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How we respond emotionally to the peaks and valleys of
life reveals much about who we are now, who we have
been, and has implications for who we could be in the
tuture. The question of how we remember these emotional
«vents is thus of central importance to understanding hu-
man experience, and is the subject of this chapter. In ad-
dressing this question, our goals are to understand the spe-
cific neurocognitive mechanisms that preserve records of
significant experiences, the motivational and contextual
tactors that influence their operation, and what their in-
teraction tells us about the relationship between memory
and emotion more generally.

We begin with a brief historical sketch of previous ap-
proaches to emotion and memory and then move to our
own multileveled social cognitive neuroscience approach.
\Ve then apply this approach to understanding how the
emotional nature of an event influences the encoding, stor-
age, and retrieval of information about it. We conclude
with suggestions for ways in which a social cognitive neu-
roscience approach can guide future research.

Perspectives on the Emotional Past

Most investigations of emotion and memory have begun
with the same question: How do we remember emotion-
ally evocative events? But investigators have framed this
question differently and, as a result, have reached differ-
ent conclusions. Three approaches have dominated past

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

Indelible or Reconstructed?

Debate over whether emotional memories, and especially
traumatic ones, are remembered poorly or well has a long
history and is central to current discussion about the re-
covery of supposedly repressed memories of sexual and
physical abuse during childhood (for discussion, see Con-
way, 1997; Loftus & Ketcham, 1994; Schacter, 1996). The
question of whether emotion improves or impairs memory
often is framed in terms of the question of whether emo-
tional memories are indelible or reconstructed. Debate
concerning this issue has played out in three different are-
nas.

Repression: Fact or Fiction?

First. some have argued that memories of especially aver-
sive experiences may be temporarily lost—driven out of
consciousness by repressive mechanisms that seek to pro-
tect the psyche from the harmful consequences of thinking
about them. Yet if recovered at some later time, such mem-
ories are held to be highly accurate {e.g., van der Kolk &
Fisler, 1995). This account seems to turn on the truth of a
traditional metaphor for memory as a library in which are
stored volumes of experience that contain verbatim rec-
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ords of events that can be retrieved later (Conway, 1997).
On this account, repressed memories of emotional expe-
riences are simply volumes that have been lost due to op-
eration of a repressive process but that can later be found
and reread in their entirety. As argued by various inves-
tigators (cf. Lindsay & Read, 1994; Loftus, 1993; Schacter,
1996; Schacter, Koutstaal, & Norman, 1996), this account
is problematic because (1) traumatic memories are typi-
cally difficult to forget, even when one wants to do so (e.g..
Wenzlaff et al., 1993; for review, see Schacter, 1996), and
(2) false memories for various kinds of information, in-
cluding personal life events, can be generated, sometimes
with relative ease (e.g.. Hyman, Husband. & Billings. 1995;
Loftus & Pickrell. 1995; Roediger & McDermott, 1995:
Schacter, Verfaellic, & Pradere, 1996).

Fading Flashbulbs

Second, investigators studying “flashbulb” memories also
have argued that special mechanisms may promote the in-
delible recording of traces of emotional events (e.g., Brown
& Kulik, 1977). However, this view has been abandoned
in light of a growing body of evidence demonstrating that
so-called flashbulb memories are far from photographic re-
cordings and in fact are subject to some of the same kinds
of distortions as is recall of more generic personal expe-
riences (Brewer, 1992; Neisser & Harsch, 1992).

It is worth noling that conclusions about the putativein-
delibility of flashbulb memories may depend on the kind of
mnemonic information that is assessed. On the one hand,
people do not often forget that an emotional event has oc-
curred, and they tend to recall accurately the themes and
action sequences central to an event's emotional signifi-
cance (Heuer & Reisberg, 1992). On the other hand, emo-
tional experiences involve substantial evaluation of, and
inferences about, one's own and others’ motivations and in-
tentions (Lazarus, 1991: Stein. Wade, & Liwag, 1997): cur-
rent goals and desires can distort perception and memory
for these aspects of emotional situations during both encod-
ing and retrieval. Thus memories for the broad “objective
facts” of an event may be less subject to distortion than are
one’s subjective interpretations of its personal and emo-
tional significance (Johnson & Sherman, 1990).

Focus on Fear

The third arena in which the indelibility issue has
emerged involves fear conditioning in rats. Fear responses
to conditioned stimuli appear to remain indefinitelv intact
when brain areas responsible for extinguishing them are
damaged (LeDoux, 1995). Recent accounts of the forgetting
of conditioned responses have suggested that past condi-
tioned associations are not lost but that their expression
is inhibited by the learning of new responses that preempt
expression of old behavioral patterns (Bouton, 1994).

Although it may be true that some traces of feartu.
events are relatively long-lasting and enduring, it is in:-
portant to note that the findings that support this conclu:-
sion come primarily from indirect tests of behavior in ar.-
imals. In contrast,
common when memory for emotional experiences is ex-
amined using explicit tests in humans (e.g., Eich, Reeves
Jaeger, & Graff-Radford, 1985; Levine, 1997; Ochsner -
Schacter, 2000). It appears that whether one reaches th-
conclusion that emotional memaories are indelible or r--

reconstruction and distortion -

constructed may depend on the kinds of data under co:.
sideration. Although these traces are reflexively express .
ble on indirect tests of behavior, they may be of a differ.: -
tvpe than those used when we consciously reflect on em
tional experiences.

Emotion Is in the Details

A closely related debate concerns whether memory foren:
tional events accurately preserves records of only cent: .
details or of both central and peripheral details (e.g., Chr:«
tianson & Loftus, 1991). The majority of studies indicate !
central details are most accurately recalled because 1.
tional events aclivate goals that favor evaluation of the - -
sonal meaning of potentially significant stimuli during b -
encoding and retrieval. During the initial appraisal and
coding of an emotional event, il is important to underst.:
which characteristics of external stimuli are related to int- -
nal feeling states. For example, when walking alone at ni.:
along a deserted street, it would be more important to dr..-
inferences about the possible intentions of the personwa.»
ing toward you and to determine whether the object in . +
hands is a weapon than it would be to notice the color ot - -
hat, shoes, or coat (Lazarus, 1991; Stein etal., 1997). Simi. .-
goals at memory retrieval may further focus attention
central information and can lead to biases in the way
which events are recalled. The kev point is that the kind
information that is recalled most accurately depends
where attention is directed and which emotion apprai-
scripts are activated (Levine, 1997).

A methodological shortcoming of some of the foregoi:
research involves a failure to independently verify the .
fective qualities of experimental stimuli. Because the
tent to which to-be-remembered stimuli elicit affect is 1. -
known, when a given type of detail is remembered poor.
we cannot be sure why this has occurred: It could be t-
cause that kind of detail is not remembered well, or
could be that the stimuli were not arousing enough to lv. -
participants to more deeply encode them.

Quantity Versus Quality

A third long-running debate in the emotion and memor-
literature concerns what aspect of emotion—arous..
(quantity of emotion) or valence (the positive or negatix-
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quality of emotion)—maost critically determines how emo-
tion influences memory. Early theorists postulated that
people preferentially encode and recall positive experi-
»nces because reflecting on negative ones is too painful
see Bradley, 1994, and Matlin & Stang, 1978, for review).
More recently, the focus has shifted toward comparing
memory for negative, often highly aversive, events with
memory for more mundane experiences. Some of this re-
~earch has found aversive memories to be less accurate, as
when encoding is disrupted by extremes of emotion pro-
iuced by highly traumatic experiences (Kihlstrom, 1998;
~chacter, 1996), whereas other research has concluded
-nat these memories are more accurate, as in the case of
Zashbulb memories or studies of fear conditioning
Brewer, 1992; Brown & Kulik, 1977; LeDoux et al., 1989).
Ve considered some of the problems with interpreting this
~search in the preceding sections.
The relationship of arousal to memory has been
-nought to depend on exactly how arousing an experience
~. with moderate amounts of arousal producing the most
+ curate memory, and either too little or too much arousal
wsing memory impairments (see Revelle & Loftus, 1992,
o1 review). Support for this proposal in human studies
~ax been somewhat shaky (Christianson, 1992) but is
‘rongly supported by studies in animals showing a dose-
»pendent relationship between memory for stressful

’

~vents and release of arousal-related neurotransmitters
-.1.. McGaugh, 1995).

In most studies aversive or positive events have also
~»en highly arousing, and it is natural to ask how each
:otor influences memory independently. Unfortunately,
mowever, it has been difficult to tease apart the indepen-
ont effects of arousal and valence because the two vari-
:bles seldom have been manipulated systematically
within a single experiment. This is partly attributable to
‘ne fact that, in recent years, the memory and emotion
terature has been concerned primarily with understand-
.1g memory for traumatic events such as abuse that are
oth highly arousing and extremely negative. It also may
~» due to the fact that negative affect can be more easily
:nd reliably elicited than positive affect.

Nevertheless, two studies have compared memory for
sositive and negative information that varied in degree of
:ssociated arousal. Both found that it is the quantity of
:rousal, not the quality of valence, that predicts memory
serformance. In a study of autobiographical memory, Reis-
oerg, Heuer, McLean, and O’Shaughnessy (1988) found
‘hat retrospective reports of arousal predicted ratings of
vividness, independent of the valence ascribed to an
~vent. In a study of recognition and recall for carefully
validated emotionally evocative pictures, Bradley, Green-
wald, Petry, and Lang (1992) found that participants’ rat-
:ngs of arousal predicted memory accuracy in the same
way for both positive and negative images.

[t is possible that these studies did not find that va-

lence influenced memory because they used quantitative
dependent measures that are insensitive to qualitative
variations in the experience of recollection. The con-
scious experience of emotion differs as a function of
which emotion is being aroused, and thus we would ex-
pect recollection of emotional events to reflect this quali-
tative difference in experiential awareness. In a series of
studies, we (Ochsner, 2000) used the remember/know
procedure (Tulving, 1983) to measure conscious recollec-
tive experience of positive, neutral. and negative photos
(Lang et al., 1993) that varied in degree of arousal and
complexity of visual detail. In this method participants
are asked to classify items presented on a recognition
memory test as either new (the item was not seen during
a prior study phase}. as “known" (the item evokes a sense
of familiarity and the participant is sure it was seen pre-
viously, but no specific details come to mind about its
prior occurrence). or as “remembered” (the item evokes a
detailed sense of recollective re-experiencing of the prior
study episode replete with sensory. affective, or semantic
details). Previous research has shown that remember re-
sponses are sensitive to how distinctively an item has
been encoded, whereas know responses are sensitive to
the factors that influence general familiarity (Rajaram &
Roediger, 1997). Highly distinctive items possess a greater
number of unique atiributes, may be more deeply en-
coded. and may elicit a greater number of cognitive and
affective appraisals than less distinctive items (Hunt &
McDaniel, 1993; Ochsner, 2000). As discussed later, affec-
tive stimuli possess more attributes than neutral ones and
tend to capture and hold our attention. On this basis we
reasoned that affective stimuli will be encoded more dis-
tinctively than neutral stimuli and hence should be “re-
membered” more often. In addition, we reasoned that be-
cause encoding biases may operate more strongly, or even
preferentially, for negative information (e.g.. Pratto &
John, 1991), negative photos would be encoded more dis-
tinctively and should tend to elicit more “remember” re-
sponses than positive photos. Under a variety of encoding
conditions, we found clear and consistent support for
both hypotheses (Ochsner 2000): Independent of the ef-
fects of arousal, both negative and positive stimuli were
remembered more often than neutral ones, which is con-
sistent with the idea that affective events are encoded dis-
tinctively. In addition, negative photographs tended to be
remembered more often than positive photos, whereas
positive photographs tended to be known more often than
negative ones. This is consistent with the idea that nega-
tive events are encoded distinctively. In addition, nega-
tive photographs tended to be remembered more often
than positive photos, whereas positive photographs
tended to known more often than negative ones. This is
consistent with the idea that negative events are encoded
more distinctively than positive ones and so are re-
experienced differently during recollection.
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The Social Cognitive
Neuroscience Approach

Past research on memory and emotion has failed to de-
velop an overarching theoretical approach that specifies
what emotion is, how emotional information is processed,
and how we would expect it to influence memory mech-
anisms. Studies have been concerned more with providing
an explanation for a particular phenomenon than with de-
veloping an integrated theoretical approach.

In contrast, the present approach combines theories of
memory and emotion drawn from social psychology and
cognitive neuroscience to provide an account of how we
remember affecting experiences (Ochsner & Lieberman,
2001). Our account cuts across many levels, ranging from
the social level of experience and behavior, to the cogni-
tive level of information processing, down to the neural
level of brain systems and mechanisms. We call this type
ol analysis the social cognitive neuroscience (SCN) ap-
proach to denote its emphasis on integrating data and the-
ory across these three broadly defined levels of analysis
(Licherman, 2000; Lieberman, Ochsner, Gilbert, & Schac-
ter, 2001; Ochsner & Feldman Barrett, 2001; Ochsner &
Lieberman, 2001; Ochsner & Schacter, 2000; cf. Ochsner
& Kosslyn, 1999). Owing somewhat to the relative novelty
of our approach, the account of emotion and memory we
derive is less than a comprehensive theorv that explains
all emotion and memory phenomena, but more than a dis-
tillation of recent research. It is an attempt to draw prin-
cipled conclusions about the way in which emotional
events are remembered that draw on and make sense of
data at the social. cognitive, and neural levels (Ochsner &
Lieberman, 2001).

From an SCN perspective, the answer to the question
of how emotional events are remembered is that it de-
pends on the goals one has in encoding, storing, and re-
trieving information. It should be noted that the term goa/
is shorthand for a variety of motivational processes that
may influence memory. Goals may be conscious or uncon-
scious, and may range from relatively basic biological
needs {such as eating food or avoiding pain) and impulses
(such as sexual desire) to more complex strivings that
drive us to protect our self-esteem or attain professional
success. The relationship of events to goals in turn deter-
mines both the nature of our initial emotional response to
the event and how cognitive processes will be deployed
in the service of remembering it. This means that memory
is inherently constructive and that questions about the ab-
solute strength or quality of one type of remembered in-
formation are ill posed. Answering a question about the
absolute accuracy of memory depends on specifying ex-
actly what it means to say that a memory is more or less
accurate, and it may be difficult to agree on criteria that

apply to all conditions equally well. Furthermore, Tulvi:..
(1983) has suggested that the absolute strength of a men
ory can never be determined because expression of stor:
information is strongly determined by situational and st:
tegic factors. Instead of asking whether memory is good
bad, research should focus on elucidating the factors tt -
determine which aspects of emotional episodes will be -
membered accurately, when this will occur, and w -
mechanisms mediate these effects. Our analyses are 1
tivated by exactly this kind of approach, and we be-.
with a brief overview of current theories of memory «:
emotion to serve as the backdrop against which we disc.+-
studies of their relationship in later sections.

Systems for the Construction of Memory

Memory is not a copy or reproduction of past experien: - -
but instead involves a complex conslruction that draws
varions kinds of information. Schacter, Norman. .
Koutstaal (1998) have recently proposed a “construc:,
memory framework” that summarizes some of the m.
encoding and retrieval processes that underlie such «
structions. In this framework, representations of new - -
periences are viewed as patterns of features. Constite.
features of a memory representation are distributed wic-
across different parts of the brain; no single location «
tains a complete record of the trace or engram of a spec .
experience (Damasio, 1989; Squire, 1992). Retrieval « -
past experience involves a process of “pattern com;
tion” (McClelland, McNaughton, & O’Reilly, 1995). ~.
sets of the features that comprise a particular past ex;
rience are reactivated by a retrieval cue, and activa:
spreads to the remaining features.

To produce mainly accurate representations of past - -
perience, a memory system that operates in such a man:.- -
must solve a number of problems. At the encoding st.._
features must be linked together to form a bound or -
herent” representation (Moscovitch. 1994). A closelv -
lated encoding process, sometimes referred to as patt.
separation (McClelland et al., 1995), is required to k.-
bound episodes separate from one another in memor:
episodes overlap extensively with one another, indivi-:
als may recall what is common to many episodes but :-
to remember distinctive particulars that distinguish «:
episode from another (e.g., Schacter, Israel, & Raci::
1999).

Similar kinds of problems arise when retrieving int -
mation from memory. Because retrieval cues can pot:
tially match stored experiences other than the sought-at:- -
episode, the rememberer may form a more refin:
description of the characteristics of the episode to be -
trieved (Burgess & Shallice, 1996}, referred to as a proc.--
of “focusing” (Norman & Schacter, 1996). When the p.-
tern completion process produces a match, the remer: -
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berer must decide whether the retrieved information con-
stitutes a specific memory of a particular experience or a
generic image. The rememberer now needs to consider the
diagnostic value of perceptual vividness, semantic detail,
and other kinds of information that can help to specify the
origin of the retrieved pattern (Johnson, Hashtroudi, &
Lindsay, 1993: Schacter & Wagner, 1999).

Controlling Encoding and Retrieval

A variety of brain regions have been linked to these and
related aspects of constructive memory functions (see
Schacter et al., 1998). However, two regions are particu-
larly relevant to memory construction: the medial tem-
poral region and the prefrontal cortex. The medial tem-
poral region has long been associated with memory
tunctions, because damage to this region produces a se-
vere impairment of memory for recent experiences
Squire, 1992). Recent neuroimaging data indicate that the
medial temporal area is involved in encoding novel events
:nto memory (e.g., Stern et al., 1996; for review, see Schac-
‘or & Wagner, 1999). Indeed, a consensus account has be-
:un to emerge regarding how exactly the medial temporal
-egion implements feature binding and pattern separation
+.0., McClelland et al., 1995; see Schacter et al., 1998, for
: summary).

The medial temporal region also contributes to pattern
ompletion at retrieval (cf. McClelland et al., 1995; Mos-
ovitch, 1994). Although the neuroimaging data on medial

-»mporal contributions to such retrieval are not entirely

lear-cut—many studies have failed to observe medial
~»mporal activity during retrieval—several brain imaging
~tudies have implicated the medial temporal area in the
~uccessful recollection of recently acquired information
Nvberg, Cabeza, & Tulving, 1996; Schacter, Alpert, Sav-
we. Rauch, & Albert, 1996; Squire et al., 1992; for review,
~ee Schacter & Wagner, 1999).

The prefrontal cortex has also been implicated in both
-ncoding and retrieval pracesses. On the encoding side,
~pecific regions within the prefrontal cortex play an im-
vortant role in elaborative encoding activities that relate
-ncoming information to previous experiences (for recent
~tudies, see Brewer, Zhao, Glover, & Gabrieli, 1998; Wag-
aer et al, 1998). Numerous neuroimaging studies have
:1s0 documented prefrontal activity during episodic re-
‘rieval, especially in the right hemisphere (for reviews, see
Huckner, 1996; Nyberg, Cabeza, & Tulving, 1996). Al-
-hough the exact nature of the functions indexed by these
wtivations remains to be determined, they appear to tap
-tfortful aspects of retrieval (Schacter, Alpert et al., 1996)
-vlated to focusing or entering the “retrieval mode” (Ny-
verg et al., 1995) and also to postretrieval monitoring and
riterion setting (Rugg et al., 1997; Schacter, Buckner,
Koutstaal, Dale, & Rosen, 1997).

Automatic or Implicit Processes

Whereas the constructive memory framework focuses on
conscious, explicit, or episodic memory for specific past
experiences, other memory systems are involved in non-
conscious or implicit forms of memory (for reviews, see
Schacter, Chiu, & Ochsner, 1993; Schacter, Wagner, &
Buckner, 2001; Squire, 1992). Consider briefly two such
systems: the perceptual representation system (PRS) and
procedural memory.

According to Schacter (1994) and Tulving and Schacter
{1990), the PRS plays an important role in the identifica-
tion of words and objects on the basis of their form and
structure. PRS operates at a “presemantic” level and is not
involved in representing associative or conceptual infor-
mation (which is the province of yet anather system, se-
mantic memory; see Tulving, 1983). Schacter (1994) has
distinguished among three major PRS subsystems: a visual
word form subsystem that handles information concerning
physical and orthographic features; an auditory word form
system that handles phonological and acoustic informa-
tion; and a structural description subsystem that handles
information about the relations between parts of an object
that specify its global form and structure.

The PRS appears to play a prominent role in the phe-
nomenon known as priming. which has been studied in-
tensively during the past decade. Priming refers to
changes in one’s ability to identify a word or an object
from reduced perceptual cucs as a consequence of a recent
exposure to it (Tulving & Schacter, 1990). Priming appears
to operate nonconsciously, in the sense that people can
exhibit effects of priming under conditions in which they
lack explicit memory for having studied a word or object
(for reviews, see Roediger & McDermott, 1993; Schacter et
al., 1993). Further, patients with amnesic syndromes that
result from damage to the medial temporal lobes—patients
who have great difficulties explicitly remembering recent
experiences—exhibit intact priming across a wide variety
of tasks, materials, and situations (for review, see Schacter
& Buckner, 1998; Squire, 1992). These findings indicate
that priming does not depend on the medial temporal
structures that mediate explicit remembering. Recent neu-
roimaging studies of priming suggest that regions of ex-
trastriate visual cortex play a key role (see Schacter &
Buckner, 1998, for review). Changes in the PRS that arise
as a consequence of analyzing perceptual features, words,
or objects likely constitute the basis of many kinds of
priming.

Procedural memory refers to the acquisition of skills
and habits: “knowing how” rather than “knowing that.”
Procedural memories are acquired gradually over time
through repetitive practice. Studies of amnesic patients
have revealed that even patients with a profound inabil-
ity to explicitly remember past experiences can gradu-
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ally acquire new perceptual, motor, and cognitive skills
(e.g., Cohen & Squire, 1980), habits that are involved in
classification and categorization f{e.g., Knowlton &
Squire, 1993), and implicit knowledge of sequences (Nis-
sen & Bullemer, 1987) or grammatical rules (Knowlton,
Ramus, & Squire, 1992). These results show clearly that
the acquisition 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 by damage
to the basal ganglia, have difficulties acquiring new mo-
tor and cognitive skills despite relatively intact explicit
memory—the exact opposite of the pattern exhibited by
amnesic patients (e.g., Salmon & Butters, 1995; see Lie-
berman, 2000, for review). Recent neuroimaging evi-
dence also implicates the basal ganglia, as well as motor
cortex, in procedural learning (e.g., Karni et al., 1995;
Petersen, van Mier, Fiez, & Raichle, 1998).

Ultimately, the construction of memories depends on
interactions among networks that involve multiple brain
regions. The exact nature of the operations performed by
the constituent regions remains to be specified, and we
are just beginning to explore interactions among them.

Systems for the Construction of Emotion

As was the case for memory, emotion depends on multi-
ple systems, each dedicated to processing a specific type
of information. In general, emotion systems are con-
cerned with determining whether stimuli are significant
to current or long-term goals and guiding action and
thought accordingly. An emotional response is generated
by the pattern of activity across these systems and may
include physiological, behavioral, experiential, and cog-
nitive components (Lazarus, 1991). The process of deter-
mining the significance of a stimulus often is called ap-
praisal, and may involve separate processes that organize
perception of and responses to emotional stimuli (van
Reekum & Scherer, 1997). Various theorists have argued
that appraisals involve the interaction of two kinds of
processes: those that quickly and automatically evaluate
the valence of a stimulus and can promote appropriate
behavior without need of conscious processing and those
that operate consciously and deliberately to control, mod-
ify, or initiate ongoing emotional responses (Damasio,
1994; LeDoux, 1995; Leventhal & Scherer, 1987; Ochsner
& Feldman Barrett, 2001; Ohman, 1988). Although our
understanding of emotion systems is still in its infancy, at
present it is useful to broadly organize them along the
continuum between automatic and controlled processing
to better understand their contributions to the appraisal
process {Ochsner & Feldmann Barrett, 2001; Ohman, 1988;
van Reekum & Scherer, 1997; see also Dalgliesh, chap. 33,
this volume).

Systems for Automatic Emotion Processing

At least two different systems for encoding emotional ir-
formation can be activated automatically. The informatio:
stored in these systems is the knowledge base that guidi-~
emotional responses. The most well-studied system ir-
volves the amygdala, which receives both coarse sensor-
input from the thalamus and highly processed informatic:.
about the identity and appearance of objects from highe-:
cortical centers (Aggleton et al., 2000). Lesion studies i
rats and primates, as well as neuroimaging and neur -
psychological studies in humans, indicate that the fi.
subcortical route enables the amygdala to code the pote:.-
tial threat value of stimuli (such as shocks, aversi.:
noises, or fear faces) without conscious awareness (A:.
derson & Phelps, 2001; Davis, 1997; LeDoux, 1995; Morr:~
Ohman, & Dolan, 1999; Ochsner & Feldman Barrett, 200°
Whalen, 1998; Whalen et al., 1998). The registration
potential threats promotes the fast linkage of orientin.:
arousal, and fear responses to coarse representations
these eliciting stimuli (Davis, 1998). The cortical rou-
may supplement this first-pass analysis with informati.
about the precise characteristics of threatening stimuli th: -
differentiate them from nonthreatening ones (Davis, 1947~
LeDoux, 2000).

A second system involves the basal ganglia and is ir: -
portant for coding behavioral and cognitive sequences th -
have become habitual over time. The basal ganglia can : -
activated automatically by positive or rewarding stimu:.
including subliminally presented positive faces (Morrix - -
al., 1996) and cocaine (London et al., 1990). Stimuli th .-
consistently have been reinforced over time promote -
lease of the neurotransmitter dopamine, which stamps
learning of responses to those stimuli (Lieberman, 200
Schulz, Apicella, Romo, & Scarnati, 1995).

Systems for Controlled Emotion Processing

Three systems are essential for the regulation and mor.-
toring of affective reactions to internal and external stir:.-
uli. The first depends upon areas of the ventral medial ar- :
orbital frontal cortices and is used to represent the curre:.-
motivational value of an external stimulus and use it -
guide behavior. Neuroimaging studies show activation
these areas by perceived or imagined positive and negati\-
stimuli (e.g., Rauch et al., 1997; Rolls, 1999; Shin et a.
1997) and damage to these areas impairs ability to use «:-
fect to guide decision making (Bechara et al., 1995, 199¢
Damasio, 1994), the ability to change behavior towar:
stimuli with learned affective value (Rolls, 1999}, and ma-
cause general disinhibition and socially inappropriate a:-
fect and behavior (Rolls, 1999). A second system depend-
upon the anterior cingulate cortex and is used to monitc:
the extent to which the current motivational state deviates
from one that is desired (Ochsner & Feldman-Barrett
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2001; Ochsner, Kosslyn et al., 2001; cf. Botvinick et al.,
1999; Posner & DiGirolamo, 1998). This function is im-
portant for many behaviors, and activation of regions of
ingulate cortex has been associated with many phenom-
-na including mental imagery (Kosslyn, Alpert et al.,
1993), working memory (Petit et al., 1998), divided atten-
-ion {Corbetta et al, 1991) and attention to emotion {Lane,
Fink et al., 1997), hypothesis generation (Elliott & Dolan,
1998), the experience of pain (e.g. Talbot, Marrett et al.,
1991), and the detection and correction of errors {Botvin-
k. 1999; Carter et al.. 1998). The third structure is the
.ateral prefrontal cortex. In general, this brain region is
:mportant for working memory and implementing cogni-
‘ive control (Knight et al., 1999; Miller & Cohen, 2001}.
Recent work suggests lateral prefrontal cortex may play a
-pecial role in emotion regulation: Ochsner, Bunge et al.
2001) used functional neuroimaging to compare brain
:wctivation when participants either let themselves re-
~-pond naturally to aversive images or interpreted (or re-
:ppraised) these images in unemotional terms. They found
"nat reappraisal activated regions of lateral prefrontal cor-
--x and deactivated regions of the ventromedial prefrontal
wrtex and amygdala. These results are important because
ey suggest that exerting cognitive control over emotion
an influence both automatic (amygdala) and controlled
ventromedial prefrontal cortex) emotion processing sys-
~ms (cf. Hariri. Bookheimer, & Mazziotta, 2000).

Emotion Guides the Encoding and
Storage of Information

Jur emotional responses signal the occurrence of events
:nd stimuli of particular significance to both short- and
.ong-term goals (Lazarus, 1991). In general, these re-
~ponses serve to protect the self from harm and help us to
segulate current mood and behavior (Lazarus, 1991). Emo-
"ions thus motivate us to attend to, appraise. reappraise,
ind organize our understanding of the personally signifi-
ant stimuli that aroused our feelings {cf. Dalgleish, this
volume). The consequence of this added attention and
onsideration is that we tend to remember affectively
harged events differently than we remember mundane
mes. This interaction between emotion and encoding has
seen studied primarily in four domains: the way in which
threatening stimuli automatically grab attention, how
~motion regulation strategies influence attention and im-
pact on memory, how existing emotion knowledge (in the
torm of schemas) guides encoding of information, and
post-event rehearsal of affective events.

Detecting Threats, Attention, and Weapon Focus

Quite often, the activation of an emotional response is au-
tomatic, as strongly valenced stimuli are classified as pos-
itive or negative. In the emotional Stroop task, for exam-

ple, it takes more time to name the color in which words
with strong personal significance are printed than it takes
to name the print color of neutral words (MacLeod, 1992;
Mineka & Nugent, 1995; Williams et al., 1990). This effect
seems most pronounced for aversive words (e.g., Pratto &
John, 1991). and so long as these words have immediate
affective significance, they can capture our attention and
interfere with our ability to do other things (Matthews,
Mogg. Kentish, & Eysenck, 1995).

The attention-grabbing power of affective and espe-
cially threatening stimuli on memory has been demon-
strated in studies of a phenomenon known as “weapon
focus.” This term refers to the tendency of threatening
stimuli to dominate initial perception and subsequent
memory of stressful events. A classic demonstration of
this effect was provided by Loftus and Burns (1982), who
asked participants to watch a videotape of a staged bank
robbery in which the escaping robbers either did or did
not shoot a small boy in the face. Viewing the gunshot
impaired memory for immediately preceding events while
preserving vivid recall of the shot itself (see also Loftus,
Loftus. & Messo, 1987). The apparent automaticity of this
effect is underscored in a study by Christianson, Loftus,
Hoffmann, and Loftus (1991). Using very brief stimulus
presentations or eye-tracking records, they equated view-
ing time for emotional and neutral slides and found that
memory for the emotional stimuli was consistently more
accurate.

In some cases, unexpected and incongruent, but non-
threatening, stimuli {such as a banana held by bank rob-
ber) also may grah attention and be better remembered
{Pickel, 1998). Such stimuli are not directly threatening,
however, and it is likely that incongruent and affective
stimuli are remembered well for different reasons. This
was demonstrated by a recent functional neuroimaging
study that related memory to patterns of neural activation
during encoding of bizarre and affective stimuli matched
for their degree of interest (Hamann et al., 1999). Although
both affective and bizarre stimuli were recalled better than
neutral stimuli, only for affective stimuli was amygdala
activity at encoding correlated with subsequent memory
(see also Cahill et al., 1996).

Attention and Emotion Regulation

Although the emotional content of stimuli may automati-
cally grab hold of our attention, we can consciously re-
direct it to change our response to an event before, during,
or after it has occurred. Such attempts at active emotion
regulation can change the way in which we encode events
and, therefore, how we remember them later on (Gross,
1998). One commonly used regulatory strategy entails
suppressing the expression of emotional behavior (e.g.,
keeping a neutral facial expression or tone of voice so that
others do not know that one is unhappy). Although ex-
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pression suppression may be successful, it takes a physi-
ological toll (Gross & Levenson, 1993) and impairs mem-
ory accuracy, possibly by diverting attention from external
events to the internal regulatorv process (Richards &
Gross, 1999). Suppressing one’s experience also mav im-
pair memory, but by reducing the detail with which events
are recollected (Ochsner, 2000). Another commonly used
regulatory strategy is to try to forget negative events after
they have ended. Studies of intentional or directed forget-
ting using emotionally evocative words suggest that this
strategy can be successful for normal individuals (depend-
ing on how and how much one tries to forget: for discus-
sion, see Koutstaal & Schacter, 1997) but mayv be more dif-
ficult for some patients with emotional disorders
(McNally, Metzger, Lasko, Clancy, & Pitman. 1998; Wil-
helm, McNally, Baer & Florin, 1996). Suppression of vi-
sual images may be more difficult. however. Ochsner and
Sanchez (2001) found that. whereas neutral photos could
be intentionally forgolten, both negative and positive pho-
tos resisted attempts to forget them. Although the mech-
anisms which underlie intentional forgetting are not vet
completely understood, they seem 1o involve restricting
attention during exposure to information in anticipation
that one may want to forget it, as well as diminishing pos-
tevent attention to and rehearsal of target events (Koutstaal
& Schacter, 1997).

Schemas and Thematic Detail

The affective significance of a stimulus is not alwavs im-
mediately apparent, and in these cases we rely on knowl-
edge of similar situations to guide a search tor disambig-
uating cues. The emotion knowledge we draw upon may
be organized in the form of schemas or scripts that specify
the origins, sequelae. and meaning of our emotional re-
sponses (Lazarus, 1991). For example. when vou return
home after a long day at work, your spouse’s furrowed
brow and sharply inflected voice could indicate either un-
happiness with you or the experience of a frustrating day.
As is the case for understanding most emotions, it is rel-
evant to find out whether your spouse intended to express
himself or herself in this wav and what might be motivat-
ing his or her actions (Lazarus, 1991: Stein, Wade. & Li-
wag, 1997). To determine which scenario is correct, one
can search for relevant emotion knowledge in associative
or episodic memory (e.g., whenever I am late, my spouse
is upset) or in the environment (e.g., my spouse had a big
presentation today and it might have gone badly).

The use of schematic emotion knowledge during en-
coding suggests that we will remember information central
to and congruent with the schema for a particular kind of
emotional experience. Numerous studies have demon-
strated better recall for so-called central than peripheral
details, including enhanced memory for the actions and
weapons, rather than appearance, of attackers (Burke,

Heuer. & Reisberg, 1992; Christianson & Loftus, 1987; Clit-
ford & Scott, 1978: Yuille & Cutshall, 1986). The particular
kind of information central to the schema depends on the
emotion (Levine & Burgess. 1997: Stein et al., 1997), and
there is good evidence that schemas help us draw infer-
ences pertaining to causality and intention during the en-
coding of an emotional event and cause us to misremen-
ber these inferences as facts later on (Heuer & Reisberu.
1990).

Self-schemas represent the positive or negative view-
we have of ourselves, and also may direct us to attend t.
and encode different aspects of positive ar negati.
events. Which aspects we encode depends upon the ne-
ture of our self-schema. The majority of individuals hav-
a positive self-schema, which means that positive into:-
mation may be elaborated more fully with respect to the::
existing self-views. As a consequence they may recall an
recognize positive self-descriptive words more accurate..
than necutral and negative words (e.g., Denny & Hur-
19492; Mogg et al.. 1987). By contrast, individuals wi-:
negative self-concepts and self-schemas might be mec:-
likely to encode and elaborate negative as opposed to p. -
itive self-relevant information. This has been shown @ -
depressed patients, who tend to recall or recognize new:
tive depression-related words more accurately than ot -
word types (e.g., Watkins, Mathews, Williamson. & FFul.. :
1992}, Because their self-schemas {ocus attention on el
orating internal sensations and thoughts that are con- -
tent with their negative self-view, depressives tend to .~
the details of their life experiences and recall episodes
an overly general way (Williams & Dritschel, 1988). Att.-:
tion to schema-congruent information does not alw...
lead to better memory, however, and in some cases
goal may be not to remember what we have experienc. .
This is the pattern shown by patients with generalis-
anxiety disorder who sometimes exhibit impaired rec .
of anxiety-relevant words (Mineka & Nugent. 1995).

Postevent Rehearsal, Consolidation,
and Reminiscence

The emotions we experience in response to signilic.
events may reveal to us what we consider important. w:.
we want. and why we want it (Ross & Conwav, 1ur-
Singer & Salovey, 1996). Whether personal or public. en:
tional events tend to retain their significance for long ; -
riods of time and are recounted and rehearsed more ot
than neutral ones (Neisser & Harsch, 1992: Schac:- -
1996), and the amount of rehearsal is generally associat-
with increased subsequent memory (Cohen, Conway. -~
Mavlor, 1994: Conway & Bekerian, 1988; Rubin & Kuz:.
1984; see. however, Christianson & Loftus, 1990; Pillen. -
1984). Negative events are hard to ignore and may be m«.:
important to revisit because they may signal threats th: -
could continue in the future (Skowronski & Carlstc:
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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 tend to overestimate the frequency
with which they occurred (Thomas & Diener, 1995).

Although memory for arousing events ultimately sur-
passes memory for neutral events, initially it may actually
he worse (Revelle & Loftus, 1992). The initial decline and
<ubsequent improvement in memory for arousing events
is called the “reminiscence effect,” and it has been dem-
mstrated with both words (Bradley & Baddeley, 1990;
Kleinsmith & Kaplan, 1963) and pictures (Kaplan & Kap-
an. 1969). The effect is somewhat small and variable
Burke et al., 1992; Corteen, 1969) but is reliable (Park &
3anaji, 1996) and may depend on as yet unclear particu-
.ars of the paired-associate paradigm most commonly used
- study it.

Thearetical accounts of the reminiscence effect have
:ppealed to various kinds of consolidation mechanisms
‘hat take more time to integrate emotional events into ex-
~ting knowledge structures. Revelle and Loftus (1992)
-uggested that because we extract more information per
nit time from emotional than from neutral experiences
hristianson et al., 1991), it may be difficult to access that
aformation initially. The amygdala, which is essential for
:»tecting preattentive threats, seems to be the essential
sediator of this consolidation. LaBar and Phelps (1998)
-.und that reminiscence is eliminated by damage to the
~-mporal lobe that includes the amygdala.

Neural Mechanisms for Encoding and Storing
Emotional Information

“ne systems responsible for encoding and storing specif-
allv affective information include the systems for auto-
“atic emotion processing reviewed herein. The system in-
.lving the amygdala is best understood. Lesion research
- rats (e.g.. LeDoux et al., 1989) and lesion (e.g., LaBar
~Doux, Spencer, & Phelps, 1995) and neuroimaging stud-
~ with humans (e.g., LaBar et al., 1998) indicate that the
wvgdala is essential for coding conditioned associations
-+ween stimuli and visceral responses. Encoding of emo-
nal information depends on the release of norepineph-
-+ (NE), and drugs that block NE release in animals and
.mans eliminate the memory advantage for arousing

- =muli (Cahill, Prins, Weber, & McGaugh, 1994; McGaugh
.ahill, 1997). The amvgdala also modulates consolida-

1 of episodic and semantic information by the hippo-
-upus and related structures: Enhanced recall of the
. -rsive portions of a story is associated with amygdala
“vity during encoding (Cahill et al., 1996) and is elim-
-ed by amygdala lesions (Markowitsch, Calabrese et al.,

- 1), Although the majority of studies in humans suggest
-~ the amygdala plays a special role in the detection of
-at and memory for aversive stimuli (Ochsner & Feld-
.1-Barrett, 2001), this may be because only a single

study has examined memory for positive, as well as neg-
ative, information. Hamann et al. (1999) found that recall
of both positive and negative photos was correlated with
amygdala activity at encoding, which fits with animal
studies that show that amygdala lesions block learning of
associations between stimuli and appetitive, as well as
aversive, visceral states (Holland & Gallagher, 1999).

It is possible that the amygdala’s role in emotional
memory is to help consolidate the storage of events to the
extent that they are arousing, irrespective of their valence,
and that the effects of valence on memory are mediated
by schematic knowledge stored in associative memory. In
keeping with this notion, amygdala lesions eliminate the
memory advantage for emotional stimuli only on episodic
memory tasks in which the valence or emotional theme of
stimuli could not be used to help organize encoding of
them (Phelps & Anderson, 1997).

Processing and storing information about appetitive
states that involve moving closer to a goal state or stimu-
lus, regardless of whether that stimulus is exclusively pos-
itive, seems to be the job of the basal ganglia. In some
studies, basal ganglia activation has been observed during
the recall of positive, but not negative. personal experi-
ences (Lane, Reiman, Bradley, et al.. 1997) and in others
during recall of sad. but not happy, ones (Lane, Reiman,
Ahern, & Schwartz, 1997). Animal work has indicated that
the basal ganglia are important for polentiating and rein-
forcing conditioned associations between stimuli and ap-
petitive reinforcers, such as food and sex; future neuroim-
aging research may explicate a similar role for the basal
ganglia in humans.

Emotion Influences and Guides Retrieval

Although the product of the encoding process forms the
foundation for our recollections, why and how we pull up
a rccord of a past emotional experience is as important a
determinant of what we remember as is why and how we
initially encoded certain aspects of it. Indeed, retrieval of
emotional information does not take place in a vacuum,
and it can be influenced strongly by the context in which
we recall, and the goals that motivate the search for, re-
membered information.

Cues That Confound

The first step of the retrieval process involves the activa-
tion of stored memory traces by cues that either are self-
generated (in the case of recall) or are provided in the re-
trieval environment (in the case of recognition). Following
the classic work of Semon {1909/1923; Schacter, 2001),
Tulving (1983) theorized that the conscious product of this
process is not a pure representation of activated memory
traces but a synergistic combination of cue and trace to-
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gether. Thus retrieval cues themselves may be incorpo-
rated into our conscious recollections. As discussed ear-
lier, unless we have reason to believe the information that
comes to mind is incorrect, the second stage of retrieval
that allows for monitoring and correction of the memory
search may not proceed (Norman & Schacter, 1996).

Affective cues can powerfully bias memory in this way.
In some cases, these cues may be internal states. Thus Eich
et al. (1985] found that for chronic pain patients, recall of
past levels of pain were systematically biased upward or
downward in the direction of the level of pain currently
being experienced. Interestingly. only if current pain is
emotionally evocative does it distort memoryv for past
pain, indicating that it is the emotional. not the physical,
state that provides the cues that bias memory (Eich, Rach-
man, & Lopatka, 1990). These cues also may involve more
complex patterns of emotional appraisal. During the 1992
presidential campaign, Levine (1997) studied the support-
ers of former presidential candidate Ross Perot after he
had reentered the race in October to determine how well
thev could remember their feelings about his withdrawal
from the race in July. In general, past feelings were re-
called as being more consistent with current feelings than
they actually were. For example. if an individual was ex-
cited about Perot’s return in October but had heen upset
about his departure in July, he or she recalled having been
more hopetul for his return than he or she actually was.
The specific direction and kind of bias depended on the
specific emotions experienced and were recalled accu-
rately (or were overestimated) only if current feelings had
remained constant. Bias also mav be caused by external
cues, as shown by Ochsner, Schacter, and Edwards (1997),
who found that when asked to recall the pleasant or un-
pleasant tone of voice in which a person had spoken ear-
lier, recall was biased in the direction of affect present in
a photo of that person used as a retrieval cue.

Although numerous factors likely influence the degree
of bias caused by a retrieval cue, such as the relative per-
ceptual dominance of one type of cue over another (Ochs-
ner et al., 1997) and the relative specificity of the cue and
completeness of the memory trace (Norman & Schacter,
1996), this important topic has been little studied for emo-
tional memories (for discussion of retrieval bias in other
domains, see Schacter, 1999).

Schemas: The Goals, the Biases,
and the Unknown

The second stage of the retrieval process involves evalu-
ating the information brought to awareness by the retrieval
cues. When recalling emotional events, our schematic
emotion knowledge can guide this process in at least three
primary ways: by setting the goals which initiate memory
search, by setting the criteria against which past experi-

ences are judged desirable or accurate. and by guidir_
conscious or nonconscious inferences that fill in missir..
or unknown information that was not encoded initiall-
Because of their close interdependence on a shared pc
of knowledge, each of these schematic influences often ¢ -
curs in combination with at least one of the others. In eu: :
of the examples that follow, although we highlight or.
one kind of influence for purposes of illustration. mo:-
than one kind may be present.

Self- and Mood-Regulatory Goals

Our self-knowledge mayv act as a chronic goal that guid. -
retrieval of past experiences to confirm or create a o

patible self-image in the present (Ochsner & Schact. -
2000; Ross, 1986). For most individuals. this means mua::

taining a positive self-view (Taylor, 1989) that can gu: =
us, for example, to remember past faults and foibles. su

as poor grades (Bahrick. Hall, & Berger. 1996) or uns.

cessful gambling ventures (Frank & Gilovich, 1989). eiti=. -
as less common or as more positive than they actu..
were (Conway & Ross, 1984). Similarly, married n.
niight protect themselves from feeling responsible ab
marital decline by misremembering carly marital lit
less rosy terms (Holmberg & Holmes, 1994, as cited in [.-
ine, 1997). As discussed earlier, depressives may recall -

periences as more negative than they actually were, wh
reinforces their negative sclf-view (Nolen-Hoekser:
1991).

Higgins (Higgins & Tykocinski, 1992) has sugges
that there may be two ways in which we maintain our <
views: We either focus on attaining our ideals or on avi .
ing the consequences of failing to fulfill our duties ..
responsibilities. He has found that each type of indivia..
will tend to recall different kinds of information: An i
focus leads one to recall more positive informat: -
whereas a duty focus (or ought-focus, as he calls it) I -
one to recall more negative information (Higgins & Tyx
cynski, 1992; see also Singer, 1990).

Retrieval of emotional experiences also may be use:
regulate our present mood. Just as we want to mainta::.
positive self-concept, most of the time we want to -
good and will recall positive life events when feeling bi..
Thus Josephson, Singer, and Salovey (1994, as cited
Singer & Salovey, 1996) found that, although negat.-
memories were initially brought to mind by a sad ti.::
participants tended to then recall positive experient -
and most were consciously attempting to change th- -
mood by doing so. The tendency to recall positive mi:
ories in response to negative moods may be more p:
nounced in individuals with high self-esteem (Smith -
Petty, 1995) or who exhibit a repressive coping st«..
(Boden & Baumeister, 1997), although they may have -
ferent reasons for exhibiting this tendency. Individue.-
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with high self-esteem may acknowledge that they felt bad,
hereas repressors may not. As a consequence, individ-
s with high self-esteem may learn that they can suc-
~ssfully cope with negative affect, whereas repressors fail
learn that they can adapt and may continue to avoid
-ituations in which negative affect may be evoked (Mc-
arland & Buehler, 1997). It is important to note that in
- .me cases recall of negative experiences may be desir-
»le. such as when we want to dampen a playful mood to
- us on work or other tasks (Parrot & Sabini, 1990).

(riterion Setting and Reevaluation

. aen deciding what to search for in memory and decid-
.2 whether what we have recalled is accurate, our judg-
~nts may be informed by cultural and personal theories
~ut how feelings and attitudes rise or fall over time

L w5, 1989). In some cases, these theories are implicit and

e the assumptions we make without our being aware
it our recollections are being biased. For example,

x

. -men tend to recall past menstrual cycles as being more

:nful then they actually were, which fits with popular

‘ions that anxiety increases just before menstruation be-

..» but contrasts with empirical research that indicates

:t this increase in anxiety may not occur (McFarland,
~~. & DeCourville, 1989; Ross & Buehler, 1994).

in other cases, our theories may be more explicit and

.2 beused to control the impact that past events have on

- in the present. Of particular importance are theorics

holds about the need to revisit past experiences, be-

. :so the nature of these theories determines whether or

*we learn from them. For example, one could believe

. reliving past pain begets more pain in the present, and

- ~-arch does suggest that recollecting unpleasant expe-

aces can depress mood and may bring other, like ex-

siences to mind, especially if the experiences are trau-

»ic (Bower & Forgas, 2000; Strack, Schwarz, &

- hneidinger, 1985). One might hold this belief because

carticularly extreme past experience has changed the

v in which one evaluates the quality of present expe-

- -nces. Lottery winners, for example, take less pleasure

normal everyday activities, presumably because they

. to match the pleasure of their win (Brickman, Coates,

. iunoff-Bulman, 1978). Similarly, paraplegics also may

v the present less than they did before their life-

.inging event because they remember life before the ac-

:»nt as having been better than it is now. Belief that the

~t produces pain that cannot be controlled or dimin-

-+ may foster avoidance and fear of new painful ex-

siences, as well as a repressive coping style that has

. erse health consequences.

However, if one believes that the causes of past trage-
-~ ur joys can be understood and controlled, then past
.1 can be recollected much more positively (Janoff-
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Bulman, 1992). For individuals with this belief, recollec-
tion serves to restructure beliefs about the past and the
ability to cope in the future, thereby fostering a sense of
learning and growth by allowing people to feel that they
have gained control over the factors that influence their
happiness (Janoff-Bulman, 1992; Folkman & Lazarus,
1984).

For example, when recounting traumatic experiences,
understanding and expressing one’s feelings and their
sources can have salutary effects on mental and physical
health (Pennebaker, 1997). Studies of the way in which
we recall pain also illustrate this point nicely: Sometimes
recalling pain as less severe than it was can make people
feel more hopeful and in control, as is the case for mothers
recollecting the pain of childbirth (Norvell, Gaston-
Johansson, & Fridh, 1987); but sometimes recollecting
pain as more severe can serve the same end, as shown by
people with high dental anxiety who recall more pain than
they actually reported experiencing following a trip to the
dentist (Kent, 1985). In the long term, our tendencies to
construe and re-recollect events positively or negatively
can determine our overall level of happiness (Seidlitz &
Diener, 1993; Suh, Diener, & Fujita, 1996).

Our goals in remembering past events and our ability
to learn from them may be different depending on how
long ago they occurred. Strack et al. (1985) suggested that
recent events may indicate how able we are to cope with
stresses and enjoy successes and can shift mood in a di-
rection congruent with the emotion recalled. In contrast,
we may recall long-distant events when we want to make
inferences about how we have developed over time. Thus
remembering an argument with one's father could make
us nostalgic and wistful if the argument took place during
childhood but upset and angry if it ook place only a few
days ago (Strack et al., 1985).

Fitling in for What Is Unknown

Another reason that schematic emotion knowledge can in-
fluence memory for past events is that our initial affective
responses to them may not have been well encoded in the
first place. If our initial feelings are not easily recoverable
because they were not well stored, then schematic knowl-
edge may be used to fill in what is missing.

For example, information about the duration of events
is one attribute that seems to be poorly encoded, and we
use memory of the intensity of the experience to draw in-
ferences about it. Thus, when asked to rate the likability
of a film, our judgments are based on its content and not
its duration (Fredrickson & Kahneman, 1993), and esti-
mates of the duration of violent scenes increase as a func-
tion of the intensity of our emotional reactions to them
(Loftus et al., 1987). We may focus on intensity and ne-
glect duration to such an extent that we prefer a longer
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lasting, but less painful, experience to a shorter but more
painful one (Varey & Kahneman, 1992).

Altered States of Awareness

A final way in which emotion may influence retrieval is
by influencing the subjective state of awareness accom-
panying recollection of past events. In general, as com-
pared to neutral events, emotional events tend to be sub-
jectively re-experienced in a way that seems to more
closely approximate our original experience of them. The
effects of emotion on awareness may stem from the fact
that affecting stimuli activate physiological responses that
can add heat and color to our initial experiences and our
memories of them. The sense of subjective re-experiencing
has been studied in at least three different ways.

The first involves simply asking people to rate the viv-
idness with which they recall past personal experiences.
Numerous studies have shown that recollections of sig-
nificant, affecting, or consequential events are rated as
more vivid than neutral events (e.g., Conway & Bekerian,
1988; Christianson & Loftus, 1990). Vividness ratings are
ambiguous, however, with respect to the basis on which
they are made (see Ochsner & Schacter, 2000, for discus-
sion), and a second—more direct—method for assessing
states of awareness employs the remember/know method
of Tulving (1983), Gardiner, and others (e.g., Gardiner &
Java, 1993). As discussed earlier, this method asks partic-
ipants to indicate whether their recall or recognition of an
event is accompanied by a detailed sense of re-
experiencing an event (in which case, a remember re-
sponse would be made), or whether it simply seems fa-
miliar (in which case, a know response is made). Ochsner
(in press) found that emotionally arousing and especially
negative photos were more likely to be remembered than
neutral ones, and also found that this effect did not require
one to explicitly appraise the emotionality of the images
when they first were seen. The final way in which aware-
ness has been assessed has to do with our subjective point
of view when visualizing past experiences. Events can be
re-viewed in the mind’s eye either from one’s original first-
person, or field, perspective or from a detached, third-
person observer perspective in which the rememberer sees
herself as part of the memory. Focusing on recovering past
feelings makes us more likely to see events unfold from a
field perspective (Robinson & Swanson, 1993).

Neural Systems for Retrieving
Emotional Information

Retrieval of emotional memories seems to involve most of
the systems used for retrieval in general (reviewed in the
section titled “Systems for the Construction of Memory”),
in combination with the systems used for controlled, and

to a lesser extent automatic, emotion processing. In this
section we focus on the contributions of those structures
involved in emotion.

The two automatic emotion systems that encode and
store information about the link between conditioned
stimuli or behaviors and visceral states are involved in
retrieval of those links. For example, studies of fear con-
ditioning have shown that expression of conditioned fear
responses is eliminated if the amygdala is lesioned after
training has been completed (LeDoux, 1995). Similarly.
posttraining lesions of the basal ganglia can disrupt ex-
pression of well-learned sequences of rewarded behavior.
including grooming (Berridge & Whishaw, 1992). Al-
though amygdala activity at encoding may be correlated
with memory for episodic and associative information
(e.g.. Cahill et al.. 1996; Hamann et al., 1999), presumablv
because it is helping to consolidate storage of it, the amyg-
dala does not seem to be so important for the retrieval of
declarative emotion knowledge. The dissociability of con-
ditioned and episodic emotional knowledge also has been
shown in studies that compare amnesiacs who cannot re-
member a fear-conditioning procedure even though theyv
show conditioned fear responses and patients with amvg-
dala lesions who remember the procedure but acquired no
conditioned associations (e.g., Bechara, Tranel, Damasio.
& Adolphs, 1995).

Although it is likely that the basal ganglia also do not
participate in the retrieval of associative or episodic emo-
tion knowledge, the requisite studies have not vet been
performed. One study did show basal ganglia activation
during retrieval of positive memories (Lane, Reiman.
Bradley, et al., 1997), but it is not clear whether the acti-
vation was due to retrieval of information or to the expe-
rience of positive affect per se. This interpretive problem
is quite general and affects other studies of the retrieval ot
emotional memories: It is seldom clear whether activation
or the failure to find activation of a putative emotion areu
means that it is or is not involved in retrieval or experi-
ence (e.g., George, Ketter, Parekh, & Horwitz, 1995).

Areas involved in controlled emotion processing are
important for mediating retrieval of emotional informa-
tion. For example, the orbital and ventral medial prefron-
tal regions seem to be essential for gating the expression
of learned conditioned behaviors. Lesions to these areas
in rats, monkeys, or humans will cause perseverative re-
sponding to stimuli that are no longer being reinforced
(Bechara, Damasio, Tranel, & Damasio, 1996, 1997; Rolls.
1999; Stuss, Eskes, & Foster, 1994). An inability to inhibit
previously learned responses following medial prefrontal
damage also can slow extinction of conditioned fear re-
sponses (Morgan & LeDoux, 1995).

Retrieval of emotional memories also may activate
more strongly systems that are used to retrieve informa-
tion more generally. Shin et al. (1997) asked normals and
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patients with posttraumatic stress disorder to generate
from memory mental images of either combat-related or
neutral scenes that they had studied earlier. Areas of vi-
sual cortex thought to be the "mental screen” on which
images are viewed were activated more strongly by the
combat scenes. It is possible that this pattern of height-
ened activity is the neural signature of the vividness and
experiential detail that characterizes emotional recollec-
tion.

Summary

It is a truism in science that all else being equal, theories
that can account for the largest body of data possible are
most robust, generalizable, and desirable. For the past cen-
tury, researchers in cognitive neuroscience and social psy-
chology have conducted studies of phenomena related to
emotion and memory. Social psychological theories have
emphasized the individualized nature of the emotion pro-
cess and how goals influence what we recollect and how
accurately we do so. Cognitive neuroscientists, following
in the footsteps of the cognitive psychologists who pre-
i eded them, have related the accuracy of emotional mem-
ory to the functional specialization of neural systems. Cur-
rent theories account only for the data obtained within the
onfines of one discipline or the other, but not both.

We believe that the lime is right to put the methods,
lata, and theories of these two disciplines together to con-
~truct theories of emotion and memory that make contact
with data at many levels of analysis. This is the cssence
if the social cognitive neuroscience approach that has
cuided this chapter, and it has led to some general con-

lusions that integrate insights from social psychological
:nd cognitive neuroscientific research. The first is that
~motion and memory are inherently constructive, goal-
lirected, and individual; the second is that each depends
n a set of separate but interacting neural systems, cach
ledicated to processing a specific type of information: the
-hird and last is that many emotion and memory phenom-
~na can be seen as arising from the interaction of those
-vstems thal operate automatically and those that opcrate
inder conscious control. This means that the content of
-collection depends on the goals that guide encoding and
=»collection, the nature of the emotion involved, and the
meural systems that are aclivated.

Although it is clear that what we recollect depends on
whyv we are trying to remember, at present our knowledge

f how neural systems mediate this process is much murk-
1. In general. future research should continue to apply a
-cial cognitive neuroscience approach to explore how
.nd why the activity of different neural systems is influ-
-nced by different encoding and retrieval goals and how

these systems are involved in either the encoding, storage,
or retrieval and reexperiencing of episodes past.
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