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Abstract
The power of episodic memories is that they bring a past moment into the present, providing opportunities for us to recall details 
of the experiences, reframe or update the memory, and use the retrieved information to guide our decisions. In these regards, 
negative and positive memories can be especially powerful: Life’s highs and lows are disproportionately represented in memory, 
and when they are retrieved, they often impact our current mood and thoughts and influence various forms of behavior. Research 
rooted in neuroscience and cognitive psychology has historically focused on memory for negative emotional content. Yet the 
study of autobiographical memories has highlighted the importance of positive emotional memories, and more recently, cog-
nitive neuroscience methods have begun to clarify why positive memories may show powerful relations to mental wellbeing. 
Here, we review the models that have been proposed to explain why emotional memories are long-lasting (durable) and likely 
to be retrieved (accessible), describing how in overlapping—but distinctly separable—ways, positive and negative memories 
can be easier to retrieve, and more likely to influence behavior. We end by identifying potential implications of this literature 
for broader topics related to mental wellbeing, education, and workplace environments.
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Episodic memories are powerful in their ability to transport us 
back in time, allowing us to reexperience and reflect on past 
moments (Tulving, 1972). As eloquently described by the con-
cept of the “episodic buffer” (Baddeley, 2000), when we bring 
an episodic memory to mind, we bring the past into the pre-
sent—into the current content of our consciousness. By doing 
so, we use the past to guide our current decisions and to shape 
our predictions about future occurrences (Gershman, 2017).

Most people have the intuition that emotional experiences—
those that get our heart racing or that elicit a positive or negative 
reaction—are more likely to be retained in memory, and the data 
support this conjecture. While we do not retain all the details of 
an emotional experience accurately (Neisser & Harsch, 1992), we 
are less likely to altogether forget that it occurred (Kensinger & 
Schacter, 2008; Yonelinas & Ritchey, 2015). Meanwhile, many 
of life’s more mundane moments crumble from our memory 
stores, losing the ability to influence our behavior or predictions.

Emotional experiences also can be more accessible in 
memory than neutral experiences (Buchanan, 2007; van 

Schie et al., 2015). We may have to search effortfully to 
recall the last birthday of an acquaintance, whereas the 
details of a past emotional event may spring to mind effort-
lessly as we approach its anniversary. Thus, the collection 
of episodic memories available for us to bring into present 
consciousness will be biased toward the highs and lows that 
we have experienced, giving them more influence over our 
current decisions and predictions for the future.

We first review the evidence for the power of negative 
memories and then for the power of positive memories. We 
explain how emotion evokes mechanisms that lead these expe-
riences to be retained in memory and accessed at retrieval, and 
we describe some of the consequences that the durability of 
these emotional memories have on our decisions, behaviors, 
and wellbeing. We end by pointing out potential implications 
of this literature for broader topics related to mental wellbe-
ing, education, and workplace environments.

A Note on Terminology

Before launching into this review, we want to note some com-
mon confusions that can arise when using the term “emotional 
memory.” We use this term to describe how the emotion during 
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an initial experience affects episodic memory. Although this 
is a common use of the term, there are several other ways that 
people might use or interpret the phrase “emotional memory” 
(see Box 1). Throughout this article, we will use “emotional 
memory,” and its branches of “negative memory” and “posi-
tive memory,” to refer to episodic memories for events that 
initially elicited a negative or positive affective response.

Box 1. Clarifying terminology
We define emotional memory as memory for a past event that 

elicited an emotional response.
This definition should not be confused with other possible meanings 

of “emotional memory”:
    - The emotion of the memory. The use of “emotional” as a 

modifier to “memory” might suggest that it is the emotion of 
the memory that is being described. Yet as we use the term, it is 
entirely possible to have an “emotional memory” with episodic 
content, but little emotion reexperienced at the time the memory 
is brought to mind.

    - Memory for a past emotional state. “Emotional memory” also 
could refer to memory of a past emotion, with the individual try-
ing to remember how they felt previously. But in most studies of 
“emotional memory,” what is being queried is not memory for the 
emotion, but rather memory for the experience that triggered the 
earlier emotional response. Furthermore, extensive research has 
shown that people are quite bad at remembering a past emotional 
(or other mental) state; there can be disconnects between the 
emotional intensity experienced at encoding and retrieval (Hutch-
ison et al., 2021; Levine et al., 2020), and the emotional state we 
remember has as much to do with the state we are currently in 
as with the state we previously experienced (Chang et al., 2018; 
Levine, 1997).

    - Modulation of memory by mood or stress. Sometimes, “emo-
tional memory” can encompass the study of how a person’s 
emotional state—the mood they are in or their stress level—influ-
ences memory. We do not specifically delve into these influences 
here, although in some studies it is ambiguous whether effects are 
driven only by short-lived emotional reactions or by longer-term 
changes in a person’s state.

    - Memory for events that triggered feelings. When many affective 
scientists use the term “emotion,” they are talking about states 
associated with some conscious feeling and often are referring to 
feeling-states that we name (happiness, sadness, etc.). While there 
are some exceptions (Riegel et al., 2022), the bulk of the studies 
on “emotional memory” do not focus on discrete emotions (e.g., 
distinguishing fear memories from disgust memories). Moreover, 
many who study “emotional memory,” including ourselves, do not 
assume that participants are experiencing consciously accessible 
feeling states in all paradigms (such as when we use stimuli-like 
words or photo-objects that are only seen for a few seconds).

Given the way terms, such as “emotion” and “affect” are used in 
much current-day discussion (Barrett & Bliss-Moreau, 2009), 
“memory for affective experiences”—while a mouthful—might 
be a more accurate summary of what the bulk of research on 
“emotional memory” has studied. Nevertheless, we will stick 
with the more commonly used term “emotional memory,” and its 
derivatives “negative memory” and “positive memory,” to refer to 
memories for events that, at the time of their occurrence, elicited a 
negative or positive affective response.

Evidence for the Power of Negative Episodic 
Memories

The study of emotional memories has, until recent years, 
been dominated by the study of negative memory. It is 
still the case that many papers whose titles describe a 
study of “emotional memory” are specifically studying 
how individuals remember negative content. We glean 
this focus on the negative to have occurred for two pri-
mary reasons.

First, there is a clear power to negative memories 
and to negative emotions more generally. Baumeister 
aptly titled a 2001 paper, “Bad is stronger than good” 
(Baumeister et  al., 2001). While it remains debated 
why that is the case (Alves et al., 2017; Lazarus, 2021), 
the result often is replicated across many domains. As 
outlined by Baumeister, people typically attend more 
to negative information than positive and weight losses 
more than gains. When constrained to the types of 
stimuli and participant populations traditionally used 
in psychology experiments, negativity biases in mem-
ory are likely to occur (Bebbington et al., 2017; Vaish 
et al., 2008). Negative memories also may be particu-
larly durable; individuals may retrieve more remote sad 
memories than happy ones (Williamson et al., 2019). 
It is important to recognize that part of the reason for 
the predominance of the bad may be that, at least for 
the types of experiences that can easily be assessed in 
experimental settings, the bad tends to be of greater 
intensity. It is relatively easy to find photographs or to 
create vignettes that most people will find alarming or 
distressing. It is harder to find photographs or to cre-
ate scenarios that people will find intensely positive, 
and there tends to be more variability in how people 
respond to positive stimuli. While this can lead to over-
estimations of the effects conveyed by negative relative 
to positive emotion, it also means that when experi-
menters are trying to use stimuli that will maximize the 
likelihood of revealing effects of emotion on memory, 
a focus on the negative is a good strategy.

Second, much of the work in humans was under-
girded by a robust literature studying memory in 
rodents. This literature predominantly focused on how 
the arousal responses triggered by a shock or another 
short-lived stressor increased the likelihood that those 
events were remembered. These memory advantages 
were revealed to be linked to engagement of the amyg-
dala and to the ability for the amygdala to modu-
late other medial temporal-lobe and sensory cortical 
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regions (McGaugh, 2000; McGaugh, 2004). Although 
the amygdala had originally been linked specifically 
to fear responses (LeDoux, 2003) and to unpleas-
ant stimuli (Lane et  al., 1997; Morris et  al., 1996), 
it soon became clear that the amygdala responded to 
positive as well as negative stimuli (Sergerie et  al., 
2008) and that memory enhancements extended to 
pleasurable events as well as aversive ones (McIntyre 
& Roozendaal, 2007). Despite the advances in the way 
amygdala reactivity was understood, the connection of 
these memory effects to arousal responses—and the 
easier ability to find aversive stimuli that elicit such 
arousal—likely kept the literature focused on memory 
for negative experiences. So, that is where we will 
begin our discussion of the power of emotional epi-
sodic memories.

What Gives Negative Episodic Memories 
Their Power?

An obvious answer to the question of what gives negative 
memories their power is that these memories stick around 
in our memory stores. From rodents to humans, and from 
simplistic stimuli to autobiographical experiences, there 
is abundant evidence that negative content is more likely 
to be remembered than neutral content, especially over 
longer-term durations. That is, negative content has a shal-
lower forgetting curve than neutral content (Yonelinas & 
Ritchey, 2015 for review). Negative memories also may be 
powerful, because the cues to that content are prioritized 
at retrieval, and when these memories return to mind, they 
feel vivid, and people have confidence in their content. 
Thus, negative memories are powerful, because they have 
a strength of encoding and consolidation mechanisms that 
make them durable and because at the time of retrieval, 
they are accessible and vivid (Figure 1). We describe these 
features in more detail.

Negative Memories are Durable

We tend to retain even mundane experiences in memory 
for short periods of time. We can remember what we just 
ate for lunch or who sat next to us in the classroom ear-
lier today. Where negative memories start to more notice-
ably diverge from memories of the mundane is when we 

examine memory over longer time-frames. We probably 
cannot remember what we ate for lunch 2 weeks ago or 
who sat next to us in the classroom on the third day of 
the semester. However, if we found a hair in our food or 
if our classmate tripped over our backpack on the way 
to their desk, memory for those negative experiences is 
likely to stick around longer.

Many models have been proposed to account for 
this enhanced durability of emotional memories (see 
Figure 2 for overview of models of emotional mem-
ory). The modulation model, developed from studies in 
rodents, was the first formalized model to explain the 
emotional enhancement of memory (McGaugh, 2000), 
and in particular to explain the time-dependency of the 
enhancement. (We say “formalized model,” because the 
“now print” mechanism proposed for Flashbulb Memo-
ries by Brown & Kulik, 1977 was an influential frame-
work for understanding emotional memories). Extensive 
research demonstrated that the arousal associated with 
a (negative) emotional event triggered stress hormones 
that set off a cascade of processes resulting in upregula-
tion of amygdala function and increasing amygdala-hip-
pocampal connectivity (McGaugh, 2004) and synergy 
of action (Richter-Levin & Akirav, 2000).

This model emphasized the importance of processes 
that unfolded during or shortly after an experience 
to inf luence the durability of a memory. Not surpris-
ingly, given the inf luence of this model, the bulk of 
the initial research trying to understand the durability 
of humans’ negative episodic memories focused on 
those phases as well (reviewed by Hamann, 2001). 
These studies’ results were generally consistent 
with the modulation model: amygdala activity was 
enhanced during the successful encoding of negative 
content, and its relation to memory often was related 
to its interactions with the hippocampus (Richardson 
et al., 2004).

As additional research was conducted, and as experimen-
tal designs were expanded to measure additional aspects of 
episodic memories, it became clear that the modulation 
model was unlikely to be sufficient to explain the charac-
teristics of negative episodic memories. In particular, the 
modulation model appeared insufficient in describing two 
key aspects of emotional memories: their tendency to show 
selective memory enhancements (see also Box 2), and the 
ability for there to be short-term enhancements in memory 
before consolidation processes had sufficient time to unfold.
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Fig. 1   Power of Negative Memories. Processes that unfold during 
the experience of a negative event, and in the seconds, minutes, and 
hours that follow, can lead these memories to be durable. Emotional 
enhancements of memory (EEM) can occur when memory is tested 
after only a short delay (immediate EEM), and these enhancements 
can grow as the delay interval increases (delayed EEM). Processes 
that unfold at retrieval also can increase the likelihood that a retrieval 
cue brings a negative memory to mind and that the memory is sub-
jectively vivid. Often, what is prioritized at retrieval are the negative 

details of an event, while the associated contextual details may not be 
brought to mind. Of course, the processes that unfold at each phase 
of memory interact with one another, and some of the selectivity of 
negative memories, such as the tendency for negative memories to 
retain some details but not others, or for the EEM to be stronger in 
mixed-lists than pure-lists, likely reflect the way that processes span 
across these phases. All figures show mock data; see text for descrip-
tion of related studies 

Fig. 2   Models of Emotional Memory. There are multiple models of emotional memory. Many are not mutually exclusive, as they focus on differ-
ent phases of memory or on different characteristics of memory
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Box 2. Models of Selective Memory Enhancements.
There has been longstanding interest in the “memory trade-offs” 

that occur for emotional memories. Loftus et al. (1987) noted the 
“weapon focus effect,” whereby individuals remember a weapon 
but not details of the perpetrator or broader context. Similarly, 
Reisberg and Heuer (2007) described “emotional memory narrow-
ing,” and Safer et al. (1998) discussed “tunnel memory.” Adolphs 
et al. (2001) described how emotion seemed to enhance the gist 
for what had happened but to impair memory for details, and 
Kensinger and colleagues (Kensinger et al., 2005; Kensinger & 
Schacter, 2006a) described how emotion can lead central details 
to be remembered at the expense of their peripheral context.

The Arousal Biased Competition (ABC) theory (Mather & 
Sutherland, 2011) rooted these findings in the biased competition 
literature (Desimone & Duncan, 1995). Biased competition mod-
els essentially propose that there is a tug-of-war for attentional 
resources, with high-priority stimuli winning and low-priority 
stimuli losing. ABC suggests that in the presence of arousal, there 
is an amplification of this tug-of-war, such that the high-priority 
stimuli take even more of the resources and the low-priority 
stimuli are left with even less. Support for this model has come 
from behavioral studies, showing that when a shock or other 
arousing stimulus is presented, it leads to a greater discrepancy in 
processing and in memory for the high-priority stimuli (Suther-
land & Mather, 2012). Additionally, a neuroimaging study showed 
that relative to a CS- control tone, when a CS+ tone (predicting 
a shock) was played, there was both enhanced visual activity for 
a high-priority visual stimulus and also reduced activity for the 
low-priority stimulus (Lee et al., 2014). These results suggest that 
arousal does not uniformly enhance perceptual processing but 
may do so specifically for high-priority content (see also Clewett 
& Murty, 2019). It has more recently been proposed, and formal-
ized in the Glutamate Amplifies Noradrenergic Effects (GANE) 
model, that the neurobiological mechanism underlying this 
arousal-biased competition may be that “hot spots” are created by 
synergies between norepinephrine and glutamate release (Mather 
et al., 2016).

Durability for select aspects of negative experiences  Epi-
sodic memories are defined by the presence of contextual 
elements; this context is what makes these memories for 
events (episodes) rather than semantic memories for con-
tent void of any context. The multidimensional nature of 
that context means there are emotional parts to the expe-
rience and a myriad of other contextual features that are 
inconsequential to the emotional experience. Given the 
role of the hippocampus in binding many of those contex-
tual details together into a stable representation (for differ-
ent frameworks for this binding, see Backus et al., 2016; 
Moses & Ryan, 2006; Yonelinas et al., 2019), the modula-
tion model might lead to the prediction that negative events 
should be remembered with a robust array of details. Yet the 
data have not borne out this prediction (Bisby & Burgess, 
2014; Mather, 2016; Sutherland & Mather, 2012). In most 
cases, individuals remember only select content of negative 
experiences well. There remain debates about how best to 
characterize the mnemonic associations that are enhanced 
vs. impaired vs. unaffected by negative arousal. The distinc-
tions may relate to how “intrinsic” the details are to the item 

(Kensinger, 2009; Mather, 2007) with features that are inher-
ent to the stimulus, such as an object’s identity or color, pri-
oritized in memory. For example, Palombo, Te, et al. (2021) 
designed an experiment in which participants viewed short 
video clips with inserted negative or neutral objects. Par-
ticipants were asked to indicate whether they recognized the 
object, when during the video clip they had seen the object, 
and what other scenes had occurred within the same vide-
oclip. Results revealed that negative emotion (compared to 
neutral) was related to improved recognition accuracy and 
temporal-order memory for the objects but poorer perfor-
mance for choosing the scenes from the same videoclip. In 
other words, individuals remembered the emotional object 
from the film and approximately when in the clip it had 
appeared, but not the broader context in which the emotional 
object had appeared. The literature has more generally sug-
gested that, for experiences with negative content, there may 
be a shift from prefrontally guided integration of content, 
which allows for retention of broader contextual information, 
and toward a reliance on sensory processing, which allows 
for retention of more item-specific detail (Bowen, Kark, & 
Kensinger, 2018). Content perceptually bound to the emo-
tional item may be disproportionately remembered (Murray 
& Kensinger, 2014), while other aspects are forgotten.

The selective memory enhancements also may relate to 
the goal-states of the individual and the alignment of fea-
tures with a participants’ encoding goals (Kaplan et al., 
2012; Levine & Edelstein, 2009). For instance, when par-
ticipants are explicitly instructed to process all elements 
of a scene (Kensinger & Schacter, 2008), they do better at 
remembering all elements of negative scenes, including the 
contextual details, compared with a naturalistic viewing 
condition; and when individuals are asked to unitize nega-
tive and neutral items together, creating a single, coherent 
representation, they are able to do so faster than for two 
neutral items (reviewed by Murray & Kensinger, 2013). In 
other words, when explicitly instructed to bind a contextual 
element to a negative item, individuals can use their encod-
ing goals to do this more efficiently, but they do not appear 
to do so by default.

These memory enhancements for select aspects of expe-
riences, and the corresponding evidence that contextual 
elements are often poorly remembered, is inconsistent with 
positive interactions between the amygdala and the hip-
pocampus. Of course, the modulation model does not require 
that there are always these positive interactions, and indeed 
many have theorized of the amygdala and hippocampal 
memory systems as those that operate independently, except 
when they coordinate to support emotional memory (Phelps, 
2004; Yang & Wang, 2017). However, there has been an 
alternate view in the human cognition literature for some 
time, with ideas of a “hot” emotional/fear, amygdala-driven 
system and a “cool” cognitive, hippocampal-driven memory 
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system, with these systems being proposed to often act in 
opposition to one another (Metcalfe & Jacobs, 1996, 1998). 
Some studies of human memory are consistent with this 
idea of these systems acting in opposition, such as research 
demonstrating that while item memory is usually enhanced 
for negative relative to neutral stimuli, associative memory 
often is impaired (Bisby et al., 2016; Bisby & Burgess, 2014; 
Madan et al., 2012).

In their emotional binding model, Yonelinas and Ritchey 
(2015) proposed another alternative for the way to consider 
the roles of the amygdala and the hippocampus in emotional 
memory. They expanded upon an influential model of human 
episodic memory (Diana, Yonelinas, & Ranganath, 2007), in 
which the hippocampus serves to bind contextual details into 
an episodic memory representation, building in emotional 
memory by proposing that the amygdala separately acts to 
bind items to their emotional salience. Recent evidence to 
support this model has come from studies demonstrating that 
emotionality is only associated with an item when there is 
explicit recognition of that item (Bell et al., 2017; Palombo, 
Elizur, et al., 2021). In the absence of item recognition, indi-
viduals cannot remember whether snakes are poisonous or 
nonpoisonous (Bell et al., 2017), and a transfer of valence 
from a negative item to a neutral item seems to occur only 
if the neutral item was episodically bound to the negative 
item (Palombo, Elizur, et al., 2021). These results suggest 
the possibility that emotion may be inextricably bound to 
item representations in episodic memory and unable to be 
retrieved in the absence of those item representations.

A nice feature of the emotional binding model is that it 
does not require there to be opposition between the amyg-
dala-binding and hippocampal-binding systems. It can allow 
for some situations in which amygdala-binding may take 
place at the expense of hippocampal-binding, which often 
is discussed when talking about the “weapon focus effect” 
(Loftus et al., 1987) and the tendency for negative memories 
to become separated from the context in which they occurred 
(Bisby & Burgess, 2017). The model also allows for other 
situations in which amygdala-binding may co-occur with 
hippocampal-binding, as may occur when emotional expe-
riences are more likely to be remembered with their spa-
tial (Schmidt et al., 2011) or temporal (Palombo, Te, et al., 
2021) context, and as originally proposed by the modulation 
model.

Strength of encoding contributes to memory’s durabil-
ity  While the modulation model and the emotional bind-
ing model both focus on processes specific to emotional 
memories, Talmi (2013) compellingly reviewed evidence 
that emotional memories also benefit from mechanisms that 
are engaged for many experiences and simply enhanced 
for emotional ones. Talmi’s mediation model proposes 
that emotional experiences benefit from boosted attention, 

elaboration, and organizational processes implemented at 
encoding (Talmi, 2013). A key element of this model is that 
it can explain emotional memory enhancements that arise 
over short-term delays; it does not require time for consoli-
dation processes to unfold.

There is evidence that, at least in younger adults (see 
Box 4 for discussion of older adults), the types of encoding 
processes outlined by the mediation model may be particu-
larly likely to be engaged for negative information (Kang 
et al., 2014; Kensinger, 2008; Ochsner, 2000), perhaps in 
part because of the modes of cognitive processing that nega-
tive emotions catalyze (Schwarz & Clore, 1996; Storbeck, 
2012; Storbeck & Clore, 2005). That is, we remember nega-
tive experiences well, because they are prioritized for pro-
cessing, and we grant them more of the cognitive processes 
that are well-known to increase the likelihood that an event 
becomes a part of our memory representations. For instance, 
Talmi et al. (2008) provided evidence for the attentional 
mediation of the emotional enhancement of memory. They 
asked participants to view negative arousing or neutral pic-
tures under conditions that varied the attentional resources 
granted to those images, and then they gave participants an 
immediate recognition memory test. Results revealed that 
the immediate emotional enhancement of memory was 
related to the recruitment of a region of the left fusiform 
gyrus that also was associated with increased attention to 
the negative images.

Evidence for the impact of encoding processes on nega-
tive memories’ durability has come from studies examin-
ing how emotion regulation impacts subsequent memory. 
Multiple studies have revealed that when participants are 
asked to engage in cognitive reappraisal—that is, to reframe 
an experience to make it less negative—memory for those 
experiences is enhanced (Kim & Hamann, 2012; Leventon 
et al., 2018). These studies can be thought of as testing the 
relative impact of the types of processes encompassed in the 
mediation model and those arousal-related processes empha-
sized in the modulation and emotional binding models. That 
is, cognitive reappraisal asks participants to grant additional 
attention and elaboration to negative stimuli (increasing those 
processes emphasized in the mediation model) to reduce the 
arousal associated with those stimuli (reducing the types of 
specialized mechanisms emphasized in the modulation and 
emotional binding models). The fact that this type of reap-
praisal leads to memory benefits for the negative content 
suggests the remarkable power of those cognitive processes 
that boost emotional memory via nonarousal-modulated 
mechanisms. They can enhance memory—including over a 
longer-term delay of two weeks (Kim & Hamann, 2012)—
even while diminishing (though not entirely removing)  the 
possibility of arousal-modulation processes.

Although the mediation model was proposed to 
explain the emotional memory enhancements over shorter 
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time-frames, it is worth considering that these factors also 
could explain some aspects of the time-dependent enhance-
ments for emotional information. It is plausible that when 
experiences (neutral or emotional) garner more atten-
tion, elaboration, and organization, this leads to increased 
rehearsal or reactivation over subsequent delays. Christian-
son (1992) emphasized the importance of rehearsal for the 
maintenance of emotional memories. It is well known that 
sleep, and other rest-filled delays, can serve as a time in 
which experiences are reactivated in memory, with some 
of the signals as to which memories ought to be reacti-
vated coming from prioritization signals set up at encod-
ing (reviewed by Payne & Kensinger, 2018). While these 
prioritization signals are often discussed in the context of 
emotional tagging, arising via arousal responses and amyg-
dala activation (Richter-Levin & Akirav, 2003), prioriti-
zation signals can also arise due to goal-states related to 
anticipated future-relevance of stimuli. For instance, when 
students highlight material (Lo et al., 2016) or study material 
they know they will later be tested on (Bennion et al., 2016), 
those aspects are preferentially consolidated over sleep-filled 
delays. In at least some designs, these prioritization signals 
can even win out over any affective-tagging elicited by emo-
tional content. For instance, Bennion et al. (2016) revealed 
that intentional encoding was such a strong boost to retention 
of information over a sleep-filled delay that, while emotional 
content was preferentially retained over sleep when it was 
incidentally encoded, the neutral items rose to nearly the 
level of the emotional items when they had been intention-
ally encoded for a memory test that participants knew would 
occur after the period of sleep.

Summary of factors leading to negative memories’ durabil-
ity  In summary, extensive research has shown that negative 
memories are more durable than other types of memories. 
Their durability likely stems from multiple factors: Nega-
tive experiences are granted additional cognitive resources 
during encoding, aiding memory in the short-term (media-
tion model; Talmi, 2013) and providing prioritization sig-
nals that increase the likelihood that those experiences are 
later rehearsed (Christianson, 1992) or reactivated (Payne 
& Kensinger, 2018) in ways that benefit their maintenance 
over the longer-term. Negative experiences can also trigger 
mnemonic mechanisms that more directly influence consoli-
dation. Sometimes, increased engagement of the hippocam-
pus may contribute to the memory’s durability over time 
(modulation model; McGaugh, 2000, 2004). Other times, 
amygdala engagement can be sufficient to trigger item stor-
age in the absence of hippocampal engagement (emotional 
binding model; Yonelinas & Ritchey, 2015). Importantly, 
what is durably retained are select portions of the emotional 
experience: those item aspects that were bound to the emo-
tional salience (emotional binding model) and those aspects 

that, through emotional salience or goal-relevance, won out 
in prioritized competition for encoding resources (ABC and 
GANE models; Mather & Sutherland, 2011, Mather et al., 
2016; see Figure 2 for depiction of these models of emo-
tional memory).

Negative Content is Prioritized at Retrieval 
and Vividly Recollected

We all have examples of exceptionally vivid memories for 
particularly emotional, significant, and distinct events in our 
lives. Highly arousing personal memories stand out among 
more neutral autobiographical memories because of this 
increased vividness (Berntsen, 2001; Bohanek et al., 2005; 
Reisberg et al., 1988) and accessibility over time (Waters 
& Leeper, 1936). Our intuition tells us that these memories 
should also be more accurate, but this is often not the case. A 
landmark study by Neisser and Harsch (1992) revealed that 
in cases of “flashbulb memories” (Brown & Kulik, 1977), 
individuals remain highly confident in their memory for the 
details of the event, even though those details can become 
degraded and distorted over time. Talarico and Rubin (2003) 
expanded upon this important finding, declaring “Confi-
dence, not consistency, characterizes flashbulb memories.” 
In other words, during retrieval, individuals experience 
inflated confidence for emotional memories, believing their 
memory to be accurate even when objective metrics suggest 
otherwise.

Initially, these results seemed contradictory with evidence 
that negative memories were often associated with a greater 
sense of recollection: Both when the retrieval cues themselves 
are emotional (Kensinger & Corkin, 2003; Ochsner, 2000) 
and when memory is assessed for neutral items encoded in 
negative versus neutral contexts (Jaeger et al., 2009; Mara-
tos & Rugg, 2001; Smith et al., 2004), individuals are more 
likely to report that they have a vivid, specific recollection 
of a past negative event than of a past neutral event. Indeed, 
there are dissociations between the subjective vividness of a 
memory and its accuracy (Brewin & Langley, 2019). Phelps 
and Sharot (2008) argued that one reason for this disconnect 
is because of differences in the way that details of emotional 
versus neutral memories aggregate to affect the subjective 
experience of recollection associated with those memories. 
For emotional memories, individuals may base their recol-
lective experiences on the strength or quality of a few select 
details, while for neutral memories, individuals may base 
their recollections on a broader and aggregated set of details. 
Indeed, when thinking back on the most negative events 
from our personal past, we tend to focus on those aspects 
that we think of as the most central to the event, rather than 
peripheral details (Berntsen, 2002; Talarico et al., 2009).  
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It is almost as if people do not realize that there are missing 
details (Phelps & Sharot, 2008; Sharot et al., 2004) and that 
the visuo-perceptual vividness of their negative memories is 
fading with time (Cooper et al., 2019). This focus on selec-
tive portions may arise because those aspects are associated 
with prioritized search and elaboration processes, but with 
reduced monitoring at retrieval (Figure 1). Individuals may 
end their search for event details prematurely, once the nega-
tive elements come to mind, or they may skip to elaborating 
on the negative elements without monitoring for the accu-
racy or completeness of the retrieved content. In other words, 
metamemory or memory monitoring failures may account for 
some of the overconfidence in these memories’ accuracy (see 
discussion in Krug, 2007).

Considering the emotional binding model, another way 
to understand this pattern may be that, at retrieval, there 
is a prioritization of accessing the details retained via 
amygdala binding, with less emphasis given to retrieving 
details retained via hippocampal binding. Although this 
remains speculative, it would be consistent with a mystery 
in the literature: There are robust trade-offs in memory 
when tested via recognition. That is, individuals do bet-
ter at recognizing emotional elements within scenes than 
neutral elements, but they do worse at recognizing the 
contexts in which emotional versus neutral elements were 
presented (Kensinger & Corkin, 2004; Kensinger et al., 
2007). However, if the task is switched from a recognition 
task to a cued-recall task, where individuals are asked to 
generate the context that had been paired with an object, 
or vice-versa, there is a cued-recall advantage for the nega-
tive scenes (Madan et al., 2020; Mickley Steinmetz et al., 
2016). While future work is needed to elucidate the basis 
for this dissociation, one possibility is that the cued-recall 
instructions, by putting emphasis on the retrieval of the 
association, force a focus onto details stored via hippocam-
pal binding; by contrast, recognition instructions, by ena-
bling a reliance on item processing alone, may keep the 
reliance on those details retained via amygdalar binding. 
More generally, these results are important in showcasing 
that the degree of selectivity for negative versus neutral 
memories can sometimes be related to how details are 
brought to mind at the moment of retrieval rather than to 
whether those details exist at all within the memory trace.

These behavioral data—showing dissociations between 
recognition and cued recall, and demonstrating discon-
nects between metrics of subjective vividness and objective 
memory content—imply an effect of emotion on retrieval 
and retrieval monitoring. As described earlier, much of the 
initial focus into understanding the cognitive neuroscience 
of emotional memory was on the processes that unfolded as 

an event was experienced and initially consolidated. Within 
the last few years, there has been a more direct focus on 
the role of retrieval processes in giving negative emotional 
memories their power. Here, we describe two models that 
focus specifically on how negative memories are prioritized 
at retrieval (eCMR; Talmi et al., 2019) and recollected with 
sensory detail (NEVER Forget; Bowen, Kark, & Kensinger, 
2018).

eCMR: Negative Memories Crowd Out Neutral Memories  It is 
increasingly appreciated that associations are continuously 
being made between content and context—between infor-
mation being learned or retrieved and the context in which 
those memory processes are unfolding (Lohnas et al., 2015; 
Polyn et al., 2009). It also has been demonstrated that the 
internal context of an individual is continually shifting, in 
ways that create temporal context shifts over time (Manns 
et al., 2007) and enable events to be linked via their shared 
temporal overlap (Cai et al., 2016).

A recent model, the emotional Context Maintenance and 
Retrieval Model (eCMR) (Talmi et al., 2019), has added 
emotion as a contextual dimension that can guide encod-
ing and retrieval processes. This model accounts for the 
time-dependency of the emotional enhancement effect by 
proposing that emotional context can be more easily rein-
stated after delays than temporal or other contextual con-
texts. As predicted by context models of retrieval, this shared 
emotional context can lead to clustering effects in recall, 
whereby individuals will cluster their recall of items with 
negative emotional content even when those items were 
originally studied interspersed with neutral items (Barna-
cle et al., 2016; Long et al., 2015). However, the clustering 
effects have not yet been shown to relate to the degree of the 
emotional enhancement of memory, a pattern that would be 
expected were context effects at retrieval the primary driver 
of the memory enhancement.

An important revelation in studies comparing recall of 
items presented in pure-lists versus mixed-lists is that recall 
of emotional content often “crowds out” neutral content. That 
is, the reason why emotional items are remembered better 
than neutral items when studied in mixed lists, but not in 
pure lists, is largely explained by the fact that recall of neu-
tral items is worse when appearing in mixed lists relative to 
appearing in pure lists. Although emotional items are some-
times better remembered in mixed lists compared to pure 
lists, this is not always the case (reviewed in Talmi et al., 
2019). This crowding-out effect suggests that some of the 
improved accessibility of negative memories at retrieval may 
come from the fact that those memories are being selected 
at the expense of other neutral content and, once in mind, 
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are setting up a context that will further bias the retrieval of 
additional negative content.

To our knowledge, eCMR has not yet been applied to 
paradigms that examine memory selectivity (e.g., memory 
for negative components at the expense of memory for neu-
tral components of a photograph), but it seems plausible 
that the emotional context maintained could also be part 
of the explanation for the selectivity of memory. This abil-
ity for negative memories to crowd out neutral memories is 
reminiscent of trade-off effects, which have recently been 
attributed to retrieval effects as well as to encoding effects 
(Madan et al., 2020; Mickley Steinmetz et al., 2016). Future 
work will do well to examine whether retrieval context keeps 
memories honed onto the negative components while crowd-
ing out memory for other contextual details.

NEVER Forget: Negative memories yield sensory specificity 
and vividness via recapitulation  It has long been known 
that memory is best when a person’s state at retrieval—be it 
internal or external—matches their state at encoding (Tulv-
ing, 1974), with experimental evidence dating back to at 
least the 1940s (Abernethy, 1940). eCMR launches from 
this premise, expanding from the idea that emotional con-
text is present at encoding and is sufficiently long-lasting to 
be recapitulated at retrieval. Another model also launches 
from this premise: that recapitulation is central to episodic 
memory retrieval, and that the power of negative memories 
can be understood by considering what happens when nega-
tive events are recapitulated in memory.

Bowen, Kark, and Kensinger (2018) proposed that Nega-
tive Emotional Valence Enhances Recapitulation (“NEVER 
Forget”). When memories are negative, there is an increased 
likelihood that the brain reconfigures itself at retrieval to be 
in a similar state to the one it was in during encoding. The 
model was based on evidence that negative memories are 
associated with greater encoding-to-retrieval overlap in a 
number of regions, including in sensory-processing regions 
(Bowen & Kensinger, 2017a; Kark & Kensinger, 2015). In 
fact, even when using exclusively neutral prompts to cue 
memory for a previously encountered positive, negative, or 
neutral event, one of the strongest predictors of retrieval-
related activity in sensory regions was the valence of the 
encoded event (Bowen & Kensinger, 2017b).

Key tenants of that model were tested by Kark and Kens-
inger (2019a, 2019b), who replicated the finding that sen-
sory recapitulation was greater for negative than neutral or 
positive memories, and who further showed that the way 
sensory regions were incorporated into memory networks 
led to those differences at retrieval. In particular, as physi-
ological responding increased during encoding, early visual 

cortex regions became functionally connected to the amyg-
dala in a way that enhanced memory for negative, but not 
positive or neutral events (Kark & Kensinger, 2019b). In 
other words, increased arousal led to the incorporation of 
sensory regions into emotional memory networks specifi-
cally for negative stimuli. Moreover, when those sensory 
regions stayed incorporated into emotional memory net-
works post-encoding, as measured via resting-state connec-
tivity, that led to a more sensory-driven retrieval of nega-
tive memories and to a greater propensity for participants 
to show a negative memory bias. Thus, some of what gives 
negative memories their power is their sensory specificity 
and their vividness via recapitulation.

Clewett and Murty (2019) have proposed that the neuro-
biological underpinnings of this selective memory phenom-
enon may come from the activation of an arousal-related 
locus coeruleus-norepinephrine system. They suggest that 
when sympathetic arousal and activation of this system is 
high, there is a prioritization of item features at encoding 
and a reinstatement of the corresponding lower-level sen-
sory cortical regions during retrieval. By their model, it is 
not the negative valence of the experiences per se, but the 
arousal and behavioral activation they elicit, and their abil-
ity to engage the norepinephrine system, that drives their 
effects on recapitulation. How best to characterize these dif-
ferences—whether they are primarily related to the aversive 
or pleasant nature of the experiences or to differences in the 
motivational states they elicit—remains an important point 
for further research.

Prioritization of Negative Memory Retrieval  While the time-
course for these retrieval effects is still being investigated, 
extensive work has suggested that stimuli with high intrin-
sic motivational salience—often, high-arousal negative or 
threat-related stimuli—are prioritized for rapid access to 
retrieval processes. For instance, Jaeger et al. (2009) pre-
sented participants with items encoded in a scene with 
negative arousing content or with neutral content and later 
tested participants’ memories for the items while measuring 
event related potentials (ERPs); the key question was how 
the neural markers of retrieval would differ based on the 
previously studied encoding context of the items. Although 
the precise effects differed based on whether recognition 
was tested after 10 min or 24 hours, at both delay intervals, 
differences when recognizing items studied in a negative-
arousing context versus a neutral context emerged around 
200 ms, relatively early in the retrieval process and before 
markers of conscious recollection (see also Bowen, Fields, 
& Kensinger, 2018 for evidence of differences that emerged 
around 200 ms after retrieval-cue onset). Similarly, Righi 
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et al. (2012) presented participants with images of faces 
with happy, fearful, or neutral facial expressions. Then, at 
retrieval, all individuals were presented with faces display-
ing a neutral expression, and ERP was used to measure the 
timecourse of responses as individuals indicated whether 
they recognized the face. Because all expressions were 
neutral at retrieval, any differences in timecourse would be 
based on the different facial expressions seen at encoding. 
Faces that had been studied with a fearful expression elicited 
ERP markers of enhanced visuo-attentional processing (a 
greater P100) and evidence of primed facial feature process-
ing (a reduced N170 combined with a larger early fronto-
central effect).

Negative memories may also enhance later recollective 
signatures and may engage later, postretrieval processes 
differently. For instance, Ventura-Bort et al. (2020) dem-
onstrated that the late parietal old/new effect (occurring 
approximately 600-800 ms poststimulus) was evoked for 
old items previously associated with a (negative) emotional 
background. They additionally found that a waveform later 
in the retrieval epoch (800 ms and beyond) was enhanced 
for objects that had been encoded in that emotional con-
text. Other ERP studies also have demonstrated that when 
images are unpleasant (Lavoie & O’Connor, 2013) or when 
neutral images are studied in negative contexts (Liu et al., 
2021), those retrieval cues can modulate neural signatures 
later in the retrieval epoch. These types of results have led to 
the postulation that negative memories are associated with 
different retrieval orientations (Liu et al., 2021), with more 
sustained processing (Ventura-Bort et al., 2020), and with 
different levels of strategic control during retrieval (Herron, 
2017). Together, these results suggest that there may be a 
privileged access to negative memories, and that once they 
are brought to mind, there is additional processing granted 
to the negative content of those memories.

When the Power of Negative Memories 
is Maladaptive

The power of negative memories can differ across people 
and across situations, and under some circumstances can 
become maladaptive. We briefly review how the power 
of negative memories is altered in individuals with affec-
tive disorders, such as depression and posttraumatic stress 
disorder (PTSD). We focus specifically on the negative 

memory biases that often exist in these disorders and can 
correlate with symptom severity, and on the role that rumi-
nation also may play.

Negative memory biases  Sometimes, the durability of nega-
tive memories can be problematic for mental wellbeing. In 
disorders, such as depression or PTSD, the way negative 
information is attended and interpreted is thought to play an 
important role (Ledoux & Muller, 1997), leading to negative 
memory biases that can contribute to symptom persistence 
(Harmer et al., 2009; Imbriano et al., 2022). Negative mem-
ory biases describe the relative quantity of events brought to 
mind, such that patients with depressive or PTSD symptoms 
are more likely to remember negative over positive or neutral 
experiences (Gibbs et al., 2013; Harmer et al., 2009; Imbri-
ano et al., 2022), and this negative memory bias is thought 
to catalyze the onset of negative thinking and depressed 
mood (Harmer et al., 2009). For example, Imbriano et al. 
(2022) found that severity of PTSD symptoms, including 
depression, dysphoria, and panic attacks, was related to the 
tendency to remember studied negative material more accu-
rately than studied neutral material.

Importantly, negative memory biases can result not 
only from enhancements in memory for negative events 
but also from reductions in memory for positive events. 
For instance, individuals with depression show relative 
impairments in memory for positive events compared with 
negative or neutral events, possibly because of dysfunc-
tions in the dopaminergic system that would typically 
strengthen the encoding of these events into memory (Dil-
lon, 2015; Dillon & Pizzagalli, 2018). Consistent with a 
dopaminergic hypothesis, acute administration of dopa-
mine agonists has been shown to increase striatal acti-
vation in response to reward in individuals with major 
depressive disorder (Admon et al., 2017), and while there 
were not behavioral effects of that acute administration, 
longer-term administration of a dopamine agonist has 
shown beneficial for reducing symptoms of dysthymia 
or depression (Zangani et al., 2021). Similarly, in PTSD, 
pharmacological enhancement of cortical dopamine has 
shown some benefits for those with severe PTSD, revers-
ing response biases toward fearful stimuli presented on a 
working memory task (Westphal et al., 2021).

Rumination  Other times, it is not the durability of 
negative relative to positive memories that is problem-
atic, but the inability to stop ref lecting on particular 
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past negative experiences: rumination. Rumination is 
present across many affective disorders, and while it 
may sometimes be deployed in the hopes of achieving 
an adaptive outcome (Lyubomirsky & Nolen-Hoek-
sema, 1993), it instead tends to exacerbate negative 
moods and encourage maladaptive problem solving 
(Nolen-Hoeksema et al., 2008; Watkins, 2009).

While rumination may sometimes be deployed strategi-
cally, it also may arise because individuals fail to effectively 
gate their memory retrieval processes. Fawcett et al. (2015) 
revealed that those who ruminate are more likely to have 
difficulties controlling the contents of their memory; that 
is, they struggle to put unwanted or unneeded memories out 
of mind. A recent meta-analysis (Stramaccia et al., 2021) 
supported the conjecture that this type of memory suppres-
sion occurred more robustly in healthy individuals than in 
anxious or depressed individuals. These results may explain 
why rumination can be both a risk factor for the develop-
ment of PTSD and also correlated with the maintenance 
of PTSD symptoms (Ehring, Ehlers, & Glucksman, 2008; 
Ehring, Frank, & Ehlers, 2008). It is plausible that the inten-
tional focus on a past negative experience, when combined 
with a difficulty later suppressing the repeated retrieval of 
that experience, is a recipe for an intrusive memory (Ball & 
Brewin, 2012).

Modifying the Negativity of Memories 
while Maintaining their Power

Sometimes, a person can diminish the negativity of a 
memory, while retaining some of its power. We describe 
how the power of negative memories can be modified via 
engagement of emotion regulation strategies that change 
how individuals feel in response to an event (i.e., during 
event encoding: Gross, 1998) or a memory (i.e., during 
event retrieval: Holland & Kensinger, 2013a). We focus 
primarily on studies with nonclinical samples, but include 
brief discussion of connections to some commonly used 
therapies.

Emotion regulation at encoding  It is well known that 
the intensity of a negative event can be manipulated 
at encoding, by engaging in emotion regulation pro-
cesses. A variety of strategies can be implemented, with 

different efficacy in-the-moment and with different 
consequences for later memory (Gross, 2002). Of the 
regulation strategies, cognitive reappraisal is usually 
discussed as being one of the most helpful. It works 
in-the-moment and is associated with better metrics of 
mental wellbeing than many other strategies, such as 
suppression or avoidance. As we described earlier, in 
the context of our discussion of the mediation model, an 
interesting aspect of cognitive reappraisal at encoding is 
that it can help to preserve memory for the content of an 
experience while stripping some of its affective inten-
sity (Dillon et al., 2007; Richards & Gross, 2000). This 
pattern extends to autobiographical experiences: college 
students’ use of reappraisal just after a negative event 
corresponded with better memory performance and with 
a tendency to later underestimate the emotional impact 
of the event (Colombo et al., 2021). When you want 
to remember the critique given to you by a coworker, 
while not being overcome with negative emotion during 
the interaction or when reflecting on it later, cognitive 
reappraisal may be the strategy of choice.

The neurobiology that makes this possible is still not 
fully understood. It is clear that cognitive reappraisal 
engages prefrontal processes, often in the service of 
downregulating amygdala activity (Banks et al., 2007; 
Goldin et al., 2008). It may be that, by engaging those 
prefrontal processes that also serve to deepen the level-
of-processing associated with encoding, memory is 
enhanced (Pannu Hayes et al., 2010). It also is plausible 
that part of the benefit to memory comes from reduc-
ing the experienced negative affect: If negative emotions 
shift the balance from a hippocampal-binding system 
toward an amygdala-binding system (see Box 3), then 
using reappraisal to weaken those negative emotions 
could help to keep the hippocampal-binding system 
engaged, increasing the likelihood that memories are 
able to be richly recalled and also decreasing the likeli-
hood that they are recalled in maladaptive ways divorced 
from the encoded context. Thus, emotion regulation 
at encoding has the interesting potential to reduce the 
power of negative emotional memories insofar as it will 
reduce the intensity of the experienced negative emotion 
at the time of the experience and reduce the likelihood of 
maladaptive retrieval.
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Box 3. Amygdalar and Hippocampal Binding Systems
The modulation model proposes that arousal, and specifically norepinephrine release, triggers cooperation between the amygdala and the hip-

pocampus (Roozendaal & McGaugh, 2011).
Other research suggests that negative emotion can trigger disconnects between amygdala engagement and hippocampal engagement, consist-

ent with behavioral evidence that negative emotion can lead to memories that are less coherent, with fewer within-event associations (Bisby 
& Burgess, 2017; Madan et al., 2017; Palombo, Elizur, et al., 2021). For instance, when individuals studied face-occupation pairs, the 
presence of negative occupations were associated with lower hippocampal engagement during encoding and with poorer memory for those 
associations (Berkers et al., 2016).  Bisby et al. (2016) similarly found that the encoding of negative items was associated with a boost in 
amygdala activity but with a decrease in hippocampal activity, corresponding with an increase in item memory but a decrease in associative 
memory for those negative items.

Yonelinas and Ritchey’s (2015) Emotional Binding model may provide a framework in which to understand these seemingly conflicting results.  
By this model, there are two binding systems at work during encoding: an amygdala-based system, that prioritizes binding the item to its 
emotion, and a hippocampal-based system, that prioritizes binding the item to its context.

It is plausible that there are situations in which both systems are engaged, leading emotional items to be remembered in their broader context, 
and situations in which it is primarily the amygdala system that is engaged, leading emotional items to be remembered void of their con-
text. An intriguing possibility to be addressed by future research is that negative emotion may create an imbalance between engagement of 
the amygdala and hippocampal systems and a shift toward amygdala binding, while positive emotion may be more likely to lead to simulta-
neous engagement of both systems or even a shift toward hippocampal binding.

Emotion regulation at retrieval  Not only can experiences 
be regulated, but also memories of those experiences can 
be regulated. This may be critically important to our mental 
health, If in the moment we fail to effectively regulate our 
responses to an event, later, as we reflect on the event, we 
can have another opportunity to reframe the experience (see 
review by Samide & Ritchey, 2021).

Individuals can intentionally and strategically regulate 
their responses to their memories, such as when individuals 

are specifically instructed to reduce their emotional reactions 
to a memory of an encoded negative image or a negative 
autobiographical memory (Holland & Kensinger, 2013a, 
2013b). In these instances, it seems that individuals bring 
the past content into mind and then, similar to emotion 
reappraisal at encoding (Morawetz et al., 2017; Ochsner & 
Gross, 2005), engage lateral prefrontal control processes to 
down-regulate emotion regions and perhaps also sensory 
regions. There can be lasting consequences to this type of 
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reappraisal, with individuals continuing to rate the memories 
as less emotionally intense even after some time has passed 
(Holland & Kensinger, 2013a, 2013b).

Strategic cognitive reappraisal may be similar to those 
processes encouraged in various forms of therapy (Kred-
low et al., 2018). Broadly, cognitive behavioral therapy 
teaches techniques that patients can use to reframe negative 
thoughts as more positive ones (Coffey et al., 2015). Cog-
nitive restructuring techniques more specifically encourage 
retrieval of a negative past experience, with the goal of the 
clinician guiding the rememberer toward a reinterpretation 
of the event’s meaning (Beck, 2011). Imagery rescripting 
similarly involves the retrieval of a past negative event cou-
pled with the retelling of the memory with the inclusion 
of more positive and less negative imagery; this method 
has shown promise for multiple affective disorders linked 
to maladaptive negative memory retrieval (Morina et al., 
2017).

While we have so far described methods that direct indi-
viduals to reframe or regulate their memories, aversive 
memories also may be spontaneous regulated. It is unclear 
if most people are able to engage in spontaneous regula-
tion or if it primarily occurs in those individuals who are 
chronically motivated to reduce their experience of negative 
affect. In contrast to lateral prefrontal regions that may serve 
an outsized role in the strategic reappraisal of memories, 
the dorsomedial prefrontal cortex (dmPFC) may be par-
ticularly important for this type of spontaneous regulation. 
Kensinger and Ford (2021) have recently proposed that, at 
each phase of memory, the dmPFC participates in integrat-
ing the affective components of an experience with its other 
content. Through its various connections, including with the 
hippocampus (Ford & Kensinger, 2018), it may be able to 
play a key role in orchestrating memory framings that will 
either emphasize or deemphasize affective components. At 
retrieval, this may enable the dmPFC to down- or up-reg-
ulate the vividness of memories for negative images (Ford 
& Kensinger, 2017) or to dampen or intensify the focus on 
negative details of mixed-valence autobiographical events 
(Ford & Kensinger, 2019), even in the absence of explicit 
emotion-regulation instructions.

Finally, memories can be regulated by biological means. 
Rimmele et al. (2015) had participants read negative and 
neutral texts and then, 3 days later, recall the texts with 
either pharmacological suppression of cortisol levels or 
naturalistic levels. They found that when cortisol was sup-
pressed, retrieval of the negative texts was impaired, with no 
corresponding impairment for the neutral texts. Importantly, 
these changes were long-lasting, with poorer memory for 
those negative texts persisting 1 week later. Although in this 
study, the regulation of cortisol happened via pharmacologi-
cal intervention, it also is plausible that individuals could 
regulate their cortisol levels via naturalistic means, thereby 

weakening the strength of negative memories retrieved in 
that altered state.

Importantly, both the pharmacological work and the 
broader work on emotion regulation during retrieval (Hol-
land & Kensinger, 2013a) suggests that the effects extend 
beyond the single occurrence during which the negative 
memory retrieval is regulated. Possibly by affecting the way 
that memories are reconsolidated after initial retrieval (Drex-
ler & Wolf, 2017), once a memory is altered via regulation 
at retrieval (strategic, spontaneous, or biological), there can 
be lasting consequences for its content. We will return to a 
discussion of how negative memories may become more 
positive over retrievals when we discuss the power of posi-
tive memory retrieval.

Although future work is needed, it is possible that the 
timing of regulatory processes during retrieval is impor-
tant. For instance, Holland and Kensinger (2013a, 2013b) 
found that when individuals were instructed to increase their 
emotional reactions to a negative memory, it was activity 
at the time those instructions were received—and before 
the memory prompt had appeared—that best corresponded 
with their success in upregulating their emotional reactions. 
Perhaps relatedly, a recent study (Bridgland & Takarangi, 
2021) found that warning participants that retrieving a nega-
tive memory would be upsetting (designed to mirror “trigger 
warnings”) led those individuals to report a greater negative 
impact of the event than individuals who did not receive that 
warning. Thus, it is possible that part of what makes nega-
tive memories powerful relates to whether, before we have 
brought the memory to mind, we anticipate the impact of 
that recollective experience.

The Power of Negative Memories 
for the Future

Kensinger and Ford (2020) noted that although emotional 
memory retrieval often is measured as an end-point, as the 
culmination of processes that allow content to be accessed, it 
also is a starting-point. When we retrieve a memory, we cre-
ate an opportunity to modify the memory representation: we 
may embellish some details and diminish emphasis on oth-
ers, and we may reframe an experience, perhaps incorporat-
ing new information that changes our earlier interpretation. 
These effects can be long-lasting: Retrieval is a starting-
point in the cycle of a memory, with the way a memory is 
retrieved at one time-point influencing how it is re-encoded, 
and how related content is encoded and how the memory is 
updated. The memories that come to mind can impact small 
decisions (Do we return to a restaurant?) and larger ones 
(Do we accept the invitation to present at a conference? Do 
we go on a second date?). The details that we recall also can 
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affect our mental wellbeing and can influence our ability to 
effectively empathize with others.

Across many of these domains, negative content holds par-
ticular power. The Availability Heuristic describes the ten-
dency for decision-making to rely on only a small subset of the 
total relevant information (Tversky & Kahneman, 1974); while 
there are many features that influence what content is used, 
content having negative valence is high among them, leading 
people to overestimate the likelihood of events, such as a ter-
rorist attack (Sunstein & Zeckhauser, 2011). More generally, 
our negative autobiographical memories can serve important 
directive functions: informing, guiding, and motivating our 
current actions (Rasmussen & Berntsen, 2009). This directive 
function is often discussed as being adaptive (i.e., helping us 
to better navigate the future), which often occurs by being able 
to extract some lesson from a past negative experience (Fig-
ure 3). For example, memory for a particularly negative event 
(i.e., “rock bottom”) could serve as a turning point, leading 
us down a more successful path (i.e., an adaptive function; 
Pillemer, 2001, 2003; Habermas & Bluck, 2000). Even the 
most traumatic experiences can sometimes serve adaptive self, 
social, and directive functions (Pillemer, 2003; Rasmussen 

& Berntsen, 2009), a phenomenon known as posttraumatic 
growth (Schuettler & Boals, 2011; Tedeschi & Calhoun, 
2004). However, recent research suggests that memories for 
negative events also can serve maladaptive functions (Bur-
nell et al., 2020); for instance, that memory of “rock bottom” 
could cause us to give up on our more challenging goals (i.e., 
a maladaptive function). Thus, it is important to consider that 
negative memories, depending on how they are interpreted at 
retrieval, have the potential to serve either adaptive or mala-
daptive functions that will alter how decisions are made.

Interestingly, one domain in which the negative does 
not seem to win out is in the domain of future prospection. 
When individuals think about the future, it often is positive 
events that are envisioned (D’Argembeau & Mathy, 2011; 
Rasmussen & Berntsen, 2013). People are slower to come up 
with negative future events than positive ones (Newby-Clark 
& Ross, 2003) and, while highly negative events are recalled 
from past time periods, the future projections more likely 
to be remembered are those that are positive (Gallo et al., 
2011). Given that there is an immediate causal effect of 
positive future prospections on mental wellbeing (Grant & 
Wilson, 2021), it may be adaptive for individuals to envision 

Fig. 3   Consequences of Negative and Positive Episodic Memory 
Retrieval. The way a past negative or positive event is brought to 
mind has consequences across multiple domains. These memories 
can influence a person’s current affective state (denoted by peach 

color) and the way incoming information is processed (in green). 
They also can be used in directive ways, to guide actions and deci-
sions (in blue) and, particularly in the case of positive memories, 
their retrieval can lead to prosocial behaviors (in yellow)
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a rosier view of their future (MacLeod & Conway, 2005). 
Indeed, despite so much research focused on how individuals 
remember negative experiences, memory for the good events 
from our past can hold tremendous power.

What Gives Positive Memories Their Power?

Positive memories gain power from many of the same fac-
tors that give negative memories their power: They are long-
lasting and highly accessible. While positive memories may 
not show the same automaticity of retrieval mechanisms as 
negative events, positive events from our personal past come 
to mind more frequently than negative events and can do 
so involuntarily (Walker et al., 2003). They also are richly 
associative, which may increase the likelihood that retrieval 
of one positive memory cues another.

Positive memories also hold a power all their own. Unlike 
the affect associated with negative memories, which tends 
to fade relatively quickly, positive memories are more likely 
to retain their affective intensity (Walker et al., 1997; see 
recent review by Skowronski et al., 2014). This may be part 
of the reason why positive autobiographical memories act 
as rewards in themselves (Speer et al., 2014) and can buffer 
effects of stress (Speer & Delgado, 2017). Memories for 
positive personal events become more integrally tied to our 
sense of self and can perpetuate self-esteem (Çili & Stopa, 
2015) and become an important part of our life story (Bern-
tsen et al., 2011).

Given these features of positive autobiographical memo-
ries, it may come as no surprise that they have high utility 
and can be strategically recalled to good purposes (Figure 3). 
Positive memories are powerful in their ability to repair our 
moods after a negative mood induction (Joormann et al., 
2007; Joormann & Siemer, 2004), to connect us socially 
(Rasmussen & Berntsen, 2009; Wolf & Demiray, 2019), and 
to inspire us toward prosocial behavior (Gaesser & Schacter, 
2014). By activating reward circuitry, they even may trig-
ger mnemonic circuitry that increases the likelihood that we 
encode the good in the world around us. We will review the 
literature shedding light on the power of positive memories.

Positive Memories are Durable

When we described the power of negative memories, we 
described the shallower forgetting curve for those events 
compared with neutral events. Studies of autobiographical 
memory demonstrate that positive memories also can show 
a shallower forgetting curve. We do not just remember a hair 
in our food or a classmate tripping over our backpack; we 
also remember a dessert accompanied by a birthday can-
dle, or a classmate returning our dropped earbuds. Indeed, 

individuals can form flashbulb memories for positive events 
(Scott & Ponsoda, 1996), and many of the qualities of flash-
bulb memories can extend to personal events with high 
positive valence, such as when college students recall being 
asked to join a sorority or fraternity (Kraha & Boals, 2014). 
Positive memories also can be harder to put out of mind; in 
one recent study, individuals found it harder to direct them-
selves to forget positive social feedback relative to negative 
feedback (Xie et al., 2021).

Positive Memories are Associative

The characteristics of memories for highly positive versus 
highly negative experiences are not always identical. Most 
notably, several reports have suggested that individuals who 
feel positively about the outcome of an event recall its details 
confidently but with less factual accuracy (Bohn & Bernt-
sen, 2007) or with less consistency over time (Kensinger 
& Schacter, 2006b; Holland & Kensinger, 2012) than do 
individuals who feel negatively about the outcome (but see 
Chiew, 2021 for no effect of valence). In other words, while 
negative emotional memories can be subject to distortion 
(Pesta et al., 2001) and overconfidence (Talarico & Rubin, 
2003), these effects can be exaggerated for positive memo-
ries. For example, Holland and Kensinger (2012) found that 
adults recalled details of the 2008 Presidential Election more 
consistently over time when they perceived the outcome as 
negative compared with positive. These results are consist-
ent with laboratory studies that suggest that memory for pos-
itive experiences often is associated with generally know-
ing that an event occurred rather than being able to recall 
specific details (Kensinger, 2009; Kensinger & Kark, 2018; 
Ochsner, 2000) and that memory for negative experiences 
can be associated with more sensory specificity, whereas 
memory for positive experiences can include more of the 
conceptual framing or gist (Kensinger, 2009).

The experience of remembering a positive personal event 
can feel quite different than that of remembering a negative 
event. Positive autobiographical memories often are associ-
ated with increased ratings of vividness and of reexperi-
encing the original event during retrieval compared with 
negative events (Ford et al., 2012; Talarico et al., 2004). 
Furthermore, while memories of negative autobiographi-
cal experiences tend to exhibit strong item memory at the 
expense of associations, memories of positive experiences 
seem more likely to retain contextual associations (Talarico 
et al., 2009). For instance, Zimmerman and Kelley (2010) 
found that when participants were asked to recall which neu-
tral, negative, or positive words had been paired together, 
cued recall was better for positive pairs than for neutral or 
negative pairs. Madan et al. (2019) replicated this finding 
and showed that this improved association memory was 
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greater when two positive stimuli were paired together than 
when a positive word was paired with a neutral word.

Perhaps relatedly, positive emotion appears to consist-
ently enhance prospective memory. Prospective memory, 
which is the ability to remember to complete a task or behav-
ior in the future, requires associating an intention to perform 
some action with a cue that occurs later in time—typically 
an event-cue (when driving past the store, make a stop to 
pick up milk) or a temporal-cue (at 5 pm, take medicine) 
(Crystal & George Wilson, 2015; McDaniel & Einstein, 
2007; Shum et al., 1999). A recent meta-analysis revealed 
a main effect of positive emotion on prospective memory 
performance, in that performance improved for positive 
cues compared to negative or neutral cues. The enhance-
ment effect occurred when positive cues were used during 
both encoding and retrieval. Furthermore, positive emotion 
cues additionally enhanced prospective memory for older 
adults compared with younger adults (Hostler et al., 2018).

Although research is limited, modulation of the dopa-
mine system has been purported as a mechanism supporting 
prospective memory (Costa et al., 2008a) and at least some 
forms of associative memory (Lee et al., 2021). For instance, 
in Parkinson’s disease patients, who show prospective 
memory deficits, receiving an acute dose of levodopa led 
to better performance on a time-based prospective memory 
task (Costa et al., 2008b). Increased connectivity between 
the ventral tegmental area (i.e., the origin of dopaminergic 
transmission within the mesocorticolimbic system) and hip-
pocampus lead to enhanced associative memory (Tompary 
et al., 2015). Thus, release of dopamine may boost associa-
tive processing and contribute to some of the cognitive con-
sequences of positive affect (Ashby et al., 1999), although 
debates remain about the connections between dopaminergic 
transmission and positive emotion (Goschke & Bolte, 2014).

These memory patterns are generally consistent with the 
broaden-and-build theory of positive emotion (Fredrickson, 
1998), which posits that positive emotions during an expe-
rience allow an individual to holistically process an event 
and to use the influx of information to identify actions that 
can be taken and resources that can be used to respond. As 
a result, the recollection of that event is more general and 
heuristic. In line with the broaden-and-build theory of posi-
tive emotion, some studies suggest positive emotions allow 
individuals to think more flexibly and creatively (Ashby 
et al., 1999; Isen et al., 1987; Sacharin, 2009). In this con-
text, the memory results—suggesting that relative to nega-
tive memories, positive memories may retain less specific 
detail about any particular feature but may include more 
associative connections—would be consistent with the idea 
that positive emotions help participants to process informa-
tion more holistically and to draw creative connections.

We have previously proposed that these differences may 
arise from how sensory (for negative) versus prefrontal (for 

positive) regions are incorporated into emotional memory 
networks (Bowen, Kark & Kensinger, 2018). Relative to 
negative memories, the encoding and retrieval of positive 
information tends to be associated with increased activity 
in prefrontal regions, both medial and lateral, and in mid-
line regions including the posterior cingulate and precuneus 
(Erk et al., 2003; Ford et al., 2014; Kensinger & Schacter, 
2008; Mickley & Kensinger, 2008; Ritchey et al., 2011). 
Reliance on prefrontal structures for positive memory may 
also explain the benefits to prospective memory, which also 
is thought to rely on prefrontal engagement (Burgess et al., 
2011; Volle et al., 2011).

Individuals who have stronger prefrontal-amygdala con-
nectivity also may show a greater tendency to remember 
positive experiences. This association has been revealed in 
older adults, with greater medial prefrontal-to-amygdala 
connectivity corresponding with the degree of a positivity 
bias in memory (Sakaki et al., 2013). Among younger adults, 
there can be a relationship between amygdala-prefrontal 
connectivity and the tendency to remember positive events 
(Kark & Kensinger, 2019b). The ability to use neurofeed-
back to increase the strength of this prefrontal-amygdala 
connectivity during retrieval of positive memories can even 
be linked to remission of symptoms of depression (Young 
et al., 2018).

Although fMRI studies cannot speak to the necessity of 
these regions for positive memory, two studies using repeti-
tive transcranial magnetic stimulation suggest there may be 
causal links between prefrontal engagement and memory 
for positive information. In particular, these studies provide 
additional support for the argument that retrieval of positive 
memories is associated with activity in prefrontal cortex, 
having found that stimulating dorsolateral prefrontal cortex 
activity during retrieval can improve accuracy and reduce 
response times for positive compared to negative memories, 
even in subjects with high levels of anxiety (Balconi & Fer-
rari, 2012, 2013). Improved positive memory performance 
from increased prefrontal engagement is broadly consistent 
with the more heuristic and conceptual memory representa-
tions that individuals seem to retain for these experiences. 
A link between positive memory and frontal function also 
may be suggested by the fact that positive emotion enhances 
prospective memory, and prospective memory is known to 
rely on anterior prefrontal engagement (Burgess et al., 2003; 
Reynolds et al., 2009).

Although it is speculative at this point, an intriguing pos-
sibility is that positive versus negative memories may be 
associated with differences in how amygdala-binding and 
hippocampal-binding systems coordinate. While negative 
memories may be associated with enhanced amygdala-bind-
ing mechanisms, they also can be associated with reduced 
hippocampal-binding (reviewed by Bisby et al., 2020; see 
Box 3). By contrast, the behavioral data may suggest that 
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positive experiences do not create that same opposition. 
Perhaps, for positive memories, there is amygdala-binding 
and also hippocampal-binding. While the bound contextual 
details may be lacking in some resolution due to their pro-
cessing at a more heuristic level, positive memory represen-
tations may be more likely to contain those hippocampal-
bound contextual details as well as the amygdala-bound 
emotional salience. This proposal is in many ways in line 
with the dissociation proposed by Clewett and Murty (2019), 
who suggested that activation of the locus coeruleus-nor-
epinephrine system leads to high memory selectivity while 
activation of the dopaminergic-ventral tegmental area (VTA) 
system leads to a more integrative memory representation. 
They centered this dissociation more on the allocation of 
attentional resources and the nature of sensory processing. 
But it is possible that, complementary to these effects, are 
effects on the balance of binding mechanisms engaged. It 
is plausible that VTA projections to both the hippocampus 
(Murty & Adcock, 2014) and amygdala (Tang et al., 2020) 
enable these binding mechanisms to act synergistically 
rather than in opposition (pushing memory representations 
toward the balanced-scales example in Box 3 rather than 
to an amygdala-biased representation). Future work will be 
needed to address this possibility.

Valence-related shifts in hippocampal- and amygdala-
binding may help to explain the differential effects of arousal 
on positive and negative autobiographical memories. As 
discussed previously, positive autobiographical memories 
tend to contain more contextual information than negative 
memories (Berntsen, 2002; Talarico et al., 2009), leading 
to representations that are rated as richer and more vivid 
(Talarico et al., 2004). This effect of positive valence is inde-
pendent of emotional arousal (Ford et al., 2012), suggesting 
that it may be supported, in part, by associative hippocam-
pal processes. In contrast, the enhancing effect of negative 
valence on autobiographical memory has been shown to be 
dependent on arousal, only showing links to increased vivid-
ness and specificity for memories rated as highly emotional 
(Ford et al., 2012). In other words, the enhancing effects 
of autobiographical memory negativity may rely on more 
specific amygdala-binding systems that are triggered by 
increased arousal.

In addition to affecting the features of a successfully 
retrieved event, engagement of hippocampal- versus amyg-
dala-binding systems may have implications for how memo-
ries are used for decision-making. While extensive research 
has framed decision-making as reliant on a running average 
compiled from past experiences, more recent work has high-
lighted that there are also many instances in which decision-
making is more directly dependent on hippocampal-depend-
ent episodic-memory mechanisms. For instance, Bornstein 
et al. (2017) revealed that incidentally reminding people of 
specific past decisions could bias their current decisions. 

This type of pattern suggests that decision-making is not 
relying on an average across past experiences but rather a 
sampling of past choices that can be influenced by the mem-
ories that are most accessible at a particular moment. Moreo-
ver, Murty et al. (2016) discovered that individuals could use 
past information to adaptively guide current decisions only 
when they had associative memory for the value associated 
with each item; item memory was insufficient. For example, 
it was only when a participant remembered which faces had 
been fair or unfair partners in a Dictator game that they were 
able to use that information to guide their decisions as to 
whom to select as a partner. More recently, FeldmanHall 
et al. (2021) connected this ability to adaptively choose part-
ners to a trace signal in the hippocampus. Taken together, 
this burgeoning literature has led to new proposals for the 
role of the hippocampus in decision-making. Its role may 
predominate in situations in which a small number of past 
experiences are relevant, and also in cases where individuals 
must weigh different pros and cons, requiring an integration 
across multiple past experiences (He et al., 2022). In fact, 
some have gone so far as to suggest that the hippocampus’ 
ability to flexibly integrate across events gives it a central 
role in decision-making, even in circumstances that may not 
seem to have a dominant role for memory (Biderman et al., 
2020), consistent with modern framings of the hippocampus 
as being specialized for guiding future behaviors more than 
for remembering past experiences (Biderman et al., 2020; 
Rubin et al., 2014). If true, then the engagement of the hip-
pocampal-binding system could have important implications 
that transcend memory.

Positive Memories Retain Their Affective 
Strength and Act as Rewards

Positive memories show not only a shallow forgetting curve 
for the event but also show a shallow forgetting curve for the 
affect of the event. While the affect of negative memories 
dissipates over time, the affect of positive memories tends 
to remain strong, a phenomenon referred to as the Fading 
Affect Bias (FAB). For example, in one study that exam-
ined the trajectory of memories’ affective intensity over a 
one-year period (Ritchie et al., 2009), it was found that fad-
ing affect was the most likely trajectory for negative memo-
ries, while fixed affect (i.e., unchanged over time) was the 
most likely trajectory for positive memories. Skowronski 
and colleagues pointed out that the FAB reflects not only 
this tendency for the affect of a positive experience to stay 
associated with the memory for a longer period of time than 
the affect of a negative experience but also the increased 
tendency for a negative event to eventually trigger a more 
positive emotion (Skowronski et al., 2014; Walker & Skow-
ronski, 2009). Someone may be devastated at the time of 
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a breakup, and only later come to realize that the relation-
ship was not a healthy one. With time, we cannot only come 
to appreciate that things were not as bad as they initially 
seemed but also to appreciate the silver linings (Ford et al., 
2016; Ford et al., 2021; see Box 4 for discussion of how 
older adults may be particularly good at this).

Box 4. Older adults’ memory for the positive
While the negative can often win out in younger adults’ memo-

ries, older adults are more likely to show a focus on the positive 
(reviewed by Mather & Carstensen, 2005; Carstensen & DeLiema, 
2018). This effect is often referred to as the age-related “positivity 
effect,” and the pattern often is interpreted as arising from age-
related changes in motivations, goals and preferences (Carstensen 
et al., 1999). The positivity effect in older adults’ memories has 
been observed in a variety of experimental paradigms and for a 
wide range of stimulus types. Older adults have better memory for 
positive information over negative information in tasks employ-
ing emotional images, word lists, and faces (Reed & Carstensen, 
2012), and a meta-analysis revealed that the positivity effect is 
larger when cognitive processing is not constrained by the task 
instructions and when the age difference between younger and 
older adult groups is more extreme (Reed et al., 2014).

It has more recently been demonstrated that not only do older adults 
remember proportionally more positive experiences than younger 
adults, they also can have an improved ability to focus on the 
positive aspects of otherwise-challenging life events. In a series 
of studies, Ford and colleagues demonstrated that, as compared to 
younger adults, older adults use more positive words to describe 
past events, even those that were viewed as quite negative at the 
time (Ford et al., 2016). After experiencing the 2013 Boston 
Marathon Bombing, older age was associated with an increased 
tendency to focus on the good that had come from the event (the 
heroism, the city coming together; Ford, DiBiase, & Kensinger, 
2018), and 6 months later, older age also was associated with a 
decreased tendency to focus on the negative aspects of the event 
(Ford, DiBiase, Ryu, & Kensinger, 2018).  A similar pattern was 
recently shown for reflections on the initial wave of the COVID-
19 pandemic: older age was associated with an increased tendency 
to focus on the positive aspects (Ford et al., 2021).

Because the affect associated with positive experi-
ences does not fade quickly, this allows individuals who 
recall positive past experiences to relive those pleasant 
feelings. Retrieval of positive memories is regularly used 
in laboratory experiments to manipulate mood, and mul-
tiple studies have shown its effectiveness in doing so 
(Gillihan & Farah, 2005; Siedlecka & Denson, 2019). 
For example, after a negative mood induction, partici-
pants are able to use the retrieval of positive memories to 
boost their mood, an effect termed the mood-repair effect 
(Joormann et  al., 2007; Joormann & Siemer, 2004). 
There also are broader relations between the retrieval of 
positive memories and the increased experience of posi-
tive affect (Joorman et al.,   2007) and life satisfaction 
(Hendriks et al., 2019).

More recently, it has been suggested that positive memo-
ries can literally be processed as rewards (Speer et al., 2014). 
When participants were asked to recall positive and neutral 

autobiographical memories, there was increased activity 
in corticostriatal circuitry typically associated with reward 
processing. Moreover, participants were willing to forego 
a small monetary reward in order to have the opportunity 
to recall a positive memory. The authors concluded that 
through their evocation of positive feelings and their engage-
ment of reward-related regions, the recollection of positive 
experiences may be intrinsically valuable to an individual 
(Speer et al., 2014).

Speer and Delgado (2017) then went one step further, 
testing the hypothesis that positive memories can be used 
as a buffer for the effects of negative experiences by com-
paring the stress responses of individuals who recalled a 
positive or a neutral memory. Participants first underwent a 
Socially Evaluative Cold Pressor task (Schwabe et al., 2008). 
They then retrieved either positive or neutral autobiographi-
cal memories. Results were consistent with the buffering 
hypothesis of positive memories; individuals who retrieved 
positive memories had a smaller cortisol response to the 
stressor than did individuals who retrieved neutral memo-
ries, and they also reported less negative affect. Neuroimag-
ing results, which showed increased prefrontal activity and 
connectivity among those who recalled positive memories 
after stress, led the authors to speculate that positive memo-
ries may serve emotion-regulation functions. In a follow-up 
study, Speer and Delgado (2020) showed that recalling posi-
tive memories with a social component could be particu-
larly powerful in reducing the cortisol response following 
the same stressor task. These social-positive memories led 
to particular increases in activity in reward-related regions, 
emphasizing the impact of social engagement on positive 
memory recall and suggesting that positive memories that 
involve friends or family may provide additional resilience 
following stressful experiences.

Potentially related results have come from studies that 
looked at how nostalgia—a predominantly positive social 
emotion that arises from fond memories of one’s past 
(Sedikides et al., 2015)—can create analgesic effects. When 
people suffering from chronic pain wrote about an event 
that made them feel nostalgic (compared with an ordinary 
event that did not evoke such emotion), they reported low-
ered pain levels. Furthermore, college students who did not 
suffer from pain disorders were able to tolerate higher levels 
of applied pressure (i.e., showed higher pain tolerance) after 
writing about a nostalgic event (Kersten et al., 2020). This 
analgesic effect of nostalgia was recently confirmed in an 
fMRI study that showed participants images of objects or 
scenes designed to elicit nostalgic feelings of their childhood 
or to remind them of modern life (Zhang et al., 2022). Dur-
ing the viewing of the images that cued memories of child-
hood, participants reported more nostalgia, and when a pain-
ful stimulus followed those images, participants perceived 
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it as less painful than when it followed the cues to modern 
life. FMRI results revealed that connectivity between the 
dorsolateral PFC and periaqueductal gray (a region linked to 
pain and analgesia; Linnman et al., 2012; Grahl et al., 2018) 
during the viewing of the nostalgic images related to this 
diminished perception of pain. Taken together, these studies 
suggest the fascinating possibility that retrieval of a posi-
tive memory can have retrograde and anterograde effects, 
minimizing the negative impacts of a just-experienced event 
(Speer & Delgado, 2017) or an about-to-be experienced 
event (Zhang et al.,  2022).

Retrieving a positive memory may not only itself serve 
as a reward but also influence how patiently people wait for 
a future reward (Lempert et al., 2017). When faced with a 
choice between smaller, immediate gains and larger long-
term benefits (i.e., intertemporal choices; Strotz, 1956), indi-
viduals who were asked to retrieve positive autobiographical 
events (Lempert et al., 2017) or to imagine specific positive 
future events (Peters & Buchel, 2010; Benoit et al., 2011) 
were more patient, opting more often for long-term benefits 
(i.e., reduced temporal discounting). Similar shifts in tem-
poral discounting are not seen when participants are asked 
to retrieve negative autobiographical memories (Lempert 
et al., 2017), imagine specific negative future events (Liu 
et al., 2013), or imagine novel positive scenes related to their 
positive memories (Lempert et al., 2017), suggesting that 
both positive affect and episodic construction are critical to 
these effects. There is further neuroimaging evidence to sug-
gest that not all positive autobiographical memories influ-
ence temporal discounting to the same extent. During posi-
tive memory retrieval, activity in regions associated with 
reward processing, such as the striatum, has been linked to 
more patient choices (Lempert et al., 2017). This associa-
tion suggests that positive autobiographical memories may 
have more power to influence subsequent behavior when 
retrieval is more rewarding.

The Power of Positive Memories 
for Ourselves and for Our Future

We have already described the ability for positive memories 
to serve as rewards (Speer et al., 2014) and to serve impor-
tant mood-enhancement functions (Bryant et al., 2005; Wolf 
& Demiray, 2019). Although these literatures have not been 
directly connected, it seems plausible that part of the power 
of positive memories for mood repair stems from their abil-
ity to act as an in-the-moment reward.

While retrieval of positive memories has the ability to 
transiently change how we feel, ongoing research is exam-
ining if the effects of positive memory recall are long-
lasting. There is great interest in this topic across a range 
of subfields, with investigations of whether post-trauma 

mental-health indicators are tied to the accessibility of 
specific positive memories (Contractor et al., 2019) and 
whether positive-memory retrieval manipulations can 
benefit those with PTSD (Contractor et al., 2018, 2022). 
A recent systematic review of interventions conducted 
over the last twenty years (Miguel-Alvaro et al., 2021) 
described 12 intervention types, across 3 categories: tech-
niques to increase access to and focus on positive memo-
ries; techniques to change qualities or features of positive 
memories; and techniques to improve self-esteem or emo-
tion regulation. Specific methods employed included writ-
ing down positive autobiographical memories, describing 
the feelings and thoughts associated with a particular posi-
tive memory, and manipulating the vividness of recalled 
positive memories through narration to a therapist. Many 
interventions resulted in improved positive affect and 
reduced symptoms of depression. However, many of these 
effects appeared to be transient, and were not maintained 
at follow-up. The authors note that most assessments of 
these interventions lacked large sample sizes, replica-
tion studies, and longitudinal designs. Thus, future work 
is needed to examine the long-term utility of the use of 
positive memories.

It might not be too surprising to find that interventions 
that focus primarily on retrieving positive memories show 
short-term gains rather than longer-term effects. These 
interventions are unlikely to change the underlying memory 
representations, and instead may act primarily by provid-
ing the in-the-moment reward of the positive memory or 
potentially by increasing the accessibility of that positive 
memory (or related positive memories) for some period of 
time. However, as retrieval contexts shift (in time, in space, 
in brain-state), these influences might be expected to dimin-
ish in impact.

For longer-lasting influences to arise, it would seem 
essential for the underlying memory representation to be 
altered. Samide and Ritchey (2021) recently proposed that 
memory processes can be used as an emotion regulation 
device, helping to reframe the past and that the efficacy of 
these processes for emotion regulation may be tied to the 
completeness or strength of the recapitulation of the event 
in memory. This could even be one reason for the strong 
link between memory specificity and mental wellbeing; a 
specific memory has the opportunity to be updated in con-
tent and framing, while a general memory may not. This 
perspective also may shed light on the connections between 
overgeneral memory and depressive symptomology. An 
influential model of overgeneral memory proposes that it 
may be, in part, a cognitive avoidance strategy adopted to 
reduce negative affect (Williams et al., 2007), and a sys-
tematic review found evidence consistent with the idea that 
avoiding the retrieval of specific memories of an aversive 
event can reduce distress in the short-term (Sumner, 2012). 
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Yet, over the long-term, this avoidance of specific memories 
appears to be harmful: Two meta-analyses have suggested 
that the presence of overgeneral memories at one time-point 
can predict greater depressive symptoms at follow-up (Sum-
ner et al., 2010; Hallford et al., 2021; see also Chiu et al., 
2019). By not retrieving specific memories, individuals may 
deprive themselves of opportunities to reframe the experi-
ence and to update the memory.

A recent study suggested that updating an underly-
ing memory representation may be exactly what happens 
when, rather than asking people to focus on positive mem-
ories, people are asked to find positive meaning in a past 
negative event. Speer et al. (2021) found that participants 
who elaborated on the positive aspects of past negative 
events reported increased positive emotions and memory 
content upon future recollections of the same negative 
event, up to two months after the initial recollection. Par-
alleling these behavioral changes, the neural results sug-
gested that the memory representations may have changed 
as a result of these reframings. During negative memory 
recollection, as memory content increased in positivity, 
neural activation patterns in regions associated with epi-
sodic memory retrieval (i.e., hippocampus) and reward-
related processing (i.e., ventral striatum; Speer et  al., 
2014) became less similar to baseline activity profiles. 
Thus, by finding positive meaning in these past events, 
individuals may have changed the memory representations 
in ways that had long-term consequences. The authors pro-
posed that the mechanisms may be akin to those engaged 
during positive reappraisal, consistent with the similar-
ity between the neural activity engaged during positive 
meaning finding and that engaged in previous studies of 
positive reappraisal.

While more work is needed, there is reason to suspect that 
this type of positive reframing would be particularly pow-
erful in its long-term consequences. In fact, a recent study 
found that memory-reframing helped children to remember 
a recent tonsillectomy more positively than those assigned 
to a control condition (Pavlova et al., 2022). It makes sense 
that changing the nature of the memory representation 
would have long-term consequences: In an animal model, 
artificially triggering a positive memory during the reacti-
vation of a negative experience reversed the animal’s aver-
sive behavior (Ramirez et al., 2015; Redondo et al., 2014), 
suggesting that reframing may be able to alter the memory 
representation. While this type of direct evidence does not 
yet exist, there is correlative evidence that older adults, who 
generally enjoy better mental wellbeing than younger adults 
even in the face of life stressors, are particularly good at 
this type of positive reframing. It is intriguing to consider 
whether there may be a causal link—whether part of the 
wisdom that is acquired with aging is the ability to posi-
tively reframe past negative experiences, and whether this 

tendency to reframe provides older adults with some of their 
resiliency (see Box 4).

Although we have so far focused on the benefits for 
mood, the power of positive memories extends into 
broader domains as well. Positive memories become inte-
grally tied to our sense of self and become an important 
part of our life story (Berntsen et al., 2011; McAdams, 
2001). Our ability to remember positive moments from our 
past is related to our self-esteem (Çili & Stopa, 2015). In 
this way, positive memories can be connected to our well-
being by allowing us to maintain a positive self-concept.

Positive memories also serve important social functions 
(Rasmussen & Berntsen, 2009; Wolf & Demiray, 2019). 
We have already described how social context can enhance 
the value of memories (Speer & Delgado, 2020), with peo-
ple willing to pay more to reminisce about socially rele-
vant positive memories (a birthday party) rather than posi-
tive events that they experienced alone (receiving a good 
grade). Positive memories also can connect us socially; 
as Köhler et al. (2015) eloquently state, these memories 
constitute “the milestones of social communication” (p. 
2). Reminiscing about past experiences can be a powerful 
way to improve positive affect (Bryant et al., 2005) and 
to solicit social support (Barry et al., 2019), and even is 
being explored as a way to boost cognitive function among 
older adults or those with dementia (Klever, 2013; Lazar 
et al., 2014). Thus, retrieving positive memories is reward-
ing in the moment and, through the social and integrative 
functions of reminiscence (Westerhof & Bohlmeijer, 2014) 
also can lead to other positive outcomes that can further 
potentiate those rewards.

Positive memories can propel us to help others. Chil-
dren perform more good actions after remembering their 
past good actions (Tasimi & Young, 2016), and similarly, 
when adults remember specific instances when they have 
helped others in the past, this increases their prosocial 
intentions (Gaesser & Schacter, 2014). It may not even be 
necessary for people to remember their own good actions; 
specific memories for the good actions of others also may 
lead us to help. Ford, Gaesser, DiBiase, et  al., (2018) 
found that individuals who remembered the details of oth-
ers’ heroism during the 2013 Boston Marathon bombings 
were more likely to subsequently donate time or money 
to Boston-area charities while this helping behavior was 
lower in those who remembered fewer details of others’ 
heroism.

Using fMRI, Gaesser et al. (2019) found evidence that the 
way the medial temporal-lobe memory system and theory of 
mind networks were engaged related to this link to prosoci-
ality. Interestingly, when TMS was applied to a core node 
of the theory of mind network (the right temporal-parietal 
junction, RTPJ), there was no effect on the willingness to 
help, suggesting that it may be the episodic memory network 
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engagement that plays the key role in the association to help-
ing behavior. More work is needed to fully explicate how 
the retrieval of positive memories spur us toward prosocial 
intentions. But the extant data are exciting in suggesting that 
retrieval of positive memories may be beneficial not only to 
the rememberer but also to others through their prioritization 
of prosocial intentions.

Implications of the Power of Emotional 
Memories

In this final section, we aim to plant some seeds for future 
directions of research that we think could grow from the 
literature we have reviewed. In some cases, there is prom-
ising research already underway. In others, to our knowl-
edge, there is not yet much that is known, and so here we 
point out possible links for future research to investigate.

The Power of Emotional Memories 
to Change our Moods

We have reviewed the power for positive emotional memo-
ries to be used as emotion regulation devices. Individuals 
tend to recall positive memories in order to counteract a 
negative mood (Joormann et al., 2007; Joormann & Sie-
mer, 2004). More recent evidence has suggested this abil-
ity for positive memories to serve as emotion-regulation 
devices may come from the fact that they can serve as 
rewards (Speer et al., 2014), and buffer against the nega-
tive effects of stress (Speer & Delgado, 2017). We briefly 
discuss why positive memories, or positively reframed 
memories, may be particularly effective emotion regula-
tion devices, and describe contexts in which their efficacy 
may be enhanced.

Positive memory retrieval as an emotion regulation 
device  While there are many other emotion regulation strat-
egies people can use (McRae & Gross, 2020), there may be 
specific benefits conveyed by the use of positive memories. 
For one, the use of positive memories to change one’s mood 
may require less training than other emotion regulation strat-
egies. While individuals often have to practice extensively 
to become good at reframing and reappraising experiences, 
autobiographical memory retrieval is a common part of daily 
experience. Second, the use of positive memories may be 
implementable across a wider range of scenarios, including 
instances where the emotion is not elicited by any specific 
situation that can be reframed or instances in which it is a 
mood rather than a short-lived emotional reaction that must 
be regulated.

Episodic specificity inductions to enhance negative memory 
reframing  It is not just positive memories that can pro-
vide positive impacts to our mental wellbeing. Negative 
memories can as well if we are able to reframe them so 
as to find the good that has come from them (Samide & 
Ritchey, 2021). In fact, reframing negative memories may 
be a particularly powerful way to boost our mental health, in 
long-lasting ways. As we described earlier, a barrier to such 
reframing may be if memories are retrieved in an overgen-
eral and semanticized way, rather than as an episodically rich 
memory. If true, then training individuals in how to retrieve 
specific memories may be advantageous.

Memory specificity training (Madore & Schacter, 
2014; Raes et al., 2009), based on the cognitive interview 
(Geiselman et al., 1985), encourages individuals to thor-
oughly retrieve details of an event, using a guided process 
to enhance the retrieval of episodic details. There is promis-
ing work showing that specificity inductions can be linked 
to reductions in symptoms of PTSD (Moradi et al., 2014), 
depression (Neshat-Doost et al., 2013; Raes et al., 2009), and 
complicated grief (Maccallum & Bryant, 2011). It also may 
boost positive affect and decrease negative affect in healthy 
college students (Jing et al., 2016). Some of these benefits 
have been linked to the concept of episodic reappraisal (Jing 
et al., 2016) or the ability to reframe a negative experience 
that one is remembering or imagining.

Power of reminiscence for grief  Autobiographical memory 
retrieval can be powerful for individuals who are grieving 
(Mroz & Bluck, 2019). Whether those memories are pow-
erful in harming or helping depends on the way people use 
their memories. Wolf et al. (2021) revealed that after the 
loss of a loved one, individuals benefited from recalling 
autobiographical memories if they did so in ways that have 
been described as “self-positive” (Cappeliez & O’Rourke, 
2006) – using memories to maintain identity, to problem-
solve, and to prepare for one’s own death. They suggested 
that when used this way, past memories may help individu-
als to reframe their identity and their future without their 
loved one. To our knowledge, there have not been interven-
tions focused on helping individuals to use their memories 
in these self-positive ways, but there may be promise for 
doing so as a way to help those who are grieving a loss.

The Power of Emotional Memories 
in the Classroom

Educational psychology has been deeply influenced by 
research on executive functioning and cognitive control 
(Diamond & Lee, 2011). Yet the long-term memory lit-
erature has had relatively fewer intersections with the way 
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classroom education is approached (Ofen, Yu, & Chen, 
2016). There have been recent attempts to bridge this divide 
(Fandakova & Bunge, 2016), but to our knowledge there 
has been little discussion of how the literature on episodic 
emotional memories may be relevant to the classroom. We 
suggest the importance of considering two directions of 
connections.

Emotional material may benefit from different study tech-
niques  Students do not just learn about neutral content in 
the classroom. They read fiction and nonfiction written to 
trigger positive and negative emotional reactions, discuss 
current events that are emotionally charged, and study about 
diseases and treatments that may directly affect loved ones. 
The advice given for how to effectively study this informa-
tion is almost entirely based on laboratory research using 
nonemotional stimuli.

There is reason to think that many of the effective-study 
principles developed through examination of memory 
for neutral content will extend to emotional content. For 
instance, high-quality sleep has been shown to benefit mem-
ory for emotional content at least as much as nonemotional 
content (Payne & Kensinger, 2018). But what about spaced 
rehearsal? Or emphasizing quizzing over re-studying? What 
about taking notes in visual form versus written or in ways 
that emphasize associations among concepts? Few of these 
study principles have been examined for emotional content. 
To the extent that the emotional enhancement of memory is 
reliant on similar processes as engaged for neutral material 
(mediation model), the benefits should remain similar. But it 
seems plausible that where the mechanisms begin to diverge, 
so might the most effective study strategies. For instance, 
in contrast to the robust “testing effect” advantage con-
veyed for neutral content, there have been mixed results for 
negative content, and some suggestion that rather than the 
broad benefits conveyed for nonemotional content, retrieval 
practice may benefit memory for associations with negative 
content (Jia et al., 2018) but not memory for the negative 
items themselves (Jia et al., 2019). It seems possible that the 
different patterns of accessibility for negative versus neu-
tral memories may contribute to this disconnect: If nega-
tive content is associated with a prioritized search process, 
this may mean that its retrieval conveys fewer benefits when 
compared to the more-effortful search process engaged for 
neutral information. It also is plausible that retrieval practice 
primarily engages content linked to hippocampal-binding 
mechanisms and may be less efficacious for content linked 
to amygdala-binding mechanisms.

Emotional memories and new learning  We have already 
described the power for emotional memories to at least tran-
siently change our affective state. Classroom assignments 
are often designed to evoke these memories: In elementary 

school, children might be asked to write about a favorite 
experience or to consider when they have felt similarly to 
a protagonist. In high school and college, students may be 
encouraged to write about life experiences to gain facility 
in writing, or to connect their life experiences to material 
being presented. When this memory retrieval happens in 
the classroom, there are likely to be consequences for the 
processing of incoming information.

If emotional memories are changing individuals’ moods, 
this can then impact how they are processing incoming 
information. Individuals in a negative mood may attend to 
details and may process information in a more narrow, ana-
lytic fashion than people in positive or neutral moods (Clore 
et al., 2001). By contrast, participants in a positive mood 
are more likely to process information in a broader manner, 
focusing on the gist or global theme of the information, and 
often seeing creative connections among stimuli that oth-
ers miss (Clore et al., 2001; Fredrickson, 2004). There is 
some work focused on customizing learning material based 
on real-time automated evaluations of students’ emotional 
states (Shen et al., 2009), although much of it has focused 
on students’ experiences of confusion, and so there remains 
much to be investigated.

In the classroom, it seems plausible that retrieval of emo-
tional memories could be leveraged to encourage the relevant 
modes of information-processing. A student might be asked 
to think about a positive memory before engaging in a task 
requiring creative associations to be drawn. If positive memo-
ries can buffer from stress in educational contexts as they can 
in laboratory ones, there could be benefits to asking students 
to take a moment to retrieve a positive memory before handing 
out a pop-quiz or asking a student to read in front of the class.

The Power of Emotional Memories 
within Digital Contexts

Memory theories are increasingly recognizing the role of 
fluctuating internal as well as external contexts in guiding 
retrieval outputs, and how emotional state interacts with 
these retrieval outputs (e.g., eCMR model). It has long been 
considered how the encoding-to-retrieval match in physical 
environments affects learning (Abernethy, 1940; Godden & 
Baddeley, 1975). With the advent of digital contexts, and 
their pervasive use during the COVID-19 pandemic, indi-
viduals may now be able to decide “where” they study or 
work—what virtual background or environment they use, 
and for what situations they use it.

There would be good reason to think that consistency of 
digital contexts across study and retrieval episodes would 
benefit memory. Indeed, Cox et al. (2021) found when events 
occurred in the same contexts, retrieval performance for 
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those events was better compared with retrieval of events 
presented in different contexts. Thus, returning to the same 
“virtual boardroom” may help an individual to recall ideas 
previously discussed in that virtual context.

There is a potential downside, which relates to the sim-
plicity of the digital contexts. The use of a virtual back-
ground for a video call is quite similar to the juxtaposition 
of a facial expression upon an unrelated scene. What hap-
pens if that face is of your boss who is critiquing your latest 
presentation? Will the negative affect from that interaction 
“bleed” onto the background, as can happen in laboratory 
settings (Palombo et al., 2021; Madan & Kensinger, 2021)? 
These may be important questions to address, so that indi-
viduals can understand when continuity of digital context 
is helpful because the context-match from one meeting to 
another allows for increased content recollection, and when 
the possible downsides of “affective bleed” predominate.

Another consideration for digital workspaces is 
whether staying within the same digital “space” may 
affect our ability to create event boundaries. Event seg-
mentation theory argues that humans proscribe bounda-
ries to life events to organize and optimize the moun-
tain of information we encounter in everyday life (Kurby 
& Zacks, 2008; Zacks & Swallow, 2007). Importantly, 
event boundaries are thought to help protect emotional 
memories from interference, allowing important emo-
tional memories to be protected and prioritized (Dun-
smoor et al., 2018). Events are traditionally defined as a 
period of time at a specific location that has a beginning 
and an end (Kurby & Zacks, 2008). Studies in real world 
settings show memory for items is improved when they 
were presented across events instead of within events 
(Pettijohn et al., 2016; Smith, 1982; Smith & Rothkopf, 
1984). Curious if spatial location plays the same role in 
a digital context, a recent study used virtual reality to 
systematically identify if spatial boundaries are necessary 
to improve memory performance (Logie & Donaldson, 
2021). In a series of four experiments, researchers showed 
that removing spatial boundaries, including doorways, 
walls, and separate rooms from a virtual reality space did 
not negatively affect free recall memory performance. The 
authors found spatial events are not necessary to create 
boundaries and that temporal boundaries were sufficient 
to provide memory enhancements (Logie & Donaldson, 
2021). Thus, learning or working within a digital space 
that does not involve changes in physical location (e.g., a 
student who attends different classes throughout the day 
sitting in the same place on the same computer) may still 
leverage event boundaries toward memory success in the 
same way as when we are interacting with physical envi-
ronments. More needs to be done to examine whether this 
holds for emotional content being remembered.

The implications can extend beyond work, as digital 
spaces are increasingly being used for social connection 
purposes as well. In what ways do memories of a birthday 
party or memorial service differ when experienced online 
versus in person? How do any differences influence the 
power of those memories?

Shifting the Balance of Hippocampal 
and Amygdala Binding Systems

In this review, we described how the hippocampus and 
amygdala may subserve different binding functions 
(Yonelinas & Ritchey, 2015) and may not always work 
synergistically (Bisby & Burgess, 2017). If indeed there 
can be shifts in the balance between the relative engage-
ment of hippocampal and amygdala binding systems, this 
raises the question of whether there may be manipulations 
that can strategically shift these weights. Are there inter-
ventions that could increase the likelihood of remembering 
contextual details of high-arousal, negative experiences, 
by boosting the reliance on the hippocampal-binding sys-
tem? Given that disruption of hippocampal mechanisms 
and the ability to remember specific, contextual details has 
been associated with depression (Belleau et al., 2019) and 
PTSD (Shin, 2006), this would seem an important question 
to examine. To our knowledge, there is no direct evidence 
to address this question, but we note two potentially prom-
ising directions for future research.

Neurofeedback  It remains unclear how the balance of hip-
pocampal and amygdala binding systems is determined. 
There is beginning to be promising evidence that neuro-
feedback can be used to downregulate amygdala activity 
(Brühl et al., 2014) and to enhance emotion regulation (see 
Linhartová et al., 2019 for review). For instance, Herwig 
et al. (2019) provided participants with neurofeedback of 
their own amygdala activity while they were instructed to 
use cognitive reappraisal. Over four weekly sessions, they 
noted significant reductions in amygdala activity. Interest-
ingly, amygdala connectivity with the hippocampus also 
increased. They did not examine memory for the pictorial 
stimuli presented during the neurofeedback session, but this 
pattern raises the question of whether methods like this may 
be useful for achieving a greater balance between hippocam-
pal and amygdala binding systems.

Aerobic exercise  Extensive prior research has demonstrated 
that aerobic exercise is good for hippocampal function 
(Erickson et al., 2011) and may encourage cell growth in 
the hippocampus (Luo et al., 2019). Less is known about 
how exercise affects the amygdala. To date, most research 
has focused on the effect of exercise on emotion regulation, 
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showing that exercise can boost prefrontal function (Ligeza 
et al., 2021) and can increase connectivity between the pre-
frontal cortex and amygdala in ways that have been inter-
preted as indicative of improved emotion regulation (Ge 
et al., 2021). If exercise is indeed increasing hippocampal 
function while decreasing amygdala engagement, it may 
create an intriguing scenario in which an emotional expe-
rience is remembered primarily with hippocampal-binding 
mechanisms engaged. To our knowledge, no work has exam-
ined whether participation in aerobic exercise programs or 
individual differences in aerobic fitness affect the types of 
details remembered about an emotional experience. Instead, 
the bulk of work has looked at how acute bursts of exercise 
around the time of learning or consolidation affect overall 
memory ability (Loprinzi et al., 2019 for review) or emo-
tional memory ability specifically (Libkuman et al., 1999; 
Wade & Loprinzi, 2018). For example, future work could 
examine how exercise interventions affect associative as well 
as item memory for negative content.

Conclusions

Our memories are a powerful tool with which we navigate 
our lives; we use our memories to remind us of our past, 
to make sense of our present, and to direct our future. The 
current review has highlighted the ways in which emotional 
valence enhances this power. Positive and negative emotion 
can make memories easier to retrieve, more richly reexperi-
enced, and more likely to influence behavior. These changes 
are supported by a variety of mechanisms that guide how 
events are encoded, consolidated, retrieved, and altered over 
time. We argue it is important for the field of emotional 
memory to 1) gain a firm understanding of the similarities 
and differences between the characteristics and uses of nega-
tive and positive memories, 2) the mechanisms that support 
these differences, and 3) their implications in clinical, edu-
cational, and professional domains.

Funding  The ideas presented in this review were formulated in part 
during the conduct of research funded by the National Science Founda-
tion (grant BCS-1823795) and were aided by discussions catalyzed by a 
gift from the Boston College class of 1991 for research on learning and 
memory conducted to improve the educational experience for students 
with memory challenges.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 

the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Abernethy, E. M. (1940). The effect of changed environmental condi-
tions upon the results of college examinations. Journal of Psy-
chology: Interdisciplinary and Applied, 10(2), 293–301. https://​
doi.​org/​10.​1080/​00223​980.​1940.​99170​05

Admon, R., Kaiser, R. H., Dillon, D. G., Beltzer, M., Goer, F., Olson, 
D. P., et  al. (2017). Dopaminergic enhancement of striatal 
response to reward in major depression. American Journal of 
Psychiatry, 174(4), 378–386. https://​doi.​org/​10.​1176/​appi.​ajp.​
2016.​16010​111

Adolphs, R., Denburg, N. L., & Tranel, D. (2001). The amygdala’s role 
in long-term declarative memory for gist and detail. Behavioral 
Neuroscience, 115(5), 983–992. https://​doi.​org/​10.​1037/​0735-​
7044.​115.5.​983

Alves, H., Koch, A., & Unkelbach, C. (2017). Why good is more alike 
than bad: Processing implications. Trends in Cognitive Sciences, 
21(2), 69–79. https://​doi.​org/​10.​1016/j.​tics.​2016.​12.​006

Ashby, F. G., Isen, A. M., & Turken, A. U. (1999). A neuropsycho-
logical theory of positive affect and its influence on cognition. 
Psychological Review, 106(3), 529–550. https://​doi.​org/​10.​1037/​
0033-​295X.​106.3.​529

Backus, A. R., Bosch, S. E., Ekman, M., Grabovetsky, A. V., & Doeller, 
C. F. (2016). Mnemonic convergence in the human hippocampus. 
Nature. Communications, 7(1). https://​doi.​org/​10.​1038/​ncomm​
s11991

Baddeley, A. (2000). The episodic buffer: a new component of working 
memory? Trends in Cognitive Sciences, 4(11), 417–423. https://​
doi.​org/​10.​1016/​S1364-​6613(00)​01538-2

Balconi, M., & Ferrari, C. (2012). Emotional memory retrieval. rTMS 
stimulation on left DLPFC increases the positive memories. 
Brain Imaging and Behavior, 6(3), 454–461. https://​doi.​org/​10.​
1007/​s11682-​012-​9163-6

Balconi, M., & Ferrari, C. (2013). Repeated transcranial magnetic stim-
ulation on dorsolateral prefrontal cortex improves performance in 
emotional memory retrieval as a function of level of anxiety and 
stimulus valence. Psychiatry and Clinical Neurosciences, 67(4), 
210–218. https://​doi.​org/​10.​1111/​PCN.​12041

Ball, S. C., & Brewin, C. R. (2012). The effect of rumination on intru-
sive images and mood: An experimental investigation using the 
trauma film paradigm. Journal of Experimental Psychopathol-
ogy, 3(2), 297–309. https://​doi.​org/​10.​5127/​jep.​019511

Banks, S. J., Eddy, K. T., Angstadt, M., Nathan, P. J., & Luan Phan, K. 
(2007). Amygdala-frontal connectivity during emotion regula-
tion. Social Cognitive and Affective Neuroscience, 2(4), 303–312. 
https://​doi.​org/​10.​1093/​scan/​nsm029

Barnacle, G. E., Montaldi, D., Talmi, D., & Sommer, T. (2016). The 
list-composition effect in memory for emotional and neutral pic-
tures: Differential contribution of ventral and dorsal attention 
networks to successful encoding. Neuropsychologia, 90, 125–
135. https://​doi.​org/​10.​1016/j.​neuro​psych​ologia.​2016.​06.​023

Barrett, L. F., & Bliss-Moreau, E. (2009). Affect as a psychological 
primitive. In M. P. Zanna (Ed.), Advances in experimental social 
psychology (Vol. 41, pp. 167–218). Academic Press. https://​doi.​
org/​10.​1016/​S0065-​2601(08)​00404-8

Barry, T. J., Vinograd, M., Boddez, Y., Raes, F., Zinbarg, R., Mineka, 
S., & Craske, M. G. (2019). Reduced autobiographical memory 
specificity affects general distress through poor social support. 

892

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/00223980.1940.9917005
https://doi.org/10.1080/00223980.1940.9917005
https://doi.org/10.1176/appi.ajp.2016.16010111
https://doi.org/10.1176/appi.ajp.2016.16010111
https://doi.org/10.1037/0735-7044.115.5.983
https://doi.org/10.1037/0735-7044.115.5.983
https://doi.org/10.1016/j.tics.2016.12.006
https://doi.org/10.1037/0033-295X.106.3.529
https://doi.org/10.1037/0033-295X.106.3.529
https://doi.org/10.1038/ncomms11991
https://doi.org/10.1038/ncomms11991
https://doi.org/10.1016/S1364-6613(00)01538-2
https://doi.org/10.1016/S1364-6613(00)01538-2
https://doi.org/10.1007/s11682-012-9163-6
https://doi.org/10.1007/s11682-012-9163-6
https://doi.org/10.1111/PCN.12041
https://doi.org/10.5127/jep.019511
https://doi.org/10.1093/scan/nsm029
https://doi.org/10.1016/j.neuropsychologia.2016.06.023
https://doi.org/10.1016/S0065-2601(08)00404-8
https://doi.org/10.1016/S0065-2601(08)00404-8


Cognitive, Affective, & Behavioral Neuroscience (2022) 22:869–903 

1 3

Memory, 27(7), 916–923. https://​doi.​org/​10.​1080/​09658​211.​
2019.​16078​76

Baumeister, R. F., Bratslavsky, E., Finkenauer, C., & Vohs, K. D. 
(2001). Bad is stronger than good. Review of General Psychol-
ogy, 5(4), 323–370. https://​doi.​org/​10.​1037/​1089-​2680.5.​4.​323

Bebbington, P., Jakobowitz, S., McKenzie, N., Killaspy, H., Iveson, R., 
Duffield, G., & Kerr, M. (2017). Assessing needs for psychiatric 
treatment in prisoners: 1. Prevalence of disorder. Social Psychia-
try and Psychiatric Epidemiology, 52(2), 221–229. https://​doi.​
org/​10.​1007/​s00127-​016-​1311-7

Beck, J. S. (2011). Cognitive behavior therapy: Basics and beyond 
((2nd ed.). ed.). Guilford Press.

Bell, R., Mieth, L., & Buchner, A. (2017). Emotional memory: No 
source memory without old-new recognition. Emotion, 17(1), 
120–130. https://​doi.​org/​10.​1037/​emo00​00211

Belleau, Emily L.., Treadway, Michael T.., & Pizzagalli, Diego A.. 
(2019). The Impact of Stress and Major Depressive Disorder on 
Hippocampal and Medial Prefrontal Cortex Morphology. Bio-
logical Psychiatry, 85(6), 443–453. https://​doi.​org/​10.​1016/j.​
biops​ych.​2018.​09.​031

Bennion, K. A., Payne, J. D., & Kensinger, E. A. (2016). The impact 
of napping on memory for future-relevant stimuli: Prioritization 
among multiple salience cues. Behavioral Neuroscience, 130(3), 
281–289. https://​doi.​org/​10.​1037/​bne00​00142

Benoit, R. G., Gilbert, S. J., & Burgess, P. W. (2011). A neural mecha-
nism mediating the impact of episodic prospection on farsighted 
decisions. Journal of Neuroscience, 31(18), 6771–6779. https://​
doi.​org/​10.​1523/​JNEUR​OSCI.​6559-​10.​2011.

Berkers, R. M. W. J., Klumpers, F., & Fernández, G. (2016). Medial 
prefrontal–hippocampal connectivity during emotional memory 
encoding predicts individual differences in the loss of associative 
memory specificity. Neurobiology of Learning and Memory, 134, 
44–54. https://​doi.​org/​10.​1016/j.​nlm.​2016.​01.​016

Berntsen, D. (2001). Involuntary memories of emotional events: Do 
memories of traumas and extremely happy events differ? Applied 
Cognitive Psychology, 15, S135–S158.

Berntsen, D. (2002). Tunnel memories for autobiographical events: 
Central details are remembered more frequently from shock-
ing than from happy experiences. Memory and Cognition, 30, 
1010–1020.

Berntsen, D., Rubin, D. C., & Siegler, I. C. (2011). Two versions of 
life: Emotionally negative and positive life events have different 
roles in the organization of life story and identity. Emotion, 11(5), 
1190–1201. https://​doi.​org/​10.​1037/​a0024​940

Biderman, N., Bakkour, A., & Shohamy, D. (2020). What are memories 
for? The hippocampus bridges past experience with future deci-
sions. Trends in Cognitive Sciences, 24(7), 542–556. https://​doi.​
org/​10.​1016/j.​tics.​2020.​04.​004

Bisby, J. A., & Burgess, N. (2014). Negative affect impairs associa-
tive memory but not item memory. Learning & Memory, 21(1), 
21–27. https://​doi.​org/​10.​1101/​lm.​032409.​113

Bisby, J. A., & Burgess, N. (2017). Differential effects of negative emo-
tion on memory for items and associations, and their relationship 
to intrusive imagery. Current Opinion in Behavioral Sciences, 
17, 124–132. https://​doi.​org/​10.​1016/j.​cobeha.​2017.​07.​012

Bisby, J. A., Burgess, N., & Brewin, C. R. (2020). Reduced mem-
ory coherence for negative events and its relationship to post-
traumatic stress disorder. Current Directions in Psychological 
Science, 29(3), 267–272. https://​doi.​org/​10.​1177/​09637​21420​
917691

Bisby, J. A., Horner, A. J., Hørlyck, L. D., & Burgess, N. (2016). Oppos-
ing effects of negative emotion on amygdalar and hippocampal 
memory for items and associations. Social Cognitive and Affec-
tive Neuroscience, 11(6), 981–990. https://​doi.​org/​10.​1093/​scan/​
nsw028

Bohanek, J. G., Fivush, R., & Walker, E. (2005). Memories of positive 
and negative emotional events. Applied Cognitive Psychology, 
19, 51–66.

Bohn, A., & Berntsen, D. (2007). Pleasantness bias in flashbulb memo-
ries: Positive and negative flashbulb memories of the fall of the 
Berlin Wall among East and West Germans. Memory and Cogni-
tion, 35(3), 565–577. https://​doi.​org/​10.​3758/​BF031​93295

Bornstein, A. M., Khaw, M. W., Shohamy, D., & Daw, N. D. (2017). 
Reminders of past choices bias decisions for reward in humans. 
Nature. Communications, 8, Article 15958. https://​doi.​org/​10.​
1038/​ncomm​s15958

Bowen, H. J., Fields, E. C., & Kensinger, E. A. (2018). Prior emo-
tional context modulates early event-related potentials to neu-
tral retrieval cues. Journal of Cognitive Neuroscience, 31(11), 
1755–1767. https://​doi.​org/​10.​1162/​jocn_a_​01451

Bowen, H. J., Kark, S. M., & Kensinger, E. A. (2018). NEVER forget: 
Negative emotional valence enhances recapitulation. Psycho-
nomic Bulletin & Review, 25(3), 870–891. https://​doi.​org/​10.​
3758/​s13423-​017-​1313-9

Bowen, H. J., & Kensinger, E. A. (2017a). Memory-related functional 
connectivity in visual processing regions varies by prior emo-
tional context. NeuroReport, 28(13), 808–813. https://​doi.​org/​
10.​1097/​WNR.​00000​00000​000829

Bowen, H. J., & Kensinger, E. A. (2017b). Recapitulation of emotional 
source context during memory retrieval. Cortex, 91, 142–156. 
https://​doi.​org/​10.​1016/j.​cortex.​2016.​11.​004

Brewin, C. R., & Langley, K. M. R. (2019). Imagery retrieval may 
explain why recall of negative scenes contains more accurate 
detail. Memory and Cognition, 47(3), 420–427. https://​doi.​org/​
10.​3758/​s13421-​018-​0876-7

Bridgland, V. M. E., & Takarangi, M. K. T. (2021). Danger! Nega-
tive memories ahead: The effect of warnings on reactions to and 
recall of negative memories. Memory, 29(3), 319–329. https://​
doi.​org/​10.​1080/​09658​211.​2021.​18921​47

Brown, R., & Kulik, J. (1977). Flashbulb memories. Cognition, 5(1), 
73–99. https://​doi.​org/​10.​1016/​0010-​0277(77)​90018-X

Brühl, A. B., Scherpiet, S., Sulzer, J., Stämpfli, P., Seifritz, E., & Her-
wig, U. (2014). Real-time neurofeedback using functional MRI 
could improve down-regulation of amygdala activity during emo-
tional stimulation: A proof-of-concept study. Brain Topography, 
27(1), 138–148. https://​doi.​org/​10.​1007/​s10548-​013-​0331-9

Bryant, F. B., Smart, C. M., & King, S. P. (2005). Using the past to 
enhance the present: Boosting happiness through positive remi-
niscence. Journal of Happiness Studies, 6(3), 227–260. https://​
doi.​org/​10.​1007/​s10902-​005-​3889-4

Buchanan, T. W. (2007). Retrieval of emotional memories. Psycho-
logical Bulletin, 133(5), 761–779. https://​doi.​org/​10.​1037/​0033-​
2909.​133.5.​761

Burgess, P. W., Gonen-Yaacovi, G., & Volle, E. (2011). Functional neu-
roimaging studies of prospective memory: What have we learnt 
so far? Neuropsychologia, 49(8), 2246–2257. https://​doi.​org/​10.​
1016/j.​neuro​psych​ologia.​2011.​02.​014

Burgess, P. W., Scott, S. K., & Frith, C. D. (2003). The role of the 
rostral frontal cortex (area 10) in prospective memory: A lateral 
versus medial dissociation. Neuropsychologia, 41(8), 906–918. 
https://​doi.​org/​10.​1016/​S0028-​3932(02)​00327-5

Burnell, R., Rasmussen, A. S., & Garry, M. (2020). Negative memories 
serve functions in both adaptive and maladaptive ways. Memory, 
28, 494–505.

Cai, D. J., Aharoni, D., Shuman, T., Shobe, J., Biane, J., Song, W., 
et al. (2016). A shared neural ensemble links distinct contextual 
memories encoded close in time. Nature, 534(7605), 115–118. 
https://​doi.​org/​10.​1038/​natur​e17955

Cappeliez, P., & O’Rourke, N. (2006). Empirical validation of a 
model of reminiscence and health in later life. The Journals of 

893

https://doi.org/10.1080/09658211.2019.1607876
https://doi.org/10.1080/09658211.2019.1607876
https://doi.org/10.1037/1089-2680.5.4.323
https://doi.org/10.1007/s00127-016-1311-7
https://doi.org/10.1007/s00127-016-1311-7
https://doi.org/10.1037/emo0000211
https://doi.org/10.1016/j.biopsych.2018.09.031
https://doi.org/10.1016/j.biopsych.2018.09.031
https://doi.org/10.1037/bne0000142
https://doi.org/10.1523/JNEUROSCI.6559-10.2011
https://doi.org/10.1523/JNEUROSCI.6559-10.2011
https://doi.org/10.1016/j.nlm.2016.01.016
https://doi.org/10.1037/a0024940
https://doi.org/10.1016/j.tics.2020.04.004
https://doi.org/10.1016/j.tics.2020.04.004
https://doi.org/10.1101/lm.032409.113
https://doi.org/10.1016/j.cobeha.2017.07.012
https://doi.org/10.1177/0963721420917691
https://doi.org/10.1177/0963721420917691
https://doi.org/10.1093/scan/nsw028
https://doi.org/10.1093/scan/nsw028
https://doi.org/10.3758/BF03193295
https://doi.org/10.1038/ncomms15958
https://doi.org/10.1038/ncomms15958
https://doi.org/10.1162/jocn_a_01451
https://doi.org/10.3758/s13423-017-1313-9
https://doi.org/10.3758/s13423-017-1313-9
https://doi.org/10.1097/WNR.0000000000000829
https://doi.org/10.1097/WNR.0000000000000829
https://doi.org/10.1016/j.cortex.2016.11.004
https://doi.org/10.3758/s13421-018-0876-7
https://doi.org/10.3758/s13421-018-0876-7
https://doi.org/10.1080/09658211.2021.1892147
https://doi.org/10.1080/09658211.2021.1892147
https://doi.org/10.1016/0010-0277(77)90018-X
https://doi.org/10.1007/s10548-013-0331-9
https://doi.org/10.1007/s10902-005-3889-4
https://doi.org/10.1007/s10902-005-3889-4
https://doi.org/10.1037/0033-2909.133.5.761
https://doi.org/10.1037/0033-2909.133.5.761
https://doi.org/10.1016/j.neuropsychologia.2011.02.014
https://doi.org/10.1016/j.neuropsychologia.2011.02.014
https://doi.org/10.1016/S0028-3932(02)00327-5
https://doi.org/10.1038/nature17955


Cognitive, Affective, & Behavioral Neuroscience (2022) 22:869–903 	

1 3

Gerontology Series B: Psychological Sciences and Social Sci-
ences, 61(4), P237–P244. https://​doi.​org/​10.​1093/​geronb/​61.4.​
P237

Carstensen, L. L., & DeLiema, M. (2018). The positivity effect: A 
negativity bias in youth fades with age. Current Opinion in 
Behavioral Sciences, 19(12), 7–12. https://​doi.​org/​10.​1016/j.​
cobeha.​2017.​07.​009

Carstensen, L. L., Isaacowitz, D. M., & Charles, S. T. (1999). Taking 
time seriously: A theory of socioemotional selectivity. Ameri-
can Psychologist, 54(3), 165–181. https://​doi.​org/​10.​1037/​0003-​
066X.​54.3.​165

Chang, V. T., Overall, N. C., Madden, H., & Low, R. S. T. (2018). 
Expressive suppression tendencies, projection bias in memory 
of negative emotions, and well-being. Emotion, 18(7), 925–941. 
https://​doi.​org/​10.​1037/​emo00​00405

Chiew, K. S. (2021). Revisiting positive affect and reward influences on 
cognitive control. Current Opinion in Behavioral Sciences, 39, 
27–33. https://​doi.​org/​10.​1016/j.​cobeha.​2020.​11.​010

Chiu, C. H. M., Ma, H. W., Boddez, Y., Raes, F., & Barry, T. J. (2019). 
Social support from friends predicts changes in memory specific-
ity following a stressful life event. Memory, 27(9), 1263–1272. 
https://​doi.​org/​10.​1080/​09658​211.​2019.​16486​87

Christianson, S.-Å. (1992). Emotional stress and eyewitness memory: 
A critical review. Psychological Bulletin, 112(2), 284–309. 
https://​doi.​org/​10.​1037/​0033-​2909.​112.2.​284

Çili, S., & Stopa, L. (2015). The retrieval of self-defining memories 
is associated with the activation of specific working selves. 
Memory, 23(2), 233–253. https://​doi.​org/​10.​1080/​09658​211.​
2014.​882955

Clewett, D., & Murty, V. P. (2019). Echoes of emotions past: How 
neuromodulators determine what we recollect. ENeuro, 6(2). 
https://​doi.​org/​10.​1523/​ENEURO.​0108-​18.​2019

Clore, G. L., Wyer, R. S., Dienes, B., Gasper, K., Gohm, C., & Isbell, 
L. (2001). Affective feelings as feedback: Some cognitive con-
sequences. In L. L. Martin & G. L. Clore (Eds.), Theories of 
mood and cognition: A user’s guidebook (pp. 27–62). : Law-
rence Erlbaum Associates, Inc.

Coffey, S. F., Banducci, A. N., & Vinci, C. (2015). Behavior therapy 
for psychiatric disorders. American Family Physician, 92(9), 
807–812.

Colombo, D., Serino, S., Suso-Ribera, C., Fernández-Álvarez, J., 
Cipresso, P., García-Palacios, A., Riva, G., & Botella, C. 
(2021). The Moderating Role of Emotion Regulation in the 
Recall of Negative Autobiographical Memories. International 
Journal of Environmental Research Public Health, 18, 7122. 
https://​doi.​org/​10.​3390/​ijerp​h1813​7122

Contractor, Ateka A.., Banducci, Anne N.., Dolan, Megan, Keegan, 
Fallon, & Weiss, Nicole H.. (2019). Relation of positive mem-
ory recall count and accessibility with post-trauma mental 
health. Memory, 27(8), 1130–1143. https://​doi.​org/​10.​1080/​
09658​211.​2019.​16289​94

Contractor, A. A., Brown, L. A., Caldas, S. V., Banducci, A. N., 
Taylor, D. J., Armour, C., & Shea, M. T. (2018). Posttraumatic 
stress disorder and positive memories: Clinical considerations. 
Journal of Anxiety Disorders, 58, 23–32. https://​doi.​org/​10.​
1016/j.​janxd​is.​2018.​06.​007

Contractor, A. A., Weiss, N. H., Forkus, S. R., & Keegan, F. (2022). 
Positive internal experiences in PTSD interventions: A critical 
review. Trauma, Violence, and Abuse, 23(1), 101–106. https://​
doi.​org/​10.​1177/​15248​38020​925784

Cooper, R. A., Kensinger, E. A., & Ritchey, M. (2019). Memories 
fade: The relationship between memory vividness and remem-
bered visual salience. Psychological Science, 30(5), 657–668. 
https://​doi.​org/​10.​1177/​09567​97619​836093

Costa, A., Peppe, A., Brusa, L., Caltagirone, C., Gatto, I., & Carles-
imo, G. A. (2008a). Dopaminergic modulation of prospective 

memory in Parkinson’s disease. Behavioural Neurology, 19(1–
2), 45–48. https://​doi.​org/​10.​1155/​2008/​310437

Costa, A., Peppe, A., Brusa, L., Caltagirone, C., Gatto, I., & Car-
lesimo, G. A. (2008b). Levodopa improves time-based pro-
spective memory in Parkinson’s disease. Journal of the Inter-
national Neuropsychological Society, 14(4), 601–610. https://​
doi.​org/​10.​1017/​S1355​61770​80808​2X

Cox, W. R., Dobbelaar, S., Meeter, M., Kindt, M., & van Ast, V. A. 
(2021). Episodic memory enhancement versus impairment is 
determined by contextual similarity across events. Proceedings 
of the National Academy of Sciences of the United States of 
America, 118(48). https://​doi.​org/​10.​1073/​pnas.​21015​09118

Crystal, J. D., & George Wilson, A. (2015). Prospective memory: A 
comparative perspective. Behavioural Processes, 112, 88–99. 
https://​doi.​org/​10.​1016/j.​beproc.​2014.​07.​016

Diamond, A., & Lee, K. (2011). Interventions Shown to Aid Execu-
tive Function Development in Children 4 to 12 Years Old. 
Science, 333(6045), 959–964. https://​doi.​org/​10.​1126/​scien​
ce.​12045​29

D’Argembeau, A., & Mathy, A. (2011). Tracking the construction of 
episodic future thoughts. Journal of Experimental Psychology: 
General, 140(2), 258–271. https://​doi.​org/​10.​1037/​a0022​581

Desimone, R., & Duncan, J. (1995). Neural Mechanisms of Selec-
tive Visual Attention. Annual Review of Neuroscience, 18(1), 
193–222. https://​doi.​org/​10.​1146/​annur​ev.​ne.​18.​030195.​001205

Diana, R. A., Yonelinas, A. P., & Ranganath, C. (2007). Imaging rec-
ollection and familiarity in the medial temporal lobe: a three-
component model. Trends in cognitive sciences, 11(9), 379–386. 
https://​doi.​org/​10.​1016/j.​tics.​2007.​08.​001

Dillon, D. G. (2015). The neuroscience of positive memory deficits in 
depression. Frontiers in Psychology, 6, 1–12. https://​doi.​org/​10.​
3389/​fpsyg.​2015.​01295

Dillon, D. G., & Pizzagalli, D. A. (2018). Mechanisms of memory dis-
ruption in depression. Trends in Neurosciences, 41(3), 137–149. 
https://​doi.​org/​10.​1016/J.​TINS.​2017.​12.​006

Dillon, D. G., Ritchey, M., Johnson, B. D., & LaBar, K. S. (2007). 
Dissociable effects of conscious emotion regulation strategies on 
explicit and implicit memory. Emotion, 7(2), 354–365. https://​
doi.​org/​10.​1037/​1528-​3542.7.​2.​354

Drexler, S. M., & Wolf, O. T. (2017). The role of glucocorticoids in 
emotional memory reconsolidation. Neurobiology of Learning 
and Memory, 142, 126–134. https://​doi.​org/​10.​1016/j.​nlm.​2016.​
11.​008

Dunsmoor, J. E., Kroes, M. C. W., Moscatelli, C. M., Evans, M. D., 
Davachi, L., & Phelps, E. A. (2018). Event segmentation protects 
emotional memories from competing experiences encoded close 
in time. Nature Human Behaviour, 2(4), 291–299. https://​doi.​org/​
10.​1038/​s41562-​018-​0317-4

Ehring, T., Ehlers, A., & Glucksman, E. (2008). Do cognitive models 
help in predicting the severity of Posttraumatic Stress Disorder, 
phobia, and depression after motor vehicle accidents? A pro-
spective longitudinal study. Journal of Consulting and Clinical 
Psychology, 76(2), 219–230. https://​doi.​org/​10.​1037/​0022-​006X.​
76.2.​219

Ehring, T., Frank, S., & Ehlers, A. (2008). The role of rumination 
and reduced concreteness in the maintenance of posttraumatic 
stress disorder and depression following trauma. Cognitive 
Therapy and Research, 32(4), 488–506. https://​doi.​org/​10.​1007/​
s10608-​006-​9089-7

Erk, S., Kiefer, M., Grothe, J., Wunderlich, A. P., Spitzer, M., & Wal-
ter, H. (2003). Emotional context modulates subsequent memory 
effect. NeuroImage, 18(2), 439–447. https://​doi.​org/​10.​1016/​
S1053-​8119(02)​00015-0

Erickson, K. I., Voss, M. W., Prakash, R. S., Basak, C., Szabo, A., 
Chaddock, L., et al. (2011). Exercise training increases size of 
hippocampus and improves memory. Proceedings of the National 

894

https://doi.org/10.1093/geronb/61.4.P237
https://doi.org/10.1093/geronb/61.4.P237
https://doi.org/10.1016/j.cobeha.2017.07.009
https://doi.org/10.1016/j.cobeha.2017.07.009
https://doi.org/10.1037/0003-066X.54.3.165
https://doi.org/10.1037/0003-066X.54.3.165
https://doi.org/10.1037/emo0000405
https://doi.org/10.1016/j.cobeha.2020.11.010
https://doi.org/10.1080/09658211.2019.1648687
https://doi.org/10.1037/0033-2909.112.2.284
https://doi.org/10.1080/09658211.2014.882955
https://doi.org/10.1080/09658211.2014.882955
https://doi.org/10.1523/ENEURO.0108-18.2019
https://doi.org/10.3390/ijerph18137122
https://doi.org/10.1080/09658211.2019.1628994
https://doi.org/10.1080/09658211.2019.1628994
https://doi.org/10.1016/j.janxdis.2018.06.007
https://doi.org/10.1016/j.janxdis.2018.06.007
https://doi.org/10.1177/1524838020925784
https://doi.org/10.1177/1524838020925784
https://doi.org/10.1177/0956797619836093
https://doi.org/10.1155/2008/310437
https://doi.org/10.1017/S135561770808082X
https://doi.org/10.1017/S135561770808082X
https://doi.org/10.1073/pnas.2101509118
https://doi.org/10.1016/j.beproc.2014.07.016
https://doi.org/10.1126/science.1204529
https://doi.org/10.1126/science.1204529
https://doi.org/10.1037/a0022581
https://doi.org/10.1146/annurev.ne.18.030195.001205
https://doi.org/10.1016/j.tics.2007.08.001
https://doi.org/10.3389/fpsyg.2015.01295
https://doi.org/10.3389/fpsyg.2015.01295
https://doi.org/10.1016/J.TINS.2017.12.006
https://doi.org/10.1037/1528-3542.7.2.354
https://doi.org/10.1037/1528-3542.7.2.354
https://doi.org/10.1016/j.nlm.2016.11.008
https://doi.org/10.1016/j.nlm.2016.11.008
https://doi.org/10.1038/s41562-018-0317-4
https://doi.org/10.1038/s41562-018-0317-4
https://doi.org/10.1037/0022-006X.76.2.219
https://doi.org/10.1037/0022-006X.76.2.219
https://doi.org/10.1007/s10608-006-9089-7
https://doi.org/10.1007/s10608-006-9089-7
https://doi.org/10.1016/S1053-8119(02)00015-0
https://doi.org/10.1016/S1053-8119(02)00015-0


Cognitive, Affective, & Behavioral Neuroscience (2022) 22:869–903 

1 3

Academy of Sciences, 108(7), 3017–3022. https://​doi.​org/​10.​
1073/​pnas.​10159​50108

Fandakova, Y., & Bunge, S. A. (2016). What connections can we draw 
between research on long-term memory and student learning?. 
Mind, Brain, and Education, 10(3), 135–141. https://​doi.​org/​10.​
1111/​mbe.​12123

Fawcett, J. M., Benoit, R. G., Gagnepain, P., Salman, A., Bartholdy, S., 
Bradley, C., Chan, D. K., Roche, A., Brewin, C. R., & Anderson, 
M. C. (2015). The origins of repetitive thought in rumination: 
separating cognitive style from deficits in inhibitory control over 
memory. Journal of behavior therapy and experimental psychiatry, 
47, 1–8. https://​doi.​org/​10.​1016/j.​jbtep.​2014.​10.​009

FeldmanHall, O., Montez, D. F., Phelps, E. A., Davachi, L., & Murty, 
V. P. (2021). Hippocampus guides adaptive learning during 
dynamic social interactions. Journal of Neuroscience, 41(6), 
1340–1348. https://​doi.​org/​10.​1523/​JNEUR​OSCI.​0873-​20.​2020

Ford, J. H., Addis, D. R., & Giovanello, K. S. (2012). Differential 
effects of arousal in positive and negative autobiographical mem-
ories. Memory, 20(7), 771–778. https://​doi.​org/​10.​1080/​09658​
211.​2012.​704049

Ford, J. H., DiBiase, H. D., & Kensinger, E. A. (2018). Finding the 
good in the bad: Age and event experience relate to the focus 
on positive aspects of a negative event. Cognition and Emotion, 
32(2), 414–421. https://​doi.​org/​10.​1080/​02699​931.​2017.​13013​87

Ford, J. H., DiBiase, H. D., Ryu, E., & Kensinger, E. A. (2018). It 
gets better with time: Enhancement of age-related positivity 
effect in the six months following a highly negative public 
event. Psychology and Aging, 33(3), 419–424. https://​doi.​org/​
10.​1037/​pag00​00250

Ford, J. H., DiGirolamo, M. A., & Kensinger, E. A. (2016). Age 
influences the relation between subjective valence ratings and 
emotional word use during autobiographical memory retrieval. 
Memory, 24(8), 1023–1032. https://​doi.​org/​10.​1080/​09658​211.​
2015.​10610​16

Ford, J. H., Gaesser, B., DiBiase, H., Berro, T., Young, L., & Kens-
inger, E. A. (2018). Heroic memory: Remembering the details of 
others’ heroism in the aftermath of a traumatic public event can 
foster our own prosocial response. Applied Cognitive Psychology, 
32(1), 47–54. https://​doi.​org/​10.​1002/​acp.​3377

Ford, J. H., Garcia, S. M., Fields, E. C., Cunningham, T. J., & Kens-
inger, E. A. (2021). Older adults remember more positive aspects 
of the COVID-19 pandemic. Psychology and Aging, 36(6), 694–
699. https://​doi.​org/​10.​1037/​pag00​00636

Ford, J. H., & Kensinger, E. A. (2017). Prefrontally-mediated altera-
tions in the retrieval of negative events: Links to memory vivid-
ness across the adult lifespan. Neuropsychologia, 102(December 
2016), 82–94. https://​doi.​org/​10.​1016/j.​neuro​psych​ologia.​2017.​
06.​001

Ford, J. H., & Kensinger, E. A. (2018). Older adults use a prefrontal 
regulatory mechanism to reduce negative memory vividness of a 
highly emotional real-world event. NeuroReport, 29(13), 1129–
1134. https://​doi.​org/​10.​1097/​WNR.​00000​00000​001084

Ford, J. H., & Kensinger, E. A. (2019). Older adults recruit dorso-
medial prefrontal cortex to decrease negativity during retrieval 
of emotionally complex real-world events. Neuropsychologia, 
135(October), 107239. https://​doi.​org/​10.​1016/j.​neuro​psych​olo-
gia.​2019.​107239

Ford, J. H., Morris, J. A., & Kensinger, E. A. (2014). Neural recruit-
ment and connectivity during emotional memory retrieval across 
the adult life span. Neurobiology of Aging, 35(12), 2770–2784. 
https://​doi.​org/​10.​1016/j.​neuro​biola​ging.​2014.​05.​029

Fredrickson, B. L. (1998). What good are positive emotions? Review 
of General Psychology, 2(3), 300–319. https://​doi.​org/​10.​1037/​
1089-​2680.2.​3.​300

Fredrickson, B. L. (2004). The broaden–and–build theory of positive 
emotions. Philosophical Transactions of the Royal Society of 

London. Series B: Biological Sciences, 359(1449), 1367–1377. 
https://​doi.​org/​10.​1098/​rstb.​2004.​1512

Gaesser, B., Hirschfeld-Kroen, J., Wasserman, E. A., Horn, M., & 
Young, L. (2019). A role for the medial temporal lobe subsys-
tem in guiding prosociality: the effect of episodic processes on 
willingness to help others. Social Cognitive and Affective Neu-
roscience, 14(4), 397–410. https://​doi.​org/​10.​1093/​scan/​nsz014

Gaesser, B., & Schacter, D. L. (2014). Episodic simulation and epi-
sodic memory can increase intentions to help others. Proceed-
ings of the National Academy of Sciences of the United States 
of America, 111(12), 4415–4420. https://​doi.​org/​10.​1073/​pnas.​
14024​61111

Gallo, D. A., Korthauer, L. E., McDonough, I. M., Teshale, S., & 
Johnson, E. L. (2011). Age-related positivity effects and auto-
biographical memory detail: Evidence from a past/future source 
memory task. Memory, 19(6), 641–652. https://​doi.​org/​10.​1080/​
09658​211.​2011.​595723

Ge, L. K., Hu, Z., Wang, W., Siu, P. M., & Wei, G. X. (2021). Aerobic 
exercise decreases negative affect by modulating orbitofrontal-
amygdala connectivity in adolescents. Life, 11(6). https://​doi.​org/​
10.​3390/​life1​10605​77

Geiselman, R. E., Fisher, R. P., MacKinnon, D. P., & Holland, H. L. 
(1985). Eyewitness memory enhancement in the police inter-
view: Cognitive retrieval mnemonics versus hypnosis. Journal 
of Applied Psychology, 70(2), 401–412. https://​doi.​org/​10.​1037/​
0021-​9010.​70.2.​401

Gershman, S. J. (2017). Predicting the past, remembering the future. 
Current Opinion in Behavioral Sciences, 17, 7–13. https://​doi.​
org/​10.​1016/j.​cobeha.​2017.​05.​025

Gibbs, A. A., Bautista, C. E., Mowlem, F. D., Naudts, K. H., & Duka, 
Theodora. (2013). Alpha 2B adrenoceptor genotype moder-
ates effect of reboxetine on negative emotional memory bias in 
healthy volunteers. Journal of Neuroscience, 33(43), 17023–
17028. https://​doi.​org/​10.​1523/​JNEUR​OSCI.​2124-​13.​2013

Gillihan, S. J., & Farah, M. J. (2005). Is self special? A critical review 
of evidence from experimental psychology and cognitive neuro-
science. Psychological Bulletin, 131(1), 76–97. https://​doi.​org/​
10.​1037/​0033-​2909.​131.1.​76

Godden, D. R., & Baddeley, A. D. (1975). Context-dependent memory 
in two natural environments: On land and underwater. British 
Journal of Psychology, 66(3), 325–331. https://​doi.​org/​10.​1111/j.​
2044-​8295.​1975.​tb014​68.x

Goldin, P. R., McRae, K., Ramel, W., & Gross, J. J. (2008). The neural 
bases of emotion regulation: reappraisal and suppression of nega-
tive emotion. Biological Psychiatry, 63(6), 577–586. https://​doi.​
org/​10.​1016/j.​biops​ych.​2007.​05.​031

Goschke, T., & Bolte, A. (2014). Emotional modulation of control 
dilemmas: The role of positive affect, reward, and dopamine in 
cognitive stability and flexibility. Neuropsychologia, 62, 403–
423. https://​doi.​org/​10.​1016/j.​neuro​psych​ologia.​2014.​07.​015

Grahl, A., Onat, S., & Büchel, C. (2018). The periaqueductal gray and 
Bayesian integration in placebo analgesia. ELife, 7, 1–20. https://​
doi.​org/​10.​7554/​eLife.​32930

Grant, J. B., & Wilson, N. (2021). Manipulating the valence of future 
thought: The effect on affect. Psychological Reports, 124(1), 
227–239. https://​doi.​org/​10.​1177/​00332​94119​900346

Gross, J. J. (1998). Antecedent- and response-focused emotion regu-
lation: Divergent consequences for experience, expression, and 
physiology. Journal of Personality and Social Psychology, 74(1), 
224–237. https://​doi.​org/​10.​1037/​0022-​3514.​74.1.​224

Gross, J. J. (2002). Emotion regulation: affective, cognitive, and social 
consequences. Psychophysiology, 39(3), 281–291. https://​doi.​
org/​10.​1017/​s0048​57720​13931​98

Habermas, T., & Bluck, S. (2000). Getting a life: The emergence of 
the life story in adolescence. Psychological Bulletin, 126(5), 
748–769. https://​doi.​org/​10.​1037/​0033-​2909.​126.5.​748

895

https://doi.org/10.1073/pnas.1015950108
https://doi.org/10.1073/pnas.1015950108
https://doi.org/10.1111/mbe.12123
https://doi.org/10.1111/mbe.12123
https://doi.org/10.1016/j.jbtep.2014.10.009
https://doi.org/10.1523/JNEUROSCI.0873-20.2020
https://doi.org/10.1080/09658211.2012.704049
https://doi.org/10.1080/09658211.2012.704049
https://doi.org/10.1080/02699931.2017.1301387
https://doi.org/10.1037/pag0000250
https://doi.org/10.1037/pag0000250
https://doi.org/10.1080/09658211.2015.1061016
https://doi.org/10.1080/09658211.2015.1061016
https://doi.org/10.1002/acp.3377
https://doi.org/10.1037/pag0000636
https://doi.org/10.1016/j.neuropsychologia.2017.06.001
https://doi.org/10.1016/j.neuropsychologia.2017.06.001
https://doi.org/10.1097/WNR.0000000000001084
https://doi.org/10.1016/j.neuropsychologia.2019.107239
https://doi.org/10.1016/j.neuropsychologia.2019.107239
https://doi.org/10.1016/j.neurobiolaging.2014.05.029
https://doi.org/10.1037/1089-2680.2.3.300
https://doi.org/10.1037/1089-2680.2.3.300
https://doi.org/10.1098/rstb.2004.1512
https://doi.org/10.1093/scan/nsz014
https://doi.org/10.1073/pnas.1402461111
https://doi.org/10.1073/pnas.1402461111
https://doi.org/10.1080/09658211.2011.595723
https://doi.org/10.1080/09658211.2011.595723
https://doi.org/10.3390/life11060577
https://doi.org/10.3390/life11060577
https://doi.org/10.1037/0021-9010.70.2.401
https://doi.org/10.1037/0021-9010.70.2.401
https://doi.org/10.1016/j.cobeha.2017.05.025
https://doi.org/10.1016/j.cobeha.2017.05.025
https://doi.org/10.1523/JNEUROSCI.2124-13.2013
https://doi.org/10.1037/0033-2909.131.1.76
https://doi.org/10.1037/0033-2909.131.1.76
https://doi.org/10.1111/j.2044-8295.1975.tb01468.x
https://doi.org/10.1111/j.2044-8295.1975.tb01468.x
https://doi.org/10.1016/j.biopsych.2007.05.031
https://doi.org/10.1016/j.biopsych.2007.05.031
https://doi.org/10.1016/j.neuropsychologia.2014.07.015
https://doi.org/10.7554/eLife.32930
https://doi.org/10.7554/eLife.32930
https://doi.org/10.1177/0033294119900346
https://doi.org/10.1037/0022-3514.74.1.224
https://doi.org/10.1017/s0048577201393198
https://doi.org/10.1017/s0048577201393198
https://doi.org/10.1037/0033-2909.126.5.748


Cognitive, Affective, & Behavioral Neuroscience (2022) 22:869–903 	

1 3

Hallford, D. J., Rusanov, D., Yeow, J. J. E., & Barry, T. J. (2021). 
Overgeneral and specific autobiographical memory predict the 
course of depression: An updated meta-analysis. Psychological 
Medicine, 51(6), 909–926. https://​doi.​org/​10.​1017/​S0033​29172​
10013​43

Hamann, S. (2001). Cognitive and neural mechanisms of emotional 
memory. Trends in Cognitive Sciences, 5(9), 394–400. https://​
doi.​org/​10.​1016/​S1364-​6613(00)​01707-1

Harmer, C. J., O’Sullivan, U., Favaron, E., Massey-Chase, R., Ayres, 
R., Reinecke, A., Goodwin, G. M., & Cowen, P. J. (2009). Effect 
of acute antidepressant administration on negative affective bias 
in depressed patients. American Journal of Psychiatry, 166(10), 
1178–1184. https://​doi.​org/​10.​1176/​appi.​ajp.​2009.​09020​149

He, Q., Liu, J. L., Beveridge, E. H., Eschapasse, L., Vargas, V., & 
Brown, T. I. (2022). Episodic memory integration shapes value-
based decision-making in spatial navigation. Journal of Experi-
mental Psychology: Learning, Memory, and Cognition. https://​
doi.​org/​10.​1037/​xlm00​01133

Hendriks, T., Warren, M. A., Schotanus-Dijkstra, M., Hassankhan, A., 
Graafsma, T., Bohlmeijer, E., & de Jong, J. (2019). How WEIRD 
are positive psychology interventions? A bibliometric analysis of 
randomized controlled trials on the science of well-being. Jour-
nal of Positive Psychology, 14(4), 489–501. https://​doi.​org/​10.​
1080/​17439​760.​2018.​14849​41

Herron, J. E. (2017). ERP evidence for the control of emotional memo-
ries during strategic retrieval. Cognitive, Affective and Behav-
ioral Neuroscience, 17(4), 737–753. https://​doi.​org/​10.​3758/​
s13415-​017-​0509-9

Herwig, U., Lutz, J., Scherpiet, S., Scheerer, H., Kohlberg, J., Opi-
alla, S., … Brühl, A. B. (2019). Training emotion regulation 
through real-time fMRI neurofeedback of amygdala activity. 
NeuroImage, 184(May 2018), 687–696. https://​doi.​org/​10.​
1016/j.​neuro​image.​2018.​09.​068

Holland, A. C., & Kensinger, E. A. (2012). Younger, middle-aged, 
and older adults’ memories for the 2008 U.S. Presidential Elec-
tion. Journal of Applied Research in Memory and Cognition, 
1(3), 163–170. https://​doi.​org/​10.​1016/j.​jarmac.​2012.​06.​001

Holland, A. C., & Kensinger, E. A. (2013a). An fMRI investigation 
of the cognitive reappraisal of negative memories. Neuropsy-
chologia, 51(12), 2389–2400. https://​doi.​org/​10.​1016/j.​neuro​
psych​ologia.​2013.​02.​012

Holland, A. C., & Kensinger, E. A. (2013b). The neural correlates of 
cognitive reappraisal during emotional autobiographical mem-
ory recall. Journal of Cognitive Neuroscience, 25(1), 87–108. 
https://​doi.​org/​10.​1162/​jocn_a_​00289

Hostler, T. J., Wood, C., & Armitage, C. J. (2018). The influence of 
emotional cues on prospective memory: A systematic review 
with meta-analyses. Cognition and Emotion, 32(8), 1578–
1596. https://​doi.​org/​10.​1080/​02699​931.​2017.​14232​80

Hutchison, I. C., Pezzoli, S., Tsimpanouli, M. E., Abdellahi, M. 
E. A., & Lewis, P. A. (2021). Targeted memory reactivation 
in REM but not SWS selectively reduces arousal responses. 
Communications Biology, 4(1), 1–6. https://​doi.​org/​10.​1038/​
s42003-​021-​01854-3

Imbriano, G., Waszczuk, M., Rajaram, S., Ruggero, C., Miao, J., 
Clouston, S., Luft, B., Kotov, R., & Mohanty, A. (2022). Asso-
ciation of attention and memory biases for negative stimuli 
with post-traumatic stress disorder symptoms. Journal of Anxi-
ety Disorders, 85, Article 102509. https://​doi.​org/​10.​1016/j.​
janxd​is.​2021.​102509

Isen, A. M., Daubman, K. A., & Nowicki, G. P. (1987). Positive 
affect facilitates creative problem solving. Journal of Personal-
ity and Social Psychology, 52(6), 1122–1131. https://​doi.​org/​
10.​1037/​0022-​3514.​52.6.​1122

Jaeger, A., Johnson, J. D., Corona, M., & Rugg, M. D. (2009). ERP 
correlates of the incidental retrieval of emotional information: 
Effects of study-test delay. Brain Research, 1269, 105–113. 
https://​doi.​org/​10.​1016/j.​brain​res.​2009.​02.​082

Jia, X., Gao, C., Cui, L., & Guo, C. (2018). Does emotion arousal 
influence the benefit received from testing: Insights from neu-
ral correlates of retrieval mode effect. NeuroReport, 29(17), 
1449–1455. https://​doi.​org/​10.​1097/​WNR.​00000​00000​001130

Jia, X., Gao, C., Cui, L., & Guo, C. (2019). The role of emotion 
arousal in the retrieval practice effect. Experimental Brain 
Research, 237(12), 3241–3252. https://​doi.​org/​10.​1007/​
s00221-​019-​05658-0

Jing, H. G., Szpunar, K. K., & Schacter, D. L. (2016). Interpolated 
testing influences focused attention and improves integration of 
information during a video-recorded lecture. Journal of Experi-
mental Psychology: Applied, 22(3), 305–318. https://​doi.​org/​10.​
1037/​xap00​00087

Joormann, J., & Siemer, M. (2004). Memory accessibility, mood regu-
lation, and dysphoria: Difficulties in repairing sad mood with 
happy memories? Journal of Abnormal Psychology, 113(2), 
179–188. https://​doi.​org/​10.​1037/​0021-​843X.​113.2.​179

Joormann, J., Siemer, M., & Gotlib, I. H. (2007). Mood regulation 
in depression: Differential effects of distraction and recall of 
happy memories on sad mood. Journal of Abnormal Psychology, 
116(3), 484–490. https://​doi.​org/​10.​1037/​0021-​843X.​116.3.​484

Kang, C., Wang, Z., Surina, A., & Lü, W. (2014). Immediate emotion-
enhanced memory dependent on arousal and valence: The role 
of automatic and controlled processing. Acta Psychologica, 150, 
153–160. https://​doi.​org/​10.​1016/j.​actpsy.​2014.​05.​008

Kaplan, R. L., Van Damme, I., & Levine, L. J. (2012). Motivation 
matters: Differing effects of pre-goal and post-goal emotions on 
attention and memory. Frontiers in Psychology, 3(OCT), 1–9. 
https://​doi.​org/​10.​3389/​fpsyg.​2012.​00404

Kark, S. M., & Kensinger, E. A. (2015). Effect of emotional valence 
on retrieval-related recapitulation of encoding activity in the 
ventral visual stream. Neuropsychologia, 78, 221–230. https://​
doi.​org/​10.​1016/j.​neuro​psych​ologia.​2015.​10.​014

Kark, S. M., & Kensinger, E. A. (2019a). Physiological arousal and 
visuocortical connectivity predict subsequent vividness of 
negative memories. NeuroReport, 30(12), 800–804. https://​
doi.​org/​10.​1097/​WNR.​00000​00000​001274

Kark, S. M., & Kensinger, E. A. (2019b). Post-encoding amygdala-
visuosensory coupling is associated with negative memory 
bias in healthy young adults. Journal of Neuroscience, 39(16), 
3130–3143. https://​doi.​org/​10.​1523/​JNEUR​OSCI.​2834-​18.​
2019

Kensinger, E. A. (2008). Age Differences in Memory for Arousing 
and Nonarousing Emotional Words. The Journals of Geron-
tology Series B: Psychological Sciences and Social Sciences, 
63(1), P13–P18. https://​doi.​org/​10.​1093/​geronb/​63.1.​P13

Kensinger, E. A. (2009). Remembering the details: Effects of emo-
tion. Emotion Review, 1(2), 99–113. https://​doi.​org/​10.​1177/​
17540​73908​100432

Kensinger, E. A., & Corkin, S. (2003). Effect of negative emotional 
content on working memory and long-term memory. Emotion, 
3(4), 379–393. https://​doi.​org/​10.​1037/​1528-​3542.3.​4.​378

Kensinger, E. A., & Corkin, S. (2004). Two routes to emotional 
memory: Distinct neural processes for valence and arousal. 
Proceedings of the National Academy of Sciences, 101(9), 
3310–3315. https://​doi.​org/​10.​1073/​pnas.​03064​08101

Kensinger, E. A., & Ford, J. H. (2020). Retrieval of emotional events 
from memory. Annual Review of Psychology, 71, 251–272. 
https://​doi.​org/​10.​1146/​annur​ev-​psych-​010419-​051123

896

https://doi.org/10.1017/S0033291721001343
https://doi.org/10.1017/S0033291721001343
https://doi.org/10.1016/S1364-6613(00)01707-1
https://doi.org/10.1016/S1364-6613(00)01707-1
https://doi.org/10.1176/appi.ajp.2009.09020149
https://doi.org/10.1037/xlm0001133
https://doi.org/10.1037/xlm0001133
https://doi.org/10.1080/17439760.2018.1484941
https://doi.org/10.1080/17439760.2018.1484941
https://doi.org/10.3758/s13415-017-0509-9
https://doi.org/10.3758/s13415-017-0509-9
https://doi.org/10.1016/j.neuroimage.2018.09.068
https://doi.org/10.1016/j.neuroimage.2018.09.068
https://doi.org/10.1016/j.jarmac.2012.06.001
https://doi.org/10.1016/j.neuropsychologia.2013.02.012
https://doi.org/10.1016/j.neuropsychologia.2013.02.012
https://doi.org/10.1162/jocn_a_00289
https://doi.org/10.1080/02699931.2017.1423280
https://doi.org/10.1038/s42003-021-01854-3
https://doi.org/10.1038/s42003-021-01854-3
https://doi.org/10.1016/j.janxdis.2021.102509
https://doi.org/10.1016/j.janxdis.2021.102509
https://doi.org/10.1037/0022-3514.52.6.1122
https://doi.org/10.1037/0022-3514.52.6.1122
https://doi.org/10.1016/j.brainres.2009.02.082
https://doi.org/10.1097/WNR.0000000000001130
https://doi.org/10.1007/s00221-019-05658-0
https://doi.org/10.1007/s00221-019-05658-0
https://doi.org/10.1037/xap0000087
https://doi.org/10.1037/xap0000087
https://doi.org/10.1037/0021-843X.113.2.179
https://doi.org/10.1037/0021-843X.116.3.484
https://doi.org/10.1016/j.actpsy.2014.05.008
https://doi.org/10.3389/fpsyg.2012.00404
https://doi.org/10.1016/j.neuropsychologia.2015.10.014
https://doi.org/10.1016/j.neuropsychologia.2015.10.014
https://doi.org/10.1097/WNR.0000000000001274
https://doi.org/10.1097/WNR.0000000000001274
https://doi.org/10.1523/JNEUROSCI.2834-18.2019
https://doi.org/10.1523/JNEUROSCI.2834-18.2019
https://doi.org/10.1093/geronb/63.1.P13
https://doi.org/10.1177/1754073908100432
https://doi.org/10.1177/1754073908100432
https://doi.org/10.1037/1528-3542.3.4.378
https://doi.org/10.1073/pnas.0306408101
https://doi.org/10.1146/annurev-psych-010419-051123


Cognitive, Affective, & Behavioral Neuroscience (2022) 22:869–903 

1 3

Kensinger, E. A., & Ford, J. H. (2021). Guiding the emotion in emo-
tional memories: The role of the dorsomedial prefrontal cortex. 
Current Directions in Psychological Science, 30(2), 111–119. 
https://​doi.​org/​10.​1177/​09637​21421​990081

Kensinger, E. A., & Ford, J. H. (2021). Guiding the emotion in emo-
tional memories: The role of the dorsomedial prefrontalcortex. 
Current Directions in Psychological Science, 30(2), 111–119. 
https://​doi.​org/​10.​1177/​09637​21421​990081

Kensinger, E. A., Garoff-Eaton, R. J., & Schacter, D. L. (2007). How 
negative emotion enhances the visual specificity of a memory. 
Journal of Cognitive Neuroscience, 19(11), 1872–1887. https://​
doi.​org/​10.​1162/​jocn.​2007.​19.​11.​1872

Kensinger, E. A., & Kark, S. M. (2018). Emotion and memory. In 
E. A. Phelps & L. Davachi (Eds.), The Stevens’ handbook of 
experimental psychology and cognitive neuroscience: Volume 
1, learning and memory (4th ed., pp. 1–26). John Wiley & 
Sons, Inc.. https://​doi.​org/​10.​1002/​97811​19170​174.​epcn1​01

Kensinger, E. A., Piguet, O., Krendl, A. C., & Corkin, S. (2005). 
Memory for contextual details: Effects of emotion and aging. 
Psychology and Aging, 20(2), 241–250. https://​doi.​org/​10.​
1037/​0882-​7974.​20.2.​241

Kensinger, E. A., & Schacter, D. L. (2006a). Amygdala activity 
is associated with the successful encoding of item, but not 
source, information for positive and negative stimuli. Journal 
of Neuroscience, 26(9), 2564–2570. https://​doi.​org/​10.​1523/​
JNEUR​OSCI.​5241-​05.​2006

Kensinger, E. A., & Schacter, D. L. (2006b). When the Red Sox 
shocked the Yankees: Comparing negative and positive mem-
ories. Psychonomic Bulletin and Review, 13(5), 757–763. 
https://​doi.​org/​10.​3758/​BF031​93993

Kensinger, E. A., & Schacter, D. L. (2008). Neural processes sup-
porting young and older adults’ emotional memories. Journal 
of Cognitive Neuroscience, 20(7), 1161–1173. https://​doi.​org/​
10.​1162/​jocn.​2008.​20080

Kersten, M., Swets, J. A., Cox, C. R., Kusumi, T., Nishihata, K., & 
Watanabe, T. (2020). Attenuating Pain With the Past: Nostalgia 
Reduces Physical Pain. Frontiers in Psychology, 11,. https://​
doi.​org/​10.​3389/​fpsyg.​2020.​572881

Kim, S. H., & Hamann, S. (2012). The effect of cognitive reappraisal 
on physiological reactivity and emotional memory. International 
Journal of Psychophysiology, 83(3), 348–356. https://​doi.​org/​10.​
1016/j.​ijpsy​cho.​2011.​12.​001

Klever, S. (2013). Reminiscence therapy: Finding meaning in memo-
ries. Nursing, 43(4), 36–37. https://​doi.​org/​10.​1097/​01.​NURSE.​
00004​27988.​23941.​51

Köhler, C. A., Carvalho, A. F., Alves, G. S., McIntyre, R. S., Hyphantis, 
T. N., & Cammarota, M. (2015). Autobiographical memory dis-
turbances in depression: A novel therapeutic target? Neural Plas-
ticity, 1–14. https://​doi.​org/​10.​1155/​2015/​759139

Kraha, A., & Boals, A. (2014). Why so negative? Positive flashbulb 
memories for a personal event. Memory, 22(4), 442–449. https://​
doi.​org/​10.​1080/​09658​211.​2013.​798121

Kredlow, M. A., Eichenbaum, H., & Otto, M. W. (2018). Memory crea-
tion and modification: Enhancing the treatment of psychological 
disorders. American Psychologist, 73(3), 269–285. https://​doi.​
org/​10.​1037/​amp00​00185

Krug, K. (2007). The relationship between confidence and accuracy: 
Current thoughts of the literature and a new area of research. 
Applied Psychology in Criminal Justice, 3(1), 7–41 Retrieved 
from http://​www.​apcj.​org/​docum​ents/3_​1_​confi​dence​andac​
curacy.​pdf

Kurby, C. A., & Zacks, J. M. (2008). Segmentation in the percep-
tion and memory of events. Trends in Cognitive Sciences, 12(2), 
72–79. https://​doi.​org/​10.​1016/j.​tics.​2007.​11.​004

Lane, R. D., Reiman, E. M., Ahern, G. L., Schwartz, G. E., & David-
son, R. J. (1997). Neuroanatomical correlates of happiness, 
sadness, and disgust. American Journal of Psychiatry, 154(7), 
926–933. https://​doi.​org/​10.​1176/​ajp.​154.7.​926

Lavoie, M. E., & O’Connor, K. P. (2013). Effect of emotional valence 
on episodic memory stages as indexed by event-related poten-
tials. World Journal of Neuroscience, 03(04), 250–262. https://​
doi.​org/​10.​4236/​wjns.​2013.​34034

Lazar, A., Thompson, H., & Demiris, G. (2014). A systematic review 
of the use of technology for reminiscence therapy. Health Educa-
tion & Behavior, 41(1_suppl), 51S–61S. https://​doi.​org/​10.​1177/​
10901​98114​537067

Lazarus, J. (2021). Negativity bias: An evolutionary hypothesis and an 
empirical programme. Learning and Motivation, 75. https://​doi.​
org/​10.​1016/j.​lmot.​2021.​101731

LeDoux, J. (2003). The emotional brain, fear, and the amygdala. Cel-
lular and Molecular Neurobiology, 23(4–5), 727–738. https://​
doi.​org/​10.​1023/A:​10250​48802​629

Ledoux, J. E., & Muller, J. (1997). Emotional memory and psycho-
pathology. Philosophical Transactions of the Royal Society B: 
Biological Sciences, 352(1362), 1719–1726. https://​doi.​org/​10.​
1098/​rstb.​1997.​0154

Lee, J. Y., Jun, H., Soma, S., Nakazono, T., Shiraiwa, K., Dasgupta, A., 
et al. (2021). Dopamine facilitates associative memory encoding 
in the entorhinal cortex. Nature, 598(7880), 321–326. https://​doi.​
org/​10.​1038/​s41586-​021-​03948-8

Lee, T.-H., Sakaki, M., Cheng, R., Velasco, R., & Mather, M. (2014). 
Emotional arousal amplifies the effects of biased competition in 
the brain. Social Cognitive and Affective Neuroscience, 9(12), 
2067–2077. https://​doi.​org/​10.​1093/​scan/​nsu015

Lempert, K. M., Speer, M. E., Delgado, M. R., & Phelps, E. A. (2017). 
Positive autobiographical memory retrieval reduces temporal dis-
counting. Social Cognitive and Affective Neuroscience, 12(10), 
1584–1593. https://​doi.​org/​10.​1093/​scan/​nsx086

Leventon, J. S., Camacho, G. L., Ramos Rojas, M. D., & Ruedas, A. 
(2018). Emotional arousal and memory after deep encoding. Acta 
Psychologica, 188, 1–8. https://​doi.​org/​10.​1016/j.​actpsy.​2018.​
05.​006

Levine, L. J. (1997). Reconstructing memory for emotions. Journal of 
Experimental Psychology: General, 126(2), 165–177. https://​doi.​
org/​10.​1037//​0096-​3445.​126.2.​165

Levine, L. J., & Edelstein, R. S. (2009). Emotion and memory nar-
rowing: A review and goal-relevance approach. Cognition and 
Emotion, 23(5), 833–875. https://​doi.​org/​10.​1080/​02699​93090​
27388​63

Levine, L. J., Lench, H. C., Stark, C. E. L., Carlson, S. J., Carpenter, 
Z. K., Perez, K. A., et al. (2020). Predicted and remembered 
emotion: tomorrow’s vividness trumps yesterday’s accuracy. 
Memory, 28(1), 128–140. https://​doi.​org/​10.​1080/​09658​211.​
2019.​16935​98

Libkuman, T. M., Nichols-Whitehead, P., Griffith, J., & Thomas, R. 
(1999). Source of arousal and memory for detail. Memory and 
Cognition, 27(1), 166–190. https://​doi.​org/​10.​3758/​BF032​01222

Ligeza, T. S., Nowak, I., Maciejczyk, M., Szygula, Z., & Wyczesany, 
M. (2021). Acute aerobic exercise enhances cortical connectivity 
between structures involved in shaping mood and improves self-
reported mood: An EEG effective-connectivity study in young 
male adults. International Journal of Psychophysiology, 162(Jan-
uary), 22–33. https://​doi.​org/​10.​1016/j.​ijpsy​cho.​2021.​01.​016

Linhartová, P., Látalová, A., Kóša, B., Kašpárek, T., Schmahl, C., & 
Paret, C. (2019). fMRI neurofeedback in emotion regulation: A 
literature review. NeuroImage, 193(March), 75–92. https://​doi.​
org/​10.​1016/j.​neuro​image.​2019.​03.​011

897

https://doi.org/10.1177/0963721421990081
https://doi.org/10.1177/0963721421990081
https://doi.org/10.1162/jocn.2007.19.11.1872
https://doi.org/10.1162/jocn.2007.19.11.1872
https://doi.org/10.1002/9781119170174.epcn101
https://doi.org/10.1037/0882-7974.20.2.241
https://doi.org/10.1037/0882-7974.20.2.241
https://doi.org/10.1523/JNEUROSCI.5241-05.2006
https://doi.org/10.1523/JNEUROSCI.5241-05.2006
https://doi.org/10.3758/BF03193993
https://doi.org/10.1162/jocn.2008.20080
https://doi.org/10.1162/jocn.2008.20080
https://doi.org/10.3389/fpsyg.2020.572881
https://doi.org/10.3389/fpsyg.2020.572881
https://doi.org/10.1016/j.ijpsycho.2011.12.001
https://doi.org/10.1016/j.ijpsycho.2011.12.001
https://doi.org/10.1097/01.NURSE.0000427988.23941.51
https://doi.org/10.1097/01.NURSE.0000427988.23941.51
https://doi.org/10.1155/2015/759139
https://doi.org/10.1080/09658211.2013.798121
https://doi.org/10.1080/09658211.2013.798121
https://doi.org/10.1037/amp0000185
https://doi.org/10.1037/amp0000185
http://www.apcj.org/documents/3_1_confidenceandaccuracy.pdf
http://www.apcj.org/documents/3_1_confidenceandaccuracy.pdf
https://doi.org/10.1016/j.tics.2007.11.004
https://doi.org/10.1176/ajp.154.7.926
https://doi.org/10.4236/wjns.2013.34034
https://doi.org/10.4236/wjns.2013.34034
https://doi.org/10.1177/1090198114537067
https://doi.org/10.1177/1090198114537067
https://doi.org/10.1016/j.lmot.2021.101731
https://doi.org/10.1016/j.lmot.2021.101731
https://doi.org/10.1023/A:1025048802629
https://doi.org/10.1023/A:1025048802629
https://doi.org/10.1098/rstb.1997.0154
https://doi.org/10.1098/rstb.1997.0154
https://doi.org/10.1038/s41586-021-03948-8
https://doi.org/10.1038/s41586-021-03948-8
https://doi.org/10.1093/scan/nsu015
https://doi.org/10.1093/scan/nsx086
https://doi.org/10.1016/j.actpsy.2018.05.006
https://doi.org/10.1016/j.actpsy.2018.05.006
https://doi.org/10.1037//0096-3445.126.2.165
https://doi.org/10.1037//0096-3445.126.2.165
https://doi.org/10.1080/02699930902738863
https://doi.org/10.1080/02699930902738863
https://doi.org/10.1080/09658211.2019.1693598
https://doi.org/10.1080/09658211.2019.1693598
https://doi.org/10.3758/BF03201222
https://doi.org/10.1016/j.ijpsycho.2021.01.016
https://doi.org/10.1016/j.neuroimage.2019.03.011
https://doi.org/10.1016/j.neuroimage.2019.03.011


Cognitive, Affective, & Behavioral Neuroscience (2022) 22:869–903 	

1 3

Linnman, Clas, Beucke, Jan-Carl., Jensen, Karin B.., Gollub, Randy 
L.., & Kong, Jian. (2012). Sex similarities and differences in 
pain-related periaqueductal gray connectivity. Pain, 153(2), 
444–454. https://​doi.​org/​10.​1016/j.​pain.​2011.​11.​006.

Liu, L., Feng, T., Chen, J., & Li, H. (2013). The value of emotion: How 
does episodic prospection modulate delay discounting? PLoS 
ONE, 8(11), Article e81717. https://​doi.​org/​10.​1371/​journ​al.​
pone.​00817​17

Liu, T. L., Lin, S. T., & Cheng, S. K. (2021). Retrieval orientation for 
memories encoded in emotional contexts: An ERP study. Brain 
and Cognition, 152(300), 105769. https://​doi.​org/​10.​1016/j.​
bandc.​2021.​105769

Lo, J. C., Bennion, K. A., & Chee, M. W. L. (2016). Sleep restriction 
can attenuate prioritization benefits on declarative memory con-
solidation. Journal of Sleep Research, 25(6), 664–672. https://​
doi.​org/​10.​1111/​jsr.​12424

Loftus, E. F., Loftus, G. R., & Messo, J. (1987). Some facts about 
“weapon focus”. Law and Human Behavior, 11(1), 55–62. 
https://​doi.​org/​10.​1007/​BF010​44839

Logie, M. R., & Donaldson, D. I. (2021). Do doorways really matter: 
Investigating memory benefits of event segmentation in a virtual 
learning environment. Cognition, 209, 104578. https://​doi.​org/​
10.​1016/j.​cogni​tion.​2020.​104578

Lohnas, L. J., Polyn, S. M., & Kahana, M. J. (2015). Expanding the 
scope of memory search: Modeling intralist and interlist effects 
in free recall. Psychological Review, 122(2), 337–363. https://​
doi.​org/​10.​1037/​a0039​036

Long, N. M., Danoff, M. S., & Kahana, M. J. (2015). Recall dynam-
ics reveal the retrieval of emotional context. Psychonomic Bul-
letin and Review, 22(5), 1328–1333. https://​doi.​org/​10.​3758/​
s13423-​014-​0791-2

Loprinzi, P. D., Blough, J., Crawford, L., Ryu, S., Zou, L., & Li, H. 
(2019). The temporal effects of acute exercise on episodic mem-
ory function: Systematic review with meta-analysis. Brain Sci-
ences, 9(4). https://​doi.​org/​10.​3390/​brain​sci90​40087

Luo, Lu., Li, Congqin, Deng, Yu., Wang, Yuyang, Meng, Pingping, & 
Wang, Qiang. (2019). High-intensity interval training on neu-
roplasticity, balance between brain-derived neurotrophic factor 
and precursor brain-derived neurotrophic factor in poststroke 
depression rats. Journal of Stroke and Cerebrovascular Diseases, 
28(3), 672–682. https://​doi.​org/​10.​1016/j.​jstro​kecer​ebrov​asdis.​
2018.​11.​009

Lyubomirsky, S., & Nolen-Hoeksema, S. (1993). Self-perpetuating 
properties of dysphoric rumination. Journal of Personality and 
Social Psychology, 65(2), 339–349. https://​doi.​org/​10.​1037/​
0022-​3514.​65.2.​339

MacCallum, F., & Bryant, R. A. (2011). Autobiographical memory 
following cognitive behaviour therapy for complicated grief. 
Journal of Behavior Therapy and Experimental Psychiatry, 
42(1), 26–31. https://​doi.​org/​10.​1016/j.​jbtep.​2010.​08.​006

MacLeod, A. K., & Conway, C. (2005). Well-being and the anticipa-
tion of future positive experiences: The role of income, social 
networks, and planning ability. Cognition and Emotion, 19(3), 
357–374. https://​doi.​org/​10.​1080/​02699​93044​10002​47

Madan, C. R., Fujiwara, E., Caplan, J. B., & Sommer, T. (2017). Emo-
tional arousal impairs association-memory: Roles of amygdala 
and hippocampus. NeuroImage, 156, 14–28. https://​doi.​org/​10.​
1016/j.​neuro​image.​2017.​04.​065

Madan, C. R., Fujiwara, E., Gerson, B. C., & Caplan, J. B. (2012). High 
reward makes items easier to remember, but harder to bind to a 
new temporal context. Frontiers in Integrative Neuroscience, 6, 
1–15. https://​doi.​org/​10.​3389/​fnint.​2012.​00061

Madan, C. R., Knight, A. G., Kensinger, E. A., & Mickley Steinmetz, 
K. R. (2020). Affect enhances object-background associations: 
evidence from behaviour and mathematical modelling. Cognition 

and Emotion, 34(5), 960–969. https://​doi.​org/​10.​1080/​02699​931.​
2019.​17101​10

Madan, C. R., Scott, S. M. E., & Kensinger, E. A. (2019). Positive emo-
tion enhances association-memory. Emotion, 19(4), 733–740. 
https://​doi.​org/​10.​1037/​emo00​00465

Madan, C. R., & Kensinger, E. A. (2021). Exploring the generalisation 
of affect across related experiences: A study of affective bleed 
and memory precision. Manuscript submitted for publication. 
https://​doi.​org/​10.​31234/​osf.​io/​jyu93

Madore, K. P., & Schacter, D. L. (2014). An episodic specificity induc-
tion enhances means-end problem solving in young and older 
adults. Psychology and Aging, 29(4), 913–924. https://​doi.​org/​
10.​1037/​a0038​209

Manns, J. R., Howard, M. W., & Eichenbaum, H. (2007). Gradual 
changes in hippocampal activity support remembering the order 
of events. Neuron, 56(3), 530–540. https://​doi.​org/​10.​1016/j.​
neuron.​2007.​08.​017

Maratos, E. J., & Rugg, M. D. (2001). Electrophysiological correlates 
of the retrieval of emotional and non-emotional context. Journal 
of Cognitive Neuroscience, 13(7), 877–891. https://​doi.​org/​10.​
1162/​08989​29017​53165​809

Mather, M. (2007). Emotional arousal and memory binding: An object-
based framework. Perspectives on Psychological Science, 2(1), 
33–52. https://​doi.​org/​10.​1111/j.​1745-​6916.​2007.​00028.x

Mather, M. (2016). Commentary: Modulation of prepulse inhibition 
and startle reflex by emotions: A comparison between young and 
older adults. Frontiers in Aging Neuroscience, 8, 1–3. https://​doi.​
org/​10.​3389/​fnagi.​2016

Mather, M., & Carstensen, L. L. (2005). Aging and motivated cogni-
tion: The positivity effect in attention and memory. Trends in 
Cognitive Sciences, 9(10), 496–502. https://​doi.​org/​10.​1016/j.​
tics.​2005.​08.​005

Mather, M., Clewett, D., Sakaki, M., & Harley, C. W. (2016). Nor-
epinephrine ignites local hotspots of neuronal excitation: How 
arousal amplifies selectivity in perception and memory. Behav-
ioral and Brain Sciences, 39(3), e200. https://​doi.​org/​10.​1017/​
S0140​525X1​50006​67

Mather, M., & Sutherland, M. R. (2011). Arousal-biased competition in 
perception and memory. Perspectives on Psychological Science, 
6(2), 114–133. https://​doi.​org/​10.​1177/​17456​91611​400234

McAdams, D. P. (2001). The psychology of life stories. Review of 
General Psychology, 5(2), 100–122. https://​doi.​org/​10.​1037/​
1089-​2680.5.​2.​100

McDaniel, M. A., & Einstein, G. O. (2007). Spontaneous retrieval in 
prospective memory. In The foundations of remembering: Essays 
in honor of Henry L. Roediger, III. (pp. 225–240). New York, 
NY, US: Psychology Press.

McGaugh, J. L. (2000). Memory - A century of consolidation. Sci-
ence, 287(5451), 248–251. https://​doi.​org/​10.​1126/​scien​ce.​287.​
5451.​248

McGaugh, J. L. (2004). The amygdala modulates the consolidation of 
memories of emotionally arousing experiences. Annual Review of 
Neuroscience, 27, 1–28. https://​doi.​org/​10.​1146/​annur​ev.​neuro.​
27.​070203.​144157

McIntyre, C. K., & Roozendaal, B. (2007). Adrenal stress hormones 
and enhanced memory for emotionally arousing experiences. In 
F. Bermúdez-Rattoni (Ed.), Neural plasticity and memory: From 
genes to brain imaging (pp. 265–284). CRC Press.

McRae, K., & Gross, J. J. (2020). Emotion regulation. Emotion, 20(1), 
1–9. https://​doi.​org/​10.​1037/​emo00​00703

Metcalfe, J., & Jacobs, W. J. (1996). A “hot-system/cool-system” view 
of memory under stress. PTSD Research Quarterly, 7(2), 1–3.

Metcalfe, J., & Jacobs, W. J. (1998). Emotional memory: The effects of 
stress on “cool” and “hot” memory systems. In D. Medin (Ed.), 
The psychology of learning and motivation: Advances in research 

898

https://doi.org/10.1016/j.pain.2011.11.006
https://doi.org/10.1371/journal.pone.0081717
https://doi.org/10.1371/journal.pone.0081717
https://doi.org/10.1016/j.bandc.2021.105769
https://doi.org/10.1016/j.bandc.2021.105769
https://doi.org/10.1111/jsr.12424
https://doi.org/10.1111/jsr.12424
https://doi.org/10.1007/BF01044839
https://doi.org/10.1016/j.cognition.2020.104578
https://doi.org/10.1016/j.cognition.2020.104578
https://doi.org/10.1037/a0039036
https://doi.org/10.1037/a0039036
https://doi.org/10.3758/s13423-014-0791-2
https://doi.org/10.3758/s13423-014-0791-2
https://doi.org/10.3390/brainsci9040087
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.11.009
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.11.009
https://doi.org/10.1037/0022-3514.65.2.339
https://doi.org/10.1037/0022-3514.65.2.339
https://doi.org/10.1016/j.jbtep.2010.08.006
https://doi.org/10.1080/02699930441000247
https://doi.org/10.1016/j.neuroimage.2017.04.065
https://doi.org/10.1016/j.neuroimage.2017.04.065
https://doi.org/10.3389/fnint.2012.00061
https://doi.org/10.1080/02699931.2019.1710110
https://doi.org/10.1080/02699931.2019.1710110
https://doi.org/10.1037/emo0000465
https://doi.org/10.31234/osf.io/jyu93
https://doi.org/10.1037/a0038209
https://doi.org/10.1037/a0038209
https://doi.org/10.1016/j.neuron.2007.08.017
https://doi.org/10.1016/j.neuron.2007.08.017
https://doi.org/10.1162/089892901753165809
https://doi.org/10.1162/089892901753165809
https://doi.org/10.1111/j.1745-6916.2007.00028.x
https://doi.org/10.3389/fnagi.2016
https://doi.org/10.3389/fnagi.2016
https://doi.org/10.1016/j.tics.2005.08.005
https://doi.org/10.1016/j.tics.2005.08.005
https://doi.org/10.1017/S0140525X15000667
https://doi.org/10.1017/S0140525X15000667
https://doi.org/10.1177/1745691611400234
https://doi.org/10.1037/1089-2680.5.2.100
https://doi.org/10.1037/1089-2680.5.2.100
https://doi.org/10.1126/science.287.5451.248
https://doi.org/10.1126/science.287.5451.248
https://doi.org/10.1146/annurev.neuro.27.070203.144157
https://doi.org/10.1146/annurev.neuro.27.070203.144157
https://doi.org/10.1037/emo0000703


Cognitive, Affective, & Behavioral Neuroscience (2022) 22:869–903 

1 3

and theory (Vol. 38, pp. 187–222). Academic Press. https://​doi.​
org/​10.​1016/​S0079-​7421(08)​60187-5

Mickley, K. R., & Kensinger, E. A. (2008). Emotional valence influ-
ences the neural correlates associated with remembering and 
knowing. Cognitive, Affective and Behavioral Neuroscience, 
8(2), 143–152. https://​doi.​org/​10.​3758/​CABN.8.​2.​143

Mickley Steinmetz, K. R., Knight, A. G., & Kensinger, E. A. (2016). 
Neutral details associated with emotional events are encoded: 
evidence from a cued recall paradigm. Cognition and Emotion, 
30(7), 1352–1360. https://​doi.​org/​10.​1080/​02699​931.​2015.​10593​
17

Miguel-Alvaro, A., Guillén, A. I., Contractor, A. A., & Crespo, M. 
(2021). Positive memory intervention techniques: A scoping 
review. Memory, 29(6), 793–810. https://​doi.​org/​10.​1080/​09658​
211.​2021.​19376​55

Mohammed, A. R., & Lyusin, D. (2022). The effect of an induced 
negative mood on the updating of affective information. Cog-
nitive Processing, 23(1), 91–98. https://​doi.​org/​10.​1007/​
s10339-​021-​01060-3

Moradi, A. R., Moshirpanahi, S., Parhon, H., Mirzaei, J., Dalgleish, T., 
& Jobson, L. (2014). A pilot randomized controlled trial investi-
gating the efficacy of Memory Specificity Training in improving 
symptoms of posttraumatic stress disorder. Behaviour Research 
and Therapy, 56(1), 68–74. https://​doi.​org/​10.​1016/j.​brat.​2014.​
03.​002

Morawetz, C., Bode, S., Derntl, B., & Heekeren, H. R. (2017). The 
effect of strategies, goals and stimulus material on the neural 
mechanisms of emotion regulation: A meta-analysis of fMRI 
studies. Neuroscience and Biobehavioral Reviews, 72, 111–128. 
https://​doi.​org/​10.​1016/j.​neubi​orev.​2016.​11.​014

Morina, N., Lancee, J., & Arntz, A. (2017). Imagery rescripting as 
a clinical intervention for aversive memories: A meta-analysis. 
Journal of Behavior Therapy and Experimental Psychiatry, 55, 
6–15. https://​doi.​org/​10.​1016/j.​jbtep.​2016.​11.​003

Morris, J. S., Frith, C. D. P. D. I., Rowland, D., Young, A. W., Calder, 
A. J., & Dolan, R. J. (1996). A differential neural response in 
human amygdala to fearful and happy facial expressions. Nature, 
383(October), 812–815.

Moses, S. N., & Ryan, J. D. (2006). A comparison and evaluation of 
the predictions of relational and conjunctive accounts of hip-
pocampal function. Hippocampus, 16(1), 43–65. https://​doi.​org/​
10.​1002/​hipo.​20131

Mroz, E. L., & Bluck, S. (2019). In memory: Predicting preferences for 
memorializing lost loved ones. Death Studies, 43(3), 154–163. 
https://​doi.​org/​10.​1080/​07481​187.​2018.​14400​33

Murray, B. D., & Kensinger, E. A. (2013). A review of the neural 
and behavioral consequences for unitizing emotional and neu-
tral information. Frontiers in Behavioral Neuroscience, 7(APR 
2013), 1–12. https://​doi.​org/​10.​3389/​fnbeh.​2013.​00042

Murray, B. D., & Kensinger, E. A. (2014). The route to an integrative 
associative memory is influenced by emotion. PLoS ONE, 9(1), 
1–8. https://​doi.​org/​10.​1371/​journ​al.​pone.​00823​72

Murty, V. P., & Adcock, R. A. (2014). Enriched encoding: Reward 
motivation organizes cortical networks for hippocampal detec-
tion of unexpected events. Cerebral Cortex, 24(8), 2160–2168. 
https://​doi.​org/​10.​1093/​cercor/​bht063

Murty, V. P., FeldmanHall, O., Hunter, L. E., Phelps, E. A., & Davachi, 
L. (2016). Episodic memories predict adaptive value-based deci-
sion-making. Journal of Experimental Psychology: General, 
145(5), 548–558. https://​doi.​org/​10.​1037/​xge00​00158

Neisser, U., & Harsch, N. (1992). Phantom flashbulbs: False recol-
lections of hearing the news about Challenger. In E. Winograd 
& U. Neisser (Eds.), Affect and Accuracy in Recall: Studies of 
“Flashbulb” Memories (pp. 9–31). Cambridge University Press. 
https://​doi.​org/​10.​1017/​CBO97​80511​664069.​003

Neshat-Doost, H. T., Dalgleish, T., Yule, W., Kalantari, M., Ahmadi, 
S. J., Dyregrov, A., & Jobson, L. (2013). Enhancing autobio-
graphical memory specificity through cognitive training: An 
intervention for depression translated from basic science. Clini-
cal Psychological Science, 1(1), 84–92. https://​doi.​org/​10.​1177/​
21677​02612​454613

Newby-Clark, I. R., & Ross, M. (2003). Conceiving the past and future. 
Personality and Social Psychology Bulletin, 29(7), 807–818. 
https://​doi.​org/​10.​1177/​01461​67203​02900​7001

Ngo, N., Sands, M., & Isaacowitz, D. M. (2014). Emotion-cognition 
links in aging: Theories and evidence. In V. L. Bengtson & R. 
Settersten (Eds.), Handbook of Theories of Aging (3rd ed., pp. 
213–234). Springer Publishing Company.

Nolen-Hoeksema, S., Wisco, B. E., & Lyubomirsky, S. (2008). 
Rethinking rumination. Perspectives on Psychological Sci-
ence, 3(5), 400–424. https://​doi.​org/​10.​1111/j.​1745-​6924.​2008.​
00088.x

Ochsner, K. N. (2000). Are affective events richly recollected or simply 
familiar? The experience and process of recognizing feelings 
past. Journal of Experimental Psychology: General, 129(2), 
242–261. https://​doi.​org/​10.​1037/​0096-​3445.​129.2.​242

Ochsner, K. N., & Gross, J. J. (2005). The cognitive control of emotion. 
Trends in Cognitive Sciences, 9(5), 244–249. https://​doi.​org/​10.​
1016/j.​tics.​2005.​03.​010

Ofen, Noa, Yu, Qijing, & Chen, Zhijian. (2016). Memory and the 
developing brain: are insights from cognitive neuroscience appli-
cable to education? Current Opinion in Behavioral Sciences, 10, 
81–88. https://​doi.​org/​10.​1016/j.​cobeha.​2016.​05.​010.

Palombo, D. J., Elizur, L., Tuen, Y. J., Te, A. A., & Madan, C. R. 
(2021). Transfer of negative valence in an episodic memory 
task. Cognition, 217, 104874. https://​doi.​org/​10.​1016/j.​cogni​
tion.​2021.​104874

Palombo, D. J., Te, A. A., Checknita, K. J., & Madan, C. R. (2021). 
Exploring the facets of emotional episodic memory: Remember-
ing “what,” “when,” and “which”. Psychological Science, 32(7), 
1104–1114. https://​doi.​org/​10.​1177/​09567​97621​991548

Pannu Hayes, J., Morey, R., Petty, C., Srishti, S., Smoski, M., McCa-
rthy, G., & LaBar, K. (2010). Staying cool when things get hot: 
emotion regulation modulates neural mechanisms of memory 
encoding. Frontiers in Human Neuroscience, 4. https://​doi.​org/​
10.​3389/​fnhum.​2010.​00230

Pavlova, M., Lund, T., Nania, C., Kennedy, M., & Graham, S. (2022). 
A randomized controlled trial of a parent-led memory-reframing 
intervention. Journal of Pain, 23(2), 263–275. https://​doi.​org/​10.​
1016/j.​jpain.​2021.​08.​002

Payne, J. D., & Kensinger, E. A. (2018). Stress, sleep, and the selec-
tive consolidation of emotional memories. Current Opinion in 
Behavioral Sciences, 19, 36–43. https://​doi.​org/​10.​1016/j.​cobeha.​
2017.​09.​006

Peters, J., & Büchel, C. (2010). Episodic future thinking reduces reward 
delay discounting through an enhancement of prefrontal-medi-
otemporal interactions. Neuron, 66(1), 138–148. https://​doi.​org/​
10.​1016/j.​neuron.​2010.​03.​026

Pesta, B. J., Murphy, M. D., & Sanders, R. E. (2001). Are emotionally 
charged lures immune to false memory? Journal of Experimental 
Psychology: Learning Memory and Cognition, 27(2), 328–338. 
https://​doi.​org/​10.​1037/​0278-​7393.​27.2.​328

Pettijohn, K. A., Thompson, A. N., Tamplin, A. K., Krawietz, S. A., 
& Radvansky, G. A. (2016). Event boundaries and memory 
improvement. Cognition, 148, 136–144. https://​doi.​org/​10.​
1016/j.​cogni​tion.​2015.​12.​013

Phelps, E. A. (2004). Human emotion and memory: Interactions of 
the amygdala and hippocampal complex. Current Opinion in 
Neurobiology, 14(2), 198–202. https://​doi.​org/​10.​1016/j.​conb.​
2004.​03.​015

899

https://doi.org/10.1016/S0079-7421(08)60187-5
https://doi.org/10.1016/S0079-7421(08)60187-5
https://doi.org/10.3758/CABN.8.2.143
https://doi.org/10.1080/02699931.2015.1059317
https://doi.org/10.1080/02699931.2015.1059317
https://doi.org/10.1080/09658211.2021.1937655
https://doi.org/10.1080/09658211.2021.1937655
https://doi.org/10.1007/s10339-021-01060-3
https://doi.org/10.1007/s10339-021-01060-3
https://doi.org/10.1016/j.brat.2014.03.002
https://doi.org/10.1016/j.brat.2014.03.002
https://doi.org/10.1016/j.neubiorev.2016.11.014
https://doi.org/10.1016/j.jbtep.2016.11.003
https://doi.org/10.1002/hipo.20131
https://doi.org/10.1002/hipo.20131
https://doi.org/10.1080/07481187.2018.1440033
https://doi.org/10.3389/fnbeh.2013.00042
https://doi.org/10.1371/journal.pone.0082372
https://doi.org/10.1093/cercor/bht063
https://doi.org/10.1037/xge0000158
https://doi.org/10.1017/CBO9780511664069.003
https://doi.org/10.1177/2167702612454613
https://doi.org/10.1177/2167702612454613
https://doi.org/10.1177/0146167203029007001
https://doi.org/10.1111/j.1745-6924.2008.00088.x
https://doi.org/10.1111/j.1745-6924.2008.00088.x
https://doi.org/10.1037/0096-3445.129.2.242
https://doi.org/10.1016/j.tics.2005.03.010
https://doi.org/10.1016/j.tics.2005.03.010
https://doi.org/10.1016/j.cobeha.2016.05.010
https://doi.org/10.1016/j.cognition.2021.104874
https://doi.org/10.1016/j.cognition.2021.104874
https://doi.org/10.1177/0956797621991548
https://doi.org/10.3389/fnhum.2010.00230
https://doi.org/10.3389/fnhum.2010.00230
https://doi.org/10.1016/j.jpain.2021.08.002
https://doi.org/10.1016/j.jpain.2021.08.002
https://doi.org/10.1016/j.cobeha.2017.09.006
https://doi.org/10.1016/j.cobeha.2017.09.006
https://doi.org/10.1016/j.neuron.2010.03.026
https://doi.org/10.1016/j.neuron.2010.03.026
https://doi.org/10.1037/0278-7393.27.2.328
https://doi.org/10.1016/j.cognition.2015.12.013
https://doi.org/10.1016/j.cognition.2015.12.013
https://doi.org/10.1016/j.conb.2004.03.015
https://doi.org/10.1016/j.conb.2004.03.015


Cognitive, Affective, & Behavioral Neuroscience (2022) 22:869–903 	

1 3

Phelps, E. A., & Sharot, T. (2008). How (and why) emotion enhances 
the subjective sense of recollection. Current Directions in Psy-
chological Science, 17(2), 147–152. https://​doi.​org/​10.​1111/j.​
1467-​8721.​2008.​00565.x

Pillemer, D. B. (2001). Momentous events and the life story. Review of 
General Psychology, 5(2), 123–134.

Pillemer, D. B. (2003). Directive functions of autobiographical mem-
ory: The guiding power of the specific episode. Memory, 11(2), 
193–202. https://​doi.​org/​10.​1080/​74193​8208

Polyn, S. M., Norman, K. A., & Kahana, M. J. (2009). Task context 
and organization in free recall. Neuropsychologia, 47(11), 2158–
2163. https://​doi.​org/​10.​1016/j.​neuro​psych​ologia.​2009.​02.​013

Ramirez, Steve, Liu, Xu., MacDonald, Christopher J.., Moffa, Anthony, 
Zhou, Joanne, Redondo, Roger L.., & Tonegawa, Susumu. 
(2015). Activating positive memory engrams suppresses depres-
sion-like behaviour. Nature, 522(7556), 335–339. https://​doi.​org/​
10.​1038/​natur​e14514.

Raes, F., Williams, J. M. G., & Hermans, D. (2009). Reducing cogni-
tive vulnerability to depression: A preliminary investigation of 
MEmory Specificity Training (MEST) in inpatients with depres-
sive symptomatology. Journal of Behavior Therapy and Experi-
mental Psychiatry, 40(1), 24–38. https://​doi.​org/​10.​1016/j.​jbtep.​
2008.​03.​001

Rasmussen, A. S., & Berntsen, D. (2009). Emotional valence and the 
functions of autobiographical memories: Positive and negative 
memories serve different functions. Memory and Cognition, 
37(4), 477–492. https://​doi.​org/​10.​3758/​MC.​37.4.​477

Rasmussen, A. S., & Berntsen, D. (2013). The reality of the past 
versus the ideality of the future: Emotional valence and func-
tional differences between past and future mental time travel. 
Memory and Cognition, 41(2), 187–200. https://​doi.​org/​10.​3758/​
s13421-​012-​0260-y

Redondo, R. L., Kim, J., Arons, A. L., Ramirez, S., Liu, X., & Ton-
egawa, S. (2014). Bidirectional switch of the valence associ-
ated with a hippocampal contextual memory engram. Nature, 
513(7518), 426–430. https://​doi.​org/​10.​1038/​natur​e13725

Reed, A. E., & Carstensen, L. L. (2012). The theory behind the age-
related positivity effect. Frontiers in Psychology, 3, 1–9. https://​
doi.​org/​10.​3389/​fpsyg.​2012.​00339

Reed, A. E., Chan, L., & Mikels, J. A. (2014). Meta-analysis of the 
age-related positivity effect: Age differences in preferences for 
positive over negative information. Psychology and Aging, 29(1), 
1–15. https://​doi.​org/​10.​1037/​a0035​194

Reisberg, D., & Heuer, F. (2007). The influence of emotion on 
memory in forensic settings. In  The handbook of eyewitness 
psychology, Vol I: Memory for events (pp. 81–116). Lawrence 
Erlbaum Associates Publishers.

Reisberg, G., Heuer, F., McLean, J., & O’Shaughnessey, M. (1988). 
The quantity, not the quality, of affect predicts memory viv-
idness. Bulletin of the Psychonomic Society, 26(2), 100–103. 
https://​doi.​org/​10.​3758/​BF033​34873

Reynolds, J. R., West, R., & Braver, T. (2009). Distinct neural cir-
cuits support transient and sustained processes in prospective 
memory and working memory. Cerebral Cortex, 19(5), 1208–
1221. https://​doi.​org/​10.​1093/​cercor/​bhn164

Richards, J. M., & Gross, J. J. (2000). Emotion regulation and 
memory: The cognitive costs of keeping one’s cool. Journal 
of Personality and Social Psychology, Vol. 79, pp. 410–424. 
US: American Psychological Association. https://​doi.​org/​10.​
1037/​0022-​3514.​79.3.​410

Richardson, M. P., Strange, B. A., & Dolan, R. J. (2004). Encoding 
of emotional memories depends on amygdala and hippocampus 
and their interactions. Nature Neuroscience, 7(3), 278–285. 
https://​doi.​org/​10.​1038/​nn1190

Richter-Levin, G., & Akirav, I. (2000). Amygdala-hippocampus 
dynamic interaction in relation to memory. Molecular Neurobi-
ology, 22(1–3), 11–20. https://​doi.​org/​10.​1385/​mn:​22:1-​3:​011

Richter-Levin, G., & Akirav, I. (2003). Emotional tagging of mem-
ory formation - In the search for neural mechanisms. Brain 
Research Reviews, 43(3), 247–256. https://doi.org/https://​doi.​
org/​10.​1016/j.​brain​resrev.​2003.​08.​005

Riegel, M., Wierzba, M., Wypych, M., Ritchey, M., Jednoróg, K., 
Grabowska, A., et al. (2022). Distinct medial-temporal lobe 
mechanisms of encoding and amygdala-mediated memory rein-
statement for disgust and fear. NeuroImage, 251(September 
2021), 118889. https://​doi.​org/​10.​1016/j.​neuro​image.​2022.​
118889

Righi, S., Marzi, T., Toscani, M., Baldassi, S., Ottonello, S., & Vig-
giano, M. P. (2012). Fearful expressions enhance recognition 
memory: Electrophysiological evidence. Acta Psychologica, 
139(1), 7–18. https://​doi.​org/​10.​1016/j.​actpsy.​2011.​09.​015

Rimmele, U., Besedovsky, L., Lange, T., & Born, J. (2015). Emotional 
memory can be persistently weakened by suppressing cortisol 
during retrieval. Neurobiology of Learning and Memory, 119, 
102–107. https://​doi.​org/​10.​1016/j.​nlm.​2015.​01.​010

Ritchey, M., Bessette-Symons, B., Hayes, S. M., & Cabeza, R. (2011). 
Emotion processing in the aging brain is modulated by semantic 
elaboration. Neuropsychologia, 49(4), 640–650. https://​doi.​org/​
10.​1016/j.​neuro​psych​ologia.​2010.​09.​009

Ritchie, T., Skowronski, J. J., Hartnett, J., Wells, B., & Walker, W. R. 
(2009). The fading affect bias in the context of emotion activation 
level, mood, and personal theories of emotion change. Memory, 
17(4), 428–444. https://​doi.​org/​10.​1080/​09658​21090​27916​65

Roozendaal, Benno, & McGaugh, James L.. (2011). Memory modula-
tion. Behavioral Neuroscience, 125(6), 797–824. https://​doi.​org/​
10.​1037/​a0026​187

Rubin, M., Denson, N., Kilpatrick, S., Matthews, K. E., Stehlik, T., & 
Zyngier, D. (2014). “I am working-class”: Subjective self-defini-
tion as a missing measure of social class and socioeconomic sta-
tus in higher education research. Educational Researcher, 43(4), 
196–200. https://​doi.​org/​10.​3102/​00131​89X14​528373

Sacharin, V. (2009). The influence of emotions on cognitive flexibil-
ity (The University of Michigan). The University of Michigan. 
Retrieved from https://​pdfs.​seman​ticsc​holar.​org/​974b/​2782b​
2aab3​75c2b​37086​aa8ed​a9a71​0c0137.​pdf

Safer, M. A., Christianson, S. A., Autry, M. W., & Österlund, K. 
(1998). Tunnel Memory for Traumatic Events. Applied Cogni-
tive Psychology, 12(2), 99–117.

Sakaki, M., Fryer, K., & Mather, M. (2014). Emotion strengthens high-
priority memory traces but weakens low-priority memory traces. 
Psychological Science, 25(2), 387–395. https://​doi.​org/​10.​1177/​
09567​97613​504784

Sakaki, M., Nga, L., & Mather, M. (2013). Amygdala functional connec-
tivity with medial prefrontal cortex at rest predicts the positivity 
effect in older adults’ memory. Journal of Cognitive Neuroscience, 
25(8), 1206–1224. https://​doi.​org/​10.​1162/​jocn_a_​00392

Samide, R., & Ritchey, M. (2021). Reframing the past: Role of 
memory processes in emotion regulation. Cognitive Ther-
apy and Research, 45(5), 848–857. https://​doi.​org/​10.​1007/​
s10608-​020-​10166-5

Schmidt, K., Patnaik, P., & Kensinger, E. A. (2011). Emotion’s influ-
ence on memory for spatial and temporal context. Cognition 
and Emotion, 25(2), 229–243. https://​doi.​org/​10.​1080/​02699​
931.​2010.​483123

Schott, B. H., Sellner, D. B., Lauer, C. J., Habib, R., Frey, J. U., Guderian, 
S., et al. (2004). Activation of midbrain structures by associative 
novelty and the formation of explicit memory in humans. Learning 
and Memory, 11(4), 383–387. https://​doi.​org/​10.​1101/​lm.​75004

900

https://doi.org/10.1111/j.1467-8721.2008.00565.x
https://doi.org/10.1111/j.1467-8721.2008.00565.x
https://doi.org/10.1080/741938208
https://doi.org/10.1016/j.neuropsychologia.2009.02.013
https://doi.org/10.1038/nature14514
https://doi.org/10.1038/nature14514
https://doi.org/10.1016/j.jbtep.2008.03.001
https://doi.org/10.1016/j.jbtep.2008.03.001
https://doi.org/10.3758/MC.37.4.477
https://doi.org/10.3758/s13421-012-0260-y
https://doi.org/10.3758/s13421-012-0260-y
https://doi.org/10.1038/nature13725
https://doi.org/10.3389/fpsyg.2012.00339
https://doi.org/10.3389/fpsyg.2012.00339
https://doi.org/10.1037/a0035194
https://doi.org/10.3758/BF03334873
https://doi.org/10.1093/cercor/bhn164
https://doi.org/10.1037/0022-3514.79.3.410
https://doi.org/10.1037/0022-3514.79.3.410
https://doi.org/10.1038/nn1190
https://doi.org/10.1385/mn:22:1-3:011
https://doi.org/10.1016/j.brainresrev.2003.08.005
https://doi.org/10.1016/j.brainresrev.2003.08.005
https://doi.org/10.1016/j.neuroimage.2022.118889
https://doi.org/10.1016/j.neuroimage.2022.118889
https://doi.org/10.1016/j.actpsy.2011.09.015
https://doi.org/10.1016/j.nlm.2015.01.010
https://doi.org/10.1016/j.neuropsychologia.2010.09.009
https://doi.org/10.1016/j.neuropsychologia.2010.09.009
https://doi.org/10.1080/09658210902791665
https://doi.org/10.1037/a0026187
https://doi.org/10.1037/a0026187
https://doi.org/10.3102/0013189X14528373
https://pdfs.semanticscholar.org/974b/2782b2aab375c2b37086aa8eda9a710c0137.pdf
https://pdfs.semanticscholar.org/974b/2782b2aab375c2b37086aa8eda9a710c0137.pdf
https://doi.org/10.1177/0956797613504784
https://doi.org/10.1177/0956797613504784
https://doi.org/10.1162/jocn_a_00392
https://doi.org/10.1007/s10608-020-10166-5
https://doi.org/10.1007/s10608-020-10166-5
https://doi.org/10.1080/02699931.2010.483123
https://doi.org/10.1080/02699931.2010.483123
https://doi.org/10.1101/lm.75004


Cognitive, Affective, & Behavioral Neuroscience (2022) 22:869–903 

1 3

Schuettler, D., & Boals, A. (2011). The Path to Posttraumatic Growth 
Versus Posttraumatic Stress Disorder: Contributions of Event 
Centrality and Coping. Journal of Loss and Trauma, 16(2), 180–
194. https://​doi.​org/​10.​1080/​15325​024.​2010.​519273

Schwabe, L., Haddad, L., & Schachinger, H. (2008). HPA axis activa-
tion by a socially evaluated cold-pressor test. Psychoneuroendo-
crinology, 33(6), 890–895. https://​doi.​org/​10.​1016/j.​psyne​uen.​
2008.​03.​001

Schwarz, N., & Clore, G. L. (1996). Feelings and phenomenal experi-
ences. In  Social psychology: Handbook of basic principles (pp. 
433–465). The Guilford Press.

Scott, D., & Ponsoda, V. (1996). The role of positive and negative 
affect in flashbulb memory. Psychological Reports, Vol. 79, pp. 
467–473. US: Psychological Reports. https://​doi.​org/​10.​2466/​
pr0.​1996.​79.2.​467

Sedikides, C., Wildschut, T., Routledge, C., Arndt, J., Hepper, E. G., 
& Zhou, X. (2015). To nostalgize: Mixing memory with affect 
and desire. In J. M. Olson & M. P. Zanna (Eds.), Advances in 
Experimental Social Psychology (Vol. 51, pp. 189–273). Aca-
demic Press. https://​doi.​org/​10.​1016/​bs.​aesp.​2014.​10.​001

Sergerie, K., Chochol, C., & Armony, J. L. (2008). The role of the 
amygdala in emotional processing: A quantitative meta-analysis 
of functional neuroimaging studies. Neuroscience and Biobehav-
ioral Reviews, 32(4), 811–830. https://​doi.​org/​10.​1016/j.​neubi​
orev.​2007.​12.​002

Sharot, T., Delgado, M. R., & Phelps, E. A. (2004). How emotion 
enhances the feeling of remembering. Nature Neuroscience, 
7(12), 1376–1380. https://​doi.​org/​10.​1038/​nn1353

Shen, L., Wang, M., & Shen, R. (2009). Affective e-learning: Using 
“emotional” data to improve learning in pervasive learning envi-
ronment. Educational Technology and Society, 12(2), 176–189. 
https://​doi.​org/​10.​2307/​jeduc​techs​oci.​12.2.​176

Shin, L. . M. . (2006). Amygdala, medial prefrontal cortex, and hip-
pocampal function in PTSD. Annals of the New York Academy of 
Sciences, 1071(1), 67–79. https://​doi.​org/​10.​1196/​annals.​1364.​
007

Shum, D., Valentine, M., & Cutmore, T. (1999). Performance of indi-
viduals with severe long-term traumatic brain injury on time-, 
event-, and activity-based prospective memory tasks. Journal 
of Clinical and Experimental Neuropsychology, 21(1), 49–58. 
https://​doi.​org/​10.​1076/​jcen.​21.1.​49.​943

Siedlecka, E., & Denson, T. F. (2019). Experimental methods for 
inducing basic emotions: A qualitative review. Emotion Review, 
11(1), 87–97. https://​doi.​org/​10.​1177/​17540​73917​749016

Silton, R. L., Kahrilas, I. J., Skymba, H. V., Smith, J., Bryant, F. B., & 
Heller, W. (2020). Regulating positive emotions: Implications 
for promoting well-being in individuals with depression. Emo-
tion (Washington, D.C.), 20(1), 93–97. https://​doi.​org/​10.​1037/​
emo00​00675

Skowronski, J. J., Walker, W. R., Henderson, D. X., & Bond, G. D. 
(2014). The fading affect bias: Its history, its implications, and 
its future. In Advances in Experimental Social Psychology. 
Advances in experimental social psychology (Vol. 49, pp. 163–
218). Academic Press.

Smith, A. P. R., Henson, R. N. A., Dolan, R. J., & Rugg, M. D. 
(2004). fMRI correlates of the episodic retrieval of emotional 
contexts. NeuroImage, 22(2), 868–878. https://​doi.​org/​10.​
1016/j.​neuro​image.​2004.​01.​049

Smith, S. M. (1982). Enhancement of recall using multiple environ-
mental contexts during learning. Memory & Cognition, 10(5), 
405–412. https://​doi.​org/​10.​3758/​BF031​97642

Smith, S. M., & Rothkopf, E. Z. (1984). Contextual enrichment 
and distribution of practice in the classroom. Cognition and 
Instruction, 1(3), 341–358. https://​doi.​org/​10.​1207/​s1532​
690xc​i0103_4

Speer, M. E., Bhanji, J. P., & Delgado, M. R. (2014). Savoring the 
past: Positive memories evoke value representations in the 
striatum. Neuron, 84(4), 847–856. https://​doi.​org/​10.​1016/j.​
neuron.​2014.​09.​028

Speer, M. E., & Delgado, M. R. (2017). Reminiscing about posi-
tive memories buffers acute stress responses. Nature Human 
Behaviour, 1(5), 1–9. https://​doi.​org/​10.​1038/​s41562-​017-​0093

Speer, M. E., & Delgado, M. R. (2020). The social value of positive 
autobiographical memory retrieval. Journal of Experimental 
Psychology: General, 149(4), 790–799. https://​doi.​org/​10.​
1037/​xge00​00671

Speer, M. E., Ibrahim, S., Schiller, D., & Delgado, M. R. (2021). 
Finding positive meaning in memories of negative events adap-
tively updates memory. Nature Communications, 12(1), 1–11. 
https://​doi.​org/​10.​1038/​s41467-​021-​26906-4

St. Jacques, P. L., Dolcos, F., & Cabeza, R. (2010). Effects of aging 
on functional connectivity of the amygdala during negative 
evaluation: A network analysis of fMRI data. Neurobiology 
of Aging, 31(2), 315–327. https://​doi.​org/​10.​1016/j.​neuro​biola​
ging.​2008.​03.​012

St. Jacques, P. L., Winecoff, A., & Cabeza, R. (2013). Emotion and 
aging: Linking neural mechanisms to psychological theory. In 
J. Armony & P. Vuilleumier (Eds.), The Cambridge handbook 
of human affective neuroscience (pp. 635–661). Cambridge 
University Press. https://​doi.​org/​10.​1017/​CBO97​80511​843716.​
035

Stramaccia, D. F., Meyer, A. K., Rischer, K. M., Fawcett, J. M., & 
Benoit, R. G. (2021). Memory suppression and its deficiency 
in psychological disorders: A focused meta-analysis. Journal 
of experimental psychology. General, 150(5), 828–850. https://​
doi.​org/​10.​1037/​xge00​00971

Storbeck, J. (2012). Performance costs when emotion tunes inap-
propriate cognitive abilities: Implications for mental resources 
and behavior. Journal of Experimental Psychology: General, 
141(3), 411–416. https://​doi.​org/​10.​1037/​a0026​322

Storbeck, J. (2013). Negative affect promotes encoding of and mem-
ory for details at the expense of the gist: Affect, encoding, 
and false memories. Cognition and Emotion, 27(5), 800–819. 
https://​doi.​org/​10.​1080/​02699​931.​2012.​741060

Storbeck, J., & Clore, G. L. (2005). With sadness comes accuracy; 
with happiness, false memory: Mood and the false memory 
effect. Psychological Science, 16(10), 785–791. https://​doi.​org/​
10.​1111/j.​1467-​9280.​2005.​01615.x

Storbeck, J., & Watson, P. (2014). Verbal makes it positive, spatial 
makes it negative: Working memory biases judgments, atten-
tion, and moods. Emotion, 14(6), 1072–1086. https://​doi.​org/​
10.​1037/​a0037​327

Strotz, R. . H. . (1956). Myopia and inconsistency in dynamic utility 
maximization. Review of Economic Studies, 23(3), 165. https://​
doi.​org/​10.​2307/​22957​22.

Sumner, J. A. (2012). The mechanisms underlying overgeneral auto-
biographical memory: An evaluative review of evidence for the 
CaR-FA-X model. Clinical Psychology Review, 32(1), 34–48. 
https://​doi.​org/​10.​1016/j.​cpr.​2011.​10.​003

Sumner, J. A., Griffith, J. W., & Mineka, S. (2010). Overgeneral auto-
biographical memory as a predictor of the course of depres-
sion: A meta-analysis. Behaviour Research and Therapy, 48(7), 
614–625. https://​doi.​org/​10.​1016/j.​brat.​2010.​03.​013

Sunstein, C. R., & Zeckhauser, R. (2011). Overreaction to Fear-
some Risks. Environmental and Resource Economics, 48(3), 
435–449. https://​doi.​org/​10.​1007/​s10640-​010-​9449-3

Sutherland, M. R., & Mather, M. (2012). Negative arousal amplifies 
the effects of saliency in short-term memory. Emotion, 12(6), 
1367–1372. https://​doi.​org/​10.​1037/​a0027​860

901

https://doi.org/10.1080/15325024.2010.519273
https://doi.org/10.1016/j.psyneuen.2008.03.001
https://doi.org/10.1016/j.psyneuen.2008.03.001
https://doi.org/10.2466/pr0.1996.79.2.467
https://doi.org/10.2466/pr0.1996.79.2.467
https://doi.org/10.1016/bs.aesp.2014.10.001
https://doi.org/10.1016/j.neubiorev.2007.12.002
https://doi.org/10.1016/j.neubiorev.2007.12.002
https://doi.org/10.1038/nn1353
https://doi.org/10.2307/jeductechsoci.12.2.176
https://doi.org/10.1196/annals.1364.007
https://doi.org/10.1196/annals.1364.007
https://doi.org/10.1076/jcen.21.1.49.943
https://doi.org/10.1177/1754073917749016
https://doi.org/10.1037/emo0000675
https://doi.org/10.1037/emo0000675
https://doi.org/10.1016/j.neuroimage.2004.01.049
https://doi.org/10.1016/j.neuroimage.2004.01.049
https://doi.org/10.3758/BF03197642
https://doi.org/10.1207/s1532690xci0103_4
https://doi.org/10.1207/s1532690xci0103_4
https://doi.org/10.1016/j.neuron.2014.09.028
https://doi.org/10.1016/j.neuron.2014.09.028
https://doi.org/10.1038/s41562-017-0093
https://doi.org/10.1037/xge0000671
https://doi.org/10.1037/xge0000671
https://doi.org/10.1038/s41467-021-26906-4
https://doi.org/10.1016/j.neurobiolaging.2008.03.012
https://doi.org/10.1016/j.neurobiolaging.2008.03.012
https://doi.org/10.1017/CBO9780511843716.035
https://doi.org/10.1017/CBO9780511843716.035
https://doi.org/10.1037/xge0000971
https://doi.org/10.1037/xge0000971
https://doi.org/10.1037/a0026322
https://doi.org/10.1080/02699931.2012.741060
https://doi.org/10.1111/j.1467-9280.2005.01615.x
https://doi.org/10.1111/j.1467-9280.2005.01615.x
https://doi.org/10.1037/a0037327
https://doi.org/10.1037/a0037327
https://doi.org/10.2307/2295722
https://doi.org/10.2307/2295722
https://doi.org/10.1016/j.cpr.2011.10.003
https://doi.org/10.1016/j.brat.2010.03.013
https://doi.org/10.1007/s10640-010-9449-3
https://doi.org/10.1037/a0027860


Cognitive, Affective, & Behavioral Neuroscience (2022) 22:869–903 	

1 3

Talarico, J. M., Berntsen, D., & Rubin, D. C. (2009). Positive emotions 
enhance recall of peripheral details. Cognition and Emotion, 
23(2), 380–398. https://​doi.​org/​10.​1080/​02699​93080​19939​99

Talarico, J. M., LaBar, K. S., & Rubin, D. C. (2004). Emotional inten-
sity predicts autobiographical memory experience. Memory and 
Cognition, 32(7), 1118–1132. https://​doi.​org/​10.​3758/​BF031​
96886

Talarico, J. M., & Rubin, D. C. (2003). Confidence, not consistency, 
characterizes flashbulb memories. Psychological Science, 14(5), 
455–461. https://​doi.​org/​10.​1111/​1467-​9280.​02453

Talmi, D. (2013). Enhanced emotional memory: Cognitive and neural 
mechanisms. Current Directions in Psychological Science, 22(6), 
430–436. https://​doi.​org/​10.​1177/​09637​21413​498893

Talmi, D., Anderson, A. K., Riggs, L., Caplan, J. B., & Moscovitch, 
M. (2008). Immediate memory consequences of the effect of 
emotion on attention to pictures. Learning and Memory, 15(3), 
172–182. https://​doi.​org/​10.​1101/​lm.​722908

Talmi, D., Lohnas, L. J., & Daw, N. D. (2019). A retrieved context 
model of the emotional modulation of memory. Psychological 
Review, 126(4), 455–485. https://​doi.​org/​10.​1037/​rev00​00132

Tang, W., Kochubey, O., Kintscher, M., & Schneggenburger, R. (2020). 
A VTA to basal amygdala dopamine projection contributes to 
signal salient somatosensory events during fear learning. Jour-
nal of Neuroscience, 40(20), 3969–3980. https://​doi.​org/​10.​1523/​
JNEUR​OSCI.​1796-​19.​2020

Tasimi, A., & Young, L. (2016). Memories of good deeds past: The 
reinforcing power of prosocial behavior in children. Journal of 
Experimental Child Psychology, 147, 159–166. https://​doi.​org/​
10.​1016/j.​jecp.​2016.​03.​001

Tedeschi, Richard G.., & Calhoun, Lawrence G.. (2004). TARGET 
ARTICLE: “Posttraumatic Growth: Conceptual Foundations and 
Empirical Evidence.” Psychological Inquiry, 15(1), 1–18. https://​
doi.​org/​10.​1207/​s1532​7965p​li1501_​01.

Tompary, A., Duncan, K., & Davachi, L. (2015). Consolidation of asso-
ciative and item memory is related to post-encoding functional 
connectivity between the ventral tegmental area and different 
medial temporal lobe subregions during an unrelated task. Jour-
nal of Neuroscience, 35(19), 7326–7331. https://​doi.​org/​10.​1523/​
JNEUR​OSCI.​4816-​14.​2015

Tulving, E. (1972). Episodic and semantic memory. In E. Tulving & 
W. Donaldson (Eds.), Organization of memory (pp. 381–402). 
Academic Press.

Tulving, E. (1974). Cue-dependent forgetting. American Scientist, 
62(1), 74–82.

Tversky, A., & Kahneman, D. (1974). Judgment under uncertainty: 
Heuristics and biases. Science, 185(4157), 1124–1131. https://​
doi.​org/​10.​1126/​scien​ce.​185.​4157.​1124

Vaish, A., Grossmann, T., & Woodward, A. (2008). Not all emo-
tions are created equal: The negativity bias in social-emotional 
development. Psychological Bulletin, 134(3), 383–403. https://​
doi.​org/​10.​1037/​0033-​2909.​134.3.​383

van Schie, K., Engelhard, I. M., & van den Hout, M. A. (2015). Tax-
ing working memory during retrieval of emotional memories 
does not reduce memory accessibility when cued with remind-
ers. Frontiers in Psychiatry, 6, 1–7. https://​doi.​org/​10.​3389/​
fpsyt.​2015.​00016

Ventura-Bort, C., Dolcos, F., Wendt, J., Wirkner, J., Hamm, A. O., 
& Weymar, M. (2020). Item and source memory for emotional 
associates is mediated by different retrieval processes. Neu-
ropsychologia, 145(May 2017), 106606. https://​doi.​org/​10.​
1016/j.​neuro​psych​ologia.​2017.​12.​015

Volle, E., Gonen-Yaacovi, G., de Lacy Costello, A., Gilbert, S. J., & 
Burgess, P. W. (2011). The role of rostral prefrontal cortex in 
prospective memory: A voxel-based lesion study. Neuropsy-
chologia, 49(8), 2185–2198. https://​doi.​org/​10.​1016/j.​neuro​
psych​ologia.​2011.​02.​045

Wade, B., & Loprinzi, P. D. (2018). The experimental effects of acute 
exercise on long-term emotional memory. Journal of Clinical 
Medicine. https://​doi.​org/​10.​3390/​jcm71​20486

Walker, W. R., & Skowronski, J. J. (2009). The fading affect bias: 
But what the hell is it for? Applied Cognitive Psychology, 
23(8), 1122–1136. https://​doi.​org/​10.​1002/​acp.​1614

Walker, W. R., Skowronski, J. J., & Thompson, C. P. (2003). Life 
is pleasant—and memory helps to keep it that way! Review of 
General Psychology, 7(2), 203–210. https://​doi.​org/​10.​1037/​
1089-​2680.7.​2.​203

Walker, W. R., Vogl, R. J., & Thompson, C. P. (1997). Autobio-
graphical memory: Unpleasantness fades faster than pleasant-
ness over time. Applied Cognitive Psychology, 11(5), 399–413.

Waters, R. H., & Leeper, R. (1936). The relation of affective tone to 
the retention of experiences of daily life. Journal of Experi-
mental Psychology, 19(2), 203–215. https://​doi.​org/​10.​1037/​
h0062​328

Watkins, E. R. (2009). Depressive rumination: Investigating mecha-
nisms to improve cognitive behavioural treatments. Cognitive 
Behaviour Therapy, 38(SUPPL.1), 8–14. https://​doi.​org/​10.​
1080/​16506​07090​29806​95

Westerhof, G. J., & Bohlmeijer, E. T. (2014). Celebrating fifty years 
of research and applications in reminiscence and life review: 
State of the art and new directions. Journal of Aging Studies, 
29(1), 107–114. https://​doi.​org/​10.​1016/j.​jaging.​2014.​02.​003

Westphal, A. J., Ballard, M. E., Rodriguez, N., Vega, T. A., 
D’Esposito, M., & Kayser, A. S. (2021). Working memory, 
cortical dopamine tone, and frontoparietal brain recruitment 
in post-traumatic stress disorder: a randomized controlled 
trial. Translational. Psychiatry, 11(Article 389), 10.1038/
s41398-021-01512-6.

Williams, J. M. G., Barnhofer, T., Crane, C., Hermans, D., Raes, F., 
Watkins, E., & Dalgleish, T. (2007). Autobiographical mem-
ory specificity and emotional disorder. Psychological Bulletin, 
133(1), 122–148. https://​doi.​org/​10.​1037/​0033-​2909.​133.1.​122

Williamson, J. B., Drago, V., Harciarek, M., Falchook, A. D., Wargovich, 
B. A., & Heilman, K. M. (2019). Chronological effects of emo-
tional valence on the self-selected retrieval of autobiographical 
memories. Cognitive and Behavioral Neurology, 32(1), 11–15. 
https://​doi.​org/​10.​1097/​WNN.​00000​00000​000183

Wolf, T., & Demiray, B. (2019). The mood-enhancement function of 
autobiographical memories: Comparisons with other functions 
in terms of emotional valence. Consciousness and Cognition, 
70, 88–100. https://​doi.​org/​10.​1016/j.​concog.​2019.​03.​002

Wolf, T., Strack, V., & Bluck, S. (2021). Adaptive and harmful auto-
biographical remembering after the loss of a loved one. Aging 
and Mental Health, 0(0), 1–9. https://​doi.​org/​10.​1080/​13607​863.​
2021.​20032​99

Xie, H., Hu, X., Mo, L., & Zhang, D. (2021). Forgetting positive social 
feedback is difficult: ERP evidence in a directed forgetting para-
digm. Psychophysiology, 58(5), 1–14. https://​doi.​org/​10.​1111/​
psyp.​13790

Yang, Y., & Wang, J. Z. (2017). From structure to behavior in baso-
lateral amygdala-hippocampus circuits. Frontiers in Neural Cir-
cuits, 11(October), 1–8. https://​doi.​org/​10.​3389/​fncir.​2017.​00086

Yonelinas, A. P., Ranganath, C., Ekstrom, A. D., & Wiltgen, B. J. 
(2019). A contextual binding theory of episodic memory: sys-
tems consolidation reconsidered. Nature Reviews Neuroscience, 
20(6), 364–375. https://​doi.​org/​10.​1038/​s41583-​019-​0150-4

Yonelinas, A. P., & Ritchey, M. (2015). The slow forgetting of emo-
tional episodic memories: an emotional binding account. Trends 
in Cognitive Sciences, 19(5), 259–267. https://​doi.​org/​10.​1016/j.​
tics.​2015.​02.​009

Young, K. D., Zotev, V., Phillips, R., Misaki, M., Drevets, W. C., & 
Bodurka, J. (2018). Amygdala real-time functional magnetic res-
onance imaging neurofeedback for major depressive disorder: A 

902

https://doi.org/10.1080/02699930801993999
https://doi.org/10.3758/BF03196886
https://doi.org/10.3758/BF03196886
https://doi.org/10.1111/1467-9280.02453
https://doi.org/10.1177/0963721413498893
https://doi.org/10.1101/lm.722908
https://doi.org/10.1037/rev0000132
https://doi.org/10.1523/JNEUROSCI.1796-19.2020
https://doi.org/10.1523/JNEUROSCI.1796-19.2020
https://doi.org/10.1016/j.jecp.2016.03.001
https://doi.org/10.1016/j.jecp.2016.03.001
https://doi.org/10.1207/s15327965pli1501_01
https://doi.org/10.1207/s15327965pli1501_01
https://doi.org/10.1523/JNEUROSCI.4816-14.2015
https://doi.org/10.1523/JNEUROSCI.4816-14.2015
https://doi.org/10.1126/science.185.4157.1124
https://doi.org/10.1126/science.185.4157.1124
https://doi.org/10.1037/0033-2909.134.3.383
https://doi.org/10.1037/0033-2909.134.3.383
https://doi.org/10.3389/fpsyt.2015.00016
https://doi.org/10.3389/fpsyt.2015.00016
https://doi.org/10.1016/j.neuropsychologia.2017.12.015
https://doi.org/10.1016/j.neuropsychologia.2017.12.015
https://doi.org/10.1016/j.neuropsychologia.2011.02.045
https://doi.org/10.1016/j.neuropsychologia.2011.02.045
https://doi.org/10.3390/jcm7120486
https://doi.org/10.1002/acp.1614
https://doi.org/10.1037/1089-2680.7.2.203
https://doi.org/10.1037/1089-2680.7.2.203
https://doi.org/10.1037/h0062328
https://doi.org/10.1037/h0062328
https://doi.org/10.1080/16506070902980695
https://doi.org/10.1080/16506070902980695
https://doi.org/10.1016/j.jaging.2014.02.003
https://doi.org/10.1037/0033-2909.133.1.122
https://doi.org/10.1097/WNN.0000000000000183
https://doi.org/10.1016/j.concog.2019.03.002
https://doi.org/10.1080/13607863.2021.2003299
https://doi.org/10.1080/13607863.2021.2003299
https://doi.org/10.1111/psyp.13790
https://doi.org/10.1111/psyp.13790
https://doi.org/10.3389/fncir.2017.00086
https://doi.org/10.1038/s41583-019-0150-4
https://doi.org/10.1016/j.tics.2015.02.009
https://doi.org/10.1016/j.tics.2015.02.009


Cognitive, Affective, & Behavioral Neuroscience (2022) 22:869–903 

1 3

review. Psychiatry and Clinical Neurosciences, 72(7), 466–481. 
https://​doi.​org/​10.​1111/​pcn.​12665

Zacks, J. M., & Swallow, K. M. (2007). Event segmentation. Current 
Directions in Psychological Science, 16(2), 80–84. https://​doi.​
org/​10.​1111/j.​1467-​8721.​2007.​00480.x

Zangani, C., Giordano, B., Stein, H., Bonora, S., D’Agostino, A., & 
Ostinelli, E. G. (2021). Efficacy of amisulpride for depressive 
symptoms in individuals with mental disorders: A systematic 
review and meta-analysis. Human Psychopharmacology: Clini-
cal and Experimental, 36(6), 1–11. https://​doi.​org/​10.​1002/​hup.​
2801

Zhang, M., Yang, Z., Zhong, J., Zhang, Y., Lin, X., Cai, H., & Kong, 
Y. (2022). Thalamocortical mechanisms for nostalgia-induced 

analgesia. Journal of Neuroscience, 42(14), 2963–2972. https://​
doi.​org/​10.​1523/​jneur​osci.​2123-​21.​2022

Zimmerman, C. A., & Kelley, C. M. (2010). “I’ll remember this!” 
Effects of emotionality on memory predictions versus memory 
performance. Journal of Memory and Language, 62(3), 240–253. 
https://​doi.​org/​10.​1016/j.​jml.​2009.​11.​004

Open Science Practices Statement
There is no data associated with this publication.

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

903

https://doi.org/10.1111/pcn.12665
https://doi.org/10.1111/j.1467-8721.2007.00480.x
https://doi.org/10.1111/j.1467-8721.2007.00480.x
https://doi.org/10.1002/hup.2801
https://doi.org/10.1002/hup.2801
https://doi.org/10.1523/jneurosci.2123-21.2022
https://doi.org/10.1523/jneurosci.2123-21.2022
https://doi.org/10.1016/j.jml.2009.11.004

	The power of negative and positive episodic memories
	Abstract
	A Note on Terminology
	Evidence for the Power of Negative Episodic Memories
	What Gives Negative Episodic Memories Their Power?
	Negative Memories are Durable
	Negative Content is Prioritized at Retrieval and Vividly Recollected
	When the Power of Negative Memories is Maladaptive
	Modifying the Negativity of Memories while Maintaining their Power
	The Power of Negative Memories for the Future
	What Gives Positive Memories Their Power?
	Positive Memories are Durable
	Positive Memories are Associative
	Positive Memories Retain Their Affective Strength and Act as Rewards
	The Power of Positive Memories for Ourselves and for Our Future
	Implications of the Power of Emotional Memories
	The Power of Emotional Memories to Change our Moods
	The Power of Emotional Memories in the Classroom
	The Power of Emotional Memories within Digital Contexts
	Shifting the Balance of Hippocampal and Amygdala Binding Systems
	Conclusions
	References




