti tuent regions remains to be spcr; i f ied, and wc

are just beginning to explore interactions among them.

Systems for the Construction of Emotion

As was the case for memory, emotion depends on mr-r l t i -

ple systems, each dedicated to proccssing a specif ic typc

of information. In general,  emotion systcnrs arc con-

cerned with determining whether st imuli  are signif icant

to current or long-term goals and guiding action and

thought accordingly. An emotional response is generated

by the pattern of act ivi ty across these systems and nrav

include physiological,  behavioral,  experiential,  and cog-

nit ive components (Lazarus, 1991). The process of deter-

mining the signif icance of a st imulus often is cal led op-

praisal, and may involve separate processes that organize

perception of and responses to emotional st imuli  (van

Reekum & Scherer, 1997). Various theorists have argued

that appraisals involve the interaction of two kinds of

processes: those that quickly and automatical ly evaluate

the valence of a st imulus and can promote appropriate

behavior without need of conscious processing and those
that operate consciously and del iberately to control,  mod-

ify, or ini t iate ongoing emotional responses (Damasio,

1994; LeDoux, 1995; Leventhal & Scherer, 1987; Ochsner

& Feldman Barrett,  2001; Ohman, 19BB). Although our

understanding of emotion systems is still in its infanc1,, at
present i t  is useful to broadly organize them along the
continuum between automatic and control led processing

to better understand their contr ibutions to the appraisal
process (Ochsner & Feldmann Barrett,  2001; Ohman, 198B;

van Reekum & Scherer, 1997; see also Dalgl iesh. chap. 33.
this volume).

Systems for Automatic Emotion Processing

At least two dif ferent systems for encoding emotional ir :-

formation can be activated automatical ly. The informatit , :

stored in these systems is the knowledge base that guicl, ' -

emotional responses. The most well-studied system ir. .

volves the amygdala, which receives both coarse sensor' .

input from the thalamus and highly processed informatir :

about the identi ty and appearance of objects from high':

cor t i ca l  cen ters  (Agg le ton  e t  a l . ,  2o0o) .  Lcs ion  s tud ics  : :

ra ts  and pr imates ,  as  we l l  as  neuro imag ing  and ner r r

psycho log ica l  s tud ies  in  humans,  ind ica te  tha t  the  l i ' - '

subcort ical route enables the amygdala to cocle the polt ' :

t ia l  th rea t  va lue  r - r f  s t inu l i  (such as  shocks ,  avers t ' .  .

noises, or f 'ear laces) without conscior,ts awarcncss (. \ : .

d c r s o n  &  P h e l p s , 2 0 0 1 ; D a v i s ,  1 9 9 7 ;  L e D o r r x ,  1 9 9 5 ;  M o r r : -

Ohn. ran ,  &  Do lan ,  1999;  Ochsner  &  Fc ld rnar  Bar re t t ,20( ) .

Wha len ,  1998;  Whalen  e t  a l . ,  1998) .  Thc  rcg is t ra t ion

potcntial threats promotes the last l inkage of oricntir :-

arousal, ancl fear responses to (;oarsc rcprcscntatiotrs

these e l i c i t ing  s t imu l i  (Dav is ,  lug f l ) .  
' l ' he  

r ;o r t i ca l  ro r ; "

may suppkrment this f irst-pass analysis with infornral i  :

about  the  prec ise  charac ter is t i cs  o f  th rca tcn ing  s t imu l i t i : , '

di fTerentiate them from nonthreatening ones (Darris, 1! l tr-

LcDoux.  2000) .

A  ser ;ond sys tcm invo lvcs  the  basa l  gang l ia  and is  i r :

portant for coding behavioral and cognit ive sequences t l :  ,

have become habitual over t ime. The basal ganglia r:an : .

act ivatcd automatical ly by posi i ive or rewarding st i t trr .

including subl iminal ly presented posit ive fact-.s (Morrir  .  '

a l . ,  tgso)  and cor ;a ine  (London e t  a l . ,  1990) .  S t imu l i  t i :  ' '

consistently have been reinforccd ovcr t ime promot( '  : .

lease of the neurotransmitter dopaminc, whit;h stantp: .

learning of responses to those st imuli  (Lieberman, 2t)t t ,

Schr r lz ,  Ap ice l la ,  Romo,  &  Scarnat i ,  1995) .

Systems for Control led Emotion Processing

Three svstems are essential for the regulat ion and ntor:.

toring of affect ive reactions to internal and external st ir : . .

ul i .  The f irst depends upon areas of the ventral medial ar: .

orbital frontal cort ices and is used to represent the currt ' r . '

motivational value of an external st imuius and use i l  '

guide behavior. Neuroimaging studies show activation '  :

these areas by perceived or imagined posit ive and negatir '

s t imu l i  (e .g . ,  Rauch e t  a l . ,  1997;  Ro l ls ,  1999;  Sh in  e t  t r .

1997) and damage to these areas impairs abi l i tv to use, ' : '

fect to guide decision making (Bechara et al. ,  1995, lggr

Damasio, 1994), the abi l i ty to change behavior to'r lar:

st imuli  with learned affect ive value (Rolls, 1999), and mu',

cause general disinhibit ion and social ly inappropriate ar-

fect and behavior (Rolls, 199s). A second svstem depentl-

upon the anterior cingulate cortex and is used to monitt  :

the extent to which the current motivational state deviatt ' -

from one that is desired (Ochsner & Feldman-Barrett
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3001; Ochsner, Kosslyn et al. ,  2001; cf.  Botvinick et al. ,
l !)99; Posner & DiGirolamo, 1998). This function is im-

I)ortant for manv behaviors, and activation of regions of
, ingulate cortex has been associated with manv phenom-

"na including mental imagery (Kosslyn, Aipert et al. .
1993), working memory (Peti t  et al. ,  1998), divided atten-
' ion (Corbetta et al,  1991) and attention to emotion (Lane,

l i ink et al. ,  19S7), hypothesis generation (El l iott  & Dolan,
1!)98), the experience of pain [e.g. Talbot, Marrett et al. ,
11)91), and the detection and correction of errors (Botvin-

:r k, 1999; Carter et al. .  f  SsA). The third structure is the
.,rteral prefrontal cortex. In general,  this brain region is

.rnportant for working fremorv and implementing cogni-
' i vo  cont ro l  (Kn igh t  e t  a l . ,  1999;  Mi l le r  &  Cohen,  2001) .
iecent work suggests lateral prefrontal cortex may plav a
.pecial role in emotion regulat ion: Ochsner, Bunge et al.

- t)01) used functional neuroimaging to compare brain
, i  t ivat ion when part icipants either let themselves re-
.rrond natural ly to aversive images or interpreted (or re-
,rrpraised) these irnages in unemotional terms. They found
':rat reappraisal act ivated regions of lateral prel iontal cor-

".r and deactivated regions of the ventromedial prcfrontal
rrtex and aml,gciala. These results are important because

':rel su6;gest that t 'xcrt ing r;ognit ive control over emotion
,rn inf lucnr;e l toth automatic (amygdala) and control led
' ,  en t romedia l  p rc f ron ta l  cor tex)  emot ion  process ing  sys-

",rns (r: f .  Harir i .  Bookheimer, & Mazziotta, 2000).

Emot ion  Gu ides  the  Encod ing  and
Storage of Information

)Lrr ernotional rcsponses signal the occurrence of events
,n r l  s t imu l i  o f  par t i cu la r  s ign i f i cance to  bo th  shor t -  and
. , r n g - t e r m  g o a l s  ( L a z a r u s , 1 9 9 1 ) .  I n  g e n e r a l ,  t h e s e  r e -
. l)onses serve to protet:t  the self  from hann and help us to
:, , , . lulale currol l t  mood and behavior (Lazarus, 1991). Ento-
' ions  thus  mot iva te  us  to  a t tend to ,  appra ise .  reappra ise ,
rnd organize our untlerstanding of the pursonally signif i-
, rn t  s t imu l i  tha t  a rouscd our  I 'ee l ings  ( r ; f .  Da lg le ish ,  th is

,o l t r tne) .  The conscquence o f  th is  added a t ten t ion  and
onsideration is that we tcnd to remember affer;t ivelv
harged events dif l 'erently than we remember mundane
rnes. This interaction between ernotion and encoding has

i.roen studied .primari ly in four domains: the way in which
threatening st imuli  automatical lv grab attention, how

"nrotion regulat ion strategies inf luence attention and inr-
pact on nlenrory, how exist ing emotion knowledge ( in the
lbrm of schemasl guides encoding of inlbrmation, and
post-event rehearsal of aftect ive events.

Detecting Threats, Attention, and Weapon tocus

Quite often, the activation of an emotional response is au-

tomatic, as strongly valenced st imuli  are classif ied as pos-

rt ive or negative. In the emotional Stroop task, for exam-

ple, i t  takes more t ime to name the color in which words
rvith strong personal signif icance are printed than i t  takes
to name the print color of neutral words (Macleod, 1992;
Mineka & Nugent, 1995; Wil l iams et al. ,  1990). This effect
seems most pronounced for aversive words (e.g., Pratto &

John, 1991). and so long as these rvords have immediate
affective significance, they can capture our attention and
interfere with our abi l i ty to do other things (Matthews,

Mogg, Kentish. & Evsenck, lggb).
' Ihe attention-grabbing porver of affect ive and espe-

cial ly threatening st imuli  on memory has been demon-
strated in studies of a phenomenon known as "weapon

focus." This term refers to the tendencv of threatening
stimuli  to dominate init ial  perception and subsequent
men)ory of stressful events. A classic demonstrat ion of
this effect was provided bv Loftus and Burns (1982), who
asked part icipants to watch a videotape of a staged bank
robbery in which the escaping robbers either did or did
not shoot a small  bov in the face. Viewing the gunshot
impaired memr)rv lbr immediatelv preceding events while
prcserving vivicl  recal l  of the shot i tself  (see also Loftus,
Lofh.rs, & Ivlesso, 1t l87). The apparont automatici ly of this
elfect is urrdurscorccl in a stucly by ( lhr ist ianson, Loftus,
Hof fmann,  and Lo f tus  (1991) .  Us ing  vcry  b r ie f  s t imu lus
presentations or eyc-tracking records, they cquated view-
ing t irnc fbr enrotionaI and ncutral sl ides ancl found that
mer)orv for the ernotional st imuli  was consistontly more
aLlctuate.

In sorrrc cases. unexper;(ecl ancl int;ongruent, but non-
thrcatcning, st i l rul i  {srrt ;}r as a bani ina held by bank rob-
ber) also nray grab attention ancl be bctter rcmembered
( l ' i r ; kc l ,  1998) .  .Such s t imu l i  a rc  no t  d i rec t l y  th rca ten ing ,
howt, 'ver, and i t  is l ikelv that incongruenl ard affect ivc
st inul i  are rcnrenrbered well  ibr dif furent reasons. This
was clernonstrated by a recerlt  functional neuroirnaging
str-rclv that related memorv to patterns of neural act ivat ion
drrr ing eucoding of bizarrc aud affect ivc st irnul i  malchcd
for thei l  r legrce of intcrcst (I lamann et al. ,  1999). Although
both alfect ive and bizarrc st imuli  were rccal led better than
neutral st imrrl i .  onlv for af ' fect ive st imuli  was arnygdala
activi tv at ent:oding correlatecl with subsequent memory
(see a lso  Cah i l l  e t  a l . ,  1996) .

Attention and Emotion Regulat ion

Although the emotional content of st imuli  mav automati-
cal l ,y glab hold of our attention, we can consciouslv re-
direct i t  to change our resl lonse to an event before, during,
or after i t  has occurrecl.  Such attempts at act ive emotion
regulat ion can change the way in which we encode events
and, therefore, how we remember them later on fGross.
199B). One commonly used regulatorv strategy entai ls
suppressing the expression of emotional behavior (e.g.,

keeping a neutral facial expression or tone ofvoice so that
others do not know that one is unhappy). Although ex-
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pression suppression mav l le successful,  i t  takes a phvsi-
ological tol l  (Gross & Levensorr, 1993) and impairs ntent-

ory accuracy, possibl l ,  bv divert ing attention from external
events to the internal regulatorv process (Richards &
Gross, 1999). Suppressing one's experience also mav im-
pair memory, but by redr-rcing the detai l  with rvhich events
are recol lected (Ochsner, 2000). Another comr.rronlv usecl
regulatory strategy is to trv to forget rregative evcnts after
thev har.,e ended. Stirdies of interrt ional ol t l i rer;tet l  forget-

t ing using emotior.ral ly cvocativr. '  rvords suggest that this
strategy can be successfir l  fbr norrnal indivi<luals (dcpend-

ing on how and how mur;h onc tr ies to fbrget; for t l isr:us-
sion, see Korrtstaal & Sr;hacter, 1997) but rnav be nrorr: cl i l ' -
f icult  for solne patients with enrotional disorclers
(McNal l , t , ,  Mctzger ,  Lasko,  C lan t ;y ,  &  l ) i t tnan .  199u;  Wi l -
he ln r ,  McNal lv ,  Baer  &  I r lo r in ,  l t lg t j ) .  Supp less io l  o i  v i -
sual inrages nrav be nrorc cl i f l i t ;ul t .  horvevt- 'r .  f)r ;hsner arrr l
Sanchez (ZOOf  )  fbLrnc l  tha t .  whereas  r - rcu t la l  l tho tos  c :o r r l r l
be i tr tentional lv forgotten, both ncgativc and posit ive pho-

tos resisted att€-.mpts to forget lhern. AlthoLrgh t lre mur:h-
arr isrns whir;h unclerl ie intentional lblgett ing are not vct
r ;onp lc te lv  unc le rs too t l ,  thcy  secru  lo  invo lve  res t r i c t ing
a t ten t ion  c lu r i rg  expr )suro  to  in fb l rna t ion  in  an t i r ; ipa t io r r

that one nray rvant to forgct i t ,  i rs lr ,el l  as dinrinishi lg pos-

t t : ven t  a t ten t ion  to  a rx l  rehearsa l  o f  t t r rgc t  eve l t ts  (Kr t r r ts taa l

& Sr:hac:tt- .r .  1997).

Schemas and Thematic Detai l

Ti-rc affer;t ive signi l i r ;ance of a st irnulus is rrot alr,r 'avs inr-
n red ia te lv  apparent ,  anc l  in  these r ;ascs  we re lv  on  knowl -
edg,e  o [  s im i la r  s i t r ra t ions  to  gu ic lc  a  sea l r :h  fo r  d isanrb ig -
uating cues. The cnrotion knorvledge we draw up.rn n)av
be organizerl  in the form of s<rhentas ol sr;r ipts that sl tecifv
the origir-rs, sequelae, ancl mcanins of our crnotioual rc-
sponses  (Lazar r rs ,  1991) .  For  exanrp le .  wher r  vou  rc l t r rn
honte after a long dav at work, ,your spouse's f irrrovvecl
brow and sharplv ini leclecl voicu t;ould i trdir;ate t : i thcr un-
happiness with 1,ou or the experience of a lr trstrat ing daV.
As is  the  case fo r  unders tand inB rnos t  emot ions ,  i t  i s  re l -
evant to f ind out rvhether voul 'spouse intenclecl to express
himself or herself  in this lvav and rvhat might be motir,at-
ing  h is  o r  her  ac t ions  (Lazarus ,  1991:  S te in ,  Wade.  &  L i -
wag, 1997). To determine which scenario is correct, one
can search for relevant emotion knowledge in associat ive
or episodic nlemorv (e.g., whenever I  am late, mv spouse
is upset) or in the environment (e.g., m1, spouse had a big
presentation today and i t  might have gone badly),

The use of schematic emotion knowleclge during en-
coding suggests that we wil l  remember information central
to and congruent with the schema for a part icular kind of
emotional experience. Numerous studies have demon-
strated better recal l  for so-cal led central than peripheral
detai ls, including enhanced memory tbr the actions and
weapons, rather than appearance, of attackers (Burke,

Heuer ,  &  Re isberg ,  1992;  Chr is t ianson & Lo f tus ,  1987;  C l i f  -

fo rd  &  Scot t ,  1978:  Yu i l le  &  Cutsha l l ,  1986) .  The par t i cu l i r r

kind of information central to the schema depends on thl

emot ion  (Lev ine  & Burgess .  1997:  S te in  e t  a l . ,  1997) ,  an( i

there is good evidence that schemas help us draw inf i ,r-

ences  per ta in ing  to  causa i i t v  and in ten t ion  dur ing  the  cn-

codi l lg of art ernotional event and cause us to misrenrcnr-

ber these inl 'erenr;es as facts later on (Heuer & Rcisber,t .

1  9e0) .

Self-schemas represent thc posit ir ,e or negative vicrr -

wtl  have of ourselves, ar( l  also mav direc;t us to atton(l  t

and enr :ockr  d i f fe ren t  aspec ts  o I  pos i t i vc  o r  negat i r '

ovonts .  \ ,Vh ich  aspcc ts  wc  encode c lepends l lpon  the  n , : -

tu re  o l '  o r t r  se l f -s t ;herna .  The major i t y  o f  ind iv idua ls  h r r r  .

a  pos i t i ve  se l f -schema,  wh ich  rncans  tha t  pos i t i vc  in f i , : -

n ra t ion  rnav  bc  e labora ted  n lo re  f i r l l v  r ,v i lh  respec t  lo  th , , . :

ex is t ing  se l f -v iews.  As  a  r ;onscqunnr :e  they  nruv  rcca l l  r r :  :

rc t ;ogr r i ze  pos i t i vo  se l t -desr ; r ip t i vc  words  n)oro  accL l f i l t r , . ,

than  t tcu t ra l  and negat ive  r ,vords  (c .g . ,  Denny & Hr r . '

1 9 9 2 ;  M o g g  e t  a l . .  1 9 8 7 ) .  B 1 ,  c ; o u t r : i s t ,  i n d i v i c l t r a l s  n : ' :

negat ive  se l l -concerp ls  and se l f -schenas nr igh t  be  r r r ,  : .

l i ke lv  to  enr :ode and e la l lo ra tu  negat ive  as  opposec l  to  p ,  - .

i t i ve  se l t - re lcvant  in lb rmat io r r .  Th is  has  been shour r  :  :

c lcprcsscr l  pa t ic t r ts ,  who tcnd to  rcca l l  o r  rccogn iz r ,  r r ' . -

t i vc  c lcpress ion- re la ted  wo l r l s  rnore  ac ;cura tc lv  than o l r .  -

word  tvpes  (e .g . ,  Watk ins ,  Mathews.  Wi l l ianrson.  &  l rL r i . '  :

1992) .  t secausc  the i r  se l l -s r :hemas focus  a t t r :n t iou  or r  r '1 . , :

o ra t ing  i r t te l t ra l  ser tsa t io r rs  a r rc l  t l roughts  t t ta t  axr  t ;on-  -

tcn t  w i th  the i r  ncgat ivc  se l i -v iew,  dcpr r ;ss i r res  tenc l  to  r r :  - -

the  t le ta i l s  o f  the i r  l i l ' e  t - . xpcr icnccs  iu rc l  reca l l  cp isoc l r , .

an  ovcr l -v  genera l  wa1,  (Wi l l ianrs  &  Dr i tsche l ,  tg t t t t ) .  A t t '  :

l i on  to  schen l i l -uongnren l  in lbnna l ion  does  I to t  a l r r . ,  .  .

Icarl  to bctter mcmory, howcver, al)d in sonro ( jasos

goal nrav be not to Lenrt:rnber what we havc experiertr .
' fhis 

is the pattcrn shortn bv paticnts r 'r , i th Ber-rt :rrr lrz
anx ie tv  c l i sorc le r  who sonre t i rnes  exh ib i t  i rnpa i re r l  r ' ' , ,

o l 'anx ie tv - re levant  rvords  (Mineka & Nt rgent .  1995) .

Postevent Rehearsal, Consolidation,

and Remin iscence

The enro t ions  lve  exper ience in  response to  s ign i l ) r , ,

evel l ts l la,r '  reveal to us r,vhat we consider importairt .  rr : .

we want. and whv we want i t  (Ross & Conrvar' ,  l t t i '

S inger  &  Sa lovev ,  1396) .  Whether  persona l  o r  pub l i c .  r , l

t ional events ter.rd to retain their signif icance tbr long ; .

r iods of t ime and are recounted and rehearsed more oi:

than neut ra l  ones  (Ne isser  &  Harsch ,  1992;  Schar  r .  -

1996), and the amount of rehearsal is general ly assor-i , t l '

with increased subsequent nernorv [Cohen, Cortu'ar. ' ,

N{avlor, 1994: Conrvay & Bekerian, 198B; Rubin & Kuz.

1984;  see.  hon,ever ,  Chr is t ianson & Lo f tus ,  1990;  P i l l t ' rn .  -

1984). Negative events are hard to ignore and mav be nr, .

important to revisit  because they mav signal ihreats t ir

could continue in the future fSkowronski & Carlstr :
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1989); diary studies have shown that people tend to re-

hearse unpleasant experiences more than pleasant ones

and, as a result,  may ter-rd to overestimate the frequency

rvith lvhich they occr,rrred (Thomas & Diener, 1995).

Although memorv for arousing events ult imately sur-

passes memory for neutral events, ini t ial ly i t  may actual ly

lre worse (Revelle & Loftus, 1992). The init ial  decl ine and
.ubsequent improvement in memory for arousing events

is cal led the "reminiscence effect," and i t  has been dem-

urstrated lvi th both words (Bradley & Baddelev, 1990;

K ie insmi th  &  Kap lar . r ,  1963)  and p ic tu res  (Kap lan  & Kap-

.,rn. 1969). The effect is somewhat small  ancl variable

l lu lke  e t  a l . ,  1992;  Cor teen,  1969)  bu t  i s  re l iab le  (Park  &

i lanaj i ,  1996) and may depend on as yet unclear part icu-

. , r rs  o l  the  pa i red-assoc ia te  parad igm most  commonlv  used
'  r  s tudv  i t .

Theoretical accounts of the reminiscence effect have

,ppea led  to  var ious  k inds  o f  conso l ida t iou  mechan isms
':rat take moro t ime to intcgrate cmotional events into ex-
rt ing knowlcdgc strur;turcs. Rcvcl lc and Loftus (rgg2)

.uqgested that bec;ause rtre extract more infbrmation per

-nit  t ime fron emotional than from ncutral cxpericnt;es
( .h r is t ianson e t  a l . ,  1991) ,  i t  mav be  c l i f f i cu l t  to  access  tha t

: r lo rmat ion  in i t ia l l v .  Thc  anryg t la la ,  r , r 'h ich  is  essent ia l  fo r

: . , te ( ; t ing  proa t tcn t ivc  th rca ls ,  sccn ls  to  be  the  essent ia l
' : r l r l i a to r  o f  th is  conso l ida t ion .  LaBar  and Phe lps  ( tssa)
'  , r rnd  tha t  remin iscence is  e l im ina te t l  by  darnage to  the
' . . rnpora l  lobe  tha t  in r ; lu t les  the  amygda la .

Neural Mechanisms for Encoding and Storing

Emotional Information

.  :r t '  svstems rcsponsiblc fbr cncocl ing and storing specif-

.r l l l '  aff 'ecl ive information include the svstcms fbr auto-
' : ,r t i r ;  r :notion proccssing rcvicwccl herein. ' l 'he system in-

' l r  ing thc anygdala is best t tnderstood. Lesiotr research
' .  ru ts  (e .g . .  Ler IJoux  c t  a l . ,  lg8g)  anc l  l cs io r t  (e .g . ,  LaBar
' ' I )oux ,  Spencer ,  &  Phe lps ,  1995)  anc l  r teuro i tnag ing  s tud-
.  rv i th  humans (e .g . ,  La l3ar  e t  a l . ,  1998)  ind i r :a te  tha t  the

: : rqc la la  i s  csscnt ia l  fo r  cod ing  cond i t ione t l  assoc ia t ions
- ' \ \ ' eon  s t i rnu l i  and  v isccra l  responsos .  Encod ing  o f  emo-

rr,r l  information depen<ls on the releasc of norepineph-
'  tNE), ar-rd drugs that blot;k NE release in aninrals and

. :n , rns  e l in r i r ra te  the  nremory  adr ,an tage fo r  a ror rs ing
'  : : r r r l i  (Cah i l l ,  Pr ins ,  Wcber ,  &  McGaugh,  1994;  McGaugh

. , rh i l l ,  1997) .  The amvgda la  a lso  modu la tes  conso l ida-

:r of 'episodic and semantic information bv the hippo-
' : :rpus and related structutes: Enhanced recal l  of the
..f \ ive port ions of a stolv is associated with amygdala
' . r  i t v  dur ing  encod ing  (Cah i l l  e t  a l . ,  1996)  and is  e l im-

::r,sl  [y amygdala ]esions fMarkowitsch, Calabrese et al. ,
'  ,+ ),  Although the majol i tv of studies in humans suggest

,:  the amygdala plays a special role in the detection of
-. . ,r t  and memorv for aversive st imuli  (Ochsner & Feld-

,: :- lJirrrett ,  2001), this nray be because only a single

study has examined memory for posit ive, as well  as neg-

ative, information. Hamann et al.  (199s) found that recal l

of both posit ive and negative photos was correlated with

amygdala activi tv at encoding, which f i ts with animai

studies that shorv that amygdala lesions block learning of

associat ions between st imuli  and appeti t ive, as well  as

aversive, visceral states (Holland * Gallagher, 1999).

I t  is possible that the amygdala's role in emotional

menorv is to help consolidate the storage of events to the

extent that they are arousing, irrespective of their valence,

ar-rd that the effects of valence on memorv are mediated

bv schematic knorvledge stored in associat ive memorv. L.r

keeping with this notion, amygdala lesions el iminate the

memorv advantage for emotional st imuli  only on episodic

memory tasks in which the valence or emotional theme of

st in.rtr l i  could r-rot be used to help organize encoding of

them (Phelps & Anclers<-rn, 1997).

Processing and storing informatior.r about appeti t ive

states that involve moving closer to a goal state or st imu-

l r rs ,  regard less  o f  whc ther  tha t  s t imu ius  is  exc lus ive ly  pos-

i t ive, seems to be the job of thc basal ganglia. In some

studies, basal ganglia ar;t ivat ion has becn obscrved during

thc  rcca l l  o f  pos i t i ve ,  bu t  no t  negat ive .  persona l  exper i -

ences  (Lare ,  Rc in ran ,  Brad ley ,  e t  a l . .  1997)  and in  o thers

dur ing  reca l l  o f  sar l ,  bu t  no t  happy ,  onos  (Lane,  Re iman,

Ahern, & Sc;hwartz, 19.t)7). Animal work has indir:ated that

the basal ganglia are important for potentiat ing and rr l in-

forcing concl i t ionerl assor; iat ions between st irrul i  and ap-

peti t ive reinlbrr;crs, srrc:h as food and sex; f i r tr .rre neuroim-

a64irtg research rnav expl ici i te a sirni lar role lbr the basal

gang l ia  in  humans.

Emotion Influences and Guides Retrieval

Althr-rugh the product of thc encoding process forms the

founclat ion fbr or.rr recol lect ions, rvhv arrt l  holv we pul l  up

a rccord of a past errr,rt ional experienr;e is as important a

cleternrinant of what wc renember as is why and how we

init ial ly encoded certain aspects of i t .  Incleed, retr ieval of

emotional information does not takc place in a vacuum,

and i t  can be inf luencerl strongly by thc cor.rtext in which

we recal l ,  and the goals that motivate the search fbr, re-

ncmborod i  n Io l r r ra t ion .

Cues That Confound

The f irst step of the retr ieval process involves the activa-

t ion of stored memorv traces by cues that either are self-

generated ( in the case of recal l)  or are provided in the re-

tr ieval environment ( in the case olrecognit ion). Fol lowing

the  c lass ic  work  o f  Semon (1909/1923:  Schac ter ,  2001) ,

Tr,r lving (1983) theorized that the conscious product of this

process is not a pure representation of act ivated memorv

traces but a synergist ic combination of cue and trace to-



652  PART V .  COGNIT IVE  CON/PONENTS OF EMOTION

gether. Thus retr ieval cues themselves ntay be incorpo-

rated into our conscioLrs recol lect ions. As discussed ear-
l ier, unless we have reason to bel ieve the information that

comes to mind is incorrect, the second stage of retr ie\rai
that al lows for monitoring and correction of the memory
seatch mav not proceed (Norman & Schacter, 1996).

Affective cues can por.t'erfullv bias memorv in this wav.
In some r;ases, these cues rraV be internal states. 

' fhus 
Eich

et  a l .  (1985)  founc l  tha t  fo r  chron ic  pa in  pa t ien ts ,  reca l l  o f
pas t  leve ls  o f  pa in  were  sys temat ica l l v  l r iased upward  or
downward  in  the  d i re r ; t ion  o f  the  leve l  o f  pa in  r ;u r ren t lv
being experienccrl .  Interestingl,v, onlv i f  current pain is
emotional lv evocativc does i t  distort rnemorv for past
pa in ,  ind ica t ing  tha t  i t  i s  tho  cmot iona l ,  no t  the  ph t ' s ica l ,
slatc that provides the cues that bias mernorv (Eich, Rach-
nan,  &  Lopatka ,  1990) .  Th t - .sc  cues  a lso  ruay  invo lvc  more
r ;o rnp lex  pa t tems o f  cmot iona l  appra isa l .  [ Jur ing  the  19{ ]2
prcs ident ia l  r ;ampa ign ,  Lev ine  ( t t tS tZ)  s tud iec l  the  suppor t -

ers of former pr()sidential t ;anrl idate Ross Perot tr f ter he
had reentcrt:d the lacc in Oc:tobcr to deterrninc how wcll
thev could renrenrbr)r their feel ings about his withclrawal
l iorn the race in JuI,y. In gcneral,  past teel i lgs wL're re-

cal lcd as Lreing more consistent with c;urrent f i t t : l ings than
the-v  a r ; tua l l v  were .  l .o r  examplo .  i f  an  ind iv idua l  was  e- r -
citccl alrorrt  Perot 's relurn in Oc;tcrber but had l tecn ultset
about his departr-rre in Julr. ,  hc or she ror;al led having been
r r io re  hopc i i r l  fo r  h is  re t r r r r i  than  he  or  shc  ac tua l l y  nas .
Thc specif ic direct ion and kind of bias clependcd on thc

spcr; i f ic el lot ions expcricnced and were recal lecl accu-
ratclv (or rverc overestinratted) onlv i f  culrent l i :cl ings hacl

renrainecl cionstant. Bias also mav bc r;aused bv cxternal
cues, as shor'r 'n b],  Or;hsner, Schar;ter, and Eclrvart ls (1997),

who found that rt 'hcr-r asked to rcr;al l  the plr:asant or un-
pleasar.rt  tone of voice in u,hich a person had spokcr.r ear-
l ie r ,  r ' c r ;a l l  was  b iascd  in  thc  d i rec t ion  o f  a f te r ; t  t ) reseut  in
a photo of that person used as a retr ieval t ;ue.

Althorrgh nunrorous lactors l ikel_v inf luet-rce the degree
of bias caused by a retr ieval cue, such as the relat ive per-

ceptual dominance of one tvpe of r;ue over another (Ochs-

ner  e t  a l . ,1997)  anc l  the  le la t i ve  spec i f i c i t v  o f the  cue and
completeness of the mentorv trace (Norman & Schacter,
1996) ,  th is  impor tan t  top ic  has  been l i t t le  s tud iec l  fb r  e rno-
t ional metnories (for discussion of retr ieval bias in other

domains ,  see  Schacter ,  1999) .

Schemas:  The Goa ls ,  the  B iases ,
and the Unknown

The second stage of the retr ieval process involr.es evalu-
at ing the information brought to a\,vareness blr the retr ierral
cues. When recal l ing emotional events, our schematic
emotion knowledge can guide this process in at least three
prirnary rvays: by sett ing the goals which init iate memorv
search, bv sett ing the cri teria against which past experi-

ences  are  judged des i rab le  o r  accura te .  and b1 '  gu i r l i r :

conscious or nonconscious inferences that f i l l  in missir.
or unknown information that rvas not encoded init ial l

Because of their close interdependence on a shared I)(
of knowledge, each of these schematic inf luences often ,

curs  in  cornb ina t ion  w i th  a t  leas t  one o l the  o thers .  In  e ; r ,

of the examples that fol low, although we highl ight on

one kind of inf luence for purposes of i l lustrat ion, nr,:

than one kind may be present.

Se l f -  and Mood-Regu la to ry  Goa ls

Our seif-knowledgt: r lav ar;t  as a r;hronic goal that gui( i

retr ierral of past expericnc-es to r;onfirnr or create a r r, : :

pa t ib lc  se l f - image in  the  present  (Or ;hsner  &  Sr ;har t .
2000;  Ross ,  19Bt i ) .  For  n ros t  ind iv id r ra ls .  th is  n ro iu )s  I r ) , j r :

taining a posit iv{) self-viow (Tavlor, 1gtl9) that ( j i ln gu. .

rrs, for exarnple, to renember pasl faults ancl lbiblcs. sr:

as  poor  g rad( )s  ( tsahr i r ;k .  Ha l l ,  p  Burger .  1996)  o r  r rn . . .

c :ess fu l  garnb l ing  ver r t r r res  (Frank  & Gi lov i r ;h ,  19 t19) .  r : i t i . .

as  less  conn lon  or  as  more  pos i t i ve  th i in  lhcv  ar ; t t r , , .

were  (Oonway & Rr rss ,  1984) .  S i r r r i la r l y ,  n rar r ie t l  r r . .
n r igh t  p ro tec t  themse lves  f ronr  fcc l ing  rcspons ib le  a l r

rnar i ta l  r lec l inc  bv  mis l rmer lb r : r ing  car lv  n rar i ta l  l i l ,

l ess  rosv  le rns  (Ho lnrbcrg  & Ho l rnes ,  1994,  as  r ; i te r l  i r r  1 . .

ine ,  1997) .  As  d iscusser l  ear l ie r ,  deprcss ives  mav re r :u l l .  .

poriences i ls mor() negativo tharr the1, ar:t tral lv wcre. rr l r .
re in fb rces  the i r  nogat ive  sc l l -v icw (No len-Hoeks , , r :

1  9 9 1 1 .

H igg ins  (H igg ins  & ' l ' ykoc insk i ,  1992)  has  sugg, , - '

that there mav be two ways in r,r 'hich wc maintarn our . ,

r r i cu ,s :  Wr , ' c i the l  Iocus  on  a t ta i r r inc  o r r r  idca ls  o l  on  i r \  |

ing  the  consequon( ;es  o f  la i l ing  to  fu l f i l l  our  du t i r )s  , ,1

respons ib i l i t i es .  He has  found t l . ra t  eac l . r  t ypu  o f  in r l i v i r l . .

rv i l l  tenc l  to  rc t ;a l l  d i f fe ren t  k iuc ls  o f  in tb r r la t ion :  An i r : .

tbcLrs lcads one to rr:r ;al l  more posit ive infbrnral:

u 'hereas  a  du tv  tbcr rs  [o l  ough l - focr rs ,  as  he  ca l l s  i t )  l ' . ,

or le to recal l  more negatirre inf irrnation (Higgins & 
' l  

r  r

cvnsk i ,  19921 see a lso  S inger ,  1990) .

Ret r ieva l  o f  e rno t iona l  exper ienr ;es  a lso  mav be  Lrs r , , :  '

regu la te  our  p resent  mood.  |us t  as  we want  to  ma in l , r r :
posit ive self-concept, most of the t ime we rvant trr l

good and wil l  recal l  posit ive l i fe events wher-r feel ing 1,, :

Thus  Josephson,  S inger ,  and Sa lovey  ( t994,  as  c i t t ' r i

S inger  &  Sa lovev ,  1996)  found tha t ,  a l though neg i r t . .

memories lvere init ial ly brought to mind b1, a saci t i . : ,

part icipants tended to then recal l  posit ive experit ' rr '  '  -

and most were consciouslv attempting to change th.

mood by doing so. The tendencv to recal l  posit ive n),, : l

or ies in response to negative r-noods may be more Ir:
nounced in individuals with high self-esteem (Smlth r

Pet ty ,  1995)  o r  who exh ib i t  a  repress ive  cop ing  s t . .
(Boden & Baumeis te r ,  19S7J,  a i though thev  mav hav t '  , i . :

ferent reasons for exhibit ins this tendencv. IndividLr,,



, \  i th high self-esteem may acknowledge that they felt  bad,
.. ,  l rcreas repressors Dlav not. As a consequence, individ-

. r ls rvi th high self-esteem may learn that they can suc-
..ssful lv cope rvith negative affect, whereas repressors fai l

learn that thel '  can adapt and may continue to avoid
.: luations in rvhich negative affect may be evoked (Mc-

'r land & Buehler, 1S97). I t  is important to note that in
. nre cases recal l  of negative experiences may be desir-

, :  lc. such as when we want to dampen a playful mood to
, r.rs on work or other tasks (Panot & Sabini,  1990).

( r i te r ion  Set t ing  and Reeva lua t ion

, ' ,  :ren cleciding what to search for in nemory and decid-

.:  nhether rvhat r.r 'e have recal led is accuraie, our judg-
. nts nay be informed by cultural and personal theories

. ,rrt  how feel ings and att i tudes r ise or fal i  over t ime

:. ,ss. 198O). Irr some cases, these theories are implici t  and

-  . : r le  the  assumpt ions  lve  make w i thout  our  be ing  aware
,t our rccol lect ions are being biased. For example,

. rrren tend to re<;al l  past monstnlal r ;ycles as being more

,.nf ir l  then they actr-ral ly were, whir;h f i ts with popular
'  jons that anxicty inc;reases lust befbre rnenstruation be-

. : .s l- l1,1 contrasts with enrpir ir ;al researr;h that indicates

,1 this increase in anxicly lnay not occur (McFarland,
-  - . .  &  De[ ]ourv i l le ,  19U9;  Ross  & Bueh ler ,  1 l ]94) .

I l r  r ; ther  . jasos ,  ou l  lhcor ies  rnay  l - l c  more  exp l i c i t  and

,..  l r tr  usccl to r;ontrol thc. irnpact that past evertts havc r in
.  r r r  thc  p rcsent .  O l 'par t i r :u la r  i rnpor tance are  theor ios
.  l r r r l c ls  a l rou t  the  need to  rev is i t  pas t  exper iences ,  be-

.  - . r ,  the  na ture  o f  these theor ies  de termincs  whe lher  o r
'  r lc learn from thcrn. Fcl '  exarnple, one coulcl bel ieve

, :  rc l i v i r rg  pas t  pa in  begets  more  pa in  in  the  present ,  and
- . . , r l t ;h  does  suggost  tha t  reco l lec t ing  t rnp leasant  expe-

:)(.(rs can depress mood and rnay bring other, l ike ex-

. i r 'n( ies to mind, espec;ial ly i f  the experiences are trau-

, ' i r  (Bower  &  Forgas ,  2000;  S t rack ,  Schwarz ,  &
-  l rne i r l ing ,er ,  1985) .  Onc nr igh t  ho ld  th is  be l ie f  becaus t :

:  ,rr t i r ;rr lar lv cxtrernt: past experier-rce has changecl the

, .  in lr 'hir;h one evaluates thc qual i ty o[ preserrt expe-
'  :rr .rs. Lottery winncrs, for exarnple, take less plcasure

:ronnal cveryday activi t i t- .s, presumably because they

to match the pleasure of thcir win (Brickman, Coates,

.  i , ruo f f -Bu i rnan,  1978) .  S imi la r lv ,  parap leg ics  a lso  may
,r the presr:nt less than theV did befbre their l i fe-

'nr. l ing cvent because thev remernber l i f 'e before the ac-
:, ,nt as having becn better than i t  is now. Belief that the

, ' t  produces pain that cannot be control led or dimin-
-:: ' , t l  ma-v foster avoidance and fear of new pair-rful ex-

. r t 'nces ,  as  we l l  as  a  repress ive  cop ing  s ty le  tha t  has

: ,  ' , rst:  health consequences.

l lorver,er, i f  one bel ieves that the causes of past trage-
. or joys can be understood and control led, then past

:.n: r ian be recol lected much r-nore posit ively (Janoff-

Bulnan, 1992). For individuals with this bel ief,  recol lec-
t ion serves to restructure bel iefs about the past and the

abil i ty to cope in the future, therebv fostering a sense of
learning and grolvth by allowing people to feel that they
have gained control over the factors that inf luence their
happiness (Janoff-Bulman, 1992; Folkman & Lazarus,

1sB4) .

For example, when recounting traumatic experiences,
understanding and expressing one's feel ings ar.rd their
sources can have salutarv effects on mental and physical

health (Pennebaker, 1997). Studies of the wav in which
we recal l  pain also i l lustrate this point nicely: Sometimes

recal l ing pain as less severe than i t  was can make people

feel more hopeful and in control,  as is the case for mothers
recol lect ing t l .re pain of chi ldbirth (Norvel l ,  Gaston-

)ohansson, & Fridh, 1987); but sometimes recol lect ing
pain as nlore severe can serve the same end, as shown by
people with high dental anxietv who recal l  more pain than
they actual ly reported cxperiencing fol lowing a tr ip to t l .re
clentist (Kent, 1985). In the long tern, our tendencies to
construe and re-recol lcct errents posit ivclv or ncgativel,y
can de termine our  overa l l  levc l  o f  happ iness  (Se id l i t z  &

Diener ,  199I i ;  Suh,  D iener ,  &  Fu l i ta ,  1996) .

Our goals in remenbering past events and our abi l i tv
to learn from thenr nray be dit ferent clepending on how
long ago they occurred. Strar;k et al.  ( tSaS) suggested that
recent events nray indir;atc how able wo aro to r;opc wilh

stresses and enjoy succr-rsscs atrd can shit i  mood in a di-
rcct ion congruent with the ernotion recal lecl.  In contrast,
we may recal l  Lrng-distant evcnts whcn we want to rnake
infercnces al lout how we have developecl over t inre. ' l 'hus

rcntenrbering an arglrnrent with onc's lather coulr l  nrakc

rus nostalgic and wistf tr l  i f  thc argunrent took plar;e during
r:hi ldhood but upset ancl angry i f  i t  Look place only a few

days  ago (S t ra r ;k  c t  a l . ,  1985) .

Fi l l ing in for What ls Unknown

Another reason that schematic cmotion knowleclge r;art in-

f luence memory for past events is that our ini t ial  al ' fect ive
responses to them rrray not have been wcll  cncodcd in the

i irst place. I f  our ir .r i t ial  leel ings are not easi ly rccoverable

because they wert-.  not well  stored, then schematic knowl-

edge rnay be rrsed to f i l l  in rvhat is missing.

For example, information about thc duration of events

is one attr ibute that seerns to bt l  poorly encoded, and we

use memory of the intensity of the experience to draw in-

ferences about i t .  Thus, whcn asked to rate the l ikabi l i ty

of a f i lm, our judgrnents are based on i ts conterrt and not

i ts duration (Fredrickson & Kahneman, 1993), and esti-

mates of the duration of violent scenes increase as a func-

t ion of the intensitv of our emotional reactions to them
(Loftus et al. ,  1987). We may focus on intensitv and ne-
glect duration to such an extent that we prefer a longer
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lasting, br-rt  less painful,  experience to a shorter but more
painful one (Varey & Kahneman, 1.592).

Altered States of Awareness

A f inal way in which emotion mav inf luence retr ieval is
bv inf luencing the subjective state of awareness accom-
panying recol lect ion of past events. In general,  as conl-
pared to neutral events, en'rot ional events tend to be sub-
ject ively re-experienced in a wav that seems to more
closely approximate our original experience of them. The
effects of emotion on awareness may stem from the fact
that affect ing st imuli  act ivate physiological responses that
can add heat and color to our ini t ial  experiences and our
memories of them. The sense of subjective re-experiencing
has been studied in at least three dif ferent wavs.

The f irst involves simply asking people to rate the viv-
idness with which they recai i  past personal experient;es.
Numerous studies have shown that recol lect ions of sig-
nif icant, affect ing, or consequential events are rated as
morc vivid than neutral events (e.g., Conwav & Bekerian,
1988; Christ ianson & Loftus, 1990). Vividness rat in5ls arc
ambiguous, however, with respect to the basis on which
they are nrade (see Ochsner & Schacter, 2000, for discus-
sion), and a second-more direct-method for assessing
states of awareness employs the rentenber/know method
of Tulving [1983), Cardiner, and others (e.g., Gardiner &

fava, 1993). As discussed earl ier, this mcthod asks part ic-
ipants to indicate whether their recal l  or recognit ion of an
event is accompanied by a detai led sense of re-
experiencing an event ( in which case, a rentenber re-
sponse would be made), or whether i t  simply seems fa-
mil iar ( in which case, a know response is made). C)chsner
(in press) found that emotional lv arousing and especial lv
negative photos were more l ikely to be remembered than
neutral ones, and also found that this effect did not require
one to expl ici t ly appraise the emotional i ty of the images
when they first were seen. The final way in rt'hich aware-
ness has been assessed has to do with our subjective point
of view when visual izing past experiences. Events can be
re-viewed in the mind's eye either f iom orre's original f i rst-
person, or f ield, perspective or from a detached, third-
person obseruer perspective in which the rememberer sees
herself as part of the memory. Focusing on recovering past
feel ings makes us more l ikely to see events unfold from a

79eld perspective (Robinson & Swanson, 1933J.

Neural Systems for Retrieving
Emotional Information

Retrieval of emotional memories seems to involve most of
the systems used for retr ieval in general (reviewed in the
section t i t led "Systems for the Construction of Memory"),
in combination with the systems used for control led, and

to a lesser extent automatic, emotion processi l tg. In this
section rve focus on the contr ibutions of those structures
invoh'ed in emotion.

The two automatic emotion svstems that encode and
store information about the l ink betrveen condit ioned
stimuli  or behaviors and visceral states are involved in
retr ieval of those l inks. For example, studies of fear con-
dit ioning have shown that expression of condit ioned fear
responses is el iminated i f  the amygdala is lesioned after
training has been completed (LeDoux, 1995). Similarlr ' .
posttraining lesions of the basal ganglia can disnrpt ex-
pression of well- learned sequences of rewarded behavior.
inc lud ing  grooming (Ber r idge & Whisharv ,  l992) .  A l -
though amygdala activi ty at encoding may be correlated
with memor,v for episodic and associat ive informatiort
(e .g . .  Cah i l l  e t  a l . .  l996 i  Harnann e t  a l . ,  1 t lg0) ,  p resunrab l r '
because i t  is helping to consolidate storage of i t ,  the amyg-
dala does not seom to bc so inrportant for the rctr icval ol '
declarat ive emotion knowledge. 

' l 'he 
dissociabi l i tv of c:on-

dit ioned and episodic emotional knowlcdgc also has boerr
shown in studies that compare arnnesiacs who cannot rc-
member a fear-condit ioning procedure evcn thorrgh ther
show condit ioncd fear responses ancl paticnts lvi th anr-r 'g-
dala lesions who remember the procedurc but acquirecl no

conc l i t ioned assoc ia t ions  (e .g . ,  t sechara ,  Trane l ,  Damas io .

&  Ado lphs ,  1 { }95) .

A l though i t  i s  l i ke ly  tha t  the  basa l  gang l ia  a lso  do  nor
part icipate in the retr ieval crf associat ir ,e or cpisodic emo-

t ion knowledge, the requisite studies have not vet beerr
pertbrmed. One study did show basal ganglia act ivatiorr
cluring retr ieval of posit ive memories (Lane, I{einran.

Brad ley ,  e t  a l . ,  1gg7) ,  bu t  i t  i s  uo t  c lear  whether  the  ar ; t i -
r . 'at ion was due to retr ieval of inforrnation or to thc exlt t ' -
r ience of posit ive affect per se. This interpretive protr lcrrr

is quite general and affects other studies of the retr ieval oi
emotional memories: I t  is seldorn r; lear whether act ivation
or the fai lure to f ind activation of a putat ive emotion areir
means that i t  is or is not involved in retr ie' , 'al  or expcri-

ence (e.g., George, Ketter, Parekh, t  Horwitz, tgss).

Areas involved in control led emotion pr<-rcessing ar ' '
important lbr mediat ing retr ieval of emotional infornra-

t ion. For example, the orbital and ventral medial prefrorr-

tal regions seem to be essential for gating the expressiorr

of learned condit ioned behaviors. L,esions to these area:
in rats, monkeys, or humans wil l  cause perseverative re-
sponding to st imuli  that are no longer being reinforceri
(Bechara ,  Damas io ,  Trane l ,  &  Damas io ,  1996,  1997;  Ro l ls .
1999; Stuss, Eskes, & Foster, 1994). An inabi l i ty to inhibit

previouslv learned responses fol lowing medial prefrontal

damage also can slow extinct ion of condit ioned fear re-
sponses (Morgan & LeDoux, 1995).

Retr ieval of emotional memories also may activatt,
more strongly systems that are used to retrieve informa-

t ion more general iv. Shin et al.  (1997) asked normals and
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patients r.r ' i th posttraumatic stress disorder to generate

from memorl' mental images of either combat-related or

neutral scenes that therr had studied earl ier. Areas of vi-

sual cortex thought to be the "mental screen" on ."vhich

images are viewed were activated more stronglv by the

combat scenes. I t  is possible that this pattern of height-

ened activi tv is the neural signature of the vir, idness and

experiential detai l  that characterizes emotional recol lec-

t lon .

Summary

I t  i s  a  t ru isn  in  sc ience tha t  a l l  e lse  be ing  equa l ,  theor ies

that r;an account for the largest bociv of data possible are

rnost robust, general izable, and desirable. For the past t :etr-

turv, researchers in r;ognit ive nt- 'r troscienco ancl social psv-

c.hologv havc r;onductecl studies of phenornena relatod to

enrotion ancl memory. Social psvchologir;al theories have
' ,n r l - rhas izec [  thc  in< l i v idua l i zc r l  na t r r re  o f  the  erno t ion  pro-

r css anrl horv goals inf luence r,r ' l tat wc recol lect ancl how

,rc;curately wc do so. Cognit ivc neurosr; icnt ists, fol lowing

i r r  lhe  foo ts teps  o f  the  cogn i t i vc  psycho log is ts  who prc -

,  c< led  thcnr ,  have re la tu r l  the  acc ;uracy  o f  enro t iona l  n rern-

r rv  to  thc  fu r rc t iona l  spcc ia l i za t ion  o f  ner r ra l  sys tcms.  Cur -

: i r r r t  theor ies  acr ;ount  on ly  fo r  thc  t la ta  ob ta incc l  w i th in  thc

onf i r res  o f  one c l i s r ; ip l ine  or  thc  o ther ' ,  b r r t  I ro t  bo lh .

We bel ievc that the t irnc is l ight to put the n.rcthocls,

l i r ta ,  anr l  theor ies  o f  thcsc  two c l i sc ip l ines  togethcr  to  con-
- t ruc t  thcor ies  o l  emot io t r  and rnenrory  l t ra t  makc  ccr t ta t ; t
' . r ' i th  da ta  a t  n )any  levc ls  o f  a r ra lvs is . ' l ' h is  i s  thc  csse t rce

, f  the  soc ia l  cogn i t i ve  neurosr ; i c r rce  approach tha t  has

:rr ided this chapter, and i t  has lecl to sonre gener.r l  con-

l i i s ions  tha t  in togra te  ins igh ts  f l ' onr  sor ; ia l  ps -ycho log ica l

,n ( l  cogn i t i vo  ner r rosc ien t i f i r ;  resear r ; i r . ' l ' he  f i rs t  i s  tha t
.,nlot ion and mernory are inherentlv constnrct ive, goal-

i i r t : c ted ,  anc [  inc l i v id t ra l ;  thc  secont l  i s  tha t  each c lcper t t l s

n a set of separate but interacti l rg neural systerns, oach

iedicated to processing a spccif ir ;  t1,pe of ir t fornation; the
' i r i ru l  and las t  i s  tha t  manv erno t ion  and menory  phenorn-
.nd can br-. seen as arisirrs f ionr thr- '  interat;t ion of lhosc
- \  s tems tha t  opura te  au tomat i r ;a l l v  anc l  those tha t  opcra te

inrler r;clnsr: ious control.  This nreans that thc r;onlettt  of
- , ' c ro l l cc t ion  c lepends on  the  goa ls  tha t  gu ic lc  cncoc l ing  anc l

. " r ;o l lec t ion ,  the  na ture  o f  the  enro t ion  invo lved,  anc l  the

::t 'ural systems that are activated.

Although i t  is clear t l .rat what n,e recol lect clepencls on
'.r i rv we are trying to remember, at present r iur knoruledge

f how neural systems rnediate this process is mur;h murk-

. ' ,r .  In general,  I 'uture research should continue to applv a
- , r r ; ia l  cogn i t i ve  neurosc ience approach to  exp lo re  horv

,nd why the activi ty of dif ferent neural svstems is inf lu-
..nced by dif ferent encoding and retr ieval goals and how

these svstems are involved in either the encoding. storage,

or retr ieval and reexperiencing of episodes past.
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