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Abstract
Autobiographical memory encompasses our recollections of specific, personal events. In this
article, we review the interactions between emotion and autobiographical memory, focusing on
two broad ways in which these interactions occur. First, the emotional content of an experience
can influence the way in which the event is remembered. Second, emotions and emotional goals
experienced at the time of autobiographical retrieval can influence the information recalled. We
discuss the behavioral manifestations of each of these types of interactions and describe the neural
mechanisms that may support those interactions. We discuss how findings from the clinical
literature (e.g., regarding depression) and the social psychology literature (e.g., on emotion
regulation) might inform future investigations of the interplay between the emotions experienced
at the time of retrieval and the memories recalled, and we present ideas for future research in this
domain.
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1. Introduction
A large proportion of memory research has followed the “verbal learning tradition” (e.g.,
Underwood, 1954, 1964), assessing the number of unrelated words that individuals can learn
and the period of time over which they can retain the information. Yet when we use the
word “memory” colloquially, we are generally referring not to our ability to intentionally
memorize disconnected bits of information but rather to our ability to remember past
experiences in a coherent fashion. “Autobiographical memory” is a term that fits well with
this colloquial use of the word “memory,” being defined as “memory for the events of one’s
life” (Conway & Rubin, 1993, pg. 103). As those authors note, autobiographical memory
“constitutes a major crossroads in human cognition where considerations relating to the self,
emotion, goals, and personal meanings all intersect” (Conway & Rubin, 1993, p. 103), and it
is the behavioral and neurobiological nature of this intersection that is the focus on the
current review.

In this article, we begin by briefly reviewing the qualitative characteristics, functions, and
neural underpinnings of autobiographical memory (Section 2). We give particular attention
to the constructivist nature of autobiographical memory and describe how recent
neuroimaging studies have clarified some of the mechanisms that support this reconstruction
process and yield memories of varying levels of specificity. We then turn our attention to the
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main focus of the review, examining the interactions between emotion and autobiographical
memory. We discuss how the emotional content of an experience can influence the way in
which the event is retained and recalled (Section 3). We describe how emotional experiences
can be remembered with high confidence even when the events are not remembered in a
highly consistent fashion, and we discuss the features of an emotional experience that may
lead to these influences. We also describe how some aspects of an emotional experience can
be remembered more accurately and vividly than others, resulting in a “memory trade-off”
or in “tunnel memory” for restricted details of an event. After presenting the behavioral
evidence that such effects occur, we describe the neural interactions that give rise to these
effects, discussing the way in which emotion can influence the encoding, consolidation, and
retrieval of autobiographical memories. We then describe how experienced emotion and
activated emotion regulation goals at the time of autobiographical retrieval can influence the
way in which past emotions and prior experiences are recalled (Section 4). We discuss how
memories of the emotions experienced during a specific event are often reconstructed in
light of current emotional states. We review how emotions experienced at the time of
retrieval can influence which autobiographical information is most accessible and therefore
most likely to be retrieved, such as in mood congruent memory. We also describe how
individuals’ emotion regulation goals at the time of retrieval can bias which memories are
likely to be retrieved, and we discuss how the details of prior events can be construed and
even biased based on emotion regulation goals. We describe what has been learned about the
neural processes affected by mood states (i.e., depression) and by emotion regulation,
exploring how that literature might inform future investigations of the interplay between the
emotions experienced at the time of retrieval and the memories recalled. In the final section
(Section 5), we propose conclusions that can be drawn about the intersection of emotion and
autobiographical memory and suggest ideas for future research in this domain.

2. Autobiographical Memory
The term autobiographical memory encompasses a rich database of knowledge about oneself
and as such it is difficult to pinpoint a precise definition for it (e.g., Brewer, 1996; Conway
& Pleydell Pearce, 2000; Rubin, Schrauf, & Greenberg, 2003). In large part due to Tulving’s
(1972, 1983) suggested division of episodic and semantic memory systems,
autobiographical memory has broadly been conceptualized to be divided into personal
semantic information (i.e., facts about the self, such as knowing where one was born) and
personal episodic information (i.e., unique events, such as remembering a first day of
school) (see Brewer, 1996; Baddeley, 1992 for discussions). Recalling personal semantic
information does not depend on retrieving particular experiences, but rather is linked to
feelings of “knowing” or familiarity; on the other hand, recalling personal episodic
information requires re-experiencing and recollecting particular past events (Wheeler, Stuss
& Tulving, 1997) and integrating information from a number of different subsystems (e.g.,
sensory information, language, emotion, narrative, etc.; Rubin, 2006). Recalling each type of
information seems to rely on differential patterns of neural activation (e.g., Maguire,
Mummery & Buchel, 2000). Although autobiographical memory includes both personal
semantic and episodic information (Wheeler et al., 1997), for the purposes of this review we
will be focusing on individuals’ memories for particular episodes or events.

Autobiographical memory is usually elicited in the laboratory by asking individuals to report
specific personal episodes. One of the most popular ways to do so is to present individuals
with a series of cue words (e.g., table) and ask them to retrieve a specific memory that
somehow relates to each word (e.g., Galton, 1879; Crovitz & Schiffman, 1974; see also
Rubin, Wetzler & Nebes, 1986; Brewer, 1996; Rubin & Wenzel, 2004, for reviews). Cue
words can be emotional in nature, such as in the Autobiographical Memory Test developed
by Williams and Broadbent (1986) to examine memory in depressed individuals. The cue
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word technique allows for measurement of both objective measures of autobiographical
memory (e.g., latencies to recall negative vs. positive events, recent vs. remote events, etc.)
as well as subjective, phenomenological characteristics of those events (e.g., ratings of
valence and arousal, confidence in accuracy, vividness, etc.; see Brewer, 1996). A similar
technique involves asking individuals to recall self-nominated events that meet some pre-
determined criteria, such as being highly negative vs. positive (e.g., Bohanek, Fivush &
Walker, 2005; Berntsen, 2002) or coming from a particular lifetime period (e.g., first week
of classes in college; Holland, Tamir & Kensinger, submitted). Other researchers have relied
on guided autobiographical memory interviews that ask individuals to recall typical life
events from various lifetime periods (e.g., Levine et al., 2002) or to create narratives of
critical lifetime events (e.g., McAdams et al., 1996). A growing number of studies ask
individuals to recall the details of unique, emotional, public events (“flashbulb” events;
Brown & Kulik, 1977; see Section 3 for an in-depth review).

One criticism of the study of autobiographical memory is the difficulty in controlling for
factors like accuracy in retrospective reports (see, e.g., Bell, 1992). Therefore, some have
turned to prospective studies of autobiographical memory by asking participants to keep
diaries and subjective ratings of everyday events and then to recall a random subset of those
memories after some delay (e.g., Barclay & Wellman, 1986; Burt, Kemp & Conway, 2003;
see also Larsen & Conway, 1997; Wagenaar, 1986, for examples of researchers who kept
diaries of their own memories). Although diary studies do allow for more objective
measures of accuracy, they still lack experimental control over which events participants
record everyday (Bell, 1992). More recently, Cabeza et al. (2004) developed a task in which
undergraduates were asked to take photographs of their college campus and later
discriminate between the photos they took and those that other undergraduates captured.
This technique affords greater control over the encoding conditions of specific visual and
spatial episodic details, accuracy measures, and the age of the memories (Cabeza et al.,
2004). With the advent of neuroimaging technologies over the past two decades, there has
also been an upsurge of studies that utilize such techniques to examine autobiographical
memory, usually in conjunction with one of the behavioral methodologies outlined above
(see Cabeza & St. Jacques, 2007, for a review; see also Section 2.2 below).

2.1 Characteristics and Functions
Autobiographical memory serves a number of functions in our everyday lives. Recent
reviews by Bluck (2003) and Bluck et al. (2005) suggest that these functions can broadly be
organized into three categories: self, social, and directive. The self category pertains to
autobiographical memory’s role in personality development (see also Woike et al., 1999;
Woike & Polo, 2001; Woike, 2008; McAdams, 1996) and maintaining a coherent sense of
self over time (see also Conway, 2005). The social category includes functions such as
providing material for conversation and social bonding (reviewed by Bluck, 2003; Bluck et
al., 2005; see also Fivush, Haden & Reese, 1996; Fitzgerald, 1996 for perspectives on social
functions of autobiographical memory on either end of the lifespan). Finally, the directive
category encompasses autobiographical memory’s role in problem solving and guiding
future behavior (see also Pillemer, 2003).

Autobiographical memories for events are associated with a number of phenomenological
characteristics. For one, they are often recalled with great feelings of vividness and rich
sensory and perceptual detail (e.g., Brewer, 1996; Rubin & Kozin, 1984; Wright & Gaskell,
1992; Conway, 1990). Indeed, retrieving such vivid details can lead to the feeling that one
has mentally time traveled to the past and is re-experiencing an event (Rubin, 2005), a
phenomenon termed autonoetic memory by Tulving (1985). The vantage point from which
we re-experience autobiographical events can vary between a field perspective, in which we
“see” a scene from the same viewpoint that we originally experienced it, and an observer
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perspective, in which we see the mental images of a scene—often including ourselves—as
an outside observer would have (Freud 1899/1953; Robinson, 1996; Robinson & Swanson,
1993). Recent memories tend to be remembered from a field experience (Nigro & Neisser,
1983; Talarico, LaBar & Rubin, 2004), as do emotional memories (D’Argembeau, Comblain
& Van Der Linden, 2003; Berntsen & Rubin, 2006a). In addition to these visual features, our
autobiographical memories for personal episodes are often organized into coherent
narratives or stories complete with contextual details (e.g., Larsen, 1992). The ability to
create such narratives develops through co-constructions of past events with primary
caregivers in early childhood (Fivush & Reese, 1992; Fivush, Haden & Reese, 1996; Nelson
& Fivush, 2004) and is further honed during adolescence (Habermas & Bluck, 2000).

Another characteristic of autobiographical memories is that they can vary in their levels of
specificity (e.g., Barsalou, 1988; Conway & Pleydell-Pearce, 2000). A popular model in the
field is Conway & Pleydell-Pearce’s (2000) self-memory system, which proposes that
autobiographical knowledge is arranged hierarchically. According to this model,
overarching lifetime periods or themes (e.g., when I was in college) are positioned at the top
of the hierarchy. At the intermediary level of the hierarchy are general autobiographical
events, including either repeated categories of events (e.g., every Thanksgiving) or
temporally extended events (e.g., a picnic or a vacation). The bottom of the hierarchy is
comprised of event specific knowledge, including particular sensory and perceptual details
from general events (e.g., the spatial layout of the food on the blanket at a picnic). It has
been proposed that when we are cued to retrieve an autobiographical memory, we begin our
search at the intermediate, general level and then move to retrieving more specific
information with the support of a central executive (Conway & Pleydell-Pearce, 2000).
Importantly, current conceptualizations of autobiographical retrieval propose that our
memories are not stored as perfect records of specific events, but rather that they are
constructed from our vast autobiographical knowledge stores (Conway, 1996; Conway &
Pleydell-Pearce, 2000). The constructivist approach to autobiographical retrieval predicts
that multiple retellings of the same autobiographical event will not be identical and might
differ depending on an individuals’ goals and motivations (reviewed by Conway, 1996).
This theme of the reconstruction of autobiographical memory will be carried throughout the
review.

2.2 Neuroanatomy and Regional Connectivity
In 1957, Brenda Milner and William Scoville published a manuscript that would
fundamentally alter the way that scientists thought about memory. They described the dense
amnesia that resulted after an experimental medial temporal-lobe resection was performed to
cure a patient’s intractable epilepsy (Scoville & Milner, 1957). Following the operation, the
patient - known as “H.M.” in the scientific literature - could not form new, long-term
memories. His resulting anterograde amnesia provided strong evidence that the ability for
the present to become entered into a roster of past experiences requires processes
implemented by the medial temporal-lobe.

A plethora of research has confirmed the importance of the medial temporal-lobe in
establishing and retrieving autobiographical memory. When the medial temporal-lobe is
damaged, such as in Alzheimer’s disease, there are noticeable deficits in registering events
into long-term memory. The medial temporal-lobe is not only essential for the creation of
new long-term memories; many believe these regions are equally important for piecing
together the sights, sounds, smells, and other contextual details of past experiences into
coherent recollections (discussed in Kensinger & Corkin, 2008). In fact, the medial
temporal-lobe – and the hippocampal complex more specifically - is often referred to as the
“hub” of the autobiographical memory system (Moscovitch et al., 2005). It is believed that
the hippocampal complex can serve as a “pointer system” to the cortical regions that have
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stored the various features of past experiences (Nadel & Moscovitch, 1997). Thus, damage
to the hippocampal complex does not prevent information from being processed but rather it
prevents the organized binding and indexing of event features. Hippocampal damage,
therefore, results in anterograde amnesia (the inability to form new long-term memories) by
preventing new information from becoming bound together and indexed in a fashion that
allows it to later be retrieved. It also results in retrograde amnesia because the damage
destroys the indices that would have pointed to components of past experiences; without
those hippocampal “pointers”, the coordinated re-experiencing of previous live events is
impaired.

The metaphor of the medial temporal-lobe system as an index or “pointer” system
emphasizes that the medial temporal-lobes do not act alone to encode or to retrieve an
autobiographical experience. It is necessary not only to have the index of the cortical regions
that may have processed the events but also to have a preservation of function within those
cortical regions that initially processed the event. Indeed, extensive research has revealed
that memories are not stored within any single area of the brain, but rather result from a
distributed network of activity throughout the cortex (see recent review by Cabeza & St.
Jacques, 2007). Moreover, the particular cortical regions that are activated during
autobiographical retrieval have a strong tie to those that were engaged during the initial
processing of the event, an overlap that has led researchers to propose that memory retrieval
reflects the recapitulation of activity that was engaged during an event’s initial processing.
For instance, after learning a series of word-sound or word-picture pairs, participants will
show retrieval-related activity in the auditory cortex when presented with a word that had
been paired with a sound and will display activity in visual cortex when presented with a
word that had been paired with a picture (see Kohler et al., 1998; Wheeler et al., 2000;
Vaidya et al., 2002; Wheeler and Buckner, 2003, 2004; Kahn et al., 2004; Slotnick and
Schacter, 2004; Wheeler et al., 2006 for evidence of recapitulation during retrieval).

Although the specific regions, and the magnitude of activity within those regions, can vary
as a function of the types of details being remembered, there also are a number of regions
that seem to be commonly activated across a range of autobiographical retrieval tasks. In
addition to the hippocampus, these regions include the medial and lateral prefrontal cortex,
the medial and lateral parietal cortex, the amygdala, and sensory cortices within the occipital
and temporal lobes (for a meta-analysis, see Svoboda, McKinnon, & Levine, 2006; for
reviews, see Cabeza & St. Jacques, 2007; Fink et al., 1996; Maguire, 2001). It has been
proposed that each of these regions contribute unique processes to the recovery of
autobiographical experiences. The medial prefrontal cortex is believed to be tied to the
feeling of autonoetic consciousness which Tulving (1985) proposed to be a critical
component of episodic memory (Buckner & Wheeler, 2001; Gilboa, 2004; Wheeler et al.,
1997). Lateral prefrontal regions are believed to be associated with more strategic memory
search and post-retrieval monitoring processes (e.g., Fletcher & Dolan, 1999), and together
these prefrontal processes may lead to the confident feeling that an experience is dated to
one’s personal past (see also Daselaar et al., 2008). The regions within the parietal cortex
likely help to orient attention to internal representations (Wagner, Shannon, Kahn, &
Buckner, 2005) and may underlie the feeling of recollection or re-experience that typically
accompanies autobiographical retrievals (reviewed in Cabeza & St. Jacques, 2007; see
Figure 1 for schematic of the regions commonly activated during autobiographical retrieval).

These regions share extensive overlap with a “default network” (Gusnard & Raichle, 2001;
Buckner et al., 2008) or “core network” (Addis et al., 2008; Vincent et al., 2006) of regions,
which are active not only when individuals think about their personal past but also when
they think about themselves in other ways (Buckner & Carroll, 2007; Szpunar &
McDermott, 2008; Saxe et al., 2006; Spreng & Grady, 2009). As noted above, our ability to
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remember our personal past is essential for our sense of self. It is perhaps not surprising,
then, that there is extensive overlap between the regions that we engage during
autobiographical retrieval and the regions that are more generally engaged whenever we
think about ourselves. Yet this realization has led to a shift from thinking about these
regions as an “autobiographical memory network” to thinking of them as regions that
support more general cognitive abilities which – although necessary for autobiographical
memory – are not specific to it. It is still debated what these more general abilities may be:
they could include self-referential processing (Buckner & Carroll, 2007), cognitive-affective
simulation of possible outcomes (Mar & Oatley, 2008), mind-wandering (Mason et al.,
2007) or the (re)construction of spatial contexts (Hassabis et al., 2007).

As researchers have begun to appreciate that this “core network” may not be specific to the
domain of autobiographical retrieval but might serve more domain-general purposes (see
review by Schacter, Addis, & Buckner, 2007), it has led to the realization that the
reconstructive nature of autobiographical memory may be best thought of not as a
maladaptive byproduct but rather as a beneficial and hallmark characteristic of the function
of this “core network.” In fact, reconstruction may allow the retrievals guided by this
network to be useful in a variety of circumstances. If we think about the purpose of
remembering past events, it is not simply to allow us to re-experience those events. Rather,
it is to help us draw on those past experiences to guide our current behavior and to allow us
to plan for the future by using our knowledge of the past (Dudai & Carruthers, 2005). As
stated by Daniel Schacter and Donna Addis, two proponents of this constructivist framework
“…future events are not exact replicas of past events, and a memory system that simply
stored rote records would not be well-suited to simulating future events. A system built
according to constructive principles may be a better tool for the job…Such a system will
occasionally produce memory errors, but it also provides considerable flexibility” (Schacter
& Addis, 2007, pg. 27).

Although autobiographical events are always reconstructed, the way in which they are
assembled may vary depending on the content of the experience and the context in which it
is recalled. In the next sections, we examine how the emotional content of an experience can
influence the accuracy and malleability with which it is remembered (Section 3), and we
discuss how our current emotional state or goals can influence the way in which past
emotions and past events are reconstructed (Section 4).

3. Emotional Content and the Retention of Autobiographical Memory
When we think back on our personal past, not all memories come to mind with equal ease or
with the same level of detail. The past we recall often consists primarily of moments imbued
with emotion; these are the occasions we seem to remember most vividly and durably (see
Berntsen & Rubin, 2002; Buchanan, 2007 for reviews). It feels like we will never forget our
college graduation or our wedding day, or less pleasant events like a car crash or the
unexpected death of a loved one. As Brown and Kulik (1977) reported in their seminal paper
on “flashbulb memories”, there is something subjectively special about events that contain
powerful emotional significance; the details of these occurrences seem to stay as part of our
personal narrative long after more mundane experiences have been forgotten. Indeed,
research has confirmed that even years after an emotional experience has occurred, its
existence can be remembered vividly. For instance, Brown and Kulik (1977) demonstrated
that even a decade after the assassination of John F. Kennedy, most people remembered the
personal circumstances in which they had learned the news: people knew where they were,
who they were with, and what they were doing. Winograd and Killinger (1983) confirmed
that, years later, nearly everyone who had been older than approximately 6 years of age at
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the time of the assassination (in 1963) remembered their whereabouts at the moment they
learned of the news.

3.1 The Affective Characteristics that Modulate Memory
Although memory for the assassination of John F. Kennedy is often used as the
quintessential example of a “flashbulb memory,” in fact there have been many public events
that have led individuals to retain these types of vivid memories (see Table 1). The
occurrence of vivid memories is not limited to the domain of public events, either;
individuals can retain vivid memories of personal events as well (e.g., Blackburne-Stover,
Belenky, & Gilligan, 1982;Pillemer, Koff, Rhinehart, & Rierdan, 1987;Pillemer et al.,
1988;Rubin & Kozin, 1984;Yuille & Cutshall, 1986). For instance, individuals vividly recall
injuries that they sustained (Peterson & Bell, 1996;Peterson & Whalen, 2001). These studies
reveal that it is not the public or shared nature of the event that is the essential contributor to
the vividness of the memory; rather, vivid memories seem to result from factors that can be
shared by both public and private experiences. As we will see, emotional arousal and
personal involvement in an event seem to be two factors that have a large impact on the
likelihood that a vivid memory can be maintained over time.

3.1.1 The Importance of Arousal and Personal Involvement—An inherent
component of Brown & Kulik’s (1977) argument was that the emotional significance of the
event – which they proposed included both the arousal evoked by the event as well as the
consequentiality of the event - would be a key determinant of whether the details of the
event were retained. To test this hypothesis, they examined how well people remembered
the personal circumstances in which they had learned of the assassination of Martin Luther
King Jr., an event which they believed would have greater consequentiality and higher
arousal for Black Americans than for White Americans. Consistent with an influence of
emotional significance in enhancing memory, they found that the Black Americans’
memories were more detailed than were the White Americans’ memories.

Although there may be other explanations for the group differences revealed by Brown and
Kulik (1977), studies conducted since that initial investigation have corroborated the
important role that arousal plays in the maintenance of detailed memories. The presence of
arousal appears to trigger a cascade of neurochemical interactions, the end of result of which
is the formation of a particularly durable memory (reviewed by McGaugh, 2004). Events
that elicit physiological responses and the release of glucose and adrenal hormones into the
bloodstream often result in an improved ability to remember information (Anderson et al.,
2006; McGaugh, 2004). These benefits can be particularly pronounced when examining a
person’s ability to remember information over long delays (Quevado et al., 2003; Revelle &
Loftus, 1992), likely because of the cumulative effects of emotion on both the encoding and
also the consolidation phases of memory, a point to which we will return later in the article
(Section 3.4).

Subsequent research also has confirmed that events with high personal involvement or self-
relevance, concepts closely tied to the idea of “consequentiality” described by Brown and
Kulik (1977), are more likely to be remembered than events with less personal relevance
(Rogers, Kuiper, & Kirker, 1977; Symons & Johnson, 1997). For instance, when
information is encoded in a self-referential fashion – when people focus on how information
relates to them and on how information makes them feel – there are distinct mechanisms
engaged which boost the strength of the encoded memory and may make it more resilient to
forgetting (Kelley et al., 2002; Macrae et al., 2004; Mitchell et al., 2004). Similarly, when
people are actors in an event, they appear to retain better memory for that event than when
they have less personal involvement in an event (e.g., Pezdek, 2003).
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The role of personal involvement was an important consideration for Brown and Kulik
(1977), because they understood that the ability to learn of news through secondhand
sources was likely not the situation in which specialized memory mechanisms would have
evolved. As they stated, “But what if there were no informant, then or now, no separation
between the event and the circumstances in which one learned of it? You are in a startling
and serious automobile accident, or you narrowly miss being struck by lightning.” (Brown &
Kulik, pg. 98). Although they posed the question in 1977, only recently has research begun
to examine the potential role that personal involvement may play in the formation and
retention of autobiographical memories. This research has confirmed that memory is more
vivid for events in which a person is directly involved than for those events in which a
person was a bystander. For instance, hockey players remember the game details in which
they were directly involved (e.g., the events leading up to a penalty they received) more
vividly than they remember game events that they watched from afar (e.g., watching a
teammate score a goal; Muscatell, Addis, & Kensinger, in press; see also Pezdek, 2003;
Sharot et al., 2007).

Research has, therefore, made clear that arousal and consequentiality are two factors that
contribute to the retention of autobiographical memories. It has been less understood
whether these factors are independent, or whether they reflect overlapping processes. Some
conceptions of arousal equate it with the personal importance of an experience (Clore &
Schnall, 2005; Frijda, Ortony, Sonnemons & Clore, 1992; Simon, 1967), suggesting that an
arousal response acts both implicitly (through adrenergic and cortisol responses) and
explicitly (through conscious elaboration) to increase the importance of an experienced
event (see Clore & Storbeck, 2005). But the relation could also flow in the opposite
direction: personal involvement in an event could influence the arousal elicited. It would
make sense that experiencing an event directly would elicit more arousal than hearing about
the news second-hand, and indeed many have purported that personal involvement
modulates memory because of the additional arousal elicited by a personally experienced
event (e.g., Christianson, 1992; Gold, 1992; Sharot et al., 2007). In one experiment to
examine the effect of personal involvement on emotional memory, Sharot et al. (2007) asked
individuals to recall autobiographical details from September 11, 2001 and from the prior
summer, in response to cue words (e.g., walking, reading, family). They recruited
participants who had been in close proximity to the World Trade Center on September 11,
and those who, while still in Manhattan, had been further away from the location of the
attacks. They found that those closer to the World Trade Center reported an enhanced
“recollective experience” for the memories from September 11 as compared to those who
were further away. Furthermore, only those individuals who were in close proximity showed
exaggerated amygdala activity during the recall of events from September 11 as compared to
events from the prior summer. The amygdala plays a key role in processing the arousal of
experiences (Amaral et al., 1992), and so the ability for personal involvement to modulate
amygdala activity led the authors to the conclusion that “[a]lthough simply hearing about
shocking public events may result in arousal, the strength of this response likely varies
depending on the individual’s personal experience with the events. The effect of personal
experience on arousal is proposed to underlie the observed correlation” (Sharot et al., 2007,
pg. 393).

It may not always be the case, however, that personal involvement exerts its influence via
modulation of arousal. Instead, there may be instances in which personal involvement
influences memory via distinct mechanisms from arousal. Muscatell, Addis, & Kensinger,
(in press) asked hockey players to retrieve memories about specific events – penalities,
plays, goals – that had occurred throughout the season. Some memories were of events in
which the player had been personally involved while others referred to events that the player
had watched from across the rink or from the bench. The neuroimaging analyses revealed
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that there were important differences in neural connectivity between the two types of events
(see Figure 2). Two circuits - one connecting the left hippocampus to the medial prefrontal
cortex and the other connecting the medial prefrontal cortex to the right amygdala – were in
synchrony only during recall of events in which the players had been directly involved.

Although these results are generally consistent with those of Sharot et al., 2007, in
suggesting that the amygdala is a key region that can be modulated based on the personal
involvement that a person has with an event, the two studies differ in their suggestion of
how personal involvement exerts that influence. While the results of Sharot et al., 2007 can
be interpreted as suggesting that personal involvement influences memory via its effects on
arousal, it is not clear how the results of Muscatell, Addis, and Kensinger (in press) could be
consistent with that interpretation. For one, the hockey players did not rate the events in
which they were personally involved as more arousing than the ones for which they were
bystanders; thus, there is no evidence that personal involvement exerted an influence on
arousal. Second, even if personal involvement did enhance arousal, it does not clarify why
this would alter the connectivity among different memory networks, rather than simply
increasing activity or connectivity within a single network. The dissociation in connectivity
revealed by the study instead suggests that there may be something about personal
involvement with an event that fundamentally changes the way in which the event is
retrieved.

Based on the existing evidence, a viable hypothesis is that personal involvement changes the
types of details that are re-experienced during retrieval. The hippocampus is known to
support the retrieval of autobiographical memories with rich contextual detail; activity in the
hippocampus corresponds with the ability to remember the spatial and temporal context in
which life experiences occurred (e.g., Addis et al., 2004; Maguire, 2001; Svoboda et al.,
2006). By contrast, amygdala engagement during retrieval does not seem to correspond with
the retrieval of these types of contextual details (e.g., Sharot et al., 2004) but instead seems
to reflect the processing of affectively-rich, “internal” information (reviewed by Buchanan,
2007; Phan, Wager, Taylor, & Liberzon, 2004). These systems – likely akin to the “cold”
and “hot” processing systems (Metcalfe & Jacobs, 1996) – may work together to integrate
internal and external details, but only when information is high in personal involvement.
This is a point that we will return to later (Section 3.3), when we discuss the effects of
emotion on different types of event details.

3.1.2 Consideration of Factors Beyond Arousal and Personal Involvement—
Studies have also revealed that arousal and personal importance may not be the only
affective characteristics to influence how vividly a memory is remembered. Affective
experiences are often considered to be described by a two-dimensional space consisting of
valence (how negative or positive) and arousal (how exciting/agitating or soothing/
subduing; see Feldman Barrett & Russell, 1999; Russell, 1980). Experiences can exist
anywhere within this space, being high in arousal and positive (feelings of excitement or
euphoria), high in arousal and negative (feelings of agitation or anxiety), low in arousal and
positive (feelings of calmness or serenity), or low in arousal and negative (feelings of
depression or hopelessness). Evidence is accumulating to suggest that the valence of an
experience can influence how likely an autobiographical memory is to be remembered
(Berntsen & Rubin, 2002) and can also influence the accuracy with which an event is
remembered (Kensinger, 2009a).

In many studies of autobiographical memory, positive events seem to come to mind more
readily than negative ones (see Levine & Bluck, 2004 for review). Some of this mnemonic
benefit for positive events may stem from the effects of valence on the self-referential
processes already discussed: Because most people’s self-schemas are generally positive,
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positive experiences may be more likely to be self-relevant and may also be more easily
integrated into a person’s conception of themselves (see Matlin & Stang, 1978). Consistent
with this notion, the memory advantage for positive information seems to be particularly
strong when information is self-relevant (Hardin & Banaji, 1990). When individuals are
focused instead on other-perception rather than on self-referential processing (e.g., Dreben,
Fiske, & Hastie, 1979; Skowronski & Carlston, 1987), or when individuals are depressed
and therefore have a more negative self-concept (Dalgleish & Watts, 1990), they are more
likely to remember negative experiences than to remember positive ones (see also Section
4.2).

Although the findings discussed so far suggest that the differential effects of valence may be
mediated by effects in other domains (e.g., the self-relevance of the events), there is other
evidence to suggest that the valence of an event may directly influence the way in which it is
remembered. According to the “affect as information” framework (e.g., Schwarz & Clore,
1983, 1988, 1996; Clore, et al, 2001), the way we feel can alter the way that we process
information and the manner in which we go about solving problems: “Positive affect
promotes interpretive or “relational” processing; negative affect leads to detailed, stimulus
bound, or “referential” processing.” (Clore & Storbeck, 2006, pg. 128). As the authors of
that framework explain, our perception of the world results from a continual tug-of-war
between top-down and bottom-up processes. The top-down “schemas” (Mandler, 1984;
Rumelhart, 1980) that we have activated will influence how we attend to information, while
the information to which we attend will affect which schemas are most active (Clore &
Storebeck, 2006). The emotions that we experience can bias the strength of each of these
influences, dictating the type of processing that will win out in the tug-of-war. When we are
in a negative mood, the details of the world around us seem to matter a lot, and so we will
focus on those details and analyze them. Our attention may be narrowed (Schwarz, 1990;
Wegner & Vallacher, 1986), enabling us to process the minutia of an experience but
sometimes causing us to miss the bigger picture. By contrast, when we are in a positive
mood, we are more likely to process information in reference to our activated schemas and
to notice the more global and heuristic characteristics of information rather than their details
(e.g., Clore et al., 2001; Fiedler, 2001). As we will discuss in the next section, these effects
of emotion on processing have important downstream impacts on the way in which positive
and negative events are remembered, and this framework appears to explain many of the
valence-based effects on emotional memory.

It should be noted that valence is not likely to be the only (or perhaps even the predominant)
factor which will influence the way in which emotional memories are maintained. Whether
stimuli are evolutionarily relevant, or whether the emotions evoked by stimuli motivate us to
act or reflect an achieved goal, are likely to modulate the way that emotion affects memory
(see Levine & Edelstein, 2009). Personality traits may also influence which of these
dimensions play the most important role in influencing memory. Our focus on the valence of
an event is not intended to dismiss the importance of the other factors but rather to
emphasize that considering only the arousal and the personal involvement of an experience,
without taking other factors into account, is likely to lead to an incomplete understanding of
how the emotional content of information impacts the way in which it is remembered (see
Hamann, 2009; Kensinger, 2009a; Kensinger 2009b; Larsen & Steuer, 2009; Mather &
Sutherland, 2009 for further discussion).

3.2 Memory Consistency and Confidence
In 1932, Sir Frederick Bartlett published a text, Remembering, in which he stated that
“[r]emembering is not the re-excitation of innumerable fixed, lifeless and fragmentary
traces. It is an imaginative reconstruction…” (Bartlett, 1932, pg. 213). This conclusion was
reached after he asked students to recall a set of narratives. In contrast to many of the
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popular views of memory as a literal representation of a past experience, he found that
students’ recalls were not exact replications of the stories. Rather, their narrative recalls had
omissions and embellishments. These changes did not appear to be random but instead
seemed to make the story more coherent with the students’ cultural beliefs and pre-existing
knowledge. Based on these data, Bartlett proposed that our recollections are not always
verbatim repetitions of past experiences; rather, our recollections can be shaped by our
existing context and our current beliefs (see Ost & Costall, 2002 for discussion of Bartlett’s
contributions).

Narratives from our past are no exception to this memory-as-reconstruction rule, and it is
therefore not surprising that although emotional autobiographical memories – including so-
called “flashbulb” memories (Brown & Kulik, 1977) – are remembered vividly, they are not
always remembered consistently over time. For instance, Neisser and Harsch (1992) asked
university students to indicate the personal context in which they had learned of the
explosion of the Challenger space shuttle (on January 28, 1986). Approximately 30 months
later, students filled out another survey, in which they were asked the same questions about
their personal context. The intriguing finding was that although students often believed that
they remembered the details vividly, and were highly confident in their memory, the details
they recalled were often inconsistent across the two surveys. A study conducted a decade
later, regarding the terrorist attacks of September 11, 2001, similarly reported many
inconsistencies in the recalls of the personal context in which university students had heard
the news; in fact, there was no difference in the memory consistency for the terrorist attacks
and for an everyday event (e.g., a party, an exam) that had occurred around the same time as
the terrorist attacks (Talarico & Rubin, 2003). Yet what did differ across the events was the
vividness and confidence in the recollection; these subjective qualities were markedly
enhanced for the terrorist attacks as compared to the everyday events. The title of that
manuscript nicely summarizes the view that is now accepted by many: “Confidence, not
consistency, characterizes flashbulb memories” (Talarico & Rubin, 2003).

It has been purported that it is the arousal of an experience which leads to this distinction
between memory confidence and memory accuracy. Phelps & Sharot (2008) argue that
emotional arousal enhances the “subjective feeling of remembering” but has little impact on
the ability to accurately retrieve the episodic features of an experience. In one study, they
found that arousing items were more likely to be vividly “remembered” after a 24-hour
delay, but that arousal did not improve the ability to retain information about the task
performed during encoding (Sharot & Yonelinas, 2008). Based on this type of evidence,
they have argued that for emotional experiences, the subjective feeling of remembering may
be tied to memory for just a few key details; by contrast, for neutral experiences, the
subjective feeling of remembering may be linked to the ability to retrieve a broader array of
contextual details (Phelps & Sharot, 2008). This conclusion is generally consistent with
evidence that arousal enhances suggestibility (Porter, Spencer, & Birt, 2003) and increases
the likelihood that false memories are endorsed (Corson & Verrier, 2007): Individuals may
assume that because they can remember one aspect of an event in a detailed and accurate
fashion, their memory for the other details of an experience is similarly accurate (see
Kensinger, 2009a for further discussion). This type of heuristic may lead individuals to be
particularly prone to false endorsements or to become lax in monitoring the accuracy of the
details that they retrieve about emotional events.

Although Sharot, Phelps and colleagues have not systematically examined what aspect of
the experience affects the ability for emotion to intensify the feeling of recollection, they
propose that the arousal elicited by the experience may be the key predictor. Arousal has
been related to the boost in “remember” responses for emotional items (e.g., Dolcos et al.,
2005; Kensinger & Corkin, 2004), and it would therefore make sense that it would be the
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arousal dimension that would inflate the subjective vividness with which an emotional
memory was recollected.

Sharot, Phelps and colleagues further propose that it may be amygdala engagement at
retrieval which leads to the arousal-mediated disconnect between memory confidence or
vividness and memory accuracy. Amygdala engagement corresponds with memory for only
a subset of episodic details (e.g., Kensinger & Schacter, 2007; discussed in more detail in
Section 3.3), yet when it is engaged at retrieval, it may bias people to believe that they have
retained a particularly vivid memory of a past event that includes more accurate detail than it
actually holds (Sharot et al., 2004; Phelps & Sharot, 2008). This interpretation could explain
why amygdala activity or volume is sometimes found to relate only to the subjective
vividness of a memory, and not to its accuracy (e.g., Sharot et al., 2004; Dougal et al.,
2007), while in other instances amygdala activity (Kensinger & Schacter, 2005; Kensinger
& Schacter, 2007) or gray matter density (Marchewka, Jednorog, Nowicka, Brechmann, &
Grabowska, 2009) has been linked to the accuracy of the memory. The amygdala may relate
to memory for only a select subset of episodic details; if those details are assessed, then the
amygdala will show a correspondence to memory accuracy, but if other details are
examined, then the amygdala will relate only to subjective vividness and not to memory for
the episodic features.

Another potential reason for the inconsistent findings may relate to the fact that - as we
noted earlier (Section 3.1.2) - many different features contribute to the development of a
vivid emotional memory, including not only arousal but also more specific features of the
affective experience elicited by the event, including its valence or the specific emotion
experienced. Research that has teased apart the effects of negative and positive emotion on
memory has revealed that negative emotion in particular is more likely to enhance the
vividness of a memory (e.g., Mickley & Kensinger, 2009) and to increase the likelihood of
endorsing an item (e.g., Budson et al., 2006; Dougal & Rotello, 2007; Sharkawy et al.,
2008). Sometimes this effect of negative emotion seems to result from an influence on a
person’s willingness to attribute an event to their past (Brainerd, Stein, Silveira, Rohenkohl,
& Reyna, 2008; Dougal & Rotello, 2007), reflecting an influence on response bias rather
than on memory accuracy. But in other instances, the effects of negative emotion may lead
to a more accurate or durable representation of a past experience.

Convincing evidence that valence influences the consistency of autobiographical memory
has come from studies that have examined how memory for the same event differs in those
who perceive the event to be negative as compared to those who perceive the event to be
positive. This design is particularly elegant because it assures that the event characteristics
are held constant across both groups and reduces the likelihood that factors such as event
distinctiveness, arousal, semantic clustering, or personal relevance are confounded with
valence. A number of studies have now used this approach, examining memory for the
verdict in the O.J. Simpson trial (Levine & Bluck, 2004), the Red Sox-Yankees
championship game (Kensinger & Schacter, 2006b), and the fall of the Berlin Wall (Bohn &
Berntsen, 2007; see also see Baker-Ward et al., 2005 for an investigation of children’s
memories for a soccer tournament that was either won or lost). Across all studies, positive
emotion was associated with a greater propensity for memory distortion than negative
emotion, yet the individuals who were pleased with the event were at least as confident in
their memory as those who were unhappy with the event outcome.

Studies that have induced participants into positive or negative moods within a laboratory
setting generally have corroborated these findings. Participants are more liberal in endorsing
items as ones that they have studied when they are in a good mood, and they are more
susceptible to false memories when in that pleasant state (Bless et al., 1996; Park & Banaji,
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2000; Storbeck & Clore, 2005). Negative mood, by contrast, makes individuals more
conservative in endorsing items and reduces the propensity to inaccurately endorse items
that are related (but not identical) to studied items (Storbeck & Clore, 2005).

There are a few explanations for these effects of valence on memory. The first explanation
hangs on the “affect-as-information” framework (Schwarz & Clore, 1983, 1988, 1996;
Clore, et al, 2001; also discussed in Section 3.1.2). This framework purports that affect
serves as a source of information about our implicit responses and unconscious appraisals to
stimuli. The theory further postulates that affective reactions can promote particular modes
of information processing (see Clore & Storebeck, 2006), with positive affect encouraging
heuristic and relational processing among many items and negative affect leading instead to
detailed and item-specific processing. By encouraging a relational and heuristic mode of
processing, positive affect could increase reconstructive memory errors, whereas by
encouraging a focus on the specific details of information, negative affect might lead to
more accurate memories for at least some types of details (though perhaps not for all details,
as we will discuss in Section 3.3).

A related, goal-relevance model (Levine & Pizarro, 2004), proposes that it is essential to
consider that a positive emotion like happiness reflects the attainment of a goal and therefore
promotes a top-down form of processing in which information is assimilated with existing
world knowledge. Negative emotions, by contrast, reflect a failure to attain a goal and
therefore invoke bottom-up processing so that the details that led to the goal failure might be
recorded – but the particular details attended may differ depending on whether the thwarted
goal is related to loss, a potential threat, or an obstacle. This framework suggests that it is
not the valence of the emotion that leads to different modes of processing; rather, it is what
the emotion signals with regard to whether a goal has been obtained or forgone.

Another explanation relates not to the way in which affective information is processed but
instead to the frequency with which it is encountered. Because positive events are generally
more frequent than negative events, there may be more related events that interfere with the
accurate retention of any single positive experience. Remembering the location of last year’s
birthday party might be difficult because there have been many other parties that could
interfere with the retention of that one event. Remembering the location of last year’s car
wreck hopefully would not be met with the same level of interference from other wrecks.
The more frequent nature of positive events may also make them more susceptible to
binding errors. It might be relatively easy to merge the spatial context of one birthday with
the temporal context of another, leading to a false memory for the details of a particular
party, whereas it is less likely that a person would have experienced two similar car
accidents that could lead to this type of binding error.

Because positive events are not only more frequent than negative events but also are more
expected, interference could also arise between anticipated details of a positive event and
actual occurrences. We might confuse the location where we thought we would be dining on
our birthday with the location where we were pleasantly surprised to be taken. It is well
known that individuals can have difficulty distinguishing the details that they’ve imagined
from those which they’ve experienced (e.g., Johnson & Raye, 1981), and this difficulty may
contribute to the propensity for positive event details to be remembered confidently, but
with low accuracy.

In cases where it is not just the details of an event that are misremembered, but the
occurrence of the entire event which is fabricated, another factor may be at play. Individuals
may be biased to believe that positive events have occurred previously, whereas they may
not show the same propensity to believe that negative events have occurred. This bias to
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incorporate positive experiences into our personal narrative more liberally than negative
experiences may have beneficial effects on our mental health. A few studies have revealed
that older adults – who generally report better moods than young adults – are more likely to
falsely endorse positive items as ones that they’ve seen before (e.g., Fernandes et al., 2008;
Piguet et al., 2008), and within a sample of young adults, the likelihood of falsely recalling
happiness-related events correlates with scores on the Satisfaction With Life Scale (Koo &
Oishi, 2009). These studies suggest that it may be adaptive to view our past through rose-
colored glasses.

Although we have focused on the differences between positive and negative emotions, it is
unclear whether a split by valence is sufficient to explain the effects of emotion on memory
accuracy or whether it is necessary to further subdivide affective space. For instance, high-
arousal negative emotions such as the experiences of fear or anger may have different
effects on memory than low-arousal negative emotions such as sadness or melancholy (see
Corson & Verrier, 2007; Levine & Edelstein, 2009 for further discussion). The direction of
any interaction between valence and arousal remains uncertain, however, and as we discuss
in the next section, part of this inconsistency may be related to differences across studies
with regard to the types of details that participants are asked to remember.

3.3 “Memory Trade-offs” and “Tunnel Memory” for Emotional Experiences
An often forgotten part of Brown and Kulik’s manuscript reveals their recognition that not
all aspects of an emotional experience are equally likely to be remembered. “An actual
photograph, taken by flashbulb, preserves everything within its scope; it is altogether
indiscriminate. Our flashbulb memories are not…a flashbulb memory is only somewhat
indiscriminate and is very far from complete. In these respects, it is unlike a photograph.”
(Brown & Kulik, 1977, pg. 75). This quote emphasizes that the effects of emotion on
memory can be uneven. Emotion can help us to remember some aspects of an event clearly,
but it may have no beneficial effect – and in fact may hinder - our ability to retain other
event details.

In a real-world context, this effect of emotion has been referred to as a “weapon focus”
effect, where witnesses to a crime remember details about the weapon used but not about
more peripheral event features (reviewed by Kihlstrom, 2006; Heuer & Reisberg, 2007).
Laboratory studies have confirmed that memory can be narrowed onto the emotional aspects
of an event (reviewed by Reisberg & Heuer, 2004; Levine & Edelstein, 2009) and that
autobiographical memories for emotional experiences often contain only select details (e.g.,
Peterson & Whalen, 2001; Bahrick, Parker, Fivush, & Levitt, 1998; Wagenaar &
Groeneweg, 1990). As thoughtfully reviewed by Levine & Edelstein (2009), there has been
extensive discussion about which types of details are remembered best. These details have
been described as those that capture attention, that are perceptually, temporally, or
conceptually integral to the emotional event, or that are goal-relevant (see Levine &
Edelstein, 2009, Table 1, pg. 13).

The particular types of details that are remembered can vary based upon a person’s
perspective on an event. Pezdek (2003) revealed that people tend to remember those details
which are most pertinent to their experience of an event. If people feel directly involved in
an event, they are more likely to remember event details, whereas if they feel more removed
from an event, they are more likely to retain personal autobiographical details. When
examining people’s memory for the 9/11 terrorist attacks, she found that those living in New
York, who were directly involved in the day’s events, retained more event details than
autobiographical details. By contrast, those living in California or Hawaii, who were less
personally involved in the day’s events, retained more autobiographical details (Pezdek,
2003). Similar findings were revealed by Smith, Bibi, & Sheard, 2003, and by Tekcan et al.,
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2003, who assessed the memories for 9/11 in individuals living in Canada and Turkey,
respectively: Individuals in both countries retained personal details more consistently than
event details.

These findings may also help to explain one of the initial surprises about “flashbulb
memories”: that individuals would remember the personal context in which they learned
about the event. These features seemed to be inconsequential as compared to the details of
the event itself, and so it was unclear why these personal details would be retained over
time. Yet as Brown and Kulik (1977) state, and as the research by Pezdek (2003) later would
appear to confirm, “What is relatively new is telecommunication which makes an informant
a necessity and creates the sharp separation between news and circumstances of hearing the
news…Probably the same “Now print!” mechanism accounts both for the enduring
significant memories in which one has played the role of protagonist and those in which one
has only been a member of an interested audience of millions.” (Brown & Kulik, 1977; pgs.
98–99). In other words, there probably are not separate mechanisms for remembering event
details and personal context; either can be remembered, depending on which subset contains
the most personal relevance in the moment. For someone directly experiencing an event,
those details are likely to be ones regarding the event itself. But for someone hearing about
an event indirectly, those details may be the personal circumstances in which the news was
transmitted.

Although these studies have focused on the ability for emotion to enhance memory for
external contextual details (either event-based or of a more personal nature), emotion – and
perhaps negative emotion in particular - also seems to enhance the ability to remember
internal details including the feelings and thoughts elicited by the event (Mickley &
Kensinger, 2009). People tend to remember more about what they felt during an intense
emotional experience than during a more moderately emotional event (Fivush et al., 2008)
and importantly, they tend to remember their reactions to a negatively emotional event in a
fairly consistent fashion, even over long delays (Fivush et al., 2004). As we will discuss later
(Section 4.1), people are prone to make errors in the way in which they recall the emotions
that they experienced during an event. Yet a few studies have revealed that adults show
consistency in how they remember the feelings experienced during intensely emotional
events such as the terrorist attacks of 9/11 or a sexual assault (Fivush et al., 2004; Bohanek,
Mennuti-Washburn, Fivush, & Koss, 2005).

These studies emphasize that not all aspects of an emotional experience will be remembered
equally well. They also reveal that there is no single answer for the types of details onto
which emotion will narrow a memory. Instead, these findings suggest that the types of
details that are enhanced, or impaired, by emotion may have less to do with features of the
details themselves and more to do with how those details relate to the person experiencing
the event.

3.4 Neural Mechanisms Underlying Autobiographical Memories for Emotional Experiences
As the prior sections have described, emotion can enhance our ability to remember some –
but not all – details of autobiographical experiences. Yet the way in which emotion exerts
these effects has been a topic of much debate. It was initially proposed that emotion
triggered a specialized cascade of processes which led to the representation of the event in
memory (e.g., Brown & Kulik, 1977; Conway, 1996; Kvavilashvili et al., 2003). Other
research, however, began to draw into question whether there was a specialized memory
mechanism that supported emotional memory, suggesting instead that memories for
emotional experiences might be supported by the same processes – and might be prone to
the same types of errors of commission and omission – as memories for nonemotional
experiences (Christianson, 1989; Crombag et al., 1996 and see Schacter, 1999 for discussion
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of memory errors). Although a cleverly-designed behavioral study can shed light on whether
emotional memories are supported by specialized processing, neuroimaging provides a
particularly robust method for clarifying whether the mechanisms that support memory for
neutral experiences are the same as those that support memory for emotional experiences. If
there is a specialized system that supports memory for emotional experiences, then it should
be possible to find neural processes that correspond with the ability to remember emotional
memories but not neutral ones. Another advantage of neuroimaging over behavioral studies
is that it can isolate the processes that act during different phases of memory. It is commonly
agreed upon that in order for an event to be remembered it must be encoded into memory, it
must be consolidated into a stable memory representation, and it must be retrieved
successfully. These phases are difficult to separate through behavioral testing, because the
only way that a memory can be assessed behaviorally is through its retrieval. Although
behavioral manipulations can target the encoding or consolidation phases, they still rely on
measurements that occur at the time of retrieval, thereby making it difficult to ascertain the
specific phase of memory at which emotion (or any other variable) exerts its influence.
Neuroimaging can isolate these different stages, as can cleverly designed studies with
patient populations. It is therefore these types of studies that we focus on in this section,
describing the insights they have yielded regarding memory for emotional experiences.

3.4.1 Neural Activity and Connectivity During Encoding—To investigate how
emotion modulates memory encoding, most neuroimaging studies have used an event-
related, subsequent memory design (see Figure 3). In this design, encoding activity is sorted
based on whether items presented during the neuroimaging phase can later be remembered.
Regions that show greater activity for items later remembered than for those later forgotten
are considered to be linked to the successful encoding of information (see Paller et al.,
1987;Paller & Wagner, 2002). It is important to note that these studies have not examined
how individuals form contextually rich and detailed autobiographical memories, at least in
part because of the logistical difficulties of asking participants to encode many of these
types of experiences while undergoing a neuroimaging scan. Instead, researchers have
focused on the encoding of more simplistic “events” (often single presentations of a picture
or a word). Consistent with extensive animal research (see LeDoux, 2000;LeDoux, 2007;
McGaugh, 2000, 2004 for reviews), these neuroimaging studies have emphasized the
importance of the amygdala in the creation of emotional memories. When amygdala activity
is strong during encoding, emotional events are likely to be remembered (reviewed by
Dolcos & Denkova, 2008;Hamann, 2001;LaBar & Cabeza, 2006). Yet unlike other regions
that are tied to subsequent memory, the relation between amygdala activity and subsequent
memory is specific to emotional events. It is not the case that the amygdala shows a general
relation to the ability to encode information; rather, the amygdala seems to be particularly
involved in the encoding of an emotional experience (see Weiskrantz, 1956;Scoville &
Milner, 1957 for early discussion of the role of the amygdala in memory).

Although amygdala activity enhances the likelihood that a person can remember that an
emotional experience has occurred, amygdala activity does not lead to enhanced memory for
all details of that emotional experience. Engagement of the amygdala can boost retention of
some event details (Kensinger & Schacter, 2005), have no effect on retention of other details
(Dougal et al., 2007; Kensinger & Schacter, 2006a; Onoda et al., 2009) and impair memory
for other types of information (Strange et al., 2003). From the extant data, it seems as though
amygdala activity leads to the types of memory trade-offs discussed in Section 3.3:
Amygdala activity can simultaneously predict good memory for some critical aspects of an
emotional event and poor memory for less relevant features (Waring & Kensinger,
unpublished data).
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Despite these mixed relations between amygdala activity and subsequent memory for event
details, amygdala activity at encoding seems to predict the retention of a memory that will
seem vivid and in which people will be highly confident (Mickley & Kensinger, submitted;
Atapattu & Kensinger, 2009). Amygdala activity during encoding corresponds with the
likelihood that people will claim to vividly “remember” an event (Dolcos et al., 2004;
Kensinger & Corkin, 2004; Mickley & Kensinger, 2008) and amygdala activity
parametrically varies with the vividness that people will later ascribe to an emotional
memory (Atapattu & Kensinger, 2009). The reason for this strong connection remains a
topic of ongoing investigation, but one possibility is that individuals ascribe vividness and
confidence on the basis of their memory for only a subset of details, so that by enhancing
memory for select details, amygdala activity may also be enhancing the confidence or
vividness with which people will later re-experience an emotional event (discussed by
Phelps & Sharot, 2008).

Although a lot of research has focused on the relation between amygdala activity and the
successful encoding of emotional experiences, the amygdala acts as part of a larger network
of regions. There is extensive research to suggest that the amygdala exerts many of its
effects on memory through its modulation of hippocampal processes (e.g., Dolcos et al.,
2004; Kensinger & Corkin, 2004; Richardson et al., 2004), and regions beyond the
hippocampus seem to be modulated based on the emotional content of information as well
(e.g., Mickley Steinmetz & Kensinger, 2009). For instance, the orbitofrontal cortex shows a
strong correspondence to successful encoding of emotional experiences (discussed by LaBar
& Cabeza, 2006) and its activity can correspond with the vivid “remembering” of these
experiences (Mickley & Kensinger, 2008). Regions within temporo-occipital cortices can be
modulated by emotion as well (Vuilleumier & Driver, 2007).

The affective characteristics of an experience seem to have a large impact on how neural
processes are modulated. The amygdala-mediated modulatory effects of emotion on memory
seem to be tied to noradrenaline release: when given before or during an event, adrenergic
agonists enhance memory for emotional material (Soetens, Casaer, D’Hooge, & Hueting,
1995), while adrenergic blockade reduces memory for emotional material (Cahill, Prins,
Weber & McGaugh, 1994; Strange & Dolan, 2004; Strange, Hurlemann & Dolan, 2003).
The effects of adrenergic modulation on memory are particularly pronounced for emotional
information – and in fact often are absent for neutral information – likely because adrenaline
modulates amygdala modulation of the hippocampus in situations in which the amygdala is
already active. Indeed, it appears that this adrenergic release is necessary for amygdala
modulation of hippocampal activity; amygdala activity in the absence of noradrenaline
release seems to be insufficient to modulate hippocampal activity (Anderson et al., 2006; see
also Onoda et al., 2009, for evidence that the typical modulation of hippocampal processes
may not occur when information is not sufficiently arousing to elicit an amygdalar
response).

Even when there is not this arousal response, however, there can still be enhanced retention
of emotional information. In these circumstances, it is likely that the non-arousing emotional
information is retained not because of any emotion-specific processes (e.g., those mediated
by the amygdala) but rather due to the engagement of more domain-general processes (e.g.,
elaboration, rehearsal) which can enhance the encoding of any type of information
(discussed in Kensinger, 2004). fMRI evidence has suggested that for nonarousing
information, successful encoding may be tied to the implementation of prefrontal processes
tied to semantic elaboration and self-referential processing – regions that are recruited when
we try to understand the meaning of information or to consider how the information relates
to ourselves - rather than to the engagement of amygdala-hippocampal interactions
(Kensinger & Corkin, 2004). Event-related potentials have also revealed a distinction
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between the time course of responses to higher arousal versus lower arousal stimuli, with
lower arousal stimuli eliciting greater slow-wave activity, perhaps reflecting the additional
engagement of elaborative encoding processes (Koenig & Mecklinger, 2008).

The engagement of these prefrontal elaborative processes may be particularly robust when
information is both low in arousal and of a positive valence (Koenig & Mecklinger, 2008;
Mickley & Kensinger, 2008; Mickley Steinmetz & Kensinger, 2009). In fact, Mickley &
Kensinger (2009) found that for positive and low-arousal information, prefrontal activity
was the strongest predictor of subsequent memory. By contrast, memory for negative and
arousing information was tied to activity increases within temporo-occipital cortices tied to a
more visuo-sensory analysis of information (Mickley & Kensinger, 2008), and activity
within those regions was the strongest predictor of subsequent memory performance for the
negative items (Mickley Steinmetz & Kensinger, 2009).

Although these studies emphasize that the valence as well as the arousal of an experience
can modulate the association between encoding activity and subsequent memory, the
particular effect of valence may vary depending on a person’s perspective on an event.
Touryan et al. (2008) found that activity in the posterior cingulate cortex and in the
parahippocampal cortex were greater when the information that people were encoding was
consistent with their self-referential focus. If participants were asked to focus on their hopes
and aspirations, these regions showed greater activity during the processing of positive
items. But if participants were asked to focus on their duties and obligations, the same
regions were more active during the processing of negative items. Similar valence-based
differences in responding have been noted in comparisons of young and older adults. Older
adults, who tend to focus more on positive self-regulatory goals, show greater activity within
medial prefrontal and parietal regions (including the precuneus) during the processing of
positive as compared to negative information, whereas young adults often show the opposite
pattern (reviewed by Kensinger & Leclerc, 2009), underscoring the importance of
considering the influence of self-referential processing on emotional memory. Although it is
still an open question why these particular regions are the ones that most often show
valence-based responses that vary depending on a person’s perspective or goals, one
possibility is that these regions are connected to self-referential processing and their
recruitment is therefore sculpted by a person’s motivations.

A theme that has run throughout this review has been the importance of considering the
affective characteristics of an event, as well as a person’s involvement in an event. This
section has revealed that these factors remain important for understanding the effects of
emotion on successful encoding. The enhanced retention of a wide variety of affective
experiences can be traced back to the way in which those events were encoded. Yet the
particular processes that guide their encoding can differ based on their arousal and their
valence. Moreover, the particular way in which valenced information is encoded – and thus
remembered – can be influenced by a person’s goals as they process the information.

3.4.2 Effects of Emotion on Memory Consolidation—To become part of our
personal narrative, encoded information must be represented in a stabilized form that can be
accessed at future time-points. The maintenance of a memory is therefore not a static
process but rather is one that continues in the hours, days, and years following an experience
(see early discussion by Mueller & Pilzecker, 1890 and more recent discussion by
Moscovitch & Nadel, 1998). There is evidence that emotional memories can be maintained
fairly consistently, even after multi-year delays (Kvavilashvili et al., 2009; although see
Schmolck et al., 2000; Horn, 2001 for discussion of this issue), and emotional events may be
forgotten more slowly than other events (see discussion by Budson et al., 2007; Kleinsmith
& Kaplan, 1964; Phelps et al., 1997; LaBar & Phelps, 1998).
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It was initially believed that emotional events might be maintained over time because they
were constantly being rehearsed. It is well known that rehearsing information can make it
less prone to passive decay over time (although see recent discussions by Nader, Schafe, &
LeDoux, 2000). If emotional experiences are more likely to become part of our personal
narratives, then the enhanced rehearsal given to these events could explain their improved
retention (Neisser et al., 1996). Although it is often true that arousing events are thought
about more frequently than other events (Betz & Skowronski, 1995), a number of studies
now suggest that rehearsal is not sufficient to explain the retention of emotional experiences.
Vivid memories can be maintained even when frequent rehearsal has not occurred (Conway
et al., 1994; Rubin & Kozin, 1984; Sheingold & Tenney, 1982; Winograd & Killinger,
1983) and the strength of an emotional reaction has been shown to correspond with the
likelihood of remembering an autobiographical event, even while the frequency of rehearsal
does not (Pillemer et al., 1988; see also Pillemer et al., 1986).

If emotional events are not remembered better simply because they are thought about more
often, then what might be the factor contributing to their enhanced retention? It appears that
emotional experiences may enjoy enhanced consolidation at the cellular and systems levels.
Extensive research in animals has revealed that interactions between the amygdala and the
hippocampus serve not only to boost the initial encoding of emotional information but also
to increase the likelihood that emotional information becomes stabilized in memory
(McGaugh, 2004). The consolidation framework suggests that emotional events should be
less prone to forgetting or decay over time than nonemotional information because there
should be little that stands in the way of remembering that emotional information which was
successfully encoded.

Memory consolidation is a difficult phase to isolate within human memory, however,
because it refers to a set of processes that unfolds over time, and therefore there is no single
point in time when a snapshot of consolidation can be acquired. To investigate the influence
of consolidation processes, a number of studies have capitalized on the fact that sleep
appears to provide ideal conditions for consolidation to occur (Stickgold, 2005; Payne et al.,
2008b). By measuring the effects of sleep deprivation, or of providing sleep during a delay
period, on memory, researchers can gain leverage on the connection between memory
consolidation and subsequent memory retrieval.

If emotional memories1 are selectively consolidated, then manipulations that enhance sleep
(serving as a proxy for manipulations that enhance consolidation processes) should have a
larger impact on emotional memories than on nonemotional ones. Although relatively little
research has examined the link between sleep and emotional memory, the extant data
support this conclusion. A number of studies have demonstrated that sleep provides a greater
benefit to memory for emotional information than for neutral information (Hu et al.,
2006;Payne et al., 2008a;Wagner et al., 2001,2006), particularly when there is sufficient
time spent in rapid eye movement sleep (Wagner et al., 2001). In fact, in these studies,
sleep-dependent preservation of memory was apparent only for emotional items and not for
neutral items. This selective benefit for emotional material has been revealed not only when
emotional and neutral items are temporally segregated, but also when emotional and neutral
information is shown at the same time. For instance, if participants are shown a snake in a
forest, their memory for the snake will be quite good after a night of sleep, whereas their
memory for the forest will be particularly bad. In other words, the “memory trade-off”
described earlier (Section 3.3) appears to become exaggerated when individuals sleep

1The studies looking at the effects of sleep on emotional memory have mostly focused on negative information (see Atienza &
Cantero, 2008 for one exception). Therefore, it is not clear if the consolidation effects extend equally to all types of affective
experiences.
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during the intervening delay (Payne et al., 2008a). It appears that sleep-mediated
consolidation can selectively maintain memory for emotional information while allowing the
rest of the information to dissolve from memory.

The effects of sleep on emotional memory can be strikingly long-lasting. Wagner et al.
(2006) asked participants to study narratives that contained either emotional or neutral
content. Some participants then took a three-hour nap, while others remained awake. The
benefits of sleep were still apparent four years later, and those benefits were selective to the
emotional narratives. The participants who had slept were more likely to remember the topic
of an emotional narrative than were those who remained awake, whereas sleep conveyed no
benefit for remembering the topic of a neutral narrative.

To further clarify the processes that may be altered by the presence of sleep, Sterpenich and
colleagues asked participants to view emotional and neutral pictures and then assessed the
retrieval-related activity after both a 3 day (Sterpenich et al., 2007) and 6 month interval
(Sterpenich et al., 2009). Critically, half of the participants were sleep-deprived after
viewing the images while the other half were allowed to maintain their usual sleep schedule.
Sterpenich et al. (2009) found that when emotional memories were retrieved after a 6-month
delay, those participants who had been sleep-deprived showed reduced retrieval-related
activity in the amygdala, ventromedial prefrontal cortex, and occipital cortex as compared to
those who had been allowed to sleep after studying the emotional information. Sleep
deprivation also reduced the functional connectivity among these regions, suggesting that
sleep may enrich the coherence of the emotional-memory network, allowing emotional
experiences to be durably maintained. Consistent with this proposal, a recent study (Payne &
Kensinger, submitted) asked participants to retrieve emotional and nonemotional
information after a 12-hour delay that either included a night of sleep or a day spent awake
(Critically, no participants were sleep deprived). The results revealed that the hippocampus
was activated during successful retrieval of negative objects regardless of whether
participants had slept during the delay, suggesting a stable “hub” to the memory retrieval
network regardless of the efficiency of consolidation processes. However, sleep led to a shift
away from a diffuse memory network (including lateral prefrontal and parietal cortices) and
toward a more refined and integrated network of limbic regions (consisting of the amygdala
and ventromedial prefrontal cortex). Despite the very different methods of Sterpenich et al
(2009) and Payne and Kensinger (submitted), the two studies seem to converge on the
finding that sleep enhances the activity and coherency of the emotional memory network; it
may be this neural signature that enables the durable maintenance of emotional memories.

3.4.3 Neural Activity and Connectivity During Retrieval—The section above
revealed how retrieval-related activity can differ depending on the way in which information
was consolidated. Therefore, although neuroimaging methods can isolate changes in neural
processes that arise during the retrieval phase of memory, these effects could reflect the
downstream consequence of effects manifest during encoding or consolidation. For instance,
events which are encoded more strongly, or consolidated more stably, may be retrieved in a
different fashion from those events which have a weaker memory trace (e.g., Rugg et al.,
2008). This caveat will be important to keep in mind while considering the studies that have
focused on the effects of emotion on memory retrieval: some of the differences present
during retrieval may be linked to earlier differences in the processing or consolidation of the
emotional experiences.

Because the influence of emotion at retrieval has been thoughtfully reviewed elsewhere
(Buchanan, 2007), and we have already discussed the role of personal involvement in
autobiographical retrieval (Section 3.1.1), here we focus on how the factors of arousal and
valence affect the neural processes used to retrieve autobiographical events. Although it

Holland and Kensinger Page 20

Phys Life Rev. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



initially was unclear whether the amygdala was activated during the retrieval of arousing
events (see Damasio et al. 2000; Piefke et al. 2003), a number of studies have now revealed
a link between amygdala engagement and retrieval of arousing experiences (Daselaar et al.,
2008; Dolcos et al., 2005; Fink et al. 1996; Markowitsch et al. 2000; Greenberg et al. 2005).
More specifically, when retrieved events are arousing in nature, there appears to be
enhanced connectivity between the amygdala and the hippocampus (Dolcos et al., 2005;
Greenberg et al., 2005; Sharot et al., 2004; see also Addis et al., 2004). This enhanced
connectivity may guide retrieval search efforts or the initial stages of memory reconstruction
(Daselaar et al., 2008; see also Markowitsch et al., 2000). For instance, in a study that
distinguished the initial recovery of a memory from the further elaboration of that memory,
amygdala activity occurred early on, even before people retrieved a memory in full. These
findings indicate that amygdala activity may guide the retrieval search process and increase
the likelihood that an arousing experience is recalled (Daselaar et al., 2008). Yet the role of
the amygdala may extend beyond that initial stage, to help with recovery of episodic detail
or to enhance the feeling of re-experience (Sharot et al., 2004; Smith et al., 2005). Amygdala
activity can correspond with the retrieval of accurate episodic detail (Smith et al., 2005;
Kensinger & Schacter, 2005; Markowitsch et al., 2000), suggesting that the amygdala guides
the reconstruction of details from past experiences. Amygdala activity also can correspond
with the magnitude of the experienced emotion or with the sense of re-experience (Sharot et
al., 2004; Sharot et al., 2007) and so in some instances amygdala activity may reflect the
“recapitulation” of emotion felt during the event’s original occurrence. Just as remembering
a sound can re-activate auditory cortex (e.g., Buckner & Wheeler, 2001) so might
remembering an emotion re-activate the amygdala.

A study that investigated emotional memory in patients with amygdala damage supports the
conclusion that the amygdala is involved in both memory search and also in the
“recapitulation” of emotion. In that study, remote memory was assessed in amnesic patients
with medial temporal-lobe damage (Buchanan et al., 2005). In some patients, the damage
included the amygdala and in other patients it spared the region. All patients were asked to
recall events that had occurred prior to their brain damage. Because the medial temporal-
lobes had been intact at the time of the event and for some period of time thereafter,
anything atypical about their memory could be connected to the retrieval phase rather than
to the encoding or initial consolidation phases. This study revealed that the subset of patients
whose lesions included the amygdala showed a different profile for the types of past
experiences that they remembered than did those patients whose damage did not include the
amygdala. Those with amygdala damage were less likely to retrieve memories of unpleasant
events, and when they did retrieve those unpleasant events, they rated them as less intense.
These findings align well with the neuroimaging research, suggesting that the amygdala may
help with the search and recovery of arousing memories (such that amygdala damage
reduces the likelihood that arousing events will be remembered) and also may participate in
the re-experience of emotion during retrieval (such that the intensity of re-experienced affect
will be reduced if the amygdala is damaged).

Although these studies have focused on the role of the amygdala in emotional
autobiographical memory retrieval, the retrieval of arousing events also may boost activity
within visual cortices (Piefke et al., 2003; Muscatell et al., in press; see also Van Strien et
al., 2009), perhaps reflecting the recovery of sensory information, and in frontal regions,
perhaps reflecting the thematic elaboration or online maintenance and reliving of the event
(see Daselaar et al., 2006; Greenberg et al., 2005 for more discussion). The particular
modulation of these regions may vary depending upon the valence of an event. Across a few
studies, frontal regions have been more active during retrieval of positive autobiographical
memories whereas posterior regions have been more active during retrieval of negative
events (Piefke, et al, 2003; Markowitsch, et al, 2003). This distinction could be tied to the
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effects of valence discussed earlier (Section 3.1.2), with negative memories associated with
more sensory detail and positive memories associated with a more thematic and heuristic
form of recall. The differences could also reflect other motivations that differ during the
recall of positive versus negative events; for instance, some of the medial frontal regions that
are disproportionately engaged for positive events are tied to self-referential processing. It is
possible that individuals are more apt to consider positive (vs. negative) life experiences in
reference to their self-concept, and so this self-referential mode of processing could explain
the additional prefrontal recruitment during the retrieval of positive autobiographical events.
Indeed, as we will discuss in the next section (Section 4), individuals are motivated to
maintain a positive sense of self (Ross, 1989; Greenwald, 1980; Conway, 2005), and people
may re-experience past events in a manner that allows them to achieve that goal.

4. Effect of Emotion and Emotional Goals on Autobiographical Retrieval
In the preceding section, we examined how the emotional content of an event can influence
the way in which its spatial, temporal and contextual details are remembered. We now shift
our attention away from assessments for these types of details and towards memory for the
emotions experienced during a event. We discuss how memory for these emotions can often
be reconstructed and how the emotions and emotion-regulation goals experienced at the time
of retrieval can influence the affective flavor with which prior experiences are remembered.

4.1. Reconstruction of memory for emotions
Although some have suggested that implicit memory for emotions experienced at the time of
an event is indelible (e.g., LeDoux, 1996), a wealth of research suggests that explicit
memory for emotion is reconstructed in the same manner as other event details (e.g., Levine
& Pizarro, 2004). Some have even gone so far as to suggest that retrospective reports of
emotion are usually inaccurate (e.g., Thomas & Diener, 1990; Christianson & Safer, 1996).
Emotions experienced at the time of an event might be viewed as a type of event specific
knowledge in the self-memory system proposed by Conway and Pleydell-Pearce (2000),
similar to other sensory and perceptual details of an event. Given that event specific
knowledge is not thought to be stored in the self-memory system, or at least is not stored in
an organized fashion, memory for emotions – like memory for these other details - would
theoretically have to be reconstructed at the time of event retrieval.

A good deal of research has demonstrated that individuals’ explicit memories for emotion
can be biased in reliable ways (for reviews, see Levine, Safer, & Lench, 2006; Levine &
Pizarro, 2004; Levine & Safer, 2002). The reconstruction of memory for emotions is evident
based on both internal states (such as expectations) and external factors (such as cultural
values in emotional experience). Coming to an understanding of how memory for emotions
is reconstructed is critical given that our memories for past experiences guide decision-
making for future experiences, possibly even more than the experienced emotions
themselves (e.g., Wirtz, Kruger, Scollon & Diener, 2003). In this section, we will review
evidence for the factors influencing reconstruction of past emotions from behavioral and
neuroimaging studies as well as the potential mechanisms for these biases. We also will
discuss how this reconstruction can be viewed as functional.

4.1.1. Behavioral evidence for reconstruction—Several lines of behavioral research
provide evidence that the emotions we experience at the time of an event are not recalled
verbatim each time we retrieve the details of that event. One technique for demonstrating
these biases is to ask participants to rate their emotions as they are being experienced and
then to later recall what emotions were experienced during an event. By comparing the
reported on-line emotional experiences to the retrospective reports of those experiences, a
measure of reconstruction can be obtained. In using this technique, memory and emotion
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researchers have gleaned a number of factors that seem to influence the reconstruction of
memory for emotions. Many of these factors have been reviewed elsewhere (e.g., Robinson
& Clore, 2002), and so we will briefly summarize the research relevant to this topic.

Individuals’ expectations about how a specific event will play out are closely related to how
they recall the emotional details of that event after it is over. Imagining real and hypothetical
future emotional events, including those that are positive (e.g., vacations) or negative (e.g.,
menstruation), can arouse intense emotions in the present (Van Boven & Ashworth, 2007).
However, we seem to be relatively inaccurate at such affective forecasting and tend to
overestimate the emotional impact that future events will have on us (Wilson, Meyers &
Gilbert, 2003). For example, individuals overestimate how positive vacations will be
(Mitchell, Thompson, Peterson & Cronk, 1997; Wirtz et al., 2003), as evidenced in
comparisons of prospective and on-line emotion ratings. Shortly after those vacations end,
however, retrospective ratings of emotion are more in line with the prospective ratings than
with actual experience (Mitchell et al., 1997). In other words, individuals expect a highly
positive trip, experience somewhat of a less positive trip than they expected (e.g., due to
disappointments, bad weather, etc.), but remember a highly positive trip; this has been
termed the “rosy view” phenomenon (Mitchell et al., 1997). A similar phenomenon holds
for individuals’ beliefs about how negative events like menstruation (McFarland, Ross, &
DeCourville, 1989) or the experience of Mondays (Stone, Hedges, Neale & Satin, 1985;
Areni & Burger, 2008) will make us feel. We expect these experiences to be very negative,
experience them as less negative than we anticipated, but remember them as more negative
than they actually were. Thus, our remembered emotional experiences might be
reconstructed in part by how we anticipate feeling prior to an event, even if our prior
estimates are incorrect.

Our cultural beliefs about the emotionality of events can further bias memory reconstruction
for emotional details. For instance, the types of emotions that are valued in our culture
(affect valuation; Tsai, Knutson & Fung, 2006) can influence how individuals remember
experienced emotions. In one experiment, the more that American students valued the
cultural ideal of high-arousal positive affect, the more positive affect they recalled feeling
over the past week, regardless of their online emotion ratings (Scollon, Howard, Caldwell, &
Ito, 2009). Similar memory biases have been demonstrated based on cultural expectations of
the emotions experienced by men and women. Although men and women report no
differences in on-line measures of emotions, women retrospectively report feeling more
emotions than men (Robinson, Johnson, & Shields, 1998; Feldman Barrett, Robin,
Pietromonaco & Eyssell, 1998), in line with widely held cultural views that women are the
more emotional sex (Feldman Barrett et al., 1998).

Individual differences also play a role in the reconstruction of memory for emotions.
Feldman Barrett (1997) asked individuals to rate their on-line emotions over the course of
90 days, and then to recall their emotions from that time period at the end of the study. Five-
factor models of personality variables suggest that extraversion is associated with greater
levels of positive affectivity, and neuroticism with greater levels of negative affectivity
(Costa & McCrae, 1980). Individuals’ memories for how they felt over the 90-day study
were biased in the direction that would be expected based on these models of personality.
Those scoring high in extraversion recalled feeling more positive affect than they reported
on a daily basis, whereas those scoring high in neuroticism recalled feeling more negative
affect. A similar pattern of memory bias was evident for individual differences in self-
esteem (as reviewed by Robinson & Clore, 2002). Individuals scoring high on a self-esteem
measure biased their memories about specific autobiographical events in a positive
direction, whereas the reverse was true for those with lower self-esteem (Christensen, Wood
& Feldman Barrett, 2003). It is possible that personality variables like the ones described
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above provide information to individuals about their beliefs regarding emotions, which in
turn bias reconstruction of emotional experiences (Robinson & Clore, 2002). Interestingly,
the biases in recalling emotions may also contribute to the development of individual
differences (Safer & Keuler, 2002).

So far we have seen that our expectations about the emotions that will be experienced during
an event, whether driven by prior expectations, individual differences in personality, or
culturally-held beliefs, can be powerful in molding how we recall the emotions that we
experience during such events. These are not the only factors that can influence our
reconstructions for previously experienced emotions. It is also true that knowledge acquired
after an event, and changes in our feelings toward and appraisals about an event, can lead to
biases in how we recall emotional details (reviewed by Levine & Safer, 2002). For instance,
Levine (1997) showed systematic biases in individuals’ memories for how they felt when
U.S. presidential candidate Ross Perot dropped out of the 1992 election; these biases were
based on individuals’ current feelings following the election. In particular, individuals who
remained Perot supporters tended to underestimate their initial feelings of anger and sadness
and overestimate their initial feelings of hope upon learning of his withdrawal, whereas
those who went on to support other candidates only underestimated their initial sadness and
hope. A similar pattern of findings was evident when individuals were asked to recall their
emotions regarding the outcome of the O.J. Simpson trial (Levine et al., 2001). The more
that individuals’ beliefs in Simpson’s guilt or innocence changed in the months and year
following the verdict, the more their memories for emotions experienced at the time when
they learned the outcome were biased toward their current appraisals. Coping mechanisms in
dealing with emotional disappointment, such as in Ross Perot’s withdrawal from the
presidential race, can also influence memory for emotions (Levine & Bluck, 1997). Older
adults were less likely than younger adults to remain engaged in the election, but those who
did were more likely than younger adults to underestimate their initial sadness in regards to
Perot’s withdrawal. This might have reflected an age-related change in regulatory strategies
that led older adults to downplay the extent of their initial negative reaction (and see
Carstensen et al., 1999, for related discussion).

Before closing this section, it is important to note that the reviewed variables found to
influence memory reconstruction for emotions do not necessarily act independently of one
another. For example, in one study undergraduate students reported their emotions about a
midterm exam both before and after the exam was finished (Safer, Levine, & Drapalski,
2002). Critically, some students learned their grade on the exam before being asked to recall
how they felt before taking the exam, whereas others recalled their pre-exam emotions prior
to learning the outcome. All students were generally accurate in recalling which emotions
they felt prior to the exam. However, those students who learned that they had achieved high
grades before recalling their emotions underestimated how anxious they felt before taking
the exam, whereas those who learned they had received low grades overestimated how
anxious they had felt. These memory biases were also affected by individual differences:
Those scoring high on a neuroticism scale were most likely to overestimate their pre-exam
anxiety at retrieval. Memory distortions in this study extended to a month following the
exam, suggesting that knowledge acquired after an event, in combination with personality
variables, can create long-lasting biases in memory for emotions.

4.1.2. Mechanisms underlying the reconstruction of memory for emotions—
Given the vast literature demonstrating that emotional details are reconstructed at the time of
memory retrieval, it is perhaps not surprising that several hypotheses have been put forth to
explain why this reconstruction occurs. As noted in the Introduction, one key function of
autobiographical remembering is to help guide future behavior and decision-making (e.g.,
Bluck et al., 2005). Given that emotional (vs. neutral) events are most likely to be
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remembered (Talarico, LaBar & Rubin, 2004) and to guide future behavior toward repeating
pleasant events and avoiding aversive events (Levine et al., 2006), it is critical to understand
how our reconstructed memories for the emotions associated with events drive our decisions
to repeat those events.

One line of work focuses on the idea that when we are asked to recall how we felt during an
emotional episode we must summarize across all of the affective moments of that event to
give a suitable answer (e.g., Fredrickson, 2000). Additionally, we must be able to quickly
evaluate past events to guide our future behavior (e.g., Levine & Safer, 2002). To this end,
two critical time points during specific events may be disproportionately weighted when we
consider how we felt during a past episode: the time of highest emotional arousal (“peak”
moment) and the end of the episode (reviewed by Fredrickson, 2000). It appears that when
trying to summarize all of the “affective moments” that make up an event, individuals tend
to disregard the duration of the event (e.g., Fredrickson & Kahneman, 1993; Kahneman,
Fredrickson, Schreiber & Redelmeier, 1993). For example, Redelmeier and Kahneman
(1996) tracked individuals’ pain as they underwent medical procedures like colonoscopies.
Those on-line measures were then compared to participants’ retrospective reports of pain.
Perhaps counterintuitively, longer procedures (which should result in greater amounts of
pain) were not recalled more negatively than shorter procedures. Instead, the amount of pain
recalled was strongly correlated with the most intense pain experienced and the pain
experienced during the final moments of the procedure. Further, when a “better ending” is
added to the end of an unpleasant experience like holding one’s hand in cold water,
individuals report stronger preferences to repeat that event than to repeat a shorter trial with
a worse ending (Kahneman et al., 1993). This line of research suggests that our
reconstructions of emotions at the time of retrieval may depend in particular on the peak and
end affect associated with that event, perhaps because those two moments provide a useful
heuristic for evaluating an event (Fredrickson, 2000).

Other models have focused more specifically on the memory processes that can lead to
reconstructive biases in memory for emotions. For example, Robinson and Clore (2002)
proposed a memory accessibility model, which is based on the assumption that past feelings
cannot be either stored or recalled. Emotions can be reconstructed based on contextual
details like past thoughts through the process of episodic remembering; however, as others
(e.g., Conway & Pleydell-Pearce, 2000; Rubin & Wenzel, 1996) have suggested, these event
specific details quickly fade with time. As a result, we are left to rely on semantic memory
to reconstruct past emotions. Semantic memory is comprised of many of the factors found to
bias memory that were reviewed above, including personality variables and beliefs about
emotions, as well as culturally-based theories that dictate how we should feel during
particular events (Robinson & Clore, 2002).

Still other theories highlight the importance of maintaining a positive, coherent sense of self
(Ross, 1989; Greenwald, 1980; Conway, 2005) and posit that memory reconstruction occurs
at least in part to serve this goal. Ross (1989) suggested that memory retrieval is biased in
the service of either exaggerating the consistency or enhancing the difference between the
past and present feelings, depending on whether an individual wants to perceive consistency
or improvement over time; we will return to this point in section 4.1.4. More recently,
Conway (2005) reviewed evidence that the content of autobiographical memories can be
rendered either more or less accessible at retrieval by the working self, with the ultimate
goal of maintaining a coherent sense of self and downplaying information inconsistent with
one’s self-view. One powerful example of how memory for emotions can be reconstructed
by the self-memory system is in post-traumatic stress disorder (PTSD). Conway (2005)
reviewed a case of a witness to the 9/11 terrorist attacks in New York City who
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misremembered having a calm vantage point above the twin towers, presumably as a way to
protect herself from the intense anger and fear she felt as an observer on the ground.

It is proposed that the central executive, likely supported by prefrontal areas, may be
responsible for reconstructing memory for emotions in the self-memory system (Conway &
Pleydell-Pearce, 2000; Conway, 2005). This hypothesis is a logical one, given the essential
role of these prefrontal processes in generative retrieval and in mnemonic search (e.g., Badre
& Wagner, 2002; Gilboa, 2004; Addis & McAndrews, 2006). Next, we will review
neuropsychological and neuroimaging evidence that may shed further light on the neural
underpinnings of reconstructive processes involved in memory for emotion.

4.1.3. Neuropsychological and neuroimaging evidence for reconstruction—
Some have argued for a distinction between a memory system for event details and a
memory system for emotions (e.g., Zajonc, 1980). Christianson and Safer (1996) reviewed
neuropsychological evidence showing that amnesics demonstrate intact memory for
emotional information despite having impaired memory for the episodic and contextual
information presented with the emotional information. For instance, Johnson, Kim, and
Risse (1985) showed that Korsakoff amnesics displayed a preference for a face that had
been paired with a narrative that portrayed him as a “good” individual (e.g., one who
performed noble acts) as compared to one who had been portrayed as a “bad” (e.g.,
immoral) individual, despite the fact that the patient could remember no specific details
about either narrative. A study by Tranel and Damasio (1993) revealed a similar dissociation
between the ability to remember the affective meaning of information and its episodic and
contextual content. In their study, an amnesic patient showed a preference for an
experimenter who had been nice on several prior testing sessions compared to an
experimenter who had been less pleasant. These studies with amnesic patients emphasize
that affective meaning can be retained even when event details cannot, and they indicate that
the ability to maintain affective meaning can exist even without medial-temporal lobe
function or conscious retrieval of the information.

Complementary to the work with amnesic patients, a dual-representation model of PTSD
also posits separate memory systems for verbal and non-verbal, affective information;
information from both systems is combined when memory is constructed (Brewin,
Dalgleish, & Joseph, 1996; also reviewed in Conway & Pleydell-Pearce, 2000). Similar to
the proposed division of event details and affective information based on work with amnesic
patients, Brewin et al. (1996) liken verbally accessible details to conscious, explicit memory
and affective information to unconscious, implicit memory. In both models, affective
information is inaccessible for conscious retrieval and is only brought into consciousness
given appropriate situational or context cues [e.g., the presence of the experimenter in
Tranel & Damasio (1993) or the presence of trauma-related cues in Brewin et al. (1996)].
Although the Brewin et al. (1996) model was hypothesized in regards to PTSD, the broader
implication of such a model is that affective information is represented separately from other
event details and can be selectively retrieved (Conway & Pleydell-Pearce, 2000). Further, an
important prediction of this dual-representation approach is that affective information may
be partially or completely inhibited by the verbal system to avoid the interruption of
cognitive processes by the re-experiencing of emotions (Conway & Pleydell-Pearce, 2000).

In line with Brewin et al.’s (1996) model, patient and neuroimaging evidence suggests that
the affective memory system may be preferentially right-lateralized, in contrast to the left-
lateralized verbal memory system (see also Conway & Pleydell-Pearce, 2000). Patients with
right hemisphere damage produce autobiographical memories that are impoverished in
emotional content and specificity but not in other cognitive content (Cimino, Verfaellie,
Bowers & Heilman, 1991). Similarly, epilepsy patients undergoing a Wada Test (in this
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case, with the right cortical hemisphere anesthetized) showed a marked reduction compared
to baseline in the emotional details used to describe emotional autobiographical memories;
factual details remained largely unchanged (Ross, Homan, & Buck, 1994).

More recent evidence indicates that damage to the hippocampus, amygdala, and nearby
cortical areas (but not to the hippocampus alone) attenuates the number of negative affective
autobiographical memories recalled, the number of negative words used to describe those
memories, and the phenomenological ratings of emotional intensity and vividness
(Buchanan, Tranel & Adolphs, 2005); these effects are especially evident in patients with
right-lateralized anteromedial temporal lobe damage (Buchanan, Tranel & Adolphs, 2006).
This patient evidence converges nicely with neuroimaging evidence that amygdala activity
is associated with emotional intensity in autobiographical memory retrieval (Addis et al.,
2004; Daselaar et al., 2008; Greenberg et al., 2005). Taken together, these studies suggest
that the reconstruction of emotional and non-emotional details may be dissociable processes
that engage slightly different medial temporal lobe structures. The reconstruction of past
emotions may be especially reliant on the amygdala and also may be preferentially right-
lateralized (at least for negative emotions; see Davidson, 1992; Demaree et al., 2005; Liotti
& Tucker, 1995 for discussion of valence-based laterality effects). That feeling states and
non-affective information can be recalled separately allows for the possibility that recall can
exist without the re-experiencing of past affect (Conway & Pleydell-Pearce, 2000).

4.1.4. The function of reconstructing memory for emotion—Evidence for
reconstructive memory for emotions in autobiographical memory is often couched in
negative terminology, such as memory “biases” and “distortions” (as noted by Levine, 1997;
Levine & Safer, 2002; Levine et al., 2006). This may be an unfair evaluation of memory for
emotion in light of the function of remembering how past experiences made us feel. For
example, if one of the main purposes of remembering emotional experiences is to guide
future behavior and help us decide whether to repeat or avoid events, it would make sense if
our memories for emotions were updated based on more recent knowledge and appraisals
(Levine, 1997; Levine & Safer, 2002). Levine and Safer (2002) liken reconstructive memory
for emotion to updating a map based on new information and current feelings about a
situation.

One arena for which this “map updating” analogy is particularly relevant is that of well-
being. A primary goal in remembering emotions is to find meaning in emotional events and
to incorporate them into one’s sense of self so that a coherent life narrative can be formed
(Fivush et al., 2008). An equally important goal in autobiographical remembering is to
maintain a coherent and consistent view of the self over time (Greenwald, 1980; Conway,
2005). The reconstructive nature of memory nicely lends itself to both of these goals. As
mentioned previously, Conway (2005) notes that reconstructing factual details of an
emotional event, such as in the case of the 9/11 survivor, is sometimes critical to managing
PTSD symptoms. Reconstructing how we feel about a particular event is also important for
well-being. As one example, Pennebaker and colleagues have repeatedly demonstrated the
therapeutic benefits of writing about past negative or traumatic emotional events (e.g.,
Pennebaker, Mayne & Francis, 1997; Pennebaker & Seagal, 1999). Written narrative
accounts of highly positive and negative events include a greater proportion of positive and
negative emotion words, respectively (Bohanek, Fivush & Walker, 2005). Repeated
disclosures of the same negative emotional events are associated with a reduction of
negative emotion words. In turn, a reduction in negative emotion words is associated with
positive outcomes ranging from healthier immune functioning to decreased absenteeism
from work to increased grade point averages among students (reviewed by Frattaroli, 2006).
A meta-analysis by Frattaroli (2006) suggests that repeated recalling of past negative
emotions leads to the extinction of the negative thoughts and feelings associated with
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negative events. This proposed exposure and extinction hypothesis might be likened to a
form of “map updating;” repeatedly recalling emotions allows individuals to reconstruct
how they feel about past events, thereby allowing them to integrate negative events into the
self-schema (Frattaroli, 2006).

As we noted previously (Section 4.1.2), sometimes we reconstruct past events (e.g.,
menstruation) in such a way as to make them seem more negative than they actually were.
This form of reconstruction may be beneficial to well-being because it creates the perception
of improvement over time (Ross, 1989). One domain in which such an effect has been
demonstrated is that of romantic relationships, in which feelings of love and satisfaction are
perceived to increase over time even though the reported feelings remain relatively stable
(Sprecher, 1999). Karney and Coombs (2000) asked wives to rate their current feelings and
recall their past feelings regarding their marriage over a 20 year longitudinal study. The
authors found that both 10 and 20 years into their marriages, the wives remembered their
past ratings as being more negative than they actually were. Even more interestingly, the
degree to which the wives showed this negative biasing of the past 10 years into the
marriage was positively correlated with marital satisfaction after 20 years. In a similar vein,
individuals may construe their romantic partners’ faults into virtues (e.g., reframing
“stubbornness” as “integrity”) as a way to cope with uncertainty in their relationships
(Murray & Holmes, 1993), perhaps suggesting a mechanism (i.e., construal or
reinterpretation of negative feelings to positive feelings) by which reconstructive memory
for past emotions might serve its functional purpose.

Research on age-related changes in memory for past emotions also sheds light on the
potential benefits of the reconstructive nature of memory. Socio-emotional selectivity theory
suggests that emotion and emotion regulation goals become more salient with age as time is
perceived as more limited (e.g., Carstensen & Turk-Charles, 1994, 1998). A wealth of
research (see Mather, 2006, for a review) shows that older adults are more likely to forget
negative events or the negative feelings associated with them more quickly (Berntsen &
Rubin, 2002; Levine & Bluck, 1997), to reconstruct negative events in a more positive light
(Comblain, D’Argembeau & Van der Linden, 2005), and to recall the past as more positive
than it was (Kennedy, Mather & Carstensen, 2004). Remembering the past with an emphasis
on positive emotions may help explain why aging is associated with increased subjective
well-being and decreased incidence of mental health problems (Erskine et al., 2007). Indeed,
guided reminiscence of autobiographical memory with an emphasis on recalling positive
memories and reframing details in a more positive manner is offered as a therapeutic
measure for older adults (reviewed by Bluck & Levine, 1998).

4.2. Mood Congruent Memory
Only a portion of our vast autobiographical knowledge stores is available to us at any given
time (e.g., Woike & Polo, 2001; Sanitioso, Kunda & Fong, 1990; Conway, 2005; Woike,
2008) and memories can be made more or less accessible by our current mood states. An
often studied phenomenon in cognitive research is that of mood congruency, which refers to
the finding that information congruent in valence to one’s present mood is more likely to be
perceived, attended to, stored, retrieved, and factored into judgments and decision-making
than mood incongruent information (for reviews see Blaney, 1986; Rusting, 1998). Others
have reviewed evidence for mood congruent memory (MCM) on laboratory explicit memory
tasks such as list-learning and free recall tasks (e.g., Singer & Salovey, 1988; see Barry,
Naus & Rehm, 2004, for a review of mood congruent implicit memory); here we will mostly
focus on work showing the MCM effect to be robust in autobiographical memory tasks. In
this section we will review behavioral evidence for autobiographical MCM, describe its
characteristics, and discuss different theories that have been put forth to explain its
existence. We will end with a review of recent neuroimaging studies aimed at delineating
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the neural networks that underlie MCM. Note that although mood congruency can lead to
superior encoding as well as retrieval of mood congruent information, our focus will be on
retrieval since mood at the time when autobiographical memories are being encoded is often
unknown (Matt, Vazquez & Campbell, 1992).

4.2.1. Behavioral Evidence for Mood Congruent Memory—A broad range of
studies using varied mood induction techniques has demonstrated the MCM effect in regards
to autobiographical memory (for reviews, see Bower, 1981; Blaney, 1986; Singer &
Salovey, 1988). Moods have been induced with video clips (e.g., Josephson, Singer &
Salovey, 1996), music (e.g., Miranda & Kihlstrom, 2005), reading mood-inducing
statements (Velten, 1968), adopting an emotion-related body stance (Dijkstra, Kaschak &
Zwaan, 2007), hypnosis (Maccallum et al., 2000), and by neurochemical means such as
tryptophan depletion (Klaassen et al., 2002). All of these mood induction techniques have
broadly led to MCM, with memories rated as more positive, or less negative, following a
happy mood induction vs. a depressed mood induction (Madigan et al., 1982, Exp. 1;
Mathews & Bradley, 1983; Snyder & White, 1982). In addition to influencing the affect
associated with an autobiographical memory, mood can also influence the amount of time it
takes to retrieve emotional memories. For example, sad memories take longer to retrieve
when in a happy mood, whereas happy memories take longer to retrieve when in a sad mood
(e.g., Riskind, 1983; Lloyd & Lishman, 1975; but see Teasdale & Fogerty, 1979 for
evidence that retrieval latencies hold only for positive memories retrieved in sad moods).
Finally, mood congruency is evident in the numbers of positive and negative
autobiographical memories reported following a mood induction, with a greater number of
positive memories retrieved following a positive mood induction and more negative
memories retrieved following a negative mood induction (e.g., Teasdale, Taylor & Fogarty,
1980; Natale & Hantas, 1982; Eich, Macaulay & Ryan, 1994, Experiment 2). Although
MCM is generally evident in autobiographical memory, its effects are often asymmetric in
nature, with positive moods leading to MCM more reliably than negative moods (see
Rusting, 1998; Singer & Salovey, 1988; Brewin, Andrews & Gotlib, 1993, for reviews; see
also Matt et al., 1992, for a meta-analysis of non-autobiographical memory findings).

The ecological validity of studying MCM with the use of induced moods has been called
into question (e.g., Perrig & Perrig, 1988; Blaney, 1986), leading some to turn to naturally-
occurring mood states, such as depression, to examine MCM (e.g., Clark & Teasdale, 1982).
Generally speaking, autobiographical MCM in depression is a robust phenomenon (Blaney,
1986; Hertel, 2004) and the extent to which depressives recall negative life events is
correlated with the severity of their symptoms (Fogarty & Hemsley, 1983). Although
clinical depression is often related to memory impairments, these deficits are usually
confined to memory for positive autobiographical events (see Burt, Zembar & Niederehe,
1995, for a meta-analysis; Lamogne et al., 2006), which suggests a mood congruency effect
in that negatively-valenced memories are often more accessible than positive or neutral
memories when individuals are in a depressed state.

More recently, researchers in the MCM domain have turned their attention to the interaction
of moods with long-standing personality traits, citing evidence for certain personality
variables enhancing or diminishing the effect (Rusting, 1998). For example, individuals
scoring high on measures of extraversion and positive affectivity show increased mood
congruent recall for positive information on a number of memory and judgment tasks
(Rusting, 1999); individuals high on scales of neuroticism and negative affectivity show
enhanced mood congruent recall for negative information on those same tasks (Bradley et
al., 1993; Rusting, 1999). MacLeod et al. (1994) showed similar interactions between
personality trait and mood in the latency to retrieve positive and negative autobiographical
memories, with positive memories retrieved faster by those scoring highest on measures of
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positive affectivity and vice-versa for those scoring highest on negative affectivity. The
directionality of this correlation is ambiguous: The personality trait could influence the ease
with which memories are retrieved, or alternately, the ease with which different types of
memories are recalled might influence how individuals answer the questions on personality
trait assessments. In contrast to these congruency effects, Rusting and DeHart (2000; see
Exp. 1 for an autobiographical memory task) showed that individuals who believed most in
their ability to regulate negative moods were most likely to recruit positive (mood
incongruent) memories following a negative mood induction, a point we will return to in the
next section of the review.

4.2.2. Underlying Mechanisms for Mood Congruent Memory—The most popular
explanation for MCM focuses on a network theory of affect (Bower, 1981; Clark & Isen,
1982), which presupposes that specific emotions and events are represented as different
nodes in memory. Events that elicit a particular emotion become linked with that emotion’s
node in memory during encoding. The result is that future activations of an emotion node
(e.g., through an experimental mood induction) lead to a spreading activation of the event
nodes linked with that emotion node. This spreading activation leads to an increased
accessibility of mood congruent information and memories at retrieval and has the potential
to create a “cognitive loop” in which mood congruent memories serve as affective cues for
the retrieval of additional mood congruent memories, thereby maintaining current mood
(e.g., Isen, 1978, 1987).

Rather than focusing on particular emotion and event cognitive nodes, schema models of
mood congruent memory rely on the notion of stable cognitive constructs that contain
knowledge about the self and one’s past experiences (reviewed by Rusting, 1998). Similar to
the way nodes can become activated in associative network theories, particular life events
can trigger particular self-schemas. When a particular schema is activated, information is
perceived and interpreted in manners consistent with the knowledge contained in that
schema; this includes the retrieval of memories that are congruent with the schema. Most
influential in this domain are Beck’s cognitive models of depression and anxiety (e.g., Beck,
1976; Beck & Clark, 1988). These models predict that particular life events (e.g., those that
are sad or threatening) activate depression- or threat-related schemas, thereby making
schema-related—including mood congruent—memories more accessible and elongating the
activation of those schemas (similar to the cognitive loop proposed by associative network
theories).

Although they take slightly different approaches to explaining the underlying mechanisms of
MCM, associative network and schema theories have provided broad and influential
frameworks for making predictions about autobiographical MCM (Rusting, 1998). Before
moving on, we will briefly note that other approaches have provided more specific
explanations and predictions about MCM. For example, the Affect Infusion Model proposed
by Forgas (1995) predicts that only heuristic (i.e., “shortcut”) and substantive (i.e., complex)
processing in making judgments will lead to MCM. In contrast, directly accessing
previously stored judgments from memory and motivated processing (i.e., in attempts to
achieve some goal such as mood regulation) might lead to mood incongruent processing. As
another example, Williams et al. (1997) proposed a process-oriented approach that makes
specific predictions about the role of preattentive vs. elaborative information processing in
depression, namely that a depressed mood will only lead to explicit, but not implicit, MCM.
Approaches like these help refine the broader associative network and schema theories and
may help explain inconsistencies in the MCM literature, a point we will return to shortly.

4.2.3. Neural Mechanisms Underlying Mood Congruent Memory—Within the past
several years, memory and emotion researchers have turned to neuroimaging to clarify the

Holland and Kensinger Page 30

Phys Life Rev. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



brain mechanisms underlying MCM (Lewis & Critchley, 2003). One study in particular
provides preliminary fMRI evidence for the associative network theory of MCM.
Participants in the Lewis et al. (2005) experiment studied positive and negative words, then
underwent either a positive or negative mood induction followed by a recognition memory
task. The subgenual cingulate gyrus was active during the encoding of subsequently
remembered positive words and reactivated during the retrieval of those words when
participants were in a positive mood, whereas posteriolateral orbitofrontal cortex showed the
same effect for negative words. The authors suggest that these two regions might represent
the general locations for negative and positive “emotion nodes” in the associative memory
network.

Another MCM study, this time measuring event related potentials (ERPs) during the
encoding of mood-congruent or incongruent words, showed a reduced N400 component
when participants encoded positive words while in positive moods (Kiefer et al., 2007). The
N400 typically is associated with the need to integrate information into a semantic context,
with more difficult integration (e.g., the occurrence of an unexpected word at the end of a
clause) leading to increased N400 amplitude (Kutas & Hillyard, 1980). A reduced N400
component has been associated with mood-congruent semantic processing, plausibly
because mood-congruent stimuli are preferentially encoded into existing semantic structures
(or nodes) (Kiefer et al., 2007). It makes sense that information well-integrated within
semantic memory stores could receive a mnemonic benefit, and so this improved semantic
integration may be an important factor leading to MCM.

Other imaging work in the domain of MCM has focused on currently and formerly
depressed participants. ERP work has shown that there is typically a negative slow-wave
component in the left parietal region that becomes more negative with increasing working
memory demand (e.g., García-Larrea & Cézanne-Ber, 1998; Montfort & Pouthas, 2003).
One ERP investigation found that nondepressed individuals have a more-negative slow
wave in the left parietal lobe (reflecting storage and retention of information in working
memory) when maintaining positive information in working memory, whereas depressed
individuals show a more-negative slow wave when maintaining negative information in
working memory (i.e., during MCM; Deldin et al., 2001). The more-negative slow wave
present in depressed participants holding negative information in working memory may
indicate a bias in allocating memory resources to mood congruent information (Deldin et al.,
2001).

Ramel et al. (2007) induced a sad mood in their participants and then had them encode
positive, negative, and neutral adjectives during a self-referential encoding task. Participants
with remitted depression showed a bilateral increase in amygdala activity during the
encoding of emotional adjectives when compared to never-depressed individuals. For a
subset of the formerly depressed individuals (specifically, those with characteristics
associated with higher risk for depressive relapse), the increased amygdala activity during
encoding was associated with increased recall of only self-referent negative adjectives (i.e.,
mood congruent memory). This increased amygdala activity could be due to greater arousal
in response to emotional words or to enhanced processing of self-referent information
(Ramel et al., 2007). Although a causal role for the amygdala in depressive relapse cannot
be established based on this study alone, the amygdala might be part of a larger network
whose activity is associated with a vulnerability for relapse (Ramel et al., 2007).

4.2.4. Does Mood Congruent Memory Really Exist?—Before closing this section, it
is important to recognize some of the criticisms of MCM research. Although most studies
confirm the existence of a mood congruency effect in autobiographical memory, others have
found no such effect (see Blaney, 1986), even in naturally-occurring mood states in healthy
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individuals (Hasher et al., 1985; but see Mayer, McCormick & Strong, 1995). Often times,
failures to demonstrate MCM can be explained by turning to the more specific predictions
that the AIM (Forgas, 1995) or the process-oriented approach (Williams et al., 1997) make.
For example, a failure to find a MCM effect in anxiety (e.g., Levy & Mineka, 1998) might
be attributed to the fact that it is preattentive, rather than elaborative, processing that is
biased by anxiety (Williams et al., 1997), whereas MCM may depend upon elaborative
processes. Another concern is evidence for mood incongruent memory rather than mood
congruency effect (e.g., Parrott & Sabini, 1990; Josephson et al., 1996). We will discuss
mood incongruent memory more in-depth in the following section on memory and emotion
regulation, but we will note here that whether a mood elicits congruent or incongruent
memories can often be explained by acknowledging individual difference variables
(Rusting, 1998), emphasizing the important interaction between MCM and individual
differences, some of which we described earlier (Section 4.2.1).

As mentioned previously, some have criticized the use of mood inductions in MCM studies.
Perhaps most troubling for MCM theory was a study published by Perrig and Perrig (1988),
who demonstrated a mood congruence effect in recall for word lists in the absence of a
mood induction. Instead, the authors instructed participants to behave as though they were
depressed or happy; they concluded that simply having the knowledge of behaviors
associated with a particular mood state is enough to produce MCM. A more recent follow-
up to the Perrigs’ study (Eich & Macaulay, 2000) examined the role of simulated mood in
autobiographical memory recall and found similar effects, with the caveat that mood
simulations led to striking symmetrical MCM (i.e., participants simulating both happy and
depressed moods demonstrated the effect), in contrast to the more typical asymmetrical
MCM noted above. It appears that actual changes in mood are not necessary to obtain a
mood congruency effect in memory, but that congruency achieved in simulated moods is
qualitatively different from that demonstrated in real moods (Eich & Macaulay, 2000).

4.3 Emotion Regulation Goals and Autobiographical Retrieval
In the previous section, we reviewed evidence for the role of emotional states at the time of
autobiographical memory retrieval. Since we do not usually adopt passive roles in
experiencing our moods, and indeed often try to manipulate or regulate our emotions, it is
equally important to acknowledge the role of emotion regulation goals in autobiographical
retrieval. As noted in the Introduction, autobiographical memory serves a number of
important functions in daily life, including those that are key for social, self, and directive
goals (Bluck et al., 2005). Emotion regulation is one perhaps omnipresent use of
autobiographical memory that potentially transcends the boundaries between these three
broad functions, yet receives curiously little attention from memory researchers (Pasupathi,
2003; see also Koole, 2009). Emotion regulation refers to the processes by which we can
alter our emotional experience and/or expression (Gross, 1998). We can probably all think
of anecdotal evidence for a time when we recruited an autobiographical memory to achieve
emotion regulation, such as when we remembered a great talk we once gave to calm our
nerves before a presentation. In this section we will review evidence for emotion regulation
through autobiographical remembering, relying primarily on the literatures covering mood
incongruent memory, instrumental emotion regulation goals, and overgeneral
autobiographical memory.

4.3.1. Mood incongruent recall—In the previous section of this review, we noted that
some researchers have found evidence for mood incongruent recall, or the tendency to recall
information that is opposite in valence to one’s current mood. An often-cited example is a
series of experiments performed by Parrott and Sabini (1990), who showed that under
“natural” mood conditions such as learning one’s grade on an exam or experiencing good vs.
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bad weather, individuals had an easier time recalling autobiographical events opposite in
valence to their mood. Although Parrott and Sabini (1990) found evidence for mood
incongruence in both happy and sad individuals, mood incongruent recall often occurs in sad
moods, possibly explaining the asymmetrical mood congruency effect (e.g., Blaney, 1986;
Isen, 1985). A popular explanation for mood incongruent recall is that individuals are
undertaking mood repair to avoid prolonging a negative emotional state (Isen et al., 1978;
Isen, 1984). In support of this idea is evidence for a delay in incongruency (“first
congruency, then incongruency;” Sedikides, 1994). For example, participants who were
induced into sad moods via music tended to recall negative (mood congruent)
autobiographical events first in order, followed by positive autobiographical events
(Josephson, Singer & Salovey, 1996). When asked to provide justification for why they
recalled the events in the order that they did, participants who had recalled a positive event
second in order cited mood repair. Mood congruent memory may reflect relatively automatic
processes, with mood incongruent memory representing controlled attempts at mood
regulation (e.g., Josephson et al., 1996).

Mood incongruency in autobiographical memory appears to be modulated by individual
differences, lending further support to its role in emotion or mood regulation. Individuals
scoring high (vs. low) in positive affectivity are most likely to demonstrate mood
incongruent recall following a negative mood induction (Rusting, 1999), as are those who
believe most in their ability to regulate their moods (Rusting & DeHart, 2000), those who
are high in measures of self-esteem (Setliff & Marmurek, 2002), and those who adopt a
reflective, rather than ruminative, self-focus when in negative moods (McFarland &
Buehler, 1998). The ability to regulate mood using autobiographical memory may have
important implications for well-being: Individuals scoring high in depression were least
likely to recall second positive memories in Josephson et al.’s (1996) study, which may
reflect a general inability to use positive memories for mood regulation in depression
(Joorman & Siemer, 2004). Similarly, the tendency of dysphorics to generate more negative
autobiographical events when induced to ruminate (rather than reflect) on their negative
moods may indicate a mechanism by which depression is perpetuated (Lyubomirsky,
Caldwell & Nolen-Hoeksema, 1998).

4.3.2. Instrumental emotion regulation goals and autobiographical recall—It is
generally accepted that individuals are usually motivated to regulate their emotions in a
hedonic direction (see Tamir, 2009; Tamir, Chiu & Gross, 2007, for reviews), but more
recent research on what have been termed instrumental emotion regulation goals may shed
further light on how individuals use their memories to regulate their emotions. Although we
frequently regulate our emotions to make ourselves feel more positive, we are sometimes
motivated to feel unpleasant emotions, if those emotions help us achieve some future goal
(Tamir, 2009). Social interactions are one domain in which this instrumental motivation is
evident, such as when individuals feel motivated to either neutralize their own moods or
even match the mood of an emotional individual they are expecting to meet (Erber, Wegner
& Therriault, 1996).

Studies examining instrumental emotion regulation goals provide evidence that individuals
may recruit their autobiographical memories to achieve these goals. In one study,
individuals were told that they would be playing either a confrontational or non-
confrontational video game at the end of their appointment (Tamir, Mitchell & Gross, 2008).
Before playing the game, participants were asked to rate their preferences for recalling
different emotional events from their pasts. Those individuals who expected to play a
confrontational (vs. non-confrontational) video game showed higher preferences for
recalling angry events; moreover, those who did show such a preference showed enhanced
performance on the video game. Similar to the findings in the mood incongruent memory
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literature, these effects are modulated by individual differences; extraverts are more likely to
prefer recalling positive autobiographical memories in effortful contexts, such as preparing
to give a speech or taking a test (Tamir, 2009).

Taken together, research from the mood incongruent memory and instrumental emotion
regulation goal traditions suggests that individuals can and do select to recall particular
memories to achieve emotion regulation goals, and that their propensity to do so is related to
individual differences in personality. The reconstructive nature of autobiographical
remembering might make it particularly suitable for emotion regulation processes, as
memories can be constructed in such a way as to accentuate positive or negative details
(Pasupathi, 2003). Research from our lab provides evidence that individuals may bias the
emotional details of past events when expecting to meet with an emotional individual.
Individuals who thought they would be meeting with a sad individual increased the amount
of negative emotional language they used in reporting past events, in comparison to a
baseline recall of the same events; those who thought they would be meeting with a happy
individual demonstrated the opposite trend (Holland, Tamir & Kensinger, submitted). This
effect was related to differences in extraversion, with those scoring high on that trait less
likely to increase their negative emotional language prior to a supposed meeting with a sad
individual. Further, the effect was confined to an autobiographical event recalled second in
order, lending additional support to the notion that regulatory processes using
autobiographical memory might take time and be attributed to controlled processes (e.g.,
Sedikides, 1994; Josephson et al., 1996). This research suggests that emotion regulation
goals influence not only what memories we recall, but also the details we recall about those
memories as well.

4.3.3. Overgeneral autobiographical memory and affect regulation—Affect
regulation might also occur (intentionally or not) when events are recalled at a general rather
than specific level. As we noted in the Introduction, autobiographical events can be arranged
hierarchically and vary in their specificity. When we attempt to retrieve a memory in
response to some cue (i.e., generative retrieval), our search begins at the intermediate level
of general memories; with the aid of a central executive, we narrow our search to a unique
episode (Conway & Pleydell-Pearce, 2000). Individuals suffering from affective disorders
including subclinical and clinical levels of depression (e.g., Williams & Broadbent, 1986;
Kuyken & Brewin, 1995; Brewin, Reynolds & Tata, 1999; Watkins & Teasdale, 2001),
seasonal affective disorder (Dalgleish et al., 2001), eating disorders (Dalgleish et al., 2003),
and post-traumatic stress disorder (Dalgleish et al., 2008) all show reduced specificity in
their recall of autobiographical events; they tend to recall a greater proportion of repeated or
categorical events than healthy individuals. This has been termed the overgeneral memory
effect (for reviews, see Williams, 1996; Williams et al., 2007; Williams, 2006).

One mechanism proposed to underlie the overgeneral memory effect is functional
avoidance, or the idea that remaining at a general level of specificity during
autobiographical retrieval allows for the avoidance of recalling specific, negative and
painful details (reviewed by Williams et al., 2007). Over time, repeated avoidance of painful
memories leads one to adopt a retrieval style that involves moving across the level of
general memories in the autobiographical knowledge hierarchy, rather than from top to
bottom; this style has been termed mnemonic interlock (Williams, 1996). Correlational
evidence between the amount of intrusions and avoidance following stressful events
(measured by the Impact of Event Scale and other tests of cognitive avoidance and
suppression) with measures of autobiographical memory specificity seems to confirm the
functional avoidance hypothesis; the more that individuals reported avoidance behaviors, the
less specific they were on an autobiographical memory cue word task (reviewed by
Williams et al., 2007). A more recent test lends further support to the idea that there is a
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relationship between affect regulation and overgeneral memory. Raes et al. (2003) attempted
to induce feelings of frustration in participants with the use of a puzzle task. Those
individuals who reported the greatest amount of negative affect following the task were the
same individuals who were most specific on an autobiographical memory cue word test.
These findings are consistent with those discussed in Section 3.1.2, revealing that negative
affect can be tied to recovery of some episodic details. Although Section 3.1.2 primarily
conceptualized of the results as an effect of negative affect on memory specificity, if the link
also exists in the opposite direction – as an effect of memory specificity on the intensity of
negative affect – then it would follow that individuals who wish to minimize their negative
affect may attempt to do so by retrieving general, rather than specific, autobiographical
memories (Williams et al., 2007).

As this discussion highlights, much of the evidence for a tie between negative affect and
memory specificity – including the study by Raes et al. (2003) – is based on correlational
evidence between reported emotion on one task and memory specificity on a separate task
(discussed by Philippot et al., 2004). Although these studies tend to suggest that there is an
association between specific autobiographical retrieval and enhanced negative affect, the
results may not always exist in that direction. A recent memory model of emotion regulation
proposes that overgeneral memory style can increase negative affect (Philippot et al., 2004).
Influenced by Conway and Pleydell-Pearce’s (2000) self-memory system, Philippot et al.
(2004) proposed two distinct levels of emotion: (a) a schematic system that contains implicit
knowledge about emotions and acts relatively automatically and unconsciously (e.g., a
startle response upon hearing a loud noise), and (b) a propositional system that contains
explicit knowledge about emotions and allows us to identify and communicate our emotion
states to others. According to this model, regulation of the schematic system must occur so
that automatic emotional responses do not disrupt more thoughtful responses based on the
propositional system. One of the ways that this regulation can occur is through the
elaboration of emotional information, which is posited to interrupt schematic processing.
Even though individuals seem to believe that elaborating on their feeling states will intensify
their emotional experience (Philippot et al., 2004), empirical evidence showed that
individuals primed to retrieve general (vs. specific) autobiographical memories actually
experienced more emotional intensity in a subsequent task in which they mentally re-lived
an emotional experience (Philippot, Schaefer & Herbette, 2003). Therefore, it seems that
adopting a specific autobiographical retrieval mode and elaborating on the emotions
associated with such memories might reduce subsequent emotional intensity (Philippot et
al., 2004). A separate literature has suggested that verbal elaboration can be an effective
emotion regulation strategy, perhaps because the top-down processes needed for such
elaboration effectively serve to dampen the responses within the limbic system (see
Berkman & Lieberman, in press, for discussion). Similar processes may be at work when
individuals retrieve specific autobiographical memories.

4.3.4. Neural correlates of emotion regulation—Much of the work examining the
neural correlates of emotion regulation has focused on the regulation of emotional responses
to visual stimuli (Kross et al., 2009). A great deal has been learned in the past several years
about the neural structures engaged during the reappraisal of the meaning and significance
of emotional stimuli. Reappraisal seems to reflect influences of the prefrontal, orbitofrontal,
and cingulate cortices on regions associated with emotional responding, including the
amygdala and insula (see Ochsner & Gross, 2005, 2008, for reviews). In particular, it seems
that amygdala activity can be modulated by prefrontal areas to increase or decrease
depending on whether one is trying to up- or down-regulate negative emotions, respectively
(Ochsner et al., 2004).
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To date, only one study has examined the neural correlates of regulating emotions associated
with autobiographical memories. Kross et al. (2009) asked participants to either focus on the
emotions experienced with negative autobiographical events or to cognitively analyze
(similar to rumination) or accept (i.e., down-regulate) the negative emotions. Consistent with
the broader literature on emotion regulation, all of the regulation strategies engaged left-
lateralized prefrontal areas associated with cognitive control. However, activity in the
subgenual anterior cingulate cortex (sgACC) and medial prefrontal cortex (regions
associated with both autobiographical memory retrieval and emotional experience) was
lowest in the accept condition compared to the feel condition; activity in these regions was
positively correlated with reported negative emotional experience, leading the authors to
suggest that activity in those areas tracks with subjective feelings. Interestingly, depressed
individuals show increased sgACC resting activity (Kross et al., 2009), perhaps reflecting
rumination on negative experiences similar to the analyze condition in the Kross et al.
(2009) study.

5. Conclusions and Future Directions
One recurrent theme throughout this review is the constructivist nature of memory.
Emotional memories, like all episodic memories, are reconstructed at the time of retrieval,
making them prone to memory biases and inconsistencies. The affective characteristics of an
event can influence the likelihood that a memory is encoded, stored, and retrieved, but these
emotional memories are never perfect representations of our past, and we often remember
past experiences – and our emotional reactions to those experiences – through a distorted
lens. The emotion that we feel at retrieval, or that we want to feel, can have a particularly
strong influence on the way in which we reconstruct past experiences and past emotions. Yet
our emotional experience affects memory long before the retrieval phase; emotion affects
the information that becomes a part of the memory trace as well as the information that is
accessible for recall.

Another broad theme in this review is the function of emotional autobiographical memory.
Much work has demonstrated that our personal memories contain inaccuracies or
imperfections, even for highly arousing and personally significant events. Although it is
tempting to view these distortions as problematic, it is informative to consider these findings
in light of the proposed functions of autobiographical memory that we noted in the
Introduction and to realize the possible functional and positive outcomes of this
reconstructive memory system. For example, remembering our past experiences and
behaviors as more positive than they actually were may allow us to maintain a coherent,
positive sense of self and to forge positive social relationships. Similarly, the flexibility in
the construction of events at retrieval may enable us to direct our future behavior and to
regulate our emotions. Although the benefits of the reconstructive nature of memory have
been espoused, these discussions generally have focused on memory for neutral events
(Schacter & Addis, 2007); the construction of emotional events and of experienced emotions
may provide even wider-ranging benefits.

Many of life’s experiences elicit emotions, and this review demonstrates that much has been
uncovered about how emotion and autobiographical memory interact, but it also highlights
areas where gaps in our knowledge remain. There are a multitude of domains that would
benefit from further research, but here we highlight three research directions that we believe
will be particularly fruitful and for which we believe that a combination of behavioral and
neuroimaging approaches will yield important insights.

As noted in Section 4.2, the literature on mood congruent memory is equivocal as to
whether this effect occurs. It seems that individual differences in personality influence mood
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congruent memory (Rusting, 1998), but more work is needed to determine what factors
account for the effect. Perhaps even more importantly, further work is needed to clarify
whether real mood or simulated mood is sufficient to create a mood congruency effect; the
small amount of work (Perrig & Perrig, 1988; Eich & Macaulay, 2000) indicating that mood
is not a necessary component of mood congruent memory has serious implications for
interpretations of this effect and deserves more attention in the literature. Neuroimaging may
provide a rich methodology to explore this issue, as research could examine whether the
mechanisms that influence memory selection differ when individuals simulate mood rather
than experience a particular mood state.

The interaction between autobiographical memory retrieval and emotion regulation goals
also deserves more attention (also noted by Pasupathi, 2003). Much of the work in this
domain has focused on using mood repair or emotion regulation as an explanation for mood
incongruent or overgeneral memory, but it has not focused on the details of how and when
memories might be recruited to serve regulatory functions. In a similar vein, most research
has focused on which memories are retrieved under different conditions of mood or emotion
regulation goals. However, it is also interesting to ask how event specific knowledge and
emotional details are reconstructed when the particular memory being retrieved is
constrained (e.g., when asking individuals to recall a particular event like high school
graduation). We predict that the reconstruction of event specific details can be biased in
reliable ways depending on the emotional conditions under which the memory is retrieved;
we have some evidence to support this hypothesis (Holland et al., submitted), but more work
can be done to delineate how individual differences and different moods or emotion
regulation goals influence the reconstruction of event details. It may be particularly useful to
investigate whether the reconstructive processes guided by internal regulatory goals mirror
those evoked by external, environmental cues; neuroimaging may provide a robust
methodology to investigate this type of question.

The use of neuroimaging has begun to elucidate the neural network engaged during
emotional autobiographical remembering and during the encoding and retrieval of emotional
information. There have now been a number of studies highlighting interactions between
structures within the medial temporal lobe (e.g., amygdalar modulation of the hippocampus)
and between those structures and the prefrontal and visual cortices (see Section 3.4). In
addition, a good deal of work has focused on the functional neuroanatomy of emotional
experience (see Phan et al., 2004, for a meta-analysis). Many of the regions implicated in
emotional experience are also engaged during autobiographical memory retrieval, including
the amygdala, medial prefrontal cortex, and anterior cingulate cortex (Phan et al., 2004).
However, the work examining the neural correlates of the interaction between emotional
states and goals at the time of memory retrieval (reviewed throughout Section 4) is quite
preliminary. More work is needed to determine how the activity present during a particular
emotional state or the attempted regulation of that state might modulate the activity during
subsequent autobiographical retrieval. These types of investigations could enrich our
understanding of the links between emotion and autobiographical memory, and they could
provide insight into the ways in which our current emotions and goals can influence the way
in which our personal past is remembered.

As we noted at the outset of this review, autobiographical memory represents the
intersection between memory, self, and social processes. The integration of behavioral and
neuroimaging methods has provided important insights into the nature of this intersection,
but as we have highlighted here, there is still much to be learned about the interrelation
among these different types of processes. We believe this area of research will continue to
be a fruitful and important one, revealing key insights into how memories for our past can
sculpt, and be sculpted by, our internal motivations and affective responses.
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Figure 1.
A schematic of the regions commonly activated during autobiographical retrieval. The
regions depicted here are those reviewed by Cabeza & St. Jacques (2007) and discussed in
the meta-analysis by Svoboda et al. (2006).
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Figure 2.
A schematic representation of how the effective connectivity within an autobiographical
retrieval network varies based on the level of personal involvement with a past event.
Colored lines indicate conditions that differ significantly between the two types of events,
with red lines indicating significantly positive connections and blue lines indicating
significantly negative connections. Connections which did not differ between the conditions
are depicted in white. The thickness of the line represents the strength of the connection.
Adapted from Muscatell et al. (in press). Hippo = hippocampus; Amyg = amygdala; TPJ =
temporo-parietal junction; MTG = middle temporal gyrus. Region names are color-coded to
match those depicted in Figure 1.
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Figure 3.
A schematic of the event-related, subsequent-memory design, often used in neuroimaging
studies to assess the successful encoding of information.
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Table 1

A list of studies examining adults’ retention of public events.

Event Type Event Valence Event Description (Year) Relevant Studies

Space Shuttle Explosion Negative Challenger (1986) Bohannon, 1988

Bohannon & Symons, 1992

Bohannon, Gratz, & Cross, 2007

McCloskey, Wible, & Cohen, 1988

Neisser & Harsch, 1992

Terr et al., 1996

Negative Columbia (2003) Kensinger, Krendl, & Corkin, 2006

Kershaw, Hemmerich, & Ahmed, 2009

Man-made disaster Negative Hillsborough soccer field disaster (1989) Wright, 1993

nuclear accident in Japan (1999) Otani et al., 2005

school shooting (1988) Schwarz, Kowalski & McNally, 1993

MS Estonia Ferry Disaster (1994) Christianson & Engelberg, 1999

Train station bombing in Bologna (1980) Cubelli & Della Sala, 2008

Natural disaster Negative Earthquake in Loma Prieta (1989) Neisser et al., 1996

Hurricane Andrew (1992) Bahrick, Parker, Fivush, & Levett, 1998

Hurricane Hugo (1989) Norris & Kaniasty, 1992

Marmara earthquake Er, 2003

Nurhan, 2003

World Events Either German invasion of Denmark (1940) Berntsen & Rubin, 2006b

German withdrawal from Denmark
(1945)

Berntsen & Thomsen, 2005

Negative Beginning of the Gulf War (1990) Bohannon, Gratz, & Cross, 2007

Tekcan, 2001

Weaver, 1993

Negative Bombing of Pearl Harbor (1941) Neisser, 1982

Thompson & Cowan, 1986

Resignation of Margaret Thatcher (1990) Cohen et al., 1994

Conway et al., 1994

Wright, Gaskell, & O’Muircheartaigh, 1998

Either Fall of the Berlin Wall (1989) Bohn & Berntsen, 2007

Scott & Ponsoda, 1996

Positive Japan World Exposition (1970) Anderson & Shimizu, 2007

Change in national borders of Turkey
(1939)

Tekcan & Peynircioglu, 2002

Assassination Negative Swedish Prime Minister Olof Palme
(1986)

Christianson, 1989

Attempted, President Reagan (1981) McCloskey et al., 1988

Pillemer, 1984

Rubin & Kozin, 1984

Phys Life Rev. Author manuscript; available in PMC 2011 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Holland and Kensinger Page 63

Event Type Event Valence Event Description (Year) Relevant Studies

President Lincoln (1865) Colgrove, 1899

President John F. Kennedy (1963) Brown & Kulik, 1977*

Christianson, 1989

Winograd & Killinger, 1983*

Yarmey & Bull, 1978

Israel’s Prime Minister, Yitzhak Rabin
(1995)

Yaron-Antar & Nachson, 2006

Nachson & Zelig, 2003

Death of famous
individual

Negative Belgian king Baudouin (1995) Finkenauer, Gisle, & Luminet, 1997

Princess Diana (1997) Bohannon, Gratz, & Cross, 2007

Davidson & Glisky, 2002

Hornstein, Brown, & Mulligan, 2003

Krackow, Lynn, & Payne, 2005

Kvavilahvili, Mirani, Schlagman, & Kornbrot,
2003

Mother Theresa (1997) Davidson & Glisky, 2002

Turgut Özal, 8th President of Turkey
(1993)

Tekcan & Peynircioglu, 2002

Tekcan, 1999

Mustafa Kemal Atatürk, first president
of Turkey (1938)

Tekcan & Peynircioglu, 2002

Francois Mitterrand, former president of
France (1996)

Curci, Luminet, Finkenauer, & Gisle, 2001

Pope John Paul II (2005) Tinti et al., 2009

Courtroom trial Either O.J. Simpson verdict (1995) Schmolck, Buffalo, & Squire, 2000

Winningham et al., 2000

Negative Clarence Thomas hearings Morse, Woodward, & Zweigenhaft, 1993

Terrorist Attacks Negative September 11 (2001) Budson et al., 2004

Budson et al., 2007

Candel, Jelicic, Merckelbach, & Wester, 2003

Conway, Skitka, Hemmerich, & Kershaw, 2009

Curci & Lanciano, 2009

Curci & Luminet, 2006

Davidson, Cook, & Glisky, 2006

Greenberg, 2004

Hirst et al., 2009

Kvavilahvili, Mirani, Schlagman, & Kornbrot,
2003

Kvavilashvili, Mirani, Schlagman, Foley, &
Kornbrot, 2009

Lee & Brown, 2003

Luminet et al., 2004

NiedŸwieńska, 2004
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Event Type Event Valence Event Description (Year) Relevant Studies

Paradis, Soloman, Florer, & Pezdek, 2004

Pezdek, 2003

Romeu, 2006

Schmidt, 2004

Shapiro, 2006

Sharot et al., 2007

Smith, Bibi, & Sheard, 2003

Talarico & Rubin, 2007

Talarico & Rubin, 2003

Tekcan et al., 2003

Thompson et al., 2004

Weaver & Krug, 2004

Wolters & Goudsmit, 2005

Terrorist attacks in Israel (1995–1997) Edery-Halpern & Nachson, 2004

Sporting Event Either American League Championship Series
(2004), between Boston Red Sox and

New York Yankees

Kensinger & Schacter, 2006

*
Although the assassination of J.F.K. is the most often discussed event assessed by Brown & Kulik (1977) and Winograd and Killinger (1983),

Brown and Kulik retrospectively assessed memory for the deaths of Medgar Evers (1963), Malcolm “X” (1963), Martin Luther King, Jr. (1968),
Robert F. Kennedy (1968), Ted Kennedy (1969), George Wallace (1972), and Gen. Francisco Franco (1975), and for the assassination attempt on
Gerald Ford (1975). Winograd and Killinger examined memory for the attack on Pearl Harbor (1941), the assassinations of Robert F. Kennedy and
Martin Luther King, the shooting of George C. Wallace (1972), the moon landing (1969), and the resignation of President Nixon (1974).
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