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Chapter 5
Current Issues and Emerging Directions in 
the Impact of Emotion on Memory: A Review 
of Evidence from Brain Imaging Investigations

Florin Dolcos, Yuta Katsumi, Ekaterina Denkova, Mathias Weymar, 
and Sanda Dolcos

Abstract What are the neural markers of encoding and retrieving memories of 
emotional events with increased efficacy? In recent years, this question has captured 
the attention of neuroscientists, who have been fervently engaged in addressing it 
using a multitude of approaches. The present chapter emphasizes evidence from 
brain imaging investigations regarding three emerging research directions in the 
field: the role of social information in emotional memory, the role of emotion regu-
lation in the impact of emotion on memory, and the impact of emotion on associa-
tive or relational memory. Overall, this evidence provides insights into the brain 
mechanisms that make emotional memories special, points to possible alterations 
that may explain negative affective biases in encoding and retrieving emotional 

F. Dolcos (*) 
Social, Cognitive, Personality, and Emotional (SCoPE) Neuroscience Laboratory, University 
of Illinois at Urbana-Champaign, Urbana, IL, USA

Psychology Department, University of Illinois at Urbana-Champaign, Champaign, IL, USA 

Neuroscience Program, University of Illinois at Urbana-Champaign, Urbana, IL, USA

Beckman Institute for Advanced Science & Technology, University of Illinois at Urbana- 
Champaign, Urbana, IL, USA
e-mail: fdolcos@illinois.edu; http://dolcoslab.beckman.illinois.edu/

Y. Katsumi • S. Dolcos (*) 
Social, Cognitive, Personality, and Emotional (SCoPE) Neuroscience Laboratory, University 
of Illinois at Urbana-Champaign, Urbana, IL, USA 

Psychology Department, University of Illinois at Urbana-Champaign, Champaign, IL, USA

Beckman Institute for Advanced Science & Technology, University of Illinois at  
Urbana-Champaign, Urbana, IL, USA
e-mail: sdolcos@illinois.edu 

E. Denkova 
Department of Psychology, University of Miami, Coral Gables, FL, USA 

M. Weymar 
Department of Psychology, University of Potsdam, Potsdam, Germany

https://doi.org/10.1007/978-4-431-56591-8_5
mailto:fdolcos@illinois.edu
mailto:sdolcos@illinois.edu


58

memories observed in affective disorders, and highlights specific aspects to be clari-
fied in future research.

Keywords Emotion–cognition interactions • Modulation hypothesis • Social cog-
nition • Emotion regulation • Associative/relational memory • Neuroimaging • 
Amygdala • Hippocampus • Prefrontal cortex • Large-scale functional networks

5.1  Introduction

The memory-enhancing effect of emotion has long been documented, but elucida-
tion of the neural mechanisms of this phenomenon has only relatively recently been 
the focus of intense research in humans, using functional neuroimaging tools. The 
present chapter builds upon our recent reviews (Dolcos et al. 2011, 2012), by incor-
porating new evidence regarding three emerging research directions in the field1: the 
role of social information in emotional memory, the role of emotion regulation in 
the impact of emotion on memory, and the impact of emotion on associative or 
relational memory. The emphasis is on evidence from functional neuroimaging 
studies in neurologically intact humans investigating the role of the amygdala 
(AMY) and its interaction with memory-related medial temporal lobe (MTL) brain 
regions, along with the role of other brain regions (e.g., prefrontal cortex, PFC) in 
the effect of emotion during both the encoding and retrieval of episodic memories. 
Following a brief introduction to basic animal and human research regarding the 
neural mechanisms of emotional memory, along with an introduction to the impor-
tant methodological developments that facilitated such findings, we discuss in detail 
new evidence from the literature circumscribed by the three emerging topics 
mentioned above. The chapter ends with concluding remarks and a brief presenta-
tion of open issues and future directions.

1 It is important to note that besides the emerging aspects discussed here, aspects emphasizing the 
importance of understanding individual differences in the research of emotional memory are also 
important. However, because of space limitations, these aspects are not the focus of the present 
discussion (but see Dolcos et al. 2012, 2017; Katsumi et al. 2017). It should be mentioned, how-
ever, that investigation of how the neural mechanisms involved in the memory-enhancing effects 
of emotion vary among individuals allows a better understanding of the underlying mechanisms in 
both normal functioning and in clinical conditions, such as affective disorders, which are typically 
characterized by dysfunctional emotional memory. Thus, it is crucial to understand the factors that 
influence individual variation in the engagement of and interactions among brain regions during 
the encoding and retrieval of emotional memories. Such factors could be linked to personality, sex, 
and age-related differences, among others, in basic emotional responses and in emotion regulation 
(reviewed in Dolcos et al. 2017).
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5.1.1  Basic Evidence from Animal Research

Historically, considerable evidence for the involvement of the AMY in emotional 
memory emerged from animal models, which provided the foundation for the inves-
tigation of neural mechanisms underlying emotional learning and memory in humans 
(Delgado et  al. 2006; LeDoux 2000; McGaugh 2000, 2004; Phelps and LeDoux 
2005). Animal research has primarily emphasized the role of the AMY in emotional 
learning and memory, but its specific role continues to be a matter of current debate. 
The two most influential hypotheses concerning its role are the modulation and the 
plasticity hypotheses, which posit different forms of involvement of the AMY in 
emotional memory (Dolcos and Denkova 2008). Specifically, the modulation hypoth-
esis suggests a modulatory role of the AMY on the encoding and consolidation of 
memory processes occurring in other brain regions (McGaugh 2000, 2004), whereas 
the plasticity hypothesis proposes that the AMY itself is a site of plasticity2 underly-
ing learning and memory of fear conditioning, as well as reconsolidation of the mem-
ory trace following retrieval (LeDoux 2000, 2007). It should be noted that, although 
these hypotheses could be seen as conflicting (e.g., Cahill et al. 1999; Vazdarjanova 
and McGaugh 1998), in reality they are complementary (Fanselow and LeDoux 
1999; Phelps and LeDoux 2005). The apparent contradiction seems to result from the 
fact that they tended to be tested with slightly different behavioral paradigms (i.e., 
inhibitory avoidance vs Pavlovian fear conditioning, respectively) that emphasize 
different aspects of the role of the AMY in mediating the impact of emotion on learn-
ing and memory (relatively more explicit/declarative vs more implicit/procedural 
forms of memory). However, given that real-life situations typically involve both 
declarative and nondeclarative aspects of behavior, and that emotion may influence 
memory not only during the initial stages, but also during the actual retrieval, it is 
more reasonable to consider both accounts when investigating the neural correlates 
of the memory-enhancing effect of emotion, rather than considering either one or the 
other of the mechanisms suggested by the two hypotheses. Evidence from functional 
neuroimaging studies in humans is actually consistent with this idea (Dolcos and 
Denkova 2008; Dolcos et al. 2004b, 2005, 2011, 2012).

2 As previously noted, this nomenclature does not refer to the notion of neuronal plasticity sensu 
stricto, as is generally accepted in neuroscience linked to memory processes (see Martin et al. 
2000), but rather to the place where plasticity is expected in relation to processing, leading to 
increased emotional memories, as predicted by the two views. Both the modulation and the plastic-
ity hypotheses predict neural plasticity, but although the former view predicts that the AMY influ-
ences plasticity occurring in other brain regions, the latter view posits that the AMY itself is a main 
site of plasticity that contributes to the memory-enhancing effect of emotion.
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5.1.2  Important Conceptual and Methodological 
Implementations That Facilitated Elucidation 
of the Neural Correlates of Emotional Memory 
in Human Research

Consistent with animal research, human research involving lesions (Adolphs et al. 
1997, 2000; Cahill et al. 1995; LaBar et al. 1998; Phelps et al. 1998) and pharmaco-
logical methods (Cahill et al. 1994; Strange and Dolan 2004; Strange et al. 2003) 
highlighted the role of the AMY in emotional memory. More recently, human 
research has also greatly benefited from the advent of brain imaging methods, and 
from conceptual and methodological implementations that allowed identification 
with increased specificity of changes in brain activity linked to episodic memory 
processing and to dissociable effects of basic affective properties on emotional 
memory, in neurologically intact human brains.

Event-Related Designs A significant conceptual and methodological contribution 
to our understanding of the neural mechanisms of memory has been made by the 
introduction of event-related designs as opposed to blocked designs (D’Esposito 
et al. 1999; Donaldson and Buckner 2001; Rosen et al. 1998). Different from blocked 
designs, constrained to averaging brain activity to several trials of the same type over 
time, event-related designs allow for analysis of brain imaging data on a stimulus-by-
stimulus basis, so that the individual responses to single events can be specifically 
identified. An important advantage of the event-related data over the blocked data is 
that the former can be analyzed and categorized post-hoc according to the partici-
pant’s task performance. This advantage has proven particularly important in inves-
tigating the neural correlates of memory processes, as it allows comparison of brain 
activity for items that are subsequently remembered versus forgotten in a memory 
test, thereby allowing the possibility of establishing a direct link between brain activ-
ity and memory performance (Paller and Wagner 2002).

The Subsequent Memory Paradigm One such event-related experimental para-
digm that allows comparison of brain activity according to participants’ memory 
performance is the subsequent memory paradigm (SMP). For instance, as illustrated 
in Fig. 5.1, activity can be compared for items that are remembered versus those that 
are forgotten in a memory test, thereby establishing a direct link between brain 
activity and successful memory performance in individual participants. Comparing 
brain activity for remembered versus forgotten items can be done both during the 
encoding (learning) phase and during the retrieval (test) phase. By sorting brain 
activity recorded during encoding based on whether stimuli processed during the 
study phase are subsequently remembered (R) or forgotten (F) in a later memory 
test, the so-called difference in memory or Dm effect – i.e., greater encoding activity 
for remembered than for forgotten items – can be calculated (e.g., Paller et al. 1987; 
Paller and Wagner 2002). Brain regions showing a positive Dm effect (R > F) are 
assumed to mediate processes that lead to successful memory encoding, and are 
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associated with encoding success (ES). In the case of retrieval, the contrast 
“remembered- minus-forgotten” identifies regions showing greater activity for items 
in which retrieval was successful (hits) than for items in which retrieval failed 
(misses). The activity difference between remembered and forgotten items during 
retrieval is known as retrieval success (RS) (Prince et al. 2005; Weis et al. 2004).

In the context of investigating the impact of emotion on memory, one of the main 
advantages of Dm/ES and RS analyses is that they can eliminate the confounding 

Fig. 5.1 The subsequent memory paradigm (SMP) – measuring the impact of emotion on encod-
ing success (ES) and retrieval success (RS) activity. (a) General procedure involved in the SMP. (b) 
Diagram of the comparisons that allow identification of the brain regions susceptible to emotional 
ES and RS. R subsequently remembered items, F subsequently forgotten items, fMRI functional 
magnetic resonance imaging, ERP event-related potential
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effect of general emotion processing and specifically identify brain activity linked 
to memory processes and to the memory-enhancing effect of emotion (Shafer et al. 
2011). By contrasting the emotional ES/RS with the neutral ES/RS, the brain 
regions whose memory-related activity is susceptible to emotional modulation dur-
ing encoding and/or retrieval can be identified. Therefore, neuroimaging studies 
using event-related designs and the SMP have been highly influential in revealing 
brain regions that show an interaction between emotion and memory at different 
stages of memory processing; basic findings from such studies are reviewed below.

Manipulating Basic Affective Properties Another important conceptual and 
methodological implementation concerns consideration of basic affective properties 
in experimental manipulations investigating the neural correlates of emotional 
memories. Emotional arousal and valence3 are such affective dimensions (Lang 
et al. 1993; Russell 1980). Before the implementation of the proper manipulation of 
these dimensions (as illustrated in Shafer et  al. 2011), the literature on emotion 
processing in general and on emotional memory in particular was dominated by the 
notion that negative stimuli produce stronger effects on memory than positive ones, 
which was linked to a negative bias in the involvement of basic emotion processing 
brain regions such as the AMY in these effects. However, subsequent studies directly 
comparing the effect of equally arousing positive and negative stimuli revealed sim-
ilar  memory- enhancing effects of such stimuli, regardless of their valence, and iden-
tified the sensitivity of AMY responses to processing positively valenced arousing 
stimuli (reviewed in Dolcos et al. 2012).

5.1.3  Basic Findings Regarding the Neural Correlates 
of Emotional Memory

Based on animal research, early human studies primarily emphasized the role of the 
AMY and its interaction with memory-related MTL regions in mediating the 
memory- enhancing effect of emotion, during encoding (e.g., Dolcos et al. 2004b; 
Kensinger and Corkin 2004; Kensinger and Schacter 2006a; Ritchey et al. 2008; 
Sergerie et al. 2006), consolidation (Ritchey et al. 2008), and retrieval (e.g., Dolcos 
et al. 2005; Kensinger and Schacter 2005; Sergerie et al. 2006) of emotional memo-
ries. Given its multiple connections with core memory structures, and with numer-
ous cortical and subcortical regions involved in various aspects of information 
processing, such as perception, emotion, elaborative cognitive processes, and social 
cognition (see reviews by Dolcos and Denkova 2008; Dolcos et al. 2006b, 2012; 
Hamann 2001; LaBar and Cabeza 2006; LeDoux 2000; McGaugh 2004; Phelps 
2004), the AMY together with the memory-related MTL regions and the PFC play 

3 Arousal refers to a continuum that varies from calm to excitement, whereas valence refers to a 
continuum that varies from pleasant to unpleasant, with neutral as an intermediate value (for meth-
ods of assessing these dimensions, see Bradley and Lang 1994).
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a critical role in emotional memory. Most of these studies revealed that activity in 
the AMY, the MTL, and their interactions are primarily driven by the arousal and 
not the valence of the information, and that their interactions with the PFC contrib-
ute to valence-related effects in emotional memory (Dolcos et al. 2012).

Emotional Memory Encoding Early studies suggested a link between AMY 
activity at encoding and later retrieval of emotionally arousing material (e.g., Cahill 
et al. 1996; Hamann et al. 1999). However, as they used blocked designs, these stud-
ies could not distinguish between brain activity for successfully and unsuccessfully 
encoded stimuli within participants, and thus could not specifically assess the role 
of the AMY in the successful encoding of emotional stimuli, as opposed to linking 
it to general emotion processing. By contrast, studies involving event-related 
designs in conjunction with the SMP have allowed identification of the role of the 
AMY and its interactions with the memory-related MTL brain regions (e.g., hip-
pocampus, HC) in memory enhancement by emotion, in neurologically intact 
human brain (e.g., Canli et  al. 2000; Dolcos et  al. 2004b; Hamann et  al. 1999; 
Kensinger and Corkin 2004; Kensinger and Schacter 2006a; Kilpatrick and Cahill 
2003; Richardson et al. 2004; Ritchey et al. 2008; Sergerie et al. 2006), and that 
AMY–MTL interactions contribute to the persistence of emotional memories over 
time (Ritchey et al. 2008). More recently, using a combination of blocked and event- 
related designs, encoding of emotionally arousing stimuli over an extended period 
(>20 min) was found to induce a sustained arousal-related brain state (reflected in 
increased AMY–HC functional connectivity), which overall contributed to greater 
recollection of unrelated neutral items encoded minutes following the initial encod-
ing of emotional items (Tambini et al. 2017). This suggests that transient exposure 
to emotional arousal can create persistent “carry-over” effects, resulting in similar 
memory-enhancing effects for subsequently encountered neutral items.

Although the main focus of the earlier neuroimaging studies investigating the 
facilitating effect of emotion on memory was on the AMY and its interaction with 
the memory-related MTL regions, increasing emphasis has been placed on the influ-
ence of emotion on memory through cognitive processes supported by other brain 
regions, such as the PFC (Dolcos et al. 2011). It has been suggested that, whereas 
the AMY and the MTL are part of basic/direct neurohormonal mechanisms underly-
ing the memory enhancement effect of emotion, the PFC has an indirect/mediated 
involvement in the formation of emotional memories (e.g., by enhancing strategic, 
semantic, and working memory processes) (Dolcos and Denkova 2008; LaBar and 
Cabeza 2006). Moreover, whereas AMY–MTL mechanisms are modulated primar-
ily by arousal, the involvement of the PFC also seems to be influenced by valence 
(Dolcos et  al. 2004a; Kensinger 2004; Kensinger and Schacter 2006b), probably 
reflecting the PFC involvement in higher-order emotion processing associated with 
evaluation of emotional valence and/or cognitive control strategies (see Sect. 5.2.2 
below). Finally, available evidence also shows that the interactions of the AMY and 
the MTL memory regions are linked to the valence of emotional information 
(Ritchey et al. 2011). Ritchey et al. (2011) showed that the intrinsic AMY–MTL 
interaction is stronger for encoding of negative stimuli, whereas the extrinsic inter-
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actions between the MTL and the PFC are stronger for encoding positive stimuli 
(see also Mickley Steinmetz et al. 2010).

Further supporting the idea of valence-related differences linked to differential 
connectivity, there is evidence that successful encoding of positive items involves a 
fronto-parietal network, whereas successful encoding of negative items involves a 
temporo-occipital network (Kensinger and Schacter 2008; Mickley Steinmetz and 
Kensinger 2009). These findings are consistent with those of other studies, reveal-
ing that encoding of positive information is associated with activity in specific PFC 
subregions (Botzung et al. 2010a; Dolcos et al. 2004a), probably because of more 
elaborative processing demanding cognitive resources, whereas encoding of nega-
tive information is associated with temporo-occipital regions (Mickley and 
Kensinger 2008), probably because of increased sensory processing. These findings 
suggest that successful encoding of positive and negative information might also 
depend on slightly different processing, with positive items involving more elabo-
rate processing and engaging the PFC regions associated with semantic processing 
(Kapur et al. 1996; Poldrack et al. 1999; Shallice et al. 1994), working memory 
operations (D’Esposito et al. 2000; Owen et al. 1999; Petrides 1995), memory con-
trol (Anderson et al. 2004), and negative items involving perceptual processing and 
engaging posterior areas associated with the visual processing of emotional infor-
mation (Vuilleumier et al. 2004).

Emotional Memory Retrieval Although, as discussed above, involvement of the 
AMY in the formation of emotional memories has been well documented (for 
reviews see Dolcos and Denkova 2008; Dolcos et  al. 2006b, 2012; LaBar and 
Cabeza 2006; Phelps 2004), until relatively recently it has been more difficult to 
demonstrate the involvement of the AMY in the retrieval of emotional memories 
(for review see Buchanan 2007). This may be partly due to memory testing method-
ology, using different kinds of events – e.g., laboratory micro-events versus auto-
biographical real-life events. Laboratory events are simpler experimenter-generated 
stimuli, such as lists of words or sets of pictures that are encoded in laboratory set-
tings and retrieved at different intervals following encoding (e.g., minutes, hours, 
days, weeks, months). By contrast, autobiographical events are events from an indi-
vidual’s own history that are encoded in real-world settings and may be retrieved 
after much longer intervals of years or even decades. Hence, retrieval of laboratory 
events is dissimilar to retrieval of autobiographical events in at least two aspects: 
time elapsed between encoding and retrieval, and self-relevance. However, testing 
memory with both types of events presents advantages: autobiographical events 
have the advantage of being close to personal real-life events and to cover tempo-
rally dispersed past episodes, whereas laboratory events have the advantage of being 
well controlled experimentally for neuroimaging applications (see also Cabeza 
et al. 2004).

Similar to the early studies of encoding, the early studies of emotional memory 
retrieval share many of the same limitations, as most of them either used blocked 
designs that did not allow assessment of the functional neuroimaging data on a trial- 
by- trial basis (e.g., Dolan et al. 2000; Kosslyn et al. 1996; Taylor et al. 1998), or 
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they did not compare activity associated with successfully versus unsuccessfully 
retrieved items to distinguish brain activity specifically associated with RS (e.g., 
Fossati et al. 2004; Maratos et al. 2001). On the other hand, studies involving event- 
related designs in conjunction with the SMP have also proved influential in eluci-
dating the role of the AMY during successful retrieval of emotional memory (e.g., 
Dolcos et al. 2005; Kensinger and Schacter 2005; Sergerie et al. 2006). These stud-
ies provided strong evidence that successful retrieval of emotional memories 
involves AMY engagement similar to that identified during successful encoding of 
emotional memories. Furthermore, refined examinations of AMY activity linked to 
a differential impact of emotion on recollection- versus familiarity-based retrieval4 
pointed to a specific role of the AMY in the enhancement of recollection rather than 
familiarity in retrieving emotional memories (Dolcos et al. 2005; Sharot et al. 2004; 
Talarico et al. 2004).

More recent neuroimaging evidence also suggests that the AMY might play a 
role in the successful retrieval of personally relevant autobiographical memories 
(AMs), following shorter retention intervals. By investigating basketball fans’ 
memories of specific basketball games, encoded a few days before the scanning ses-
sion, Botzung et al. (2010b) showed that AMY activity was modulated by the emo-
tional intensity of the recollected events, and was greater for extremely high- vs. 
low-intensity events. Hence, this study also points to the involvement of the AMY 
in the retrieval of memories for emotional and personally relevant events (see also 
Muscatell et al. 2010; Sharot et al. 2007a). Taken together, these studies provide 
evidence for the involvement of the AMY in the recollection of highly arousing and 
personally relevant recent events.

Unlike the involvement of the AMY in the retrieval of laboratory or relatively 
recent personally relevant events, which has been well documented, the engagement 
of the AMY during retrieval of remote autobiographical episodes temporally dis-
persed in an individual’s history was, until relatively recently, unclear (Buchanan 
2007). Whereas some studies found increased activity in the AMY for emotional 
autobiographical events (Markowitsch et  al. 2000, 2003), others did not observe 
such an effect (Oddo et al. 2008; Vandekerckhove et al. 2005). In the same vein, 
although some studies reported that AMY activity may be modulated by emotional 
intensity during the early stages of memory retrieval (Daselaar et al. 2008), others 
failed to observe a link between AMY activity and emotional intensity (Addis et al. 
2004; Maguire and Frith 2003). One of the factors that may account for these incon-
sistencies in AMY engagement during retrieval of AMs (Denkova et  al. 2006; 
Greenberg et al. 2005) may be related to differences in the engagement of effortful 
processing, which is increased when remembering temporally dispersed past events, 
and thus could divert the attentional resources from the emotional value of recollec-
tions (Phan et al. 2002). Hence, engagement of the AMY seems to depend on the 
task instructions (Smith et al. 2006), as discussed below.

4 Recollection-based retrieval refers to remembering specific contextual details of an event (e.g., 
about the time and place of its occurrence), whereas familiarity-based retrieval refers to only 
knowing that certain events occurred, without retrieving specific contextual details (Tulving 1985).
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The link between task instructions and AMY response was recently investigated 
by directing the participants’ attention focus either to emotional (emotion condition) 
or to other contextual (context condition) details during recollection of positive and 
negative AMs (Denkova et al. 2013). As expected, emotion compared with the con-
text focus condition yielded increased activity in the left AMY for both positive and 
negative memories. Moreover, greater engagement of the AMY when focusing on 
emotional compared to the contextual details was associated with greater subjective 
re-experience of emotion of the recollected AMs. This finding is consistent with the 
emotion research, suggesting that the engagement of the AMY could be modulated 
by attention, current goals, and task demands (Lieberman et al. 2007; Shafer et al. 
2012), and extends the available evidence by revealing that this effect also applies 
to the retrieval of both positive and negative AMs. In contrast to the left AMY, right 
AMY activity was not modulated by the current retrieval goals in the case of nega-
tive AMs, thus suggesting a hemispheric dissociation in the AMY as a function of 
retrieval focus and valence during AM recollection. One potential explanation for 
this AMY lateralization could be linked to Glascher and Adolph’s model (Glascher 
and Adolphs 2003), which suggests that the right AMY is involved in an initial, 
automatic detection of emotions, whereas the left AMY is involved in a more elabo-
rate, cognitive representation of emotions (Morris et al. 1999; Phelps et al. 2001). 
Overall, these findings shed light on the involvement of the AMY during recollec-
tion of AMs as a function of retrieval focus and emotional valence.

In addition to the evidence highlighting the engagement of the AMY during 
emotional memory retrieval, further evidence showed increased interactions 
between an AMY-based emotion processing system and the memory-related MTL 
regions during retrieval (Dolcos et al. 2005; Greenberg et al. 2005). These findings 
are consistent with the idea that the AMY and the MTL memory system are part of 
a synergistic mechanism in which emotion enhances recollection and recollection 
enhances emotion. Emotion may enhance recollection because reinstating the affec-
tive context of the original episode is likely to facilitate the recovery of contextual 
details, such as where, when, and how the original events happened. In turn, recol-
lection of the context surrounding an emotional effect is likely to augment the emo-
tional arousal elicited by the event during retrieval (Dolcos et al. 2005).

There is also evidence that the interaction between the AMY and the MTL memory- 
related regions may be modulated by the involvement of the PFC. For instance, a 
study by Smith et al. (2006) used dynamic causal modeling to examine the effective 
connectivity among the AMY, HC, and PFC during retrieval, reporting increased bidi-
rectional connectivity between the AMY and the HC, and increased engagement of 
the medial PFC. Moreover, the latter influenced activity in the AMY and the HC dur-
ing a task requiring explicit recollection of the emotional information compared with 
a task not requiring explicit focus on emotional information. Consistent with the evi-
dence discussed above, this finding suggests that the involvement of the AMY could 
be modulated by an individual’s goals (Cunningham et al. 2008), and points to the 
involvement of top–down processes through the medial PFC, during explicit retrieval 
of emotional information (see also Denkova et al. 2015). Finally, similar to evidence 
from encoding, studies of memory retrieval for emotional laboratory (Erk et al. 2005; 

F. Dolcos et al.



67

Maratos et al. 2001; Smith et al. 2004b, 2006) and autobiographical (Botzung et al. 
2010b; Markowitsch et al. 2003; Piefke et al. 2003) events also point to the involve-
ment of the PFC linked to emotional valence. For instance, increased activity in the 
medial and/or the orbital PFC was associated with retrieval of positive contextual 
information (e.g., Erk et al. 2005) and of positive personal experiences (Markowitsch 
et al. 2003; Piefke et al. 2003). The medial orbital PFC has been associated with gen-
eral emotion processing (Davidson and Irwin 1999; Phan et al. 2002), reward-related 
(Dolan 2007; O’Doherty 2004) processing, and self-referential processing (for review 
see Heinzel and Northoff 2009; Ochsner et al. 2004). Therefore, it is possible that the 
engagement of the medial orbital PFC during retrieval of positive emotional informa-
tion is linked to the elaboration of self-relevant rewarding experience. Related to this, 
increased activity in the orbital PFC, together with its increased connectivity with the 
HC, was associated with the processing of socially rewarding stimuli (Tsukiura and 
Cabeza 2008) (see also Sect. 5.2.1 below).

In summary, the evidence discussed above supports the notion that the memory- 
enhancing effect of emotion is associated with increased activity and interaction 
between an emotion-based system involving the AMY and the memory-based MTL 
structures, during both encoding and retrieval. Whereas the MTL-based mechanism 
seems to be involved in arousal-dependent effects, valence effects could be revealed 
in the connectivity of these regions within and outside the MTL. It should also be 
noted that, although overall these findings provide strong evidence for the modulation 
hypothesis, the AMY findings, showing greater encoding and RS for emotional than 
for neutral stimuli, are also consistent with the plasticity hypothesis. Regarding the 
role of the PFC, the available evidence suggests that its involvement might be sensi-
tive to the processing of valence and might reflect higher order cognitive processing 
(e.g., semantic memory, working memory, cognitive control, and self- referential pro-
cessing), during both encoding and retrieval of emotional information.

5.2  Current Issues and Emerging Directions in the Impact 
of Emotion on Memory

This section discusses new evidence regarding three emerging research directions, 
as follows: the role of social information in emotional memory, the role of emotion 
regulation in the impact of emotion on memory, and the impact of emotion on asso-
ciative or relational memory.

5.2.1  The Role of Social Information in Emotional Memory

Recent evidence suggests that the memory-enhancing effect of emotion might 
involve more complex interplays among the AMY, MTL, PFC, and other brain 
regions, when besides the typical basic affective dimensions (arousal and valence), 
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other more abstract psychological dimensions, such as social relevance are consid-
ered. Evidence supporting these ideas is discussed in this section.

Elucidation of the complex interplay between emotion and social cognition and 
its impact on memory is important, as it may shed light on our understanding of 
emotional memory for more ecologically valid situations, involving interactions 
with other people and having direct relevance to our own social behavior. Knowledge 
acquired through previous social interactions is critical for our ability to navigate 
successfully the highly complex social world, guiding our adaptive behavior in a 
variety of social situations (Ciaramelli et  al. 2013; Spreng and Andrews-Hanna 
2015; Spreng and Mar 2012; Tsukiura 2012), which is influenced by personality 
traits affecting social behavior. For instance, trait empathy has been positively asso-
ciated with recognition memory performance in healthy individuals (Wagner et al. 
2015), and was significantly reduced in patients with hippocampal amnesia showing 
declarative memory impairments (Beadle et al. 2013), thus suggesting an important 
link between memory processes and healthy social behavior (see also Laurita and 
Spreng 2017). Moreover, recent neuroimaging evidence points to the existence of a 
network of brain regions subserving memory processes for stimuli with social rel-
evance, such as other people’s faces and impressions formed based on them (e.g., 
Gilron and Gutchess 2012; Tsukiura 2012).

Given that social information may carry emotional significance, at a basic level, 
it should probably influence memory through similar mechanisms to those engaged 
by emotion. However, because of its complexity, it is also expected to engage addi-
tional brain systems. Consistent with this idea, there is evidence that social rele-
vance requires more elaborative processing (e.g., interpretation of the stimulus 
meaning depending on the context and individual differences), and seems to enhance 
memory only when sufficient cognitive resources are available (Sakaki et al. 2012). 
Along these lines, Sakaki et al. (2012) suggested that, although basic processing of 
biologically emotional stimuli might be automatic (mediated by increased activity 
in and connectivity between the AMY and the visual cortex), processing of socially 
emotional stimuli might also depend on more elaborative processes involving 
enhanced activity in and connectivity between the AMY and the medial PFC. In 
support of this idea, neuroimaging studies have also demonstrated the involvement 
of the AMY and the medial/orbital PFC in complex social cognitive functions, such 
as detecting social cues in the environment, interpreting and monitoring affective 
reactions, engaging in self-referential processes, or processing reward and punish-
ment (e.g., Botzung et al. 2010a; Gilron and Gutchess 2012; Harvey et al. 2007; 
Somerville et  al. 2006; Tsukiura 2012; Yaoi et  al. 2015). The subsections below 
discuss evidence regarding the neural mechanisms of encoding and retrieving 
socially relevant information.

Encoding of Socio-emotional Memories Recent studies have suggested that the 
role of the AMY might extend beyond successful encoding of general emotional 
stimuli, to include successful encoding of socially (personally) relevant stimuli 
(Botzung et al. 2010a; Harvey et al. 2007; Kleinhans et al. 2007; Tsukiura 2012) 
and, more broadly, processing of stimuli with motivational significance (Adolphs 
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2010; Cunningham and Brosch 2012). For instance, by using personally relevant 
social stimuli (e.g., portions of basketball games), Botzung et al. (2010a, b) reported 
that AMY activity was preferentially sensitive to highly emotional memories, espe-
cially those regarding positively valenced plays. In this context, it is interesting to 
note that increased AMY activity was also observed when people imagined positive 
future events relative to negative ones (Sharot 2011; Sharot et al. 2007b). It is pos-
sible that basketball fans are more apt to consider positive (versus negative) plays as 
more personally significant, and thus this greater self-relevance could lead to 
increased AMY involvement in the encoding of positive personal episodes (but see 
Northoff et al. 2009). Overall, these findings suggest that the involvement of the 
AMY in emotional memory encoding might be influenced by personal involvement 
during encoding of positive episodes, which identifies the social belonging of the 
individual.

There is also evidence pointing to the role of the AMY in encoding both positive 
and negative information about social others (e.g., faces, traits) (Said et al. 2009; 
Schiller et al. 2009; Vrtička et al. 2012). It is possible that, owing to its intrinsic 
motivational value and importance for survival, social relevance in stimuli is 
detected by the AMY independently of the valence and arousal dimensions (Harvey 
et al. 2007; Vrtička et al. 2012). These findings are consistent with the involvement 
of the AMY in social cognition and behavior, and with a more general role of this 
region in tracking subjective significance or relevance in the environment based on 
the current goals (Adolphs 2010; Cunningham and Brosch 2012).

Besides the AMY, extant evidence also suggests the involvement of medial/
orbital PFC regions in encoding socially relevant stimuli (Gilron and Gutchess 
2012; Gutchess et al. 2015; Harvey et al. 2007; Tsukiura 2012; Vrtička et al. 2012; 
Yaoi et al. 2015). For instance, increased activity in the medial PFC has been associ-
ated with both enhanced memory for the information encoded with reference to 
oneself – i.e., the self-reference effect (Greenwald and Banaji 1989; Gutchess et al. 
2015; Macrae et al. 2004; Yaoi et al. 2015) – and with encoding of impressions of 
other people, based on face–behavior associations (Cassidy et al. 2013; Gilron and 
Gutchess 2012; Mitchell et al. 2004). In addition, activity in the medial orbitofrontal 
cortex (OFC) was associated with encoding of faces signaling positive social cues 
(Tsukiura and Cabeza 2008, 2011a, b) and scenes with a social content in general 
(Harvey et al. 2007; Vrtička et al. 2012). These findings are consistent with the role 
of the medial PFC regions in the representations of an individual’s own and of oth-
ers’ minds (Northoff et al. 2006; Wagner et al. 2012), in addition to the encoding 
and integration of the subjective value of the stimuli (Delgado et al. 2016).

Moreover, greater activity in the medial OFC, together with enhanced functional 
connectivity with the HC, have been observed during successful encoding of 
socially rewarding stimuli (i.e., smiling and attractive faces) (Tsukiura and Cabeza 
2008, 2011a). These findings emphasize the interplay between the reward-related 
brain regions (medial PFC/OFC) and the memory-related regions (HC) during the 
formation of memory for positive social stimuli. In contrast, the enhancing effect of 
socially negative signals (e.g., untrustworthy or unattractive faces) on memory was 
mediated by increased activity in and connectivity between the insula and the HC 
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(see also Botzung et al. 2010a; Tsukiura and Cabeza 2011b; Tsukiura et al. 2013). 
Finally, activity in the anterior temporal lobe (ATL) structures along with connectiv-
ity with the AMY, MTL, and medial PFC regions have also been implicated in 
socio-emotional memory encoding, particularly with regard to its role in represent-
ing and storing personal identity information (Collins and Olson 2014; Olson et al. 
2013; Spreng and Andrews-Hanna 2015; Tsukiura et al. 2010).

Retrieval of Socio-emotional Memories The involvement of the AMY and the 
memory-related MTL regions, together with the engagement of the PFC, have been 
revealed during the retrieval of socio-emotional memories. First, increased AMY 
activity was linked to retrieval of faces that had previously been encoded with emo-
tional descriptions of behaviors in general (Somerville et al. 2006), and with social 
fairness learned in the context of an economic game (Singer et al. 2004). Second, 
increased activity in, and interactions between the AMY and the HC have been iden-
tified for socially induced memory errors during retrieval (Edelson et al. 2011), thus 
suggesting that social interaction could have long-lasting effects on memory through 
AMY–HC mechanisms. Regarding PFC regions, the right medial PFC appears to 
mediate retrieval of social contexts, whereas the left medial PFC seems to underlie 
retrieval of self-generated contexts (Mano et al. 2011), thus revealing that dissociable 
regions within the PFC mediate social and self-referential processing during episodic 
memory retrieval. Finally, increased activity in the ATL along with its enhanced con-
nectivity with the HC have been associated with the retrieval of personal identity 
information (Collins and Olson 2014; Tsukiura et al. 2008, 2011).

Functional Systems and Networks in Socio-emotional Memories As discussed 
above, there is ample evidence supporting the idea that the encoding and retrieval of 
information with social relevance are subserved by the interaction of a host of 
regions broadly involved in emotion processing, social cognition, and memory pro-
cesses. In integrating the differential contributions of brain regions to socioemo-
tional memory, Tsukiura (2012) has posited that the impact of affective information 
on memory for faces may be mediated by the interaction between the two neural 
systems: affective (AMY, medial OFC, and insula) and memory (HC, fusiform face 
area [FFA]) systems (Fig. 5.2). In this context, the AMY may detect general emo-
tional intensity in faces and work in concert with the medial OFC and the insula to 
process positive and negative signals from the faces respectively. These emotion 
processing regions may then modulate activity in the HC and the FFA, which have 
been implicated in encoding and retrieval of neutral faces (Prince et al. 2009), in 
enhancing memory for faces with affective information (Tsukiura 2012). This 
model is consistent with evidence that the memory-enhancing effect of emotion in 
general involves AMY-MTL interactions with top–down modulatory influences 
from the PFC regions (Dolcos et al. 2012), and with the emerging view of the AMY 
as a functional hub in the large-scale functional networks subserving various facets 
of social cognition and behavior in humans (Bickart et al. 2014). Moreover, evi-
dence from the recent studies examining the dynamics of large-scale functional 
networks of the brain suggests that the complex processes involved in socio- 
emotional memory may be subserved by a network of regions whose activity repre-
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sents a “default state” of the brain. These studies identified considerable overlap 
between the networks of regions typically activated in tasks involving emotion pro-
cessing, social cognition, and episodic memory, and brain regions consistently acti-
vated when individuals are at rest – i.e., the default mode network (DMN) (Li et al. 
2014; Schilbach et al. 2012; Spreng and Mar 2012). For instance, a recent meta-
analysis which employed conjunction analyses to identify the common set of 
regions implicated consistently in studies of emotion processing, social cognition, 
and resting state confirmed the common involvement of a dorsal subregion of the 
medial PFC (dmPFC) along with the precuneus, suggesting that introspective pro-
cesses may be a common denominator across the three processes (Schilbach et al. 
2012). The dmPFC is considered part of the dorsomedial subsystem of the DMN 
(Spreng and Andrews-Hanna 2015), and more importantly, this region has been 
implicated in a broad range of social cognitive processes, including successful 
memory encoding of first impressions (Gilron and Gutchess 2012; Mitchell et al. 
2004) and temporary storage and maintenance of information about others’ traits 
(Meyer and Lieberman 2012; Meyer et al. 2015).

Interestingly, previous studies assessing resting-state connectivity within the 
DMN have shown that greater intrinsic functional connectivity among regions 
within this network is linked to more frequent retrieval of AMs in a social context 
(Yang et al. 2013) and higher scores in emotional intelligence (Takeuchi et al. 2013). 
Moreover, in support of these findings, and further extending the traditional view of 
the DMN, emerging evidence suggests that the AMY, through its high intrinsic and 
task- evoked connectivity with a subset of the DMN regions, might constitute a func-
tional network involved in both maintenance of the brain’s default state and various 
socio- affective processes (i.e., the extended social-affective default network) (Amft 
et al. 2015; see also Bickart et al. 2014; Schilbach et al. 2008). Taken together, these 
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Fig. 5.2 A hypothetical 
model of the neural 
mechanisms underlying the 
effect of face-based 
affective signals on 
memory for faces. AMY 
amygdala, OFC 
orbitofrontal cortex, INS 
insular cortex, HIP 
hippocampus, FFA 
fusiform face area 
(Reproduced from 
Tsukiura 2012, with 
permission)
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findings identify the critical role of the DMN and associated regions in socio-emo-
tional memory processes, and further demonstrate that variability in intrinsic con-
nectivity among the DMN regions is linked to behavioral indices of emotional, 
social, and memory processes. Future research directly examining the relationships 
between task- evoked and intrinsic activity/connectivity in the (extended) DMN 
regions, in addition to behavioral performance, would be helpful in elucidating the 
role of large-scale networks in memory encoding and retrieval of information with 
social relevance.

In summary, recent neuroimaging studies examining the impact of social relevance 
on the emotional enhancing effect on memory emphasize the involvement of the 
AMY, HC, PFC, along with other regions involved in emotion processing and social 
cognition (e.g., insula, ATL), during both encoding and retrieval of socio- emotional 
memories. The engagement of the AMY/HC and the medial PFC was linked to mem-
ory for positive stimuli with increased personal or social relevance, whereas the HC 
and the insula were linked to memory for negative social stimuli, such as untrust-
worthy and unattractive faces. In addition, the AMY, medial PFC, and ATL were also 
associated with encoding and retrieval of social information, regardless of their 
valence, and these findings are consistent with the involvement of these regions in 
social cognition and behavior. Emerging evidence from the investigations of large-
scale functional networks has also begun to reveal the link between the brain’s intrin-
sic functional architecture and various social-affective and cognitive processes 
subserving socio-emotional memory, with the dmPFC possibly serving as a “hub” of 
these processes. Therefore, memory encoding and retrieval of information with social 
relevance seem to involve complex interactions among both distinct and overlapping 
neural networks subserving basic emotion processing, social cognition, and memory 
processes, which may collectively allow us to integrate information from internal and 
external sources to adaptively navigate through the social landscape.

5.2.2  The Role of Emotion Regulation in the Impact 
of Emotion on Memory

The topic of emotion regulation (ER) has gained considerable interest, as the ability 
to cope adaptively with emotionally challenging situations is vital for physical and 
mental health (Gross 2008, 2015). Important progress has been made in understand-
ing the neural correlates of ER associated with the immediate effects of engaging 
specific strategies, which are typically reflected in reduced emotional experiences, 
if down-regulated (e.g., Lieberman et al. 2011; Ray et al. 2010). However, less is 
known about the long-term effects of ER on memory for emotional events. These 
issues are discussed in the present section.

The two most widely studied ER strategies in brain imaging research are cogni-
tive reappraisal, which involves attempts to change the meaning of stimuli/situa-
tions (by thinking for instance that the situation is not real), and expressive 
suppression, which involves attempts to decrease emotionally expressive behavior 
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(Gross 2008). Extensive research suggests that reappraisal might have an advantage 
over suppression in reducing emotional experiences (Eippert et al. 2007; Kalokerinos 
et al. 2015; Olatunji et al. 2015), and a differential engagement of brain regions by 
these ER strategies (Goldin et al. 2008; Hermann et al. 2014). More recently, ER 
research has also considered the impact of attentional deployment strategies, such 
as focused attention (FA), which involves shifts in attention to or away from the 
emotional aspects of emotion eliciting stimuli or events (Gross 2008; Sheppes et al. 
2014). The effectiveness of attentional deployment ER strategies has been con-
firmed by a recent meta-analysis (Webb et  al. 2012), and the underlying neural 
mechanisms have also been investigated in some recent functional magnetic reso-
nance imaging (fMRI) studies (Dorfel et al. 2014; Kanske et al. 2011; McRae et al. 
2010). Recent studies also started clarifying how the engagement of various ER 
strategies affects the impact of emotion on memory (Ahn et al. 2015; Dillon et al. 
2007; Richards and Gross 2000), and the underlying neural circuitry (Binder et al. 
2012; Erk et al. 2010; Hayes et al. 2010). Better understanding of the impact of ER 
on emotional memories has important implications for understanding and treating 
affective disorders, which are characterized by an excessive focus on negative mem-
ories (Rubin et al. 2011; Williams and Moulds 2010) and emotional dysregulation 
(Gotlib and Joormann 2010; Mayberg 1997; Sheppes et al. 2015). Evidence emerg-
ing from the literature regarding the impact of ER on emotional memory is dis-
cussed below.

ER and Emotional Memory Encoding Overall, available research reveals that 
engaging cognitive reappraisal during memory encoding enhances subsequent 
memory for the reappraised information (Dillon et al. 2007; Liu et al. 2015; Richards 
and Gross 2000), even after longer intervals (Ahn et al. 2015; Kim and Hamann 
2012), whereas suppression tends to impair memory for the suppressed items 
(Richards and Gross 2000). One potential explanation that has been put forward to 
explain the beneficial effects of reappraisal on memory is linked to semantic 
 elaboration processes involved during reappraisal, which may lead to a deeper level 
of encoding of the reappraised items (Dillon et al. 2007). Interestingly, the memory 
advantages of reappraisal have also been linked to increased bias toward enhancing 
positive memories (Levine et  al. 2012). Regarding the neural correlates of reap-
praisal and suppression of emotional memory, recent neuroimaging studies point to 
a differential neural engagement of the HC and PFC for successfully encoded emo-
tional items that were reappraised or suppressed (Binder et al. 2012; Hayes et al. 
2010). Specifically, Hayes et al. (2010) showed that the memory enhancement by 
reappraisal was linked to increased engagement and co-activation of the HC and the 
left lateral PFC (Fig. 5.3), whereas Binder et al. (2012) revealed that the memory 
impairment by suppression was associated with decreased engagement and co-acti-
vation of the HC and the lateral PFC. These findings suggest that the core memory 
region (HC) and a higher-level cognitive processing region (PFC), along with their 
interplay during memory formation of “regulated” emotional items, are differently 
affected by the engagement of these ER strategies, which results in different effects 
on the subsequent emotional memory.
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ER and Emotional Memory Retrieval Laboratory events. One of the most fre-
quently studied strategies for inhibiting retrieval of laboratory-based episodic mem-
ories is thought suppression (Benoit et al. 2015; Depue et al. 2006, 2007; Kupper 
et  al. 2014). It is referred to as an attentional deployment strategy (Sheppes and 
Gross 2012) and is typically studied using the think/no-think paradigm, during 
which participants first learn cue–target pair associations. They are then presented 
with the cues and instructed to suppress retrieval of the associated targets. In gen-
eral, suppressing retrieval of unwanted emotionally neutral memories has been 
linked to top–down influences of the lateral PFC on the HC (Benoit et al. 2015; 
Gagnepain et al. 2014), and this effect was even stronger in participants who are 
better at suppressing memories (Benoit and Anderson 2012). More specifically, sup-
pressing retrieval of emotional information has been linked to two-stage neural 
mechanisms, involving initial inhibition by cognitive control regions (inferior fron-
tal gyrus) on visual regions (fusiform gyrus), followed by a subsequent inhibition by 
cognitive control regions (middle frontal gyrus) on emotional memory regions 
(AMY and HC) (Depue et al. 2007). This finding highlights the importance of con-
sidering the emotional content of unwanted memory and suggests that, although 
common mechanisms involving the PFC and the HC might play a role in suppress-
ing both emotional and non-emotional memory retrieval, specific patterns of activ-
ity might be linked to suppressing the retrieval of emotional information.

Autobiographical Events. Investigation of the neural correlates underlying the 
impact of ER during autobiographical recollection is of particular relevance not 
only for everyday activities in healthy populations, but also for affective disorders. 
The very few studies investigating ER in the context of emotional AM retrieval 
focused particularly on reappraisal (Fabiansson et al. 2012; Holland and Kensinger 
2013; Kross et al. 2009), and reported that it can lead to a decrease in emotional 
experience accompanying the retrieval of AMs. However, evidence regarding the 
associated neural correlates is not conclusive, particularly concerning the role of 
emotion- related brain regions. For instance, Holland and Kensinger (2013) reported 
increased activity in the lateral and the medial PFC, when participants down- 
regulated their emotional reactions using reappraisal during the (re)construction of 
AMs, but this was also associated with increased, rather than decreased, activity in 

Fig. 5.3 Stronger positive correlation between the left inferior frontal gyrus (IFG) and hippocam-
pus (HC) when using reappraisal. Compared with passive viewing and suppression, reappraisal 
was associated with increased IFG–HC correlation for memory-related activity (Dm effect) as a 
function of the emotion regulation (ER) strategies used during encoding. Dm difference due to 
memory (Reproduced from Hayes et al. 2010, with permission)
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emotion-related regions. The other two studies did not report specific activations 
related to reappraisal, which could be due to the use of only a few memories repeat-
edly presented across different conditions and/or to delayed instructions to regulate 
(i.e., after the engagement of memory retrieval) (Fabiansson et al. 2012; Holland 
and Kensinger 2013; Kross et al. 2009).

A recent study identified the neural underpinnings of FA, as an effective atten-
tional deployment ER strategy during emotional autobiographical recollection 
(Denkova et al. 2015). This study revealed that focusing on the non- emotional con-
textual aspects (time, location, other persons present, etc.), and away from the emo-
tional aspects of highly emotional personal memories led to decreased self-reported 
ratings of emotional experiences associated with those memories. This behavioral 
effect was accompanied by increased activity in the ventromedial PFC (vmPFC) 
and decreased activity in the AMY. Moreover, mediation analysis suggested that the 
vmPFC might play the role of a functional hub, integrating affective signals from 
the AMY and mediating their impact on the subjective re-experiencing of emotion 
according to the current retrieval focus (Fig. 5.4). Importantly, the finding regarding 
the role of the AMY (see also Dolcos et al. 2006a) challenges the view promoted by 
most of the functional neuroimaging studies of ER, which mainly emphasize top–

Fig. 5.4 Ventromedial PFC mediates the link between AMY and emotional ratings, when focus-
ing away from the emotional aspects of autobiographical recollections. Mediation analysis identi-
fied a significant (p = 0.009) negative mediation effect of the ventromedial PFC (vmPFC) on the 
relation between the AMY and emotional ratings, while focusing on non-emotional aspects of 
personal memories, and a significant (p = 0.03) positive direct effect (path c′, X to Y controlling for 
M) between AMY and emotional ratings, when controlling for the influence of the 
vmPFC. Standardized coefficients and significance noted with asterisks are reported for each path. 
*p < 0.05; **p < 0.01; ***p < 0.001 (two-tailed); ns not significant (Reproduced from Denkova 
et al. 2015, with permission)

5 Current Issues and Emerging Directions in the Impact of Emotion…



76

down influences on the response of the AMY from the PFC regions involved in 
cognitive control, rather than reciprocal influences between these regions and the 
AMY.

It is important to note that the manipulation used here involves simply switching 
the retrieval focus, whereas the main task remains the same (i.e., recollection of 
personal memories). This remarkably subtle manipulation is consistent with ER 
studies showing that the manipulation of attention focus either on emotional or non- 
emotional aspects during working memory tasks can alter the emotional responses 
(Thiruchselvam et  al. 2011) and performance (Iordan 2016). Interestingly, this 
manipulation can also be linked to emerging evidence in the AM literature high-
lighting the beneficial impact of episodic specificity induction, which involves 
remembering events in great detail (Madore and Schacter 2016). This recent line of 
research revealed that focusing on very specific episodic details related to places 
and people may be beneficial to a range of cognitive tasks (Madore et  al. 2015; 
McFarland et al. 2017), and to psychological well-being (Jing et al. 2016). These 
emerging lines of evidence are also consistent with previous studies showing that 
training people to be more concrete and specific in recollecting memories may have 
beneficial effects on depression (Raes et al. 2009; Watkins et al. 2009). The findings 
from the study by Denkova et al. (2015) extend such investigations to emotional 
AMs, by revealing that focusing on non-emotional aspects of AMs can influence the 
emotional (re)experience of such memories. These findings provide support for 
cognitive behavioral therapies involving ER training to “distract” from emotional 
aspects of personal memories, by focusing and elaborating on non- emotional con-
textual aspects of retrieved AMs, which in turn leads to reduced self- experienced 
emotions.

In summary, emerging evidence regarding the impact of ER on emotional mem-
ory suggests that the use of ER strategies influences both formation and retrieval of 
emotional memories at behavioral and neural levels. In particular, using different 
ER strategies while encoding or retrieving emotional information seems to result in 
differential effects on subsequent memory (enhanced versus impaired). More spe-
cifically, available evidence suggests that using cognitive reappraisal during encod-
ing leads to enhanced emotional memory, whereas using suppression leads to 
impaired memory, and that reappraisal tends to favor positive memories. Using 
attentional deployment strategies, such FA, can have beneficial effects on the 
retrieval of emotional personal memories, because it can enhance the emotional 
impact of positive memories and reduce the impact of distressing ones. These 
behavioral effects are coupled with differential engagement of, and connectivity 
between, specific lateral and medial PFC regions, associated with cognitive control, 
and the MTL regions, associated with emotion (AMY) and memory (HC). Notably, 
the patterns of activity and connectivity linked to the engagement of ER are also 
consistent with the idea discussed in Sect. 5.1 that the PFC plays an indirect/mediat-
ing role in the formation of emotional memories, and further suggests that ER strat-
egies might affect the basic MTL-related mechanisms underlying emotional 
memories through the involvement of the indirect PFC-related mechanisms.
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5.2.3  The Impact of Emotion on Associative  
or Relational Memory

As highlighted in the previous section, there is abundant evidence that emotions 
play a critical modulatory role in episodic memory (Dolcos et al. 2012; Weymar and 
Hamm 2013). For instance, when emotional and neutral items (e.g., words, faces or 
scenes) are presented in isolation and memory is tested at a later time, emotional 
items are better remembered than neutral ones (e.g., Bradley et al. 1992; Dolcos 
et al. 2005; Weymar et al., 2009). This memory-enhancing effect of emotion has 
been attributed to the involvement of the AMY and its interaction with the memory-
related MTL regions (HC, perirhinal and parahippocampal cortices) (Dolcos et al. 
2012), which can also be influenced by social context and cognitive control (see 
also Liu et al. 2016). An important aspect of human memory, however, is the bind-
ing of contextual information (e.g., time, place, or associative cues), which consti-
tutes many disparate features of a unified event (Davachi 2006; Ranganath 2010). 
This section discusses evidence regarding the impact of emotion on such associa-
tions, and the underlying neural mechanisms.

When experiencing a traffic accident, associated cues, such as the make of the 
car, the color of the surrounding vehicles, a radio song or a brake noise, that were 
part of such experience, are also able to reactivate strong emotional memories when 
exposed to them later. Understanding such fundamental associative mechanisms is 
crucial for everyday life, and is also relevant for clinical conditions. For instance, 
events associated with traumatizing contexts leading to post-traumatic stress disor-
der (PTSD) can involuntarily trigger vivid distressing memories in the form of 
intrusive thoughts, flashbacks, or nightmares (e.g., Flor and Nees 2014; Wilker et al. 
2014), in which binding mechanisms seem to be compromised. Recent research 
has, therefore, focused on the effects of emotion on memory for items as a part of, 
or in relation to, other items (reviewed by Chiu et al. 2013). Both enhancing and 
impairing effects of emotion on memory binding have been observed and, as dis-
cussed below, these opposing effects have been explained in the context of different 
(but not mutually exclusive) views (Bisby et al. 2016; Chiu et al. 2013; Christianson 
1992; Kensinger 2009; Mather and Sutherland 2011).

Behavioral Findings It has long been known from the attention literature 
(Easterbrook 1959) that emotional arousal narrows attention to central cues, at the 
cost of peripheral, irrelevant cues. This prioritization of resources toward central 
aspects of information can result in better memory, compared with neutral periph-
eral or contextual information, which tends to be attended less (Buchanan and 
Adolphs 2002; Burke et al. 1992; Christianson 1992). For instance, memory is bet-
ter for central aspects in a scenario (e.g., the weapon itself), but worse for other 
surrounding contextual details (e.g., about the perpetrator holding the weapon). 
Thus, emotional salience can weaken the integration of central aspects with periph-
eral contextual information into a unified memory representation (Mather 2007). 
This phenomenon is also referred to as emotion-induced memory trade-off 
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(Kensinger 2009), in which memory is enhanced for emotional items but impaired 
for the associated neutral backgrounds.

Among the various accounts for these opposing effects of emotion on memory 
(e.g., Chiu et al. 2013; Kensinger 2009; Mather 2007), one suggests that emotional 
arousal has differential effects on memory binding depending on certain aspects 
related to an event. Mather (2007) proposes that, on the one hand, emotion can 
boost memory for within-binding features, but on the other hand, it impairs memory 
for between-object features, which do not take advantage of emotional arousal (see 
also Kensinger 2009, for relationship to the intrinsic versus extrinsic distinction). 
These assumptions were derived from a number of studies using either within-item 
or between-item binding tasks (for overview see Chiu et al. 2013). For instance, 
there is evidence that specific intrinsic features, such as color (e.g., D’Argembeau 
and Van der Linden 2004; Doerksen and Shimamura 2001) or location (Mather and 
Nesmith 2008; Nashiro and Mather 2011) of emotional stimuli, are better remem-
bered than the same features associated with neutral events. By contrast, memory-
imparing effects are observed for extrinsic aspects and contextual details of 
emotional stimuli, when emotional objects are accompanied by neutral scenes 
(Kensinger et al. 2007), when neutral stimuli (e.g., objects) are overlaid on emo-
tional scenes (Touryan et al. 2007b), or when emotional scenes are associated with 
a colored frame (Rimmele et al. 2011).

Mather’s view regarding these effects has been recently postulated in the so- 
called arousal-biased competition (ABC) theory (Mather and Sutherland 2011), 
which highlights another important factor contributing to memory binding, namely, 
attentional priority. According to this model, emotional arousal enhances process-
ing of whatever has the highest priority (because of bottom–up salience or top–
down relevance), and impairs processing of information with lower priority (Mather 
and Sutherland 2011). Thus, emotional arousal may enhance associative memory 
for features of high-priority items (e.g., color or location of an item) and impair 
memory for neutral items, when presented at the same time (or almost the same 
time, see Sakaki et al. 2014) as emotional items. For instance, presentation of emo-
tional images can enhance memory for preceding neutral objects when these objects 
receive high priority, but can impair memory when these objects are not prioritized 
(Sakaki et al. 2014).

This theory also addresses previous behavioral findings, in which better memory 
was found for neutral words presented in the context of emotional words (Guillet 
and Arndt 2009) or when neutral objects were placed on emotional scenes (e.g., 
Smith et al. 2004b, 2005; Ventura-Bort et al. 2016b), which should result in worse 
memory for the neutral event following the attention-narrowing (Easterbrook 1959) 
or between-binding concept (Mather 2007). In these studies, participants were 
instructed to learn word–word associations (Guillet and Arndt 2009) or to mentally 
integrate or connect objects and pictures at encoding (e.g., Smith et  al. 2004b), 
which gives such associations high “attentional priority” that may facilitate binding 
of emotional and neutral information and diminish competition.

To summarize, behavioral findings point to both enhancing and impairing effects 
of emotion on memory binding, and these opposing effects can be explained by dif-
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ferences in attentional deployment toward, and prioritization of, emotional items 
and associated features (Easterbrook 1959; Kensinger 2009; Mather 2007; Mather 
and Sutherland 2011). The next subsections discuss evidence concerning the neural 
mechanisms of these effects.

Neural Findings: Encoding At the neural level, the effect of emotion on associa-
tive memory remains largely unexplored. Available evidence from emotional mem-
ory research reviewed in the previous sections suggests that the effects of emotion 
on binding are mediated by the AMY (in interaction with regions supporting sen-
sory and perceptual processing, e.g., Lang and Bradley 2010), which may modulate 
regions in the MTL (e.g., HC) that are important for relational representations, such 
the binding of item and context information (Davachi 2006; Ranganath 2010). 
Empirical evidence, however, has not been conclusive so far, partly because of dif-
ferences in experimental designs and aspects tested (e.g., within versus between 
features) related to an event. In a study investigating the trade-off in memory, 
enhanced encoding activity was observed in emotional memory regions, such as the 
AMY, HC, and PFC regions (Waring and Kensinger 2011), when participants 
remembered emotional items better than neutral items presented in neutral scenes. 
Similarly, increased AMY activity was reported for emotional words that were sub-
sequently remembered, compared with neutral words (Kensinger and Schacter 
2006a). This is also in line with Dougal et al. (2007), who found AMY and MTL 
activation showing covariation with subsequent item memory for emotional words. 
However, such memory-enhancing effects in the AMY (and the MTL) were not 
observed for emotional events when associated contextual details (i.e., semantic 
judgment or color) were tested (Dougal et al. 2007; Kensinger and Schacter 2006a). 
This finding is consistent with evidence regarding the role of the AMY in emotional 
gist memory (e.g., Adolphs et al. 2005). Hippocampal activity, on the other hand, 
was related to correct memory of contextual details (Ranganath 2010) for both emo-
tional and neutral events.

Together, these findings support the view that the AMY is specifically involved 
in memory-enhancing effects for aspects that are intrinsically linked to the emo-
tional event itself (see also Thoresen et  al. 2012), but not to extrinsic aspects. 
However, this prioritized processing of emotion-associated information, which 
could lead to better memory storage, is not restricted to intrinsic aspects of the emo-
tional event. When participants are instructed to intentionally connect, for instance, 
objects and their locations with emotional or neutral background scenes, better 
memory is observed for the location of the objects when presented with emotional 
scenes, and this was associated with enhanced AMY activity during encoding (Luck 
et al. 2014). It remains to be clarified, however, whether or not such an emotion- 
enhancing effect is related to preferential processing due to high attentional priori-
tization, as suggested by Mather and Sutherland (2011). Extant evidence also points 
to a network consisting of the AMY and visual processing areas involved during 
encoding, depending on whether or not information is prioritized (Lee et al. 2014). 
This indicates that emotional arousal can in fact amplify visual processing of high- 
priority events, which may influence subsequent MTL-based binding into a long- 
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lasting memory representation. This idea is consistent with event-related potential 
(ERP) findings of early enhanced perceptual and elaborative processing in condi-
tioning studies using aversive electrical shocks (for review see Miskovic and Keil 
2012) or emotional background pictures (Ventura-Bort et al. 2016a), as uncondi-
tioned stimuli, which provide support for the finding by Lee et al. (2014).

Neural Findings: Retrieval Neural evidence for emotion effects on associative 
binding also comes from studies investigating memory retrieval. When measuring 
neural activity during a recognition memory test for words that had been encoded in 
the context of emotional and neutral sentences, enhanced activation was found for 
words from the emotional context in the AMY, HC, and PFC (Maratos et al. 2001), 
consistent with previous retrieval findings testing emotional item memory (e.g., 
Dolcos et al. 2005). Increased AMY activation during retrieval was also observed 
for recognized unpleasant scenes compared with forgotten ones, when cued by 
either an unpleasant or a neutral associated scene (Bisby et al. 2016). Moreover, 
increased retrieval activity was identified in the AMY, HC, and PFC when objects 
(and source information) from emotional background scenes were remembered 
(e.g., Smith et  al. 2004b, 2005). Notably, both the AMY and the HC showed 
enhanced connectivity (Smith et al. 2006), during retrieval of objects that had been 
associated with emotional scenes during encoding, suggesting that the AMY and 
the HC support the retrieval of emotion-associated information from episodic mem-
ories when successfully integrated (see encoding instructions by Smith et al. 2004b, 
2005, 2006; but see also Takashima et al. 2016 for HC involvement when emotional 
context memory is inaccurate).

The retrieval data from imaging studies, showing a memory-enhancing effect of 
emotion on associative binding, are also supported by a recent ERP study (Ventura- 
Bort et al. 2016b). Using a similar paradigm to the one used by Smith and  colleagues 
(2004a, b, 2005, 2006), this study found larger parietal positivity during retrieval of 
neutral objects previously encoded with emotional, but not neutral, background 
scenes (Fig. 5.5a) (Smith et al. 2005; Ventura-Bort et al. 2016b). The observed pari-
etal old/new effect (>400 ms after stimulus onset) has been related to recollection-
based remembering (Rugg and Curran 2007; Weymar and Hamm 2013), suggesting 
that objects from emotional contexts were better recollected than those from neutral 
contexts. A similar ERP retrieval signature has been found for stimuli encoded 
under the threat of shock (Weymar et al. 2013, 2014). Specifically, when a painful 
electric shock was merely anticipated, signaled by the color of a stimulus (word; 
within-object binding), compared with a safety (no- shock) condition, words from 
the anticipatory threat condition were better recollected than words from the safety 
condition (Fig. 5.5b). Interestingly, the observed context effects on memory were 
most reliable for emotional events (Weymar et al. 2013, 2014), which fits with the 
ABC theory positing that arousal (e.g., threat of shock) during encoding may later 
facilitate the recollection of prioritized information (e.g., emotional salient words). 
These studies also show that a context that is bound to an event is not restricted to 
the actual experience, but also to its mere anticipation (see for example, cognitive 
contexts: Maren et al. 2013).
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The study by Ventura-Bort et al. (2016b) points to an important factor that may 
have an impact on memory binding – the retention interval. Specifically, enhanced 
ERP old/new effects were observed for objects from emotional contexts when tested 
1 week after initial encoding, but not in previous studies using immediate or 24-h 
delayed testing (e.g., Jaeger et al. 2009; Jaeger and Rugg 2012; Smith et al. 2004a). 
A number of studies have demonstrated that longer retention periods facilitate con-
solidation processes, resulting in memory-enhancing effects for highly arousing 
emotional events, compared with less arousing neutral ones (e.g., Dolcos et  al. 
2005; LaBar and Cabeza 2006; Ritchey et  al. 2008; Weymar and Hamm 2013; 
Yonelinas and Ritchey 2015). Thus, emotion may facilitate associative binding after 
longer delays, which is also supported by recent findings from Pierce and Kensinger 

Fig. 5.5 Retrieval-related ERP signature (old/new effect) of stimuli previously associated with 
emotional and neutral contexts. (a) Grand average ERP waveforms at a representative centro- 
parietal sensor cluster for correctly recognized objects that had been encoded in the context of an 
emotional background scene (red line) or neutral background scene (black line) and correctly clas-
sified new objects (grey line). the encoding sequence of the experiment is displayed upper left. In 
this experiment 144 objects were presented in the context of 144 background scenes (48 pleasant, 
48 neutral, 48 unpleasant). Objects were presented first followed by the background scene, to avoid 
direct competition between emotional backgrounds and neutral objects. To facilitate memory bind-
ing, participants were instructed to imagine that the object is a part of the scene. The graph below 
illustrates the scalp topographies of the ERP difference (old minus new; 400–700 ms) separately 
for objects originally paired with emotional or neutral scenes (Adapted from Ventura-Bort et al. 
2016b, with permission). (b) Grand average ERP waveforms at a representative centro-parietal 
sensor cluster for correctly remembered words encoded in a font color (see encoding sequence 
upper left) that signaled threat of shock (red line) or safety (black line) and correctly classified new 
words (gray line). The graph below illustrates the scalp topographies of the ERP difference (old 
minus new; 500–700 ms) separately for emotional words originally encoded under threat or safety 
(Adapted from Weymar et al. 2013, with permission)
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(2011), using emotional and neutral word pairs. Hence, future research should also 
consider retention interval as an important factor when examining emotion effects 
on associative binding.

An Emerging Alternative Account: The Role of “Unitization” Another interest-
ing explanation for the opposing effects of emotion on memory binding has recently 
been proposed by Chiu et  al. (2013), who suggest that enhancing or impairing 
effects might result from the way in which items are represented in the memory 
(unitized or not). This view was derived from a growing body of literature pointing 
to distinct MTL regions that support item (perirhinal cortex) and relational (parahip-
pocampal cortex/HC) memory representations (e.g., Cohen et  al. 1999; Davachi 
2006; Ranganath 2010). Recent fMRI studies (Haskins et al. 2008; Staresina and 
Davachi 2010) revealed that the perirhinal cortex may also contribute to simpler 
forms of associative learning, based on unitization, which involves representation of 
separate components as a single unit (Graf and Schacter 1989), such as the associa-
tion between an object and its color or location. Therefore, item memory and 
 unitized items can be mediated by similar mechanisms, unlike memory representa-
tions that involve more complex associations (e.g., temporal, spatial, situational), 
which rely on HC-dependent mechanisms (Konkel and Cohen 2009). This finding 
is also supported by recent ERP data showing differential ERP old/new effects 
related to familiarity and recollection for highly unitized and less unitized associa-
tions (Diana et al. 2011).

Based on the extant evidence, Chiu et al. (2013) suggest that emotion might lead 
to enhancement of “item-only” or unitized memory representations, but it impairs 
more complex HC-dependent relational representations. Therefore, emotion leads 
to memory enhancement in tasks where the nature of the item–source association is 
more intrinsic (e.g., color or location) and allows a single representation, but it pro-
duces impairments when complex HC-dependent associations are required, for 
instance, in tasks using object–background associations (Kensinger et al. 2007) or 
item pairs (Mather and Knight 2008). However, when separate objects or features 
receive equivalent attention, for instance, by instructions to mentally integrate or 
connect certain items (e.g., Smith et al. 2004a, b; Ventura-Bort et al. 2016b), this can 
facilitate unitized processing and later remembering. A recent study by Murray and 
Kensinger (2014) using emotional and neutral word pairs found that such integra-
tive mental imagery relies more on amygdalar and parietal processing, and less on 
frontal and hippocampal processing, indicating that unitized emotional associations 
may be less frequently mediated by HC-dependent mechanisms (see also Ventura-
Bort et al. 2016b for a discussion on the involvement of familiarity-based recogni-
tion and valence). However, more research is required to substantiate this view, as 
to our knowledge it has not been empirically tested using systematic manipulations 
of unitization.

To summarize, both enhancing and impairing effects of emotion on memory 
binding have been observed that can be explained by differences in attentional 
deployment toward emotional items and associated features during encoding 
(Easterbrook 1959; Kensinger 2009; Mather 2007; Mather and Sutherland 2011) 
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that are processed in a unitized or complex manner (Chiu et al. 2013), and by differ-
ences in consolidation (retention retrieval) (Pierce and Kensinger 2011; Ventura- 
Bort et  al. 2016b). The extant literature (e.g., Kensinger et  al. 2011; Luck et  al. 
2014; Thoresen et al. 2012) shows that emotion may facilitate memory for contex-
tual details (e.g., color or location) or other surrounding stimuli when viewed as 
intrinsic or united to the emotional event, via involvement of the AMY, which inter-
acts with perceptual regions (see also Mather et al. 2015 for the possible role of the 
locus coeruleus) to promote binding in the MTL regions (Davachi 2006; Ranganath 
2010). When context information is successfully bound to the emotional event, 
enhanced AMY and MTL activation (Smith et al. 2006), along with enhanced pari-
etal electrophysiological processing (Ventura-Bort et al. 2016b) have been observed 
during memory retrieval of emotion-associated information.

5.3  Conclusions and Future Directions

The overarching goal of the present review was to discuss findings from brain imag-
ing studies investigating the neural correlates of encoding and retrieving emotional 
memories, and how they are modulated by factors linked to social information, ER, 
and associative/relational memory processes. The available evidence points to the 
involvement of and interaction between direct MTL-based (i.e., AMY–MTL) and 
indirect (i.e., PFC, parietal) mechanisms for the memory-enhancing effect of emo-
tion (Fig. 5.6), which seem to be differentially modulated by basic affective proper-
ties (arousal and valence) and by the three factors discussed here.

Regarding the role of social information, available evidence suggests that when 
such complex dimensions are taken into consideration, a spatially distributed yet 
functionally interconnected network of brain regions is engaged in concert with the 
bottom–up AMY–MTL mechanisms involved in emotional memory. The medial 
PFC seems to play an important role, possibly because of the need to integrate 
social and affective information from both external and internal sources. The 
involvement of other brain regions, such as the orbital PFC and the insula, has also 
been implicated in the enhancement of memory for socially positive and negative 
information respectively. Furthermore, more recently, emerging evidence linking 
these social–affective regions with the brain’s intrinsic functional architecture has 
started to paint a more comprehensive picture of the possible role of large-scale 
functional networks in socio-emotional memory.

Regarding the role of ER, emerging evidence identified the effect of specific ER 
strategies that can have an impact on the encoding and retrieval of emotional memo-
ries, for both laboratory micro-events and real-life autobiographical episodes. 
Overall, the evidence reviewed here suggests that the use of different ER strategies 
could lead to different patterns of emotional experience and memory (increased 
versus decreased), which are linked to differential interactions between the MTL 
and the PFC regions. For instance, reappraisal during encoding was associated with 
enhanced, whereas suppression was associated with impaired, subsequent emo-
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tional memory. These opposing effects are linked to differential activity in and con-
nectivity between the HC and the lateral PFC (increased versus decreased 
respectively). Emerging evidence also highlights the efficacy of thought suppres-
sion and attentional deployment strategies in inhibiting recollection of unwanted 
memories and in modulating emotional re- experiencing of emotional personal 
events respectively. The successful suppression of unwanted emotional memories 
has been linked to top–down modulatory effects from the PFC on the AMY and the 
HC, whereas effectively switching attentional focus away from emotions during 
AM recollections has been linked to the central role of the vmPFC in integrating 

Fig. 5.6 Diagram summarizing the neural correlates of the memory-enhancing effect of emotion, 
as resulted from brain imaging studies. Two main basic mechanisms involved in the memory- 
enhancing effect of emotion were identified: one based in the medial temporal lobe (MTL;(AMY 
and MTL memory system  =  HC and associated parahippocampal cortices) and the other also 
involving non-MTL regions, such as the medial and dorso-/ventrolateral prefrontal cortex (mPFC 
and dlPFC/vlPFC respectively), among others (e.g., parietal cortex). The AMY and the MTL mem-
ory regions interact through direct/automatic neurohormonal mechanisms that contribute to the 
memory enhancement effect of emotion (bottom–up mechanism), whereas PFC is part of a mecha-
nism that has an indirect/mediated involvement in emotional memories, by enhancing strategic, 
semantic, working memory, and attentional processes (top–down mechanism). Moreover, investi-
gation of emotional memory for social aspects identified valence-specific engagement of other 
brain regions that contribute to enhanced emotional memories in social contexts – i.e., memory for 
socially relevant information involves activity in and interactions between the medial OFC and the 
MTL in the case of items with positive connotations and between the insula and the MTL for items 
with negative connotations. Finally, investigation of the impact of ER on emotional memory iden-
tified bidirectional relations between the MTL and the PFC regions associated with specific emo-
tion regulation strategies, involving the lateral/medial PFC in top–down modulation of the 
AMY–MTL mechanisms in emotional memory encoding and retrieval, and the AMY signaling the 
medial PFC the need to exert control over emotional stimuli, resulting in reduced emotional expe-
rience overall, during autobiographical retrieval (Adapted from Dolcos et  al. 2011, 2012 and 
Denkova et al. 2015, with permission)

F. Dolcos et al.



85

affective signals from the AMY and reducing the subjective re-experiencing of 
emotion.

Finally, available evidence regarding associative/relational memories points to 
opposing effects of emotion, which may be explained by differential effects of pri-
oritization and to a possible role of operations allowing unitization of information. 
Emotion may enhance or impair memory for contextual details depending on 
whether such information is encoded as intrinsic/united or extrinsic to the emo-
tional event, respectively (Chiu et al. 2013; Kensinger 2009; Murray and Kensinger 
2013), possibly because of prioritized attentional processing for both item and con-
textual details (Mather and Sutherland 2011). Neuroimaging evidence regarding the 
enhancing effects of emotion in associative/relational memory points to the role of 
the AMY in influencing the activity of sensory/perceptual regions, the locus coeru-
leus, and memory-related MTL regions in facilitating memory-binding during 
encoding. ERP evidence has also identified enhanced parietal positivity during 
retrieval of emotion-associated information, which might point to the involvement 
of parietal brain regions (Vilberg & Rugg 2009; Weymar et al. 2011). Consolidation 
also seems to facilitate associative binding, as demonstrated by evidence showing 
enhanced ERP effects associated with recognition memory after longer versus 
shorter consolidation  periods/retention intervals. Finally, opposing effects of emo-
tion on memory binding may also be explained by the complex mechanisms involv-
ing the enhancement of item-based memory representations versus impairment of 
HC-dependent relational memory representations (Chiu et al. 2013). Overall, these 
findings highlight the important role of the AMY and the MTL regions and point to 
electrophysiological evidence indexing memory-enhancing effects of emotion-
associated information.

Despite a rapidly growing body of literature elucidating the mechanisms underly-
ing emotional memory in the context of these emerging directions, a number of 
issues are still unclear. Regarding the role of social information, one issue to be clari-
fied in future investigations concerns the link with the other two factors emphasized 
in the present review. First, the mechanisms underlying the impact of ER on memory 
processes in a social context remain unclear, despite evidence from previous studies 
showing that the engagement of various cognitive control strategies modulates the 
impact of emotion on memory (e.g., Ahn et al. 2015; Dillon et al. 2007; Richards and 
Gross 2000) and the associated neural correlates (Binder et al. 2012; Erk et al. 2010; 
Hayes et al. 2010) (see Sect. 5.2.2). This is surprising, given the evidence that the 
ability to control and experience emotions appropriately is essential in successful 
social interaction, and has been associated with measures of social support and per-
sonal likeability (Gross 2002). A few behavioral studies have investigated the impact 
of ER on memory in a social context. For instance, Richards et al. (2003) showed that 
reappraisal and suppression were associated with enhanced memory for conversation 
content versus emotional reactions in the context of  discussing relationship conflicts 
respectively. Also, Pasupathi (2003) found that talking about negative AMs was asso-
ciated with a decreased negative emotional experience, particularly when the listen-
ers agreed with the participants’ view of what had happened. More recently, it has 
been shown that social regulation (e.g., holding someone’s hand during an emotional 
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experience) can lead to decreased memory for negative images (Flores and 
Berenbaum 2017). Complementing these findings, recent neuroimaging evidence 
suggests that the regulation of emotions experienced through interactions with others 
may be subserved by dissociable neural networks, compared with those involved in 
regulating emotions experienced individually (for a review see Grecucci et al. 2015). 
Thus, clarification of the mechanisms involved in regulating how we experience and 
interpret our own emotions and those of others, and how these processes influence 
our remembrance of social experience, may allow us to better understand the com-
plex nature of human social interaction.

Second, it also remains unclear how association and integration of complex social 
information from different sources may influence the neural mechanisms underlying 
emotional memory for social context. Although most studies on social cognition to 
date have focused on examining the associated neural mechanisms using mainly 
facial stimuli (Adolphs 2010; Mende-Siedlecki et al. 2013; Tsukiura 2012), it is not 
clear whether similar or dissociable mechanisms are engaged when processing infor-
mation about others from their faces only versus in the context of other information 
available (e.g., body language, social setting). When interacting with others in real-
life situations, we rarely encounter their faces (or bodies) in  isolation, but rather as an 
integrated whole (de Gelder et al. 2015). Therefore, to fully elucidate the mecha-
nisms associated with memory processes in a social context, it is of particular impor-
tance to investigate these in the context of real-life social interactions.

A few behavioral studies investigating the impact of social contextual informa-
tion on subsequent memory for faces have provided evidence for the role of social/
affective context in face memory. For instance, Van den Stock and de Gelder (2012) 
presented compound stimuli consisting of faces with either whole-body expressions 
or scenes (categorized as fearful, happy, or neutral), and asked participants to 
remember only faces, regardless of contextual information. The authors identified 
poorer subsequent memory for faces that had been encoded with either emotional 
bodily expressions or scenes than those encoded with neutral ones, suggesting that 
social/emotional context hampers subsequent recognition of faces (Van den Stock 
and de Gelder 2012). On the other hand, in the Mattarozzi et al. (2015) study, par-
ticipants were first presented with faces embedded in a newspaper layout, with a 
headline illustrating an action (negative, positive, or neutral) performed by the per-
son depicted, and were later shown a series of faces to judge whether or not they had 
previously seen the faces. The authors found that faces encoded in emotional con-
texts were more likely to be remembered with episodic details, whereas those 
encoded in neutral context tended to be judged only as familiar (Mattarozzi et al. 
2015). Although seemingly inconsistent findings from these two studies may, in 
part, be driven by the differences in task designs (e.g., instructed versus incidental 
encoding, nonverbal versus verbal context), these findings provide evidence that 
contextual information can have an impact on subsequent memory for faces. Future 
neuroimaging research addressing these issues would be useful to clarify the role of 
social context in memory encoding and retrieval of others’ faces.

Regarding the role of ER on emotional memory, given that this research is still in 
its infancy, several issues remain poorly understood. For instance, further investiga-
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tions are needed to clarify the impact of various ER strategies that can be used to 
cope with emotional memories. Given that emerging research highlights the effec-
tiveness of attentional deployment strategies (distraction, FA) (Denkova et al. 2015; 
Depue et al. 2007), future investigations of the impact of ER on memory should 
include more elaborate practices and training that rely on attentional control. 
Mindfulness, which involves attention to the present moment without emotional 
reactivity and elaboration, is such a technique that could be used as a training 
method to reduce the impact of distressing emotional memories. This line of future 
research seems promising, as there is preliminary evidence showing that mindful-
ness training, which has been associated with increased well-being, can have an 
impact on the neural correlates of emotional processing (Allen et al. 2012; Desbordes 
et al. 2012) and increase the specificity of AMs in healthy (Heeren et al. 2009) and 
formerly depressed (Williams et al. 2000) individuals. Second, because most stud-
ies focused on the impact of instructed ER, little is known about the role of habitual, 
spontaneous, or uninstructed use of ER strategies in emotional memories and the 
associated neural correlates (for a review, see Katsumi et al. 2017). Available evi-
dence points to possible sex differences – e.g., engaging suppression as a habitual 
coping strategy in women may be inefficient and may come at a cost, as it is associ-
ated with overall increased retrieval of negative AMs and post- retrieval negative 
affect (Denkova et al. 2012). However, the neural mechanisms of these effects are 
not clear. Thus, further research is needed to advance our understanding of the neu-
ral correlates underlying the impact of the spontaneous use of ER strategies on 
emotional memory.

Regarding associative/relational emotional memory, the neural mechanisms of 
associative binding of emotional and neutral information are still not well under-
stood. The following four issues are particularly unclear.

First, the engagement of and interaction between the MTL (AMY, HC) and the 
PFC regions when emotional and neutral information are successfully integrated 
into a unified representation or not (e.g., Murray and Kensinger 2014; Okada et al. 
2011) needs further clarification. Recent data indicate that the AMY is involved not 
only during facilitated but also during disruptive encoding processes (Okada et al. 
2011), coupled with reduced PFC and MTL activation (Murray and Kensinger 
2014), but the mechanisms dissociating these opposing effects are not clear.

Second, the neural basis of ABC has not been sufficiently described for memory- 
binding processes, which is, in fact, difficult to test in an experimental environment. 
A novel approach that may help to overcome this issue is to use steady-state 
visually- evoked potentials, which allow time–frequency analyses (by frequency- 
tagging), when different stimuli are presented at the same time (Wieser and Keil 
2014). This approach provides a continuous measure of the visual resource alloca-
tion to specific stimuli amid competing stimuli and thus makes it suitable to com-
pare emotional and neutral information with regard to competition and memory 
binding.

Third, although arousal may influence associative memory to a greater extent, 
unpleasant valence can also influence the retention of associative information 
(Pierce and Kensinger 2011), which supports some previous findings showing a 
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memory advantage for unpleasant stimuli over pleasant ones (Weymar et al. 2011). 
Valence may, therefore, be considered an important factor when examining the 
effect of emotion on associative processes.

Fourth, related to the third issue, the role of stress in neural memory binding has 
been less frequently explored. Recent lines of research (e.g., Hermans et al. 2014; 
Joels et al. 2011; van Ast et al. 2013; Vogel et al. 2016) emphasize two different 
corticosteroid actions critical for memory processes. On the one hand, to promote 
survival, shortly after stress, nongenomic corticosteroids interact with noradrenaline 
to enable immediate fight–flight responses and to focus attention on gist-based infor-
mation at the cost of remembering contextual details. On the other hand, some hours 
after stress, slower, long-lasting gene-mediated corticosteroid actions are thought to 
facilitate restorative processes, involving enhanced executive control (Hermans et al. 
2014) and remembering events in a more contextual manner (van Ast et al. 2013). 
Future studies investigating opposing effects of emotion on associative binding may 
consider these time-dependent stress actions (see also Dolcos 2014).

Finally, aside from these topic-related open questions, an important issue con-
cerns the role of individual differences in emotional memory. As briefly discussed 
in the footnotes, investigation of how the neural mechanisms involved in memory- 
enhancing effects of emotion may vary between individuals (e.g., linked to person-
ality, sex, and age; see also Dolcos et al., 2017) allows a better understanding of the 
underlying mechanism in both normal functioning and in clinical conditions, such 
as affective disorders, which are typically characterized by dysfunctional emotional 
memory. In this context, it is important to emphasize the need for future studies 
considering how individual differences in cognitive abilities, in addition to differ-
ences influencing emotion processing, modulate the impact of emotion on memory 
and the underlying neural mechanisms. Although investigation of individual differ-
ences in emotion-related dimensions seems promising to explain differences in the 
heightened sensitivity to emotional information and hence, enhanced encoding of 
emotional information (e.g., Haas and Canli 2008), little is known about the impact 
of individual differences in the cognitive domain. The latter may be of particular 
importance regarding the implementation and impact of ER strategies during mem-
ory formation. For instance, there is evidence that higher working memory capacity 
is associated with better suppression of negative emotions (Schmeichel et al. 2008) 
and that working memory training may lead to better emotion control through 
enhanced efficiency of the frontoparietal network (Schweizer et al. 2013). Hence, 
this seems a promising research avenue.

In sum, the evidence reviewed here shed light on the mechanisms through which 
emotion influences how we remember or forget certain information in different con-
texts. Emphasis is on evidence from brain imaging investigations regarding three 
emerging research directions: The role of social information in emotional memory; 
The role of emotion regulation in the impact of emotion on memory; and The impact 
of emotion on associative or relational memory. This emerging evidence also opens 
up new avenues for future research, including intervention studies aimed at facilitat-
ing adaptive emotional memory encoding and retrieval, both in healthy and patho-
logical functioning.
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