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Abstract Recent research emphasizes the intimate relationship between emotion
and cognition, and shows that emotions can have complex influences on various
cognitive processes. The present chapter examines emerging evidence regarding
factors that can modulate opposing effects of emotion on visual perception and
memory, and the associated neural correlates. First, we introduce evidence regarding
enhancing and impairing effects of emotion on visual perception and episodic
memory. Then, we discuss evidence regarding the role of specific factors (emotion
regulation strategies and individual differences: age and sex) in modulating these
opposing effects, and also point to emerging evidence highlighting the roles of
other factors (emotional states, personality traits, and clinical status) in these
effects. The chapter concludes with a summary emphasizing the need to consider
various factors that can influence the opposing effects of emotion on cognition,
and identifies new avenues for future investigations. Elucidation of the mechanisms
underlying emotion-cognition interactions in healthy functioning has relevance for
understanding alterations in emotional disturbances, where these opposing effects
of emotion tend to be exacerbated and deleterious.
Keywords Affect • Memory • Emotion-cognition interactions • Emotion regulation • Amygdala • Prefrontal cortex • Brain imaging • fMRI

F. Dolcos () • S. Dolcos ()
Social, Cognitive, Personality, and Emotional (SCoPE) Neuroscience Laboratory, Psychology
Department, Neuroscience Program, and Beckman Institute for Advanced Science & Technology,
University of Illinois at Urbana-Champaign, 405 North Mathews Avenue, Urbana, IL, 61801,
USA
e-mail: fdolcos@illinois.edu; sdolcos@illinois.edu, http://dolcoslab.beckman.illinois.edu
Y. Katsumi
Psychology Department, Beckman Institute for Advanced Science & Technology, University of
Illinois at Urbana-Champaign, Urbana-Champaign, IL, USA
E. Denkova
Psychology Department, University of Miami, Coral Gables, FL, USA
© Springer International Publishing Switzerland 2017
I. Opris, M.F. Casanova (eds.), The Physics of the Mind and Brain Disorders,
Springer Series in Cognitive and Neural Systems 11,
https://doi.org/10.1007/978-3-319-29674-6_14

297

298

F. Dolcos et al.

14.1 Introduction
: : : And suddenly the memory returns. The taste was that of the little crumb of madeleine
which on Sunday mornings [ : : : ] my aunt Léonie used to give me, dipping it first in her own
cup of real or of lime-flower tea (Marcel Proust, In Search of Lost Time)
The distraction of our mind is result of our blind surrender to our desires, our incapacity to
control or moderate our passions (Francois Boissier de Sauvages, Nosologie Methodique,
17721 )

Emotion-cognition interactions are reflected in virtually every aspect of human
behavior, from basic motivations to satisfy our physiological needs to the driving
forces of passions and desires that fuel our greatest accomplishments. Optimal
interactions between emotional and cognitive processes allow us to lead “happy and
productive lives”, whereas non-optimal interactions may lead to dramatic changes
in behavior and functioning that are associated with emotional disturbances, such
as anxiety and depression. During the last decades, the topic of emotion-cognition
interactions has gained considerable interest from psychologists and neuroscientists,
and hence left the domain of philosophers. This is also reflected in an increasing
number of reviews (e.g., Banich et al. 2009; Barrett and Satpute 2013; Braver et
al. 2014; Davidson 2004; Joëls et al. 2011; LeDoux 2012; McGaugh 2004; OkonSinger et al. 2015b; Pessoa 2013; Phelps 2006), including from us (Dolcos and
Denkova 2008, 2014, 2015, 2016; Dolcos et al. 2011, 2012, 2017, in press), as well
as in recent Special Issues (Dolcos et al. 2015; Okon-Singer et al. 2015a) discussing
emotion-cognition interactions at different levels of analysis. This effort testifies the
need to investigate cognitive processes not as encapsulated entities, but to consider
how they are modulated by emotional/motivational processes, which can provide
insights into the complexity of psychological functioning in everyday life.
As also illustrated by the quotes above, emotions can enhance or hinder various
aspects of our cognition and behavior, and are susceptible to cognitive control.
Indeed, emotions may affect both lower level (e.g., perceptual) and higher level (e.g.,
mnemonic) cognitive processes, and their effects can be either beneficial/enhancing
or detrimental/impairing. Importantly, these enhancing vs. impairing effects of
emotion on cognition are also susceptible to cognitive influences typically exerted
in the form of emotion regulation/control, which can be engaged transiently by
experimental manipulations and may also reflect individual differences in chronically activated affective states, both in healthy functioning and in clinical conditions.
While tremendous progress has been made to clarify the interplay between emotion
and cognition, research is now moving toward understanding the situations in
which emotion can benefit or hinder cognitive processing, and toward elucidating
the factors that can modulate these opposing effects of emotion on cognition.
Clarification of the role of modulating factors in these effects is of particular
importance, because it is often a combination of such factors that can determine if
the immediate (e.g., perceptual) and long-term (e.g., mnemonic) impact of emotion
1

As quoted by Michel Foucault, Madness and Civilization, 1965, p. 77.
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is beneficial or detrimental to cognitive functioning. Moreover, elucidating these
factors and the associated neural mechanisms is also essential for furthering our
understanding of alterations associated with affective disorders, in which emotioncognition interactions are dysfunctional.
The emphasis of the present chapter is on emerging evidence from investigations
examining factors that influence the neural mechanisms of enhancing vs. impairing
effects of emotion, as derived from evidence provided by studies of healthy groups.
The first section summarizes basic behavioral and brain imaging evidence for the
enhancing and impairing effects of emotion on visual perception and episodic
memory. The second section discusses in detail evidence that provides insight into
specific factors that can contribute to these opposing effects, with a focus on the
role of (1) emotion regulation strategies, and of individual differences related to (2)
age and (3) sex, and other factors, such as (4) emotional states, personality traits,
and clinical status. The chapter ends with concluding remarks and a presentation of
open issues and future directions.

14.2 Basic Evidence Regarding Opposing Effects of Emotion
on Cognition
Available evidence shows that emotional stimuli can benefit from enhanced perceptual processing due to their ability to “capture attention”, and hence through
this prioritized processing they can be better encoded and remembered (Dolcos
and Denkova 2008; Dolcos et al. 2006, 2012; Phelps 2006; Pourtois et al. 2013;
Vuilleumier 2005). In addition, there is evidence that emotion can not only enhance
various cognitive processes (Dolcos and Denkova 2014; Dolcos et al. 2011, 2012),
but also impair them (Johnson et al. 2005; Most et al. 2005; see also Oaksford
et al. 1996; Seibert and Ellis 1991; Shackman et al. 2006), as demonstrated by
previous studies documenting detrimental effects of emotion on both perceptual
and mnemonic processing (e.g., Iordan et al. 2013b; Kensinger 2009; Mather and
Sutherland 2011; Shafer et al. 2012). This topic has been the focus of extensive
discussions and debate in the current literature (see Dolcos and Denkova 2014,
2015; Dolcos et al. 2014b, 2015). Here we will provide a summary of the available
evidence demonstrating opposing effects of emotion on visual perception and
episodic memory.

14.2.1 Opposing Effects of Emotion on Visual Perception
Enhancing Effects
There is abundant evidence of facilitated perceptual processing of emotional
information, as reflected in enhanced detection of emotional compared to neutral
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stimuli (Carretie 2014; Okon-Singer et al. 2015b; Pourtois et al. 2013). At the
neural level, these facilitating effects have been linked to increased engagement of
the amygdala (AMY), an almond-shaped group of nuclei located within the medial
temporal lobe (MTL) (Anderson and Phelps 2001; Lim et al. 2009; Mather and
Sutherland 2011). Activity in the AMY was also found to correlate with activity
in perceptual brain regions, typically according to the category of the stimuli (e.g.,
lateral extrastriate cortex for visual stimuli in general, fusiform gyrus [FG] for faces,
superior temporal sulcus for voices) (Grandjean et al. 2005; Vuilleumier et al. 2001).
Although traditionally the AMY has been associated with processing of negativelyvalenced emotions, particularly fear (Adolphs et al. 1995; Calder et al. 2001; Morris
et al. 1996; Whalen et al. 1998; Zald 2003), a number of functional neuroimaging
studies involving both positive and negative stimuli, equated for emotional arousal,
have also reported AMY responses to various positively-valenced stimuli, including
verbal (Garavan et al. 2001; Hamann and Mao 2002; Kensinger and Schacter
2006b), pictorial (Dolcos et al. 2003; Hamann et al. 2002; Kensinger and Schacter
2006b), olfactory (Anderson et al. 2003b; Winston et al. 2005) and gustatory
(Small et al. 2003) stimuli. Thus, the attention capturing effect of emotion can be
triggered by both positive and negative stimuli, although their subsequent effects
(e.g., on memory) may differ, with both types producing similar beneficial effects
on episodic memories) (for reviews, see Dolcos et al. 2012; Dolcos and Denkova
2008; Dolcos et al. 2017, in press), but with negative stimuli being more effective in
producing detrimental effects when presented as task-irrelevant distracters (Iordan
and Dolcos 2017).

Impairing Effects
An important factor in determining the impact of emotion on perception and
attention is whether emotional stimuli serve as targets (task-relevant) or distracters
(task-irrelevant). When an emotional stimulus is task-relevant, the prioritization of
processing resources for affective information results in task-enhancement, whereas
when it is task-irrelevant, emotion processing can lead to depletion of resource
availability and result in task-impairment (e.g., Hur et al. 2016). This suggests that
when emotional stimuli act as distracters (e.g., when they are task-irrelevant), they
can impair perceptual processing of goal-relevant information. Previous studies,
including those discussed above in the section on enhancing effects of emotion,
identified the involvement of the AMY in processing emotional information presented as task-irrelevant distracting stimuli (Anderson et al. 2003a; Grandjean et al.
2005; Vuilleumier 2005; Vuilleumier et al. 2001), which could impair performance
on ongoing cognitive tasks (Vuilleumier et al. 2001). A previous investigation
from our group using a perceptual orientation-discrimination task with emotional
distraction (Shafer et al. 2012) showed that emotional distraction can impair lowerlevel perceptual processing, because it detracts attention from the goal-relevant
information. Specifically, this study investigated the impact of emotional distraction
by manipulating both the degree of emotional charge of the distracting information
(high emotionally negative, low emotionally negative, neutral, and absolute neutral)
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and the attentional demands by varying the time of presentation (short vs. long
duration) and task difficulty (low vs. high perceptual load). Behavioral findings
revealed impaired performance by emotional distraction reflected in longer reaction
times (RTs) for negative than for neutral items, regardless of manipulations of
attentional demands. However, the detrimental effect of emotional distraction
was strongest when the difference in emotional content was the greatest (highly
emotional vs. absolute neutral), there was more time for distraction (long duration),
and the attentional resources were most available (low load), hence suggesting that
emotional information is also susceptible to attentional modulation (Fig. 14.1). It
should be noted, however, that the detrimental impact on ongoing task-relevant
perceptual processing occurred in the context of enhanced perceptual processing
of the emotional information itself. At the neural level, areas known to be involved
in affective processing (including AMY, portions of the medial prefrontal cortex
[mPFC], insula), as well as perceptual areas that are sensitive to affective modulation
(FG, lateral occipital cortices), showed greater activation to emotional compared
with neutral distracters.

Fig. 14.1 The impact of emotional distraction on perception, as a function of attentional
load. The figure illustrates average reaction times (RTs) for correctly identified rectangles in
a perceptual orientation-discrimination task with emotional distraction. First, there was a detrimental impact on ongoing task-relevant perceptual processing produced by enhanced perceptual
processing of the emotional information: i.e., trials with highly emotional (HiEmo) distractors
resulted in longer RT than those with absolutely neutral (AbsNeu) distractors, in all conditions.
However, the results also revealed an interaction between emotional content and stimulus duration
that was driven by the condition with low cognitive load (Lo-Load). This indicates that the impact
of emotional distraction was augmented when more attentional resources were available to be
engaged in processing emotional distraction (From Shafer et al. 2012 with permission)
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Paralleling these behavioral effects, and consistent with the traditional view
regarding the automaticity of emotion processing (Vuilleumier 2005), activity in
basic emotion-related regions (AMY) was found in response to emotional stimuli,
regardless of manipulations of attentional demands. However, the engagement of
higher-level (cortical) emotion processing regions (i.e., mPFC and ventro-lateral
PFC [vlPFC]) showed susceptibility to modulation by attention with increased
engagement when there was more time to process distraction and attentional
resources were most available. Hence, depending on the circumstances, emotional
information can be processed automatically but is also susceptible to modulations linked to the availability of attentional resources. Overall, these findings
provided reconciling evidence regarding the automaticity of emotion processing, which has been the focus of a long-term debate in the literature (Pessoa 2013; Pessoa et al. 2002, 2005; Pourtois et al. 2013; Vuilleumier 2005;
Vuilleumier et al. 2001).
In sum, available evidence suggests that emotion can have both enhancing and
impairing effects on visual perception, and these opposing effects are related to
the way emotional information is presented (task-relevant or task-irrelevant). At the
neural level, these effects are linked to differential engagement of and interplay
among basic emotion- (AMY) and perception-related (FG) brain regions and
higher-level brain regions (PFC) that are susceptible to/exert modulatory influences
affecting emotion processing.

14.2.2 Opposing Effects of Emotion on Episodic Memory
Enhancing Effects
In his masterpiece, In Search of Lost Time (1913), the French novelist Marcel Proust
discusses an instance of involuntary memory recollection, which is now famously
known as the “madeleine episode”. As illustrated in the text cited above, upon
tasting a piece of a madeleine cake steeped in a cup of tea, Proust experiences
sudden and vivid recollection of his childhood memories. This example shows
how even brief exposure to a memory cue can evoke vivid recollection of an
event associated with personal and emotional significance, even though the event
might have originally occurred in a distant past. Consistent with this idea, previous
empirical studies have provided strong evidence that emotional events are typically
better and more vividly remembered than neutral ones (Dolcos and Denkova
2008; Dolcos et al. 2006, 2012; McGaugh 2005; Phelps 2004). The enhancing
effects of emotion on episodic memory (EM) have been investigated at various
stages of memory, from the early stages of memory formation (encoding and early
consolidation of memory traces) to their later retrieval, and typically by considering
the two orthogonal affective dimensions: arousal and valence (Lang et al. 1993;
Russell 1980). To eliminate potential confounding effects of general perceptual
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processing and to specifically identify the enhancing effects of emotion on memory,
the typical procedure used in brain imaging studies is to calculate the so-called
difference in memory (Dm) effect – i.e., the difference between brain activity for
remembered vs. forgotten items (Dolcos et al. 2012; Shafer et al. 2011).
In general, the extant research primarily emphasizes the role of two main
mechanisms involved in the memory-enhancing effect of emotion – one based in
the MTL (i.e., AMY and memory-related MTL regions) and the other outside
of the MTL, involving the PFC, among other regions (e.g., parietal cortex) (see
Fig. 14.2) (Dolcos and Denkova 2008; Dolcos et al. 2006, 2011). On the one
hand, the AMY and memory-related MTL regions (e.g., hippocampus [HC])
interact through direct/bottom-up neurohormonal mechanisms that contribute to 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

Fig. 14.2 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 MTL (AMY and MTL
Memory System) and the other outside of the MTL, involving the prefrontal cortex (PFC), among
other regions (parietal cortex). The AMY and the MTL memory regions interact through direct
neurohormonal mechanisms that contribute to the memory-enhancing effect of emotion (bottomup mechanism), whereas PFC is part of a mechanism that has an indirect/mediated involvement in
emotional memories, by enhancing strategic, semantic, working memory, and attentional processes
(top-down mechanism). Investigation of emotional memory for social aspects (e.g., Tsukiura 2012)
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 orbital PFC and MTL, in the case of items with positive connotations,
and Insula and MTL, for items with negative connotations. Moreover, as also discussed later in
the chapter, investigation of the impact of emotion regulation on emotional memory identified
bidirectional relationships between MTL and PFC regions associated with specific emotion
regulation strategies, involving (i) the lateral and medial PFC in top-down modulation of the
AMY-MTL mechanisms in emotional memory encoding and retrieval, and (ii) the AMY signaling
medial PFC the need to exert control over emotional stimuli, resulting in overall reduced emotional
experience, during autobiographical retrieval (Adapted from Dolcos et al. 2012, with permission)
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et al. 2005; Kensinger and Schacter 2005) of emotional memories. On the other
hand, the PFC as part of an indirect/top-down mechanism also seems to be involved
in the formation of emotional memories, by enhancing semantic, working memory,
and attentional processes (Dolcos and Denkova 2008; Dolcos et al. 2011; LaBar and
Cabeza 2006).
Regarding the role of basic emotional properties of stimuli, previous research
showed that the bottom-up AMY-MTL mechanisms are maily modulated by arousal,
whereas the top-down mechanisms involving the PFC regions seem to also be
influenced by valence (Dolcos et al. 2004a; Kensinger 2004; Kensinger and Schacter
2006b). Additionally, there is also evidence suggesting that successful encoding of
positive vs. negative information depends on different mechanisms. For instance,
Ritchey et al. (2011) showed that intrinsic AMY-HC interaction is stronger for
encoding of negative stimuli, whereas the extrinsic interactions between HC and
PFC are stronger for encoding positive stimuli (see also Mickley Steinmetz et al.
2010). Other studies have shown that successful encoding of positive information is
associated with activity in specific PFC subregions (Botzung et al. 2010), probably
due to more elaborative processing requiring cognitive resources, whereas encoding
of negative information is associated with temporo-occipital regions (Mickley and
Kensinger 2008), probably due to increased sensory processing. Finally, there is
also emerging evidence showing that encoding and retrieval of emotional memories
with social relevance is associated with the engagement of additional regions, such
as mPFC, orbital PFC, and insula, as well as their interaction with the bottom-up
AMY-MTL mechanism (Dolcos et al. 2012, see also Dolcos et al. 2017, in press).
Taken together, available research provides evidence that the enhancing effects
of emotion on EM involve two mechanisms: (1) bottom-up/direct involving AMYMTL interactions, assumed to be relatively automatic and modulated primarily by
emotional arousal, and (2) top-down/indirect mechanisms, involving modulatory
influences to and from outside of the MTL (PFC and other cortical regions)
and assumed to be sensitive to emotional valence and the social significance
of stimuli.

Impairing Effects
Despite strong evidence concerning the enhancing effect of emotion on EM
discussed above, there is also evidence that not all aspects of an event benefit
from the enhancement of memory by emotion (Kensinger 2009). More specifically,
the enhancing effect of emotion on EM has been typically observed for isolated
emotional items and their intrinsic properties, whereas memory for other extrinsic
aspects or contextual details of the emotional event tends not to be enhanced
and can be even impaired (Kensinger 2009; Mather 2007; Yonelinas and Ritchey
2015). In a similar vein, Chiu et al. (2013) suggested that the enhancing vs.
impairing effects of emotion can be linked to the dissociation between memory for
isolated items vs. memory for relations among items (i.e., relational or associative
memory), respectively. This notion is based on available evidence from memory
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research (Cohen and Eichenbaum 1993; Cohen et al. 1999; Eichenbaum and Cohen
2001) revealing that memories for items vs. associations are subserved by different
memory-related regions within the MTL. Specifically, whereas the perirhinal cortex
(PRC) is important for encoding individual items or objects from an experience, the
HC is important for binding distinct item representations into memory (Brown and
Aggleton 2001; Davachi et al. 2003; Ranganath et al. 2004; Tubridy and Davachi
2011).
Further evidence also revealed that the PRC may also contribute to some simpler
forms of associative learning (Staresina and Davachi 2010), based on unitization
(Graf and Schacter 1989). Unitization involves assembling together different aspects
of an object into a single representation (e.g., association between an object and
its color). Therefore, memory for isolated and unitized items can be mediated by
similar PRC-based mechanisms, whereas memory representations involving more
complex associations of different and diverse components of an event, as well as
associations between temporally separate events, are mediated by HC-dependent
mechanisms (Ezzyat and Davachi 2014). In the context of the impact of emotion
on EM, Chiu et al. (2013) proposed that emotion leads to memory enhancement
of separate as well as unitized items, but to impairment of more complex HCdependent memory representations. In support of this hypothesis, recent studies
provided direct evidence that emotion can enhance item memory but can impair
associative memory (Bisby and Burgess 2014; Guez et al. 2015; Mao et al. 2015).
In particular, enhanced item memory was linked to increased engagement of AMY,
while impaired associative memory was linked to decreased engagement of HC
(Bisby et al. 2016). Consistent with this evidence, Yonelinas and Ritchey (2015)
have recently put forth the emotional binding model of emotional memory, which
also emphasizes the dissociable involvement of AMY and HC in emotional item vs.
associative memory, respectively. Specifically, the emotional binding account posits
that item-emotion associations are dependent on the AMY (particularly through its
interactions with the PRC) and are relatively more resistant to forgetting, whereas
item-context associations are dependent on the HC, and are forgotten more rapidly
(Yonelinas and Ritchey 2015) (Fig. 14.3).
In sum, these findings highlight the complex interactions between emotion
and EM and suggest that differential engagement of regions within the direct
MTL mechanisms may explain the opposing effects of emotion on memory,
when considering the distinction between memory for isolated items vs. complex
associations between an item and its context (Chiu et al. 2013; Yonelinas and
Ritchey 2015). Other accounts explaining opposing effects of emotion on memory
have also been proposed, including those emphasizing a trade-off between the
central vs. peripheral aspects of stimuli (e.g., objects vs. backgrounds) (Kensinger
2009; Kensinger et al. 2007a, 2007b; Kensinger and Schacter 2006a; Mickley
Steinmetz et al. 2012; Waring and Kensinger 2009; Waring et al. 2010), or the
level of priority (high vs. low) of emotional information (Lee et al. 2012, 2014;
Mather and Sutherland 2011; Sakaki et al. 2014; Sutherland and Mather 2012; see
also Weymar et al. 2013, 2014) (for recent reviews, see Dolcos and Denkova 2015,
2016; Dolcos et al. 2017, in press).
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Fig. 14.3 The emotional binding model of emotional episodic memories. (a) The medial
temporal lobe (MTL) regions involved in episodic memory (EM). (b) Overview of the standard
model of MTL function and the emotional binding model. In the standard model, the perirhinal
cortex (PRC) receives projections from the ventral ‘what’ stream and is thought to play a role
in identifying and processing the items and objects in the environment. The parahippocampal
cortex (PHC) receives projections from the dorsal ‘where’ stream, and is thought to play a role
in processing contextual information such as the ongoing spatial and temporal context. The
hippocampus (HC) receives information from the PRC and PHC via entorhinal projections, and
binds the item and context information together to form EMs. The emotional binding model
subsumes the standard MTL model, but in addition assumes that the amygdala (AMY) forms item–
emotion bindings that are forgotten more slowly than the item–context bindings supported by the
HC (From Yonelinas and Ritchey 2015, with permission)

Overall, available evidence based on previous studies of enhancing and impairing
effects of emotion on cognition discussed here suggests that emotion can exert
beneficial or detrimental effects on visual perception and memory. These opposing
effects have been linked to the involvement of and interactions between neural
systems associated with bottom-up and top-down processing of emotion. Regarding
the opposing effects on perception, enhanced perception of emotional vs. neutral
stimuli seems to be subserved by the AMY and its modulatory influences on
activity in the lower-level perceptual processing regions, such as the FG and
occipital cortices. Processing of task-irrelevant emotional distraction is similarly
associated with increased activity in these bottom-up affective regions, and further
engages other emotion-related regions (mPFC, vlPFC) when attentional resources
are available. Regarding the effects on EM, the bottom-up and top-down systems
have been described as part of direct vs. indirect mechanisms involving mainly the
MTL (AMY, HC) and PFC regions, respectively, which have joint contribution to
the beneficial effects of emotion on EM. The impairing effects of emotion on EM, as
revealed by investigations of item vs. associative memory, seem to be mediated by
differential engagement of regions within the direct MTL mechanisms (AMY/PRC
vs. HC, respectively).
It is important to note that, although these findings have been identified based
on previous research independently examining the enhancing and impairing effects
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of emotion on cognition, perception and EM are highly interactive cognitive
processes that do not usually occur independently of one another. This idea has
been demonstrated by evidence from recent within-subject investigations linking the
immediate/impairing (perception and WM) vs. long-term/enhancing (EM) impact
of emotion, mediated by overlapping and dissociable neural systems, involving
both top-down and bottom-up mechanisms (Dolcos and Denkova 2014; Dolcos
et al. 2013; Shafer and Dolcos 2012). Additionally, it is also important to note
here that the impairing effects of emotion are not limited to perception and EM,
but also to other types of memory, such as working memory (WM), and these
effects also involve bottom-up and top-down mechanisms (Dolcos et al. 2007, 2008;
Dolcos and McCarthy 2006) (for reviews, see Dolcos et al. 2011; Iordan et al.
2013b). Moreover, evidence also points to specific neural mechanisms linking and
dissociating opposing effects of emotion on cognition at different levels (Dolcos and
Denkova 2015, 2016).

14.3 Factors Influencing Opposing Effects of Emotion
on Cognition
Building on the extant evidence regarding the basic mechanisms of enhancing/impairing effects of emotion on cognition summarized above, recent research
has begun to show that these opposing effects can also be modulated by several
factors, such as the engagement of emotion control/regulation (Hayes et al. 2010)
and current emotional states, as well as by individual differences in personality
traits, age, and gender (Hooker et al. 2008; Meyers-Levy and Loken 2015; Reed
and Carstensen 2012). As we will see in this section, these factors can exert modulatory influences on both automatic/bottom-up and controlled/top-down mechanisms
involved in the enhancing and impairing effects of emotion on perception and
episodic memory.

14.3.1 Emotion Regulation
Anybody can become angry, that is easy; but to be angry with the right person, and to the
right degree, and at the right time, for the right purpose, and in the right way, that is not
within everybody’s power and is not easy (Aristotle (Nicomachean Ethics, II.9, 1109a27))

The above quote by the Greek philosopher suggests that adaptive emotion
processing, expression, and manifestation require one’s ability to control his/her
emotional responses, depending on the context or circumstances, and that such
control can be effortful and demanding. More than two millennia later, the topic
of emotion regulation (ER) has gained considerable interest in cognitive and
affective neuroscience, as it is established that the ability to cope adaptively with
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emotionally challenging situations is vital for physical and mental health (Gross
2008, 2015). Relevant for the present discussion, the engagement of ER, either
spontaneously or instructed, can affect the impact of emotion on both perceptual
and mnemonic processes. Although various ER strategies can be used to modulate
the impact of emotion, the two most widely studied ER strategies are cognitive
reappraisal, which involves attempts to change the meaning of stimuli/situations (by
thinking, for instance, that a given situation is not real), and expressive suppression,
which involves attempts to decrease emotionally-expressive behavior (Gross 2008).
Studies comparing reappraisal and suppression in healthy participants suggest that
these strategies are not equally effective (see review by Gross 2008), indicating
an advantage of reappraisal over suppression in reducing the subjective emotional
experience (Eippert et al. 2007; Kalokerinos et al. 2015; Olatunji et al. 2017;
Tull et al. 2010), which was linked to differential engagement of emotion- and
control-related brain regions (e.g., Cutuli 2014). This advantage has been observed
not only in the case of instructed, transient engagement of ER (i.e., in which
participants are explicitly told to regulate their emotional experiences), but also in
the case of habitual use of ER strategies (i.e., which reflects participants’ tendency
to spontaneously use specific ER strategies to regulate emotions in daily life).
Indeed, evidence regarding the differential impact of reappraisal and suppression is
coming from two complementary lines of research: one examining how instructing
participants to use a given ER strategy affects their emotional perception and
experience, and the other examining how individual differences in the habitual
use of ER strategies without any explicit instructions to do so may contribute to
differential emotional responses. Below, we summarize evidence highlighting the
impact of ER on the effects of emotion on perception and memory.

Impact of ER on Opposing Effects of Emotion on Visual Perception
There has been a tremendous progress in clarifying the impact of ER on the
processing of various emotion-eliciting material (Gross 2015; Sheppes et al. 2015)
and the associated neural correlates (Buhle et al. 2014; Kohn et al. 2014a; Ochsner
et al. 2012; Wager et al. 2008). The effect of emotion control has been typically
investigated through experimental paradigms that manipulate ER in response to
the presentation of visual stimuli, such as pictures, faces, and films containing
emotional vs. neutral content, and the impact is measured in terms of emotional
responses to visually perceiving such materials. On the one hand, participants may
be instructed to either up-regulate or down-regulate their emotional response while
processing emotional stimuli, without being provided instructions regarding specific
ER strategies to use. Findings from previous studies involving these general ER
strategies revealed that regulatory goals (up vs. down regulation) can differentially
modulate AMY engagement, with increased AMY activity linked to up-regulation
and decreased AMY activity linked to down-regulation (Ochsner et al. 2004). On
the other hand, participants can be instructed to use specific ER strategies, with
reappraisal and suppression being so far the two most widely studied strategies (for
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other types of ER strategies, see Dorfel et al. 2014; Kanske et al. 2011; McRae
et al. 2010). Findings from studies examining the neural correlates of instructed
reappraisal and suppression revealed differential patterns of activity in and/or
connectivity between basic emotion processing (AMY) and emotion/cognitive
control (PFC) brain regions, even though both strategies can be effective in reducing
the transient experienced emotional responses. In particular, reappraisal has been
associated with decreased activity in the AMY and early increased activity in the
PFC, whereas suppression was associated with increased activity in the AMY and
late increased activity in the PFC (Goldin et al. 2008), and these opposing patterns of
activity in emotion vs. cognitive control brain regions have also been confirmed in a
recent meta-analysis (Buhle et al. 2014). Interestingly, the dissociation in the AMY
response (decreased vs. increased), when engaging reappraisal vs. suppression,
and the timing of increased response in the PFC (early vs. late, respectively), is
consistent with the proposed differential timing of engaging these ER strategies,
with reappraisal being conceptualized as antecedent-focused whereas suppression
is seen as response-focused, relative to the occurrence of the triggering emotional
stimulus (Gross 1998, 2008).
Although the extant research on ER has primarily explored instructed forms
of ER, there has also been an increasing interest in understanding how habitual
use of ER strategies modulates processing of emotional information. One way of
assessing the habitual the use of ER strategies is by using the Emotion Regulation
Questionnaire (ERQ) (Gross and John 2003), which assesses the relative engagement of cognitive reappraisal and expressive suppression in daily life experiences.
Noteworthy, opposing effects in the habitual engagement of reappraisal vs. suppression are reflected in their long-time consequences on well-being (Llewellyn et al.
2013). Specifically, there is evidence pinpointing that habitual use of reappraisal is
associated with increased psychological well-being (Gross and John 2003), whereas
habitual use of suppression is associated with increased vulnerability to symptoms
of emotional dysregulation (Aldao and Nolen-Hoeksema 2012; Llewellyn et al.
2013; Werner et al. 2011). At the neural level, available evidence suggests that
greater habitual use of reappraisal is associated with decreased engagement of the
AMY and increased activity of the PFC and parietal cortices during perception
of negative facial expressions (Drabant et al. 2009; see also Moore et al. 2016),
whereas greater habitual use of suppression is associated with increased engagement
of the AMY (Vanderhasselt et al. 2013) and greater volume in the dorso-medial
PFC (Hermann et al. 2014; Kühn et al. 2011). These findings are overall consistent
with those reported in previous studies using instructed ER, and further suggest
that the dispositional tendency to use a given ER strategy in everyday life may
differently modulate how emotional stimuli or events are perceived, experienced,
and/or remembered, as also discussed in the next sections.
Overall, the available evidence regarding the impact of ER on emotion perception
shows that various regulatory goals (up- vs. down-regulate) and ER strategies are
associated with differential patterns of activity in basic emotion processing and
emotion/cognitive control brain regions. These findings also show that the transient
and habitual engagement of ER can differentially modulate emotion processing and
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the time-scale of its effects (immediate vs. long-term), and thus may help explain
why in some circumstances ER strategies can heighten processing of emotional
stimuli and well-being, whereas in others they can hinder them.

Impact of ER on Opposing Effects of Emotion on Episodic Memory
Although important progress has been made in understanding the impact of ER on
how a stimulus/event is initially perceived (e.g., Lieberman et al. 2011; Ray et al.
2010), only a few studies have started to clarify how the engagement of various
ER strategies affects the long-term impact of emotion on memory (Ahn et al. 2015;
Dillon et al. 2007; Richards and Gross 2000), and the underlying neural substrates
(Binder et al. 2012; Erk et al. 2010; Hayes et al. 2010). Overall, available research
reveals that 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 enhancing effects of reappraisal on memory is linked to
semantic elaboration processes involved during reappraisal, which might lead to
a deeper level of encoding of the reappraised items (Dillon et al. 2007).
Regarding the neural correlates of these opposing effects of reappraisal and
suppression on memory, recent neuroimaging studies point to differential neural
engagement for successfully encoded emotional 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 the increased
engagement and co-activation of the HC and left lateral PFC (Fig. 14.4), whereas
Binder et al. (2012) revealed that memory impairment by suppression was associated with decreased engagement and co-activation of the HC and lateral PFC. These
findings suggest that the core memory region (HC) and the higher-level cognitive
processing region (PFC), as well as their interplay during memory formation of

Fig. 14.4 Correlations between memory-related activity in the left inferior frontal gyrus and
hippocampus, as a function of ER strategy. Stronger positive correlation was identified between
the left inferior frontal gyrus (LIFG) and hippocampus (HC) when using cognitive reappraisal
compared to suppression during encoding of pictorial stimuli. Dm D Difference due to memory
(Adapted from Hayes et al. 2010, with permission)
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“regulated” emotional items, are differently affected by the engagement of these ER
strategies, which results in different effects on the subsequent emotional memory.
In sum, while still in its infancy, available research investigating the impact of
ER on emotional memory suggests that using different ER strategies (reappraisal vs.
suppression) while encoding or retrieving emotional information may be associated
with opposing effects on subsequent memory (enhanced vs. impaired). Interestingly,
these effects seem counterintuitive when compared with the long-term effects
of habitual engagement of reappraisal and suppression on well-being (increased
vs. decreased, respectively), given that affective disturbances, such as anxiety
and depression, are typically associated with increased focus on memories for
distressing events. Clarification of these issues is an important focus of future
research in the impact of ER strategies on emotional memory (see also Conclusions
and Future Directions below).

14.3.2 Age-Related Differences
Aging is associated with well-known co-morbidities and losses, but also with
relatively high levels of emotional well-being. In the context of overall preserved
emotional functioning, considerable evidence supports the idea of an age-related
positivity effect in emotional perception, attention, and memory, by which older
adults tend to (1) pay greater attention to and remember more positive information (Charles et al. 2003; Isaacowitz et al. 2006; Knight et al. 2007; Mather
and Carstensen 2003), and (2) show reduced processing of negative information
(Grühn et al. 2007; Wood and Kisley 2006), compared to younger adults (see
also Mather 2016; Reed and Carstensen 2012; Reed et al. 2014). According to
the Socioemotional Selectivity Theory (SST) (Carstensen et al. 2003; Reed and
Carstensen 2012), an influential account of the age-related positivity effect, older
adults’ preference for positive over negative information is driven at least in part by
their prioritization of more present-focused motivational goals related to emotional
meaning and satisfaction, which in turn enhances their well-being. This implies that
age-related differences in emotion processing occur as a function of differential
engagement of the top-down mechanisms, such as ER strategies, that allow older
adults to spontaneously cope with emotional challenges (Dolcos et al. 2014a;
Mather and Carstensen 2005). As we will see below, available evidence regarding
the neural correlates of age differences in the enhancing vs. impairing effects
of emotion on cognition points to preserved bottom-up (AMY) mechanisms and
enhanced top-down (PFC) mechanisms.

Impact of Age-Related Differences on Opposing Effects of Emotion
on Visual Perception
Supporting the idea that age differences in emotion processing are primarily
linked to modulation of top-down/controlled mechanisms, there is evidence suggesting that bottom-up/automatic processing of emotional (especially high arous-
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ing/threatening) stimuli is relatively preserved in aging (Dolcos et al. 2014a;
Kensinger and Leclerc 2009; Mather and Knight 2006; St Jacques et al. 2010).
Such preservation of sensitivity to basic emotional information in aging has been
most consistently linked to a similar engagement of the AMY in younger and
older adults, which also seems to show less structural decline as a function of age
compared to other brain regions (Jiang et al. 2014; Li et al. 2014). In the context
of overall preserved AMY functioning in aging, there is also evidence showing age
differences in AMY sensitivity to the valence of emotional stimuli. For instance,
previous studies of emotional perception identified decreased AMY response to
negative stimuli (Erk et al. 2008; Gunning-Dixon et al. 2003; Iidaka et al. 2002;
Mather et al. 2004; Tessitore et al. 2005), whereas others observed increased AMY
response to positive stimuli (Kehoe et al. 2013; Leclerc and Kensinger 2011; Mather
et al. 2004), in older compared to younger adults.
Furthermore, the studies of emotional perception reviewed above and others have
also identified increased engagement of the PFC and ACC regions during the viewing of negative vs. neutral and positive vs. negative stimuli, in older adults (Dolcos
et al. 2014a; Gunning-Dixon et al. 2003; Leclerc and Kensinger 2008; Nashiro et al.
2012; St Jacques et al. 2010; Williams et al. 2006). These findings, along with
evidence for chronic activation of ER goals in aging (Dolcos et al. 2014a; Gross
et al. 1997; Mather and Knight 2005), suggest that greater activity in the PFC/ACC
regions observed in aging linked to emotional perception may reflect enhanced
habitual engagement of ER strategies in older adults, which may further exert modulation of activity in basic emotion processing regions (e.g., AMY). Consistent with
this idea, there is evidence for increased functional connectivity between the ACC
and AMY in healthy older adults, who also show overall reduced emotional ratings
of negative stimuli (St Jacques et al. 2010) (Fig. 14.5a). Of note, age differences
in the ACC-AMY interactions were also associated with changes in the perceived
emotional content of negative stimuli, reflected in older adults’ overall reduced
emotional ratings of the negative stimuli (due to a “negative-to-neutral-shift” in
rating some of the negative stimuli) (St Jacques et al. 2010), thus suggesting a role
of this region in reducing AMY activity when regulation is successful. This idea
was further supported by recent evidence identifying activity in similar ACC areas
showing a negative correlation with subjective emotional ratings for negative stimuli
in older adults (Dolcos et al. 2014a), thus confirming a role of this region in effective
spontaneous regulation of negative emotions in aging (Fig. 14.5b). Notably, this
latter study also clarified that the observed effects were specific to processing of low
arousing stimuli, thus highlighting the importance of taking into consideration the
level of emotional charge when investigating emotion processing in aging.
Consistent with the notion that older adults experience negative emotions to a
lesser extent, compared to younger adults, older adults also show impairments in
recognizing faces displaying negative emotions such as fear and sadness, but not
so much in recognizing happy faces (Ruffman et al. 2008). These findings appear
consistent with the positivity effect in aging, but recent evidence shows that older
adults’ ability to recognize disgust may be better than that of younger adults (Mather
2016), thus suggesting that these effects may be driven by specific emotions, rather
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Fig. 14.5 Role of the anterior cingulate cortex in “spontaneous” emotion regulation in
healthy aging. (a) Older adults show greater functional connectivity between the anterior cingulate
cortex/medial prefrontal cortex (ACC/mPFC) and right amygdala (AMY), during the evaluation of
negative pictures; the y-axis of the bar graph represents the difference in correlations between
negative and neutral conditions. (b) Activity in the ACC is also negatively correlated with the
emotional ratings of negative pictures, in older adults. Together, these findings point to a role of
the ACC/mPFC in effective spontaneous regulation of negative emotions in aging (Adapted from
St Jacques et al. 2010; Dolcos et al. 2014a, with permission)

than simply by positive vs. negative valence. Further research is needed to clarify
the mechanisms underlying these age-related selective impairments in emotion
recognition, possibly focusing on the interaction between the bottom-up (AMY)
and top-down (PFC) mechanisms, as well as on the possible role of other regions
that may mediate the interaction between the two in processing specific emotions
(e.g., insula) (see also Dolcos et al. 2017, in press).

Impact of Age-Related Differences on Opposing Effects of Emotion
on Episodic Memory
In the memory domain, numerous studies have provided evidence for similar
valence-related opposing effects in memory, linked to the positivity bias observed in
healthy older adults. This is reflected in their tendency to spontaneously recall fewer
negative autobiographical memories (Schlagman et al. 2006) and reappraise them
in a more positive way (Comblain et al. 2005), to remember personal memories
in a more positive manner (Kennedy et al. 2004), and to remember more positive
than negative personal memories and pictorial stimuli (e.g., Charles et al. 2003;
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Ebner and Johnson 2009; Fernandes et al. 2008; Spaniol et al. 2008). Regarding
the neural correlates of the memory-enhancing effect of emotion, the role of AMYMTL and PFC mechanisms has been identified, with the PFC regions playing a
pivotal role (reviewed in Dolcos et al. 2012). For instance, St Jacques et al. (2009)
and Murty et al. (2009) both identified decreased connectivity between the AMY
and HC, coupled with increased connectivity between the AMY and lateral PFC,
linked to successful encoding of negative information in older compared to younger
adults. In addition, studies of effective connectivity during emotional encoding
observed both (1) stronger positive modulation of MTL activity by PFC in older
than younger adults, and (2) enhanced intra-regional connectivity within PFC (e.g.,
medial, lateral, and orbital), during the encoding of positive information in older
adults (Addis et al. 2010; Waring et al. 2013). Finally, Sakaki et al. (2013) found that
those older adults who showed enhanced connectivity between AMY and mPFC at
rest also showed (1) greater medial PFC activity during the encoding of emotional
faces, and (2) a stronger positivity effect in a subsequent memory recognition test
(i.e., more likely to remember positive vs. negative faces), whereas these effects
were not observed in younger adults. Taken together, these findings suggest that
age-related increase in AMY-PFC connectivity is overall associated with enhanced
emotional memory encoding, and also linked to the positivity effect in older adults.
Regarding the impairing effects of emotion on EM, available behavioral evidence
suggests that older adults are more susceptible than younger adults to the trade-off
effect between emotional/central vs. non-emotional/peripheral features of an event
(Kensinger et al. 2005, 2007c; Nashiro and Mather 2011). These age differences
have been linked to older adults’ relatively reduced ability to employ specific
encoding strategies (e.g., broad allocation of attention to contextual aspects of
stimuli) that would otherwise help younger adults alleviate the negative impact of
the trade-off effect. This suggests that older adults may be particularly impaired
in disengaging attention from emotionally salient aspects of stimuli (Kensinger
et al. 2005, 2007c). In addition, there is also evidence that emotional arousal
helps remember information about intrinsically-linked contextual features (e.g.,
stimuli and their location) through memory binding only in younger adults, hence
suggesting that limited cognitive resources in older adults may lead them to only
remember the gist but not the associated details (Nashiro and Mather 2011).
These findings are consistent with previous studies documenting age-related deficits
in efficient inhibition and attentional control (Fabiani 2012), as well as various
forms of associative memory (Old and Naveh-Benjamin 2008). Although evidence
regarding the neural correlates of age-related impairments in associative memory
is still limited, a recent large-scale investigation of the impact of age on memory
processes identified a significant association between older adults’ associative
memory performance and HC volume, consistent with the involvement of this region
in representations of item-context relations (see also section “Enhancing effects”
above) (Henson et al. 2016).
In sum, available evidence on the role of age-related differences points to general
and valence-related opposing effects of emotion on perception and memory, and
highlights the involvement of both bottom-up (AMY) and top-down (PFC/ACC)
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neural mechanisms. Regarding the enhancing effects of emotion, older adults seem
to maintain increased sensitivity to processing emotional information, in general,
and this is linked to similar engagement of AMY in younger and older adults
in emotional perception and memory encoding. Older adults, however, also tend
to show a preference toward positive over negative information in perception
and memory processes, and also experience less negative emotions, compared to
younger adults. Extant evidence regarding this positivity effect points to a pivotal
role of increased engagement of the PFC/ACC regions in older adults, allowing
them to chronically activate ER goals to cope with emotional challenges. It seems,
however, that this habitual engagement of ER in healthy older adults tends to
particularly affect low-arousing emotional stimuli. Previous studies also point to
age-related impairments in correctly identifying some negative facial expressions,
but further research is needed to clarify the underlying neural mechanisms of their
impaired emotion recognition. Finally, aging also seems to be associated with a
pronounced impact of the trade-off effect in remembering central vs. peripheral
features, which may be related to reduced involvement of the HC in associative
memory in older adults.

14.3.3 The Role of Sex Differences
In our society, it is commonly believed that women perceive, experience, and
express emotions to a greater extent than men do (Briton and Hall 1995; MeyersLevy and Loken 2015). This section discusses scientific evidence pointing to
both beneficial and detrimental aspects related to the role of sex differences in
emotion processing. Consistent with beneficial aspects, there is evidence pointing
to enhanced emotional competence in women. However, consistent with detrimental
aspects, there is evidence highlighting increased vulnerability to affective disorders
in women. At the neural level, available evidence identifies both general and specific
sex differences in the patterns of brain activations during emotion processing. For
instance, evidence from brain imaging studies highlights dissociable engagement of
the AMY, in women and men, both in general emotion processing (Andreano et al.
2014; Stevens and Hamann 2012) and in emotional memory (Andreano and Cahill
2009; Cahill 2003; Hamann 2005).

Role of Sex Differences in Opposing Effects of Emotion on Visual
Perception
Consistent with the idea of enhanced emotional competence in women (Collignon
et al. 2010; Hall and Matsumoto 2004; Montagne et al. 2005), there is evidence
that, compared to men, women identify and decode others’ emotional expressions
more accurately (Collignon et al. 2010; Hall and Matsumoto 2004; Montagne
et al. 2005), are more emotionally expressive (Kring and Gordon 1998), and
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display more extensive knowledge of emotional experience (Barrett et al. 2000).
However, consistent with increased vulnerability to affective disturbances, there
is also evidence pointing to a negative bias in emotion processing. Specifically,
women are known to exhibit enhanced reactivity to emotional stimuli (particularly
negative ones) (Hamann and Canli 2004; Lang et al. 1993; Shields 1991; Spalek
et al. 2015), tend to be more cautious and show avoidance-focused motivations
(Meyers-Levy and Loken 2015), which may be linked to nearly two times higher
lifetime prevalence of mood and anxiety disorders than in men (Bekker and van
Mens-Verhulst 2007; Kessler 2003; Nolen-Hoeksema 2001).
Brain imaging studies provide further emerging evidence consistent with a negative affective bias and valence-related sex differences in emotion processing. For
instance, a recent meta-analysis of brain imaging studies examining sex differences
identified a sex  valence interaction in emotion processing, such that women are
more likely to show greater AMY response to negative information, whereas men
tend to show greater AMY response to positive information (Stevens and Hamann
2012). Moreover, a subsequent study by Andreano et al. (2014) showed that AMY
response to negative stimuli tends to be “persistent” over multiple repetitions in
women, whereas AMY response to negative stimuli in men is only sensitive when
the stimuli are novel (as opposed to familiar). Importantly, the difference in AMY
response to novel vs. familiar negative stimuli was negatively associated with selfreported measures indexing symptoms of anxiety and depression across men and
women, thus lending support to the idea that reduced habituation of the AMY
response to negative stimuli may be linked to the greater incidence of affective
disorders in women (Andreano et al. 2014).
Additional support consistent with the notion of enhanced emotional reactivity
in women comes from studies investigating the impact of emotional distraction.
For instance, processing of novel task-irrelevant distracters in a negative emotional
context was associated with slower response time and decreased hit rates in a visual
perception task in women, compared to men (Garcia-Garcia et al. 2008). This
finding, coupled with a larger P3 response (typically associated with attentional
orientation, among others, Bradley et al. 2012) for novel distracters in the negative
context in women, suggests heightened sensitivity and hence greater allocation
of attentional resources to potential threat in women (Garcia-Garcia et al. 2008).
Furthermore, other studies examining sex differences in the basic response to
task-irrelevant emotional distraction identified increased activity in brain regions
involved in emotion processing such as the AMY, FG, and subgenual ACC in
women (Iordan et al. 2013a), consistent with enhanced bottom-up impact of
negatively-valenced emotional distraction in women (Fig. 14.6a, b). Interestingly,
activity in the left FG, a perceptual area susceptible to modulation by emotional
information, was negatively correlated with performance in a concurrent WM
task only in women (Fig. 14.6b) (Iordan et al. 2013a). This evidence further
supports the idea that women’s greater sensitivity to emotional stimuli is linked to
increased engagement of bottom-up emotion processing regions and which leads to
detrimental impact on ongoing cognitive processing (see also Iordan et al. 2013b).
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Fig. 14.6 Increased sgACC and FG activity to emotional distraction in women. (a) Left
panel: women showed an increased response to emotional distraction in the subgenual anterior
cingulate cortex (sgACC, BA 25). The area indicated by the white circle illustrates the difference
in activation in response to emotional distracters (angry faces) in women versus men. Right panel:
the bar graph illustrates the fMRI signal, as extracted from the sgACC region corresponding to the
difference in activation between women and men. (b) Left panel: the left fusiform gyrus (FG) also
showed similarly increased sensitivity for emotional distracters in women than in men (red cluster).
Right panel: interestingly, the overlapping area in the FG (white cluster) also showed a negative
covariation between brain activity and WM scores for trials with emotional distracters, in women.
Emo emotional distracters, Neu neutral distracters, Scr scrambled distracters BA Brodmann area
(From Iordan et al. 2013a, with permission)

Role of Sex Differences in Opposing Effects of Emotion on Episodic
Memory
Evidence consistent with the discussion above regarding sex differences in emotional competence vs. increased vulnerability to affective disturbances, linked to
valence-related differences in processing emotional information between women
and men, also comes from studies of emotional memory. For instance, compared
to men, women recall more emotional autobiographical memories (Davis 1999;
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Seidlitz and Diener 1998) and show increased overall brain activity during encoding
of emotional memories (Canli et al. 2002a). Previous studies of sex differences in
the neural correlates of emotional memory also point to a hemispheric asymmetry
in the involvement of AMY, such that the left AMY is associated with successful
emotional memory encoding in women, whereas the right AMY is associated
with successful encoding in men (Cahill et al. 2001; Canli et al. 2002a; but see
Fischer et al. 2007). There is evidence that consolidation of emotional memory is
also modulated by sex differences (Mackiewicz et al. 2006), and that the genderrelated lateralization in the AMY linked to emotional memory encoding seems
to also depend on sex differences in the stimuli to be encoded. Specifically, there
is evidence that the left AMY is preferentially involved in successful encoding
of female emotional faces in women, whereas the right AMY is correlated with
successful encoding of male emotional faces in men (Armony and Sergerie 2007).
The finding showing women’s preferential processing of same-sex stimuli is
consistent with evidence that women tend to have greater preference for sociallyrelevant items, in general (e.g., faces and people vs. scenes) (Proverbio et al. 2008a,
b). This led to the suggestion that feminine and masculine roles as established
by the society, rather than the sex per se, influence the differences in emotional
memory (Cahill et al. 2004) between women and men. This interpretation is also
supported by evidence for sex differences in the AMY linked to opposing effects
in memory for central vs. peripheral details. Specifically, activity in the right and
left AMY was linked to enhanced consolidation of central vs. peripheral aspects of
emotional events in men and women, respectively (Cahill and van Stegeren 2003).
Moreover, a subsequent study by these authors showed that those participants who
showed greater masculine traits also remembered more the central aspects, whereas
those who showed greater feminine traits remembered more the peripheral aspects
of emotional information (Cahill et al. 2004). Taken together, these findings show
that femininity is associated with relatively impaired vs. enhanced recall of central
vs. peripheral features of emotional information, respectively, with evidence for the
latter being subserved by the engagement of the left AMY.
Similar to the studies on emotion perception discussed above, evidence consistent with a negative affective bias in women, possibly linked to increased
vulnerability to affective disturbances, also comes from studies of memory investigating sex differences in the recollection of emotional autobiographical memories
(AMs) (Denkova et al. 2012; Young et al. 2013). Consistent with the aforementioned
negative bias, the study by Denkova et al. (2012) showed that women recalled more
negative and fewer positive AMs than men, although women and men did not differ
in the appraisal of phenomenological properties (e.g., arousal, vividness) of their
AMs (Young et al. 2013). Furthermore, the same study also showed that retrieval
of emotional AMs and post-retrieval affective mood was differently influenced by
habitual use of ER strategies, in women and men. Specifically, engaging suppression
as a habitual ER strategy in women may be inefficient and could come with the
cost of also being associated with overall enhanced retrieval of negative AMs and
increased post-retrieval negative affect (Denkova et al. 2012). At the neural level,
recollection of emotional AMs has been linked to both common and dissociable

14 Factors Influencing Opposing Effects

319

engagement of brain regions in women and men. Specifically, whereas women and
men similarly engaged the PFC, AMY, and memory-related MTL regions during
recollection of emotional AMs, recalling negative AMs was also associated with
increased activity in various regions, including the AMY, in women compared to
men (Young et al. 2013).
In sum, available evidence concerning sex differences in the enhancing vs.
impairing effects of emotion on cognition points to women’s enhanced sensitivity
to emotional stimuli in general, and to negative stimuli in particular. Although
women generally exhibit enhanced emotional competence in emotion processing,
they are also more likely to show a negative affective bias in perception and
memory. At the neural level, this processing bias has been linked to increased
sensitivity in bottom-up emotion processing regions, including the AMY and FG,
which may in turn be linked to heightened vulnerability to emotional disturbances
in women. It remains unclear, however, the seemingly paradoxical co-occurrence
of both beneficial (increased emotional competence) and detrimental (increased
vulnerability to emotional disturbances) aspects regarding emotion processing in
women.

14.3.4 Other Factors Modulating the Opposing Effects
of Emotion on Cognition
Besides the factors discussed above, emerging evidence points to other factors that
can also modulate effects of emotion on cognition. For instance, one’s emotional
states (Biss and Hasher 2011; Biss et al. 2012; Cohen et al. 2016; Fitzgerald et
al. 2011) or personality traits influencing emotion processing (Hamann and Canli
2004; Hooker et al. 2008) can influence the way emotion interacts with cognition.
Consideration of these factors can contribute to further insight into alterations
associated with dysfunctional emotion-cognition interactions in affective disorders.

Mood/Emotional States
There is anecdotal and empirical evidence that longer-lasting (mood) and transient
emotional states can affect one’s cognition and behavior (Biss and Hasher 2011;
Blaney 1986; Cohen et al. 2016; Fitzgerald et al. 2011). The effect of mood
is typically investigated through mood induction procedures, using for instance
recollection of emotional AMs or viewing affect-laden movie clips or images
(Kohn et al. 2014b; Wagner et al. 2012; Young et al. 2012; Zhang et al. 2014).
In laboratory studies, participants’ current emotional states are usually assessed
before and after the study, using measures such as the state scale of the Positive
and Negative Affective Schedule (PANAS-S) (Watson et al. 1988). In the case of
mood, for instance, available evidence suggests that positive vs. negative mood can
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have opposing effects on focusing attention during visual processing. Specifically,
it has been suggested that positive mood may broaden the focus of attention
(Fredrickson and Branigan 2005; Grol and Raedt 2014; Wadlinger and Isaacowitz
2006), whereas negative mood may narrow the focus of attention (Gasper and Clore
2002). However, emerging evidence suggests that the effects of positive vs. negative
mood are more complex, and may also depend on other factors, such as motivation
(Gable and Harmon-Jones 2010) or context (Hunsinger et al. 2012).
In the memory domain, it has been shown that mood can lead to differential
effects depending on its congruency with the emotional information to encode
and remember, a phenomenon known as the mood congruent memory (Blaney
1986). Specifically, memory can be enhanced when the valence of the mood
during encoding or retrieval is congruent with that of the information to encode
or remember (Fitzgerald et al. 2011; Leppanen 2006), and these effects have been
linked to the engagement of PFC mechanisms (Fitzgerald et al. 2011; Lewis et
al. 2005). Also relevant to the present chapter, there is behavioral evidence that,
although older adults overall showed a typical positivity effect in memory recall
(i.e., reduced recall of negative words independently of mood induction), they
were also more sensitive to negative mood induction, showing mood congruence
effects during induced sadness on more tasks than younger adults (Knight et al.
2002). Interestingly, mood seems to impact not only attention, perception, and
memory, but also cognitive control processes (Cohen et al. 2016; Frober and
Dreisbach 2014; Vanlessen et al. 2015). While this emerging evidence highlights
the impact of mood on memory and provides insights into the associated neural
underpinnings further investigations are needed to elucidate the role of mood
in the impact of emotion on cognition. This is of particular importance for
understanding the interplay between emotion and cognition in mood disorders, such
as depression, which is characterized by an overall negative affective bias (affecting attention, perception, and memory) coupled with impaired cognitive control
(Drevets 2001; Koster et al. 2005). Hence, clarifying the impact of mood on various
aspects of cognition is an important avenue of research on emotion-cognition
interactions.

Personality Traits
Available research suggests that valence-related opposing effects of emotion on perception and memory are also influenced by individual variations in personality traits
linked to general emotion processing, such as extraversion and neuroticism (Rubin
et al. 2008; Young and Martin 1981). For instance, traits associated with positive
affect, such as extraversion (Costa and McCrae 1980; John and Srivastava 1999),
are associated with enhanced recollection of positive memories (Rusting 1999),
whereas personality traits associated with negative affect, such as neuroticism, are
linked to enhanced recollection of negative memories (Mayo 1983; Ruiz-Caballero
and Bermudez 1995). We recently identified such relations in the case of retrieving
personal memories for real-life events (Denkova et al. 2012). More specifically,
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we showed that extraversion contributed to remembering more positive personal
experiences and to maintaining a positive state, whereas neuroticism predicted the
phenomenological characteristics of negative AMs; interestingly, the latter trait
was also linked to sex differences. Moreover, there is also evidence for similar
interactions between personality traits and age differences. In particular, older adults
with high levels of neuroticism do not seem to experience decreases in negative
affect, unlike the patterns exhibited by their same-age peers (Charles et al. 2001;
Griffin et al. 2006); there is also evidence that older adults may even be more
sensitive and reactive to negative stressors (see also Dixon et al. 2012; Mroczek
and Almeida 2004; Mroczek et al. 2006). Taken together, these findings highlight
the importance of considering concomitantly individual differences in personality
traits and sex/age in order to achieve a comprehensive understanding of the factors
or combinations of factors that may influence the opposing effects of emotion on
cognition.
Furthermore, it has been shown that extraversion and neuroticism can influence
the neural correlates associated with the impact of emotion on a range of cognitive
processes, including perception, attention, and memory (Canli et al. 2002b; Hamann
and Canli 2004; Hooker et al. 2008; Touryan et al. 2007). It has also been suggested
that individual differences in emotional biases linked to specific personality traits
might be rooted in an attentional network driven primarily by the AMY reactivity
during the encoding of emotional stimuli (Haas and Canli 2008). Moreover, there
is also evidence that activity in the AMY and HC during fear learning positively
correlates with the level of neuroticism (Hooker et al. 2008). These findings suggest
that neuroticism, which has also been linked to heightened vulnerability to affective
disorders (Bienvenu et al. 2004), is associated with increased sensitivity of the AMY
and HC to negative stimuli, leading to enhanced encoding of negative associations
(see also below), which in turn can also influence the negative affective bias
during retrieval. Overall, available evidence suggests that individual differences in
personality traits can play a pivotal role in modulating the impact of emotion on
cognition, and provides insights into understating factors of vulnerability to affective
disorders.

Clinical Status: Affective Disorders
The valence-related opposing effects of emotion on cognition tend to be particularly
exacerbated in affective disturbances. For instance, mood, anxiety, and stressrelated disorders (e.g., depression, generalized anxiety, and PTSD, respectively)
are characterized by increased negative affective bias (e.g., hypervigilance toward
potential threats in the environment) and reduced responsiveness to positive affect,
coupled with impaired executive control and ER (Brown and Morey 2012; Drevets
2001; Hayes et al. 2012; Mayberg 1997; Mayberg et al. 1999; Rauch et al. 2006;
Shin and Liberzon 2009). Increased sensitivity to negative material can impair
attention, memory, and cognitive control in depression and PTSD, and this is
typically associated with altered activity in emotion-related (AMY, rostral ACC)
and control-related brain regions (PFC, dorsal ACC) (Dolcos 2013; Foland-Ross
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and Gotlib 2012; Hayes et al. 2012). In the case of PTSD, there is evidence pointing
to a possible link between the impact of emotion on episodic memory for traumarelated material (enhanced gist-based memory) (Hayes et al. 2011) and the impact of
such material as task-irrelevant distraction presented concurrently with a cognitive
task (non-specific response of trauma compared to non-trauma material) (Morey
et al. 2009). We proposed that the non-specific (gist-based) effects produced by
trauma-related materials on episodic memory is due to hyperarousal during initial
encoding, which leads to functional disorganization of the memory-related AMYHC mechanisms. In turn, the gist-based memories produce non-specific responses
when cues for such memories are presented as trauma-related distraction. This
further leads to enhanced hypervigilance that contributes to the maintenance of
a hyperarousal state and non-specific (re)encoding of traumatic memories, hence
restarting and maintaining this dysfunctional cycle (Dolcos 2013).
Overall, separate lines of investigations reviewed above suggest that several
factors may impact the interplay between emotion and cognition and the directionality of these interactions. While there has been steady progress during the last
decades in understating the mechanisms of emotion-cognition interactions, further
investigations specifically targeting concurrent examination of these factors are
needed to gain a comprehensive picture of how they interact in influencing the
opposing effects of emotion on cognition.

14.4 Conclusions and Future Directions
The overarching goal of the present chapter was to discuss emerging evidence
from investigations examining factors that modulate the neural mechanisms of
enhancing vs. impairing effects of emotion, with a particular emphasis on the
role of ER strategies and individual differences linked to age and sex, as well
as additional factors including emotional states, personality traits, and clinical
conditions. Overall, available evidence regarding the basic enhancing vs. impairing effects of emotion on visual perception and episodic memory points to the
involvement of and interactions between bottom-up/direct mechanisms, mainly
involving the AMY, MTL, and perceptual regions (e.g., FG), and top-down/indirect
mechanisms, mainly mediated by the PFC and other cortical regions (e.g., ACC,
insula, parietal cortices). Emerging evidence from investigations examining various
factors linked to individual differences also identifies valence-related opposing
effects of emotion (e.g., typically, reflected in a relative positive affective bias in
older adults and linked to high extraversion scores vs. increased relative negative
bias in women compared to men, and linked to high neuroticism scores and affective
disturbances), and this shift in sensitivity to emotional valence has been associated
with differential engagement of both the bottom-up and top-down mechanisms
in emotion processing. Moreover, the deployment of specific ER strategies and
their impact on visual perception and memory also seem to vary as a function of
individual differences, and dysfunctional ER (or emotion dysregulation) has been
linked to affective disturbances, such as anxiety, depression, and PTSD. The main
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conclusions of the present chapter are summarized below, and then followed by
open questions for future research.
Evidence regarding the opposing effects on visual-perceptual processes points
to an important role of AMY in exerting modulatory influences on bottom-up
perceptual regions, such as the FG and lateral temporo-occipital cortices, allowing
enhanced detection and processing of emotional compared to neutral stimuli.
Furthermore, in the context of processing task-irrelevant emotional interference,
increased AMY sensitivity to emotional stimuli seems to not only influence
low-level perceptual brain regions, but also modulate activity in other affective processing regions, including portions of the PFC, possibly suggesting the sensitivity of
these higher-order cortical regions to the motivational significance of stimuli (Shafer
et al. 2012). Similarly, regarding the effects on EM, the enhancing effects of emotion
have been linked to the involvement of two separate yet highly interactive neural
systems, namely, bottom-up/direct mechanisms involving the AMY/MTL, and topdown/indirect mechanisms involving the PFC and other cortical areas (e.g., parietal
cortices). The bottom-up mechanisms are particularly sensitive to the emotional
arousal of the stimuli. The top-down mechanisms – through their involvement in
semantic, working memory, and attentional processes – aid in the formation of
emotional memories, and are sensitive to the valence as well as social relevance of
emotional stimuli. Within the MTL regions involved in the bottom-up mechanisms
of emotional memory, there also seems to be functional dissociation between the
PRC and HC, whose activity has been linked to memories for isolated or unitized
items vs. complex associations between a given item and its context, respectively.
Evidence from investigations examining the effects of ER strategies and individual differences in healthy populations provides insight into the role of these
factors in modulating the enhancing vs. impairing effects of emotion on visual
perception and EM. Regarding the role of ER strategies, available research shows
that instructed deployment of different regulatory goals (up vs. down regulation)
or ER strategies (i.e., cognitive reappraisal vs. expressive suppression) can differently affect processing of and memory for emotional information, as reflected
in differential patterns of activity in basic emotion (i.e., AMY) and cognitive
control (i.e., PFC) brain regions. For instance, using reappraisal to down-regulate
emotional responses has been associated with decreased activity in the AMY and
increased activity in the PFC during processing of emotional stimuli. In addition,
it is suggested that the increased engagement of the PFC regions coupled with the
increased engagement of the HC may explain enhanced memory for “reappraised”
emotional items. By contrast, the opposite pattern is observed for suppression where
decreased engagement and co-activation of PFC and HC may explain impaired
memory for “suppressed” emotional items. In addition, available evidence also
identifies functional and structural alterations in the AMY and PFC regions linked
to the habitual engagement of reappraisal vs. suppression. While emerging evidence
coming from separate lines of investigations suggests opposing effects of ER
strategies on perceptual and mnemonic processing of emotional information, further
research is needed to directly address how different ER strategies can lead to
enhanced vs. impaired impact of emotion on perception and memory.
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Regarding the role of age differences, available evidence highlights age-related
modulation of bottom-up and top-down mechanisms involved in the impact of
emotion on cognition. In the context of overall preserved sensitivity to emotional
information subserved by the AMY in aging, older adults tend to show increased
attention to and memory for positive information, or attenuated processing of
negative information, compared to younger adults. This so-called positivity effect
seems to occur as a result of enhanced and habitual deployment of ER, which in
turn is subserved by greater engagement of the ACC/mPFC regions in older adults,
particularly in the context of processing low-arousing emotional stimuli. Similarly,
PFC regions also play an important role in older adults’ emotional memory, showing
greater connectivity with the AMY linked to successful emotional encoding, relative
to younger adults. Aging also seems to selectively impair aspects of emotional
perception and memory, as reflected in older adults’ reduced sensitivity to some
negative emotions and increased sensitivity to the central vs. peripheral memory
trade-off. However, further research is needed to elucidate how aging modulates the
bottom-up and/or top-down mechanisms involved in these processes, as well as the
interaction between the two, particularly with respect to the role of ER and positivity
effect as discussed above.
Regarding the role of sex differences, extant evidence identifies women’s
increased sensitivity to emotional stimuli, in general, and to negative information
(i.e., negativity bias), in particular, compared to men. Whereas women’s greater
emotional sensitivity, subserved by the AMY, may contribute to their enhanced
emotional competence, sustained AMY response to negative stimuli may also be
linked to their increased susceptibility to affective disturbances. Greater activation
of the bottom-up perceptual regions in response to task-irrelevant emotional distraction is also linked to greater interference of ongoing cognitive processing, thus
underscoring the detrimental impact of women’s heightened sensitivity to emotional
stimuli. Similarly, while women’s successful emotional memory encoding has been
linked to activity in the left AMY, women’s negativity bias in recollecting AMs is
also associated with greater response in both the AMY and ER-related regions such
as the PFC and ACC. There is also evidence that femininity may be associated with
relative impairment in recalling the central aspects (compared to peripheral aspects)
of emotional information.
Finally, there is emerging evidence that other factors, such as emotional states
and personality traits can also modulate the opposing effects of emotion on
cognition. Similar to the other factors discussed above, these factors also seem to be
associated with differential sensitivity to the valence of emotional stimuli, which in
turn is mediated by both bottom-up and top-down processes involved in the impact
of emotion on cognition. Of note, these valence-related opposing effects of emotion
tend to be particularly exacerbated in affective disturbances, thus suggesting the
importance of considering these additional factors to gain better understanding of
vulnerability to affective disorders.
Despite a growing body of literature elucidating the role of various factors
in modulating the enhancing vs. impairing effects of emotion on perception and
memory, a number of issues still remain unclear. Regarding the role of ER strategies,
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further investigations are needed to clarify how various ER strategies can modulate
not only perception but also memory. Given that emerging research highlights
the effectiveness of attentional deployment strategies (e.g., distraction, focused
attention) (Denkova et al. 2015; Dolcos et al. 2015; Depue et al. 2007; Hur et
al. 2016), future investigations of the impact of ER on memory should include
more elaborated practices and training that rely on attentional control. Moreover,
while progress has been made in elucidating the impact of explicit ER strategies,
further research is needed to clarify the impact of implicit (e.g., priming) or habitual
engagement of ER strategies not only at the level perceptual processing of emotional
events, but also at the level of mnemonic processing. For instance, whereas
habitual engagement of reappraisal and suppression is associated with increased vs.
decreased psychological well-being, respectively (Gross and John 2003; Llewellyn
et al. 2013), the explicit instructed use of these strategies in laboratory studies is
also associated with enhanced vs. impaired subsequent memory for emotional items
(Dillon et al. 2007; Richards and Gross 2000). Hence, better understanding of the
mechanisms underlying the impact of explicit vs. implicit/habitual ER on perception
and memory would provide valuable insight into affective disorders, which are
characterized by inefficient ER.
Regarding the role of age differences, it remains less understood how age
differences might mediate the impact of emotion on various aspects of perception
and memory, particularly with respect to the differential engagement of top-down
mechanisms involved in emotion processing. For instance, although converging
evidence suggests enhanced ER in healthy aging, older and younger adults prefer
different ER strategies in effectively regulating the impact of emotion. Compared to
young adults, older adults seem to favor strategies that may depend less on cognitive
resources, such as situation selection or distraction (Etxeberria et al. 2016; Scheibe
et al. 2015; Urry and Gross 2010), and this age-related shift in the preference toward
specific ER strategies is linked to increased affective well-being in older adults
(Scheibe et al. 2015). However, only a few studies so far have examined and directly
compared the mechanisms of different ER strategies in older vs. younger adults
(Allard and Kensinger 2014a, b). In addition, although there is emerging evidence
that older adults’ deployment of different ER strategies depends on the level of
arousal and valence of stimuli (Dolcos et al. 2014a; Martins et al. 2016), the neural
mechanisms associated with such interactions between ER strategies and emotional
properties of the stimuli remain unclear. Future research taking into consideration
these aspects would be helpful in elucidating the flexible and adaptive nature of ER
strategy choice across the lifespan.
Regarding the role of sex differences, it remains unclear the paradoxical cooccurrence of both beneficial (increased emotional competence) and detrimental
(increased vulnerability to emotional disturbances) aspects of emotion processing
in women, compared to men, and the associated neural mechanisms linking these
two phenomena. One possibility is that women’s hypersensitivity to emotional
cues may interfere with disengagement from processing negative stimuli, resulting
in chronically activated negative emotional states. This notion is consistent with
available evidence showing that women are more likely than men to attend to

326

F. Dolcos et al.

detailed characteristics in emotion processing (Heisz et al. 2013), and that such
sex differences are most pronounced when processing negative stimuli, particularly
ambiguous ones (see also Andreano et al. 2014; McClure et al. 2004; Montagne
et al. 2005). Moreover, as discussed in the preceding section, women’s habitual
engagement of suppression is associated with increased recollection of negative
memories and experience of the associated emotional response (Denkova et al.
2012). However, sex differences in the neural mechanisms mediating these effects
are still unclear. Future studies investigating the role of sex differences in enhancing
vs. impairing effects of emotion on cognition might consider the impact of
differential engagement of ER strategies on both the immediate and long-term
impact of emotion, and clarify how these effects might translate to the mechanisms
of affective disturbances that disproportionately affect women and men, such as
mood and anxiety disorders.
Additionally, future investigations of the role of age and sex differences should
also consider targeting the potentially dissociable impact of specific negative emotions. Regarding age, although older adults tend to show impairments in recognizing
some negative emotions, such as sadness, fear, and anger, their ability to recognize
and experience disgust seems to be preserved or even improve as a function of age
(Mather 2016). While this implies that the perception of various negative emotions
may engage different neural processes, and that they may be differentially impacted
by aging, the mechanisms underlying such selective impairment/enhancement in
recognizing specific emotions still remain unclear (see also Mather and Ponzio in
press). Moreover, sex differences also exist in the processing of specific negative
emotions, such that women are more likely to perceive and experience sadness or
fear, whereas men are more likely to perceive and experience anger (Fischer et al.
2004; Glenberg et al. 2009; Kret and De Gelder 2012). At the neural level, there
is evidence that processing of angry faces under a stressful situation is associated
with an increase in functional connectivity among regions involved in emotional
perception (e.g., AMY, FG, insula) in women compared to men (Mather et al.
2010). Overall, these findings suggest that future studies need to acknowledge the
importance of considering and separating specific categories of negative emotions
in studying the role of individual differences, as these emotions may be associated
with differential behavioral and/or neural responses across participant groups.
Finally, future studies examining the role of individual differences in modulating
the opposing effects of emotion should emphasize the importance of considering
concomitantly individual differences in multiple domains, given the highly interactive nature of their effects on these phenomena. For instance, as discussed above,
neuroticism but not extraversion was related to sex differences in the recollection
of emotional memories and the associated post-retrieval emotional states (Denkova
et al. 2012). Moreover, neuroticism at older ages is associated with elevated levels
of negative affect (Mroczek et al. 2006), as well as an increased risk of developing
mild cognitive impairment (Wilson et al. 2005). At the neural level, neuroticism
has been shown to interact with both sex and age in influencing the volume of brain
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regions involved in emotion processing (e.g., AMY, FG) (Jackson et al. 2011; Nostro
et al. 2016). Thus, concomitant consideration of multiple domains of individual
differences, such as personality, sex, and age, would be essential in gaining a
comprehensive understanding of the mechanisms involved in the enhancing vs.
impairing effects of emotion.
Overall, the present chapter emphasizes the need to consider the various factors
that can influence opposing effects of emotion on cognition, and identifies new
avenues for future investigations of emotion-cognition interactions. These issues
have relevance for understanding mechanisms of emotion-cognition interactions in
healthy functioning and in emotional disturbances, where such opposing effects of
emotion tend to be exacerbated and deleterious.
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