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Highlights 

- Emotion-attention interactions impact many aspects of daily life. 

- These interactions involve interplays between affective and executive brain systems. 

- Individual differences (age, sex, personality) can modulate emotion and attention.  

- Maladaptive emotion-attention interactions are common in affective disorders. 
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- Training and interventions can optimize emotion-attention interactions. 

 

 

Abstract 

Due to their ability to capture attention, emotional stimuli tend to benefit from enhanced perceptual 

processing, which can be helpful when such stimuli are task-relevant but hindering when they are task-

irrelevant. Altered emotion-attention interactions have been associated with symptoms of affective 

disturbances, and emerging research focuses on improving emotion-attention interactions to prevent or treat 

affective disorders. In line with Human Affectome Project’s emphasis on linguistic components, we also 

analyzed the language used to describe attention-related aspects of emotion, and highlighted terms related to 

domains such as conscious awareness, motivational effects of attention, social attention, and emotion 

regulation. These terms were discussed within a broader review of available evidence regarding the neural 

correlates of (1) Emotion-Attention Interactions in Perception, (2) Emotion-Attention Interactions in 

Learning and Memory, (3) Individual Differences in Emotion-Attention Interactions, and (4) Training and 

Interventions to Optimize Emotion-Attention Interactions. This comprehensive approach enabled an 

integrative overview of the current knowledge regarding the mechanisms of emotion-attention interactions 

at multiple levels of analysis, and identification of emerging directions for future investigations.  

 

Keywords: Emotion; Attention; Perception; Learning and Memory; Individual Differences; Training 

Interventions; Psychophysiology; Neuroimaging; Affective Neuroscience; Health and Well-being; 

Linguistics. 
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1. Introduction and Basic Notions  

Decades of research have shown that emotional stimuli can benefit from enhanced perceptual 

processing due to their ability to capture attention, and through such prioritized processing they also impact 

other cognitive processes. For instance, emotional stimuli are better encoded and remembered and can also 

be powerful distracters when task-irrelevant. Moreover, altered processing of emotional material has been 

associated with individual differences in various domains of healthy functioning (sex, personality, age), as 

well as with symptoms of affective disturbances, including anxiety and depression. The linguistic search 

that builds the foundation of this special issue, reflects the centrality of attentional processes in affective 

experiences. The identified terms (Supplementary Table 1) can be broadly categorized into domains relating 

to conscious awareness, motivational effects of attention, social attention, and emotion regulation. We 

integrate the review of these terms within a broader review on emerging scientific evidence regarding 

emotion-attention interactions. We review evidence in healthy functioning and alterations observed in 

clinical conditions, with a particular emphasis on the associated neural mechanisms. This work brings 

together evidence based on various approaches, spanning from behavioral and lesion to brain imaging and 

interventions, and are grouped around the following four main themes: (1) Emotion-Attention Interactions in 

Perception, (2) Emotion-Attention Interactions in Learning and Memory, (3) Individual Differences in 

Emotion-Attention Interactions, and (4) Training and Interventions to Optimize Emotion-Attention 

Interactions (Figure 1). Detailed discussion of evidence regarding these four themes is followed by a brief 

discussion of related linguistic aspects (5). Such a comprehensive approach allows for an integrative 

understanding of the available evidence and identification of concrete avenues for future investigations. In 

the remainder of this introductory section, we briefly introduce basic concepts that are relevant throughout 

the review. 

[Figure 1 about here] 

Emotions vs. Feelings. The nature of emotion remains a matter of centuries-long debate (e.g., 

Adolphs, 2016; Adolphs & Andler, 2018; Barrett, 2006, 2012, 2017; Ekman, 1999; Hamann, 2012; Kragel 

& LaBar, 2016; Panksepp, 2007). For instance, on the one hand, proponents of the “basic emotions” view 

argue that certain emotions (e.g., anger, fear, happiness, sadness, and disgust) are biologically basic, with 

each arising from a specific module in the brain with homology across species (e.g., Ekman, 1999; Tracy & 

Randles, 2011). On the other hand, proponents of the “constructionist1” view posit that what the basic 

                                                
1Although this debate on the nature of emotion is not the focus of this manuscript, it is important to note that current theories of 

emotion have implications for treatment of mental disorders in which emotion-attention interactions are maladaptive (see Section 

4.3 below). For instance, a psychological constructionist approach has been applied as a way of understanding the mechanisms of 

PTSD, suggesting that core symptoms of this disorder might emerge from dysregulation of basic psychological operations or how 

these processes influence and constrain each other (Suvak & Barrett, 2011). Notably, this approach could be particularly useful in 

 



Jo
ur

na
l P

re
-p

ro
of

6 
 

emotion theorists call ‘emotions’ are populations of instances (i.e., categories) that do not arise from their 

own dedicated neural modules, but instead are constructed from a combination of activity in domain-general 

networks of the brain that perform more basic psychological functions such as salience detection, memory, 

sensory perception, and language (Barrett, 2006, 2012; Barrett & Satpute, 2013). While definitions of 

emotion remain hotly debated (Lindquist, Siegel, Quigley, & Barrett, 2013; Panksepp, 2007), there is a 

general consensus that affective phenomena (the more comprehensive term) consist of multiple 

subcomponents including physiological, appraisals, expressions, and behaviors that define the relation 

between the individual and environment. From a practical standpoint, a simplistic dissociation between 

emotions and feelings that is typically used in neuroscientific approaches is in terms of physiological vs. 

psychological aspects of affective processing (Iversen, Kupfermann, & Kandel, 2000; LeDoux & Brown, 

2017). Namely, while emotions have more to do with bodily responses (e.g., increased heart rate in a 

frightening situation), feelings refer to the associated psychological aspects (experiencing the feeling of 

being afraid) produced by the specific circumstances. Feelings might therefore be best understood as 

subjective interpretations of physiological responses (Siddharthan et al., under review). Studies of emotion-

attention interactions have investigated both emotions (including unconscious/automatic bodily responses) 

and feelings (relatively more conscious aspects of emotional responses), which are discussed throughout all 

sections of the current review.  

Transient vs. Long-term Responses. In addition to differentiating between emotions and feelings, 

it is also important to consider the duration of affective experiences. What is commonly referred to as an 

occurrence of an emotion is transient and usually concerned with a specific object or situation (Russell & 

Barrett, 1999), whereas mood is considered to be much longer-lasting, diffuse, and less specific (Frijda, 

2009). Furthermore, although emotions tend to follow the emotion-eliciting stimuli closely or 

instantaneously, a mood might be temporally remote from its cause, making the cause of a mood difficult to 

identify (Morris, 1992). Moreover, prolonged emotional responses and moods are also commonly observed 

as symptoms of anxiety, depression, or trauma- and stress-related disorders, which are characterized by 

recurrent and intrusive thoughts about previous or anticipated distressing or potentially traumatic events 

(Dalgleish & Power, 2004). Of particular relevance for the present review, such symptoms of affective 

dysregulation have been associated with deficits in top-down attentional control (Schafer, Zvielli, Hofler, 

Wittchen, & Bernstein, 2018). These and other relevant issues are discussed in more detail in several 

sections of the present review.  

                                                                                                                                                                         
better understanding the heterogeneity of intrusive and re-experiencing symptoms experienced by PTSD patients (e.g., Dalgleish, 

2004), which might be at least in part due to individual variations in the combination of dysfunctional psychological “ingredients” 

(Suvak & Barrett, 2011). 
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Valence vs. Arousal. These two basic affective dimensions, one referring to the (un)pleasantness 

and the other to the intensity of emotional responses, are commonly used to characterize various forms of 

affect (Lang, Greenwald, Bradley, & Hamm, 1993; Russell & Barrett, 1999). Although different models 

proposed over time have emphasized either one or the other (Thayer, 1989; Watson & Tellegen, 1985) of 

these two dimensions, most current approaches agree with a bi-dimensional structure, with valence varying 

from positive to negative and arousal from high to low (Lang et al., 1993; Russell & Barrett, 1999). In the 

context of experimental manipulations, valence and arousal may be more difficult to separate because 

stimuli used to induce positive and negative emotions typically also determine a change in arousal 

(Lindquist, Satpute, Wager, Weber, & Barrett, 2016). Hence, it is not only important to examine the role of 

positive and negative stimuli in attention and the associated processes, but also to dissociate between 

different levels of arousal within the emotional categories, which can be attained (Shafer, Iordan, Cabeza, & 

Dolcos, 2011). 

Affect vs. Motivation. Affective and motivational processes are closely related to one another (Lang 

& Bradley, 2008; Rolls, 2000), but the two have been conceptualized as being distinguishable and also 

different in terms of their effects on our cognition and behavior (Chiew & Braver, 2011; Pessoa, 2013). For 

instance, unlike affective processes, motivation is more explicitly goal-oriented and is thought to be the 

driving force for actions engaged to accomplish the goals (Pessoa, 2009). In this context, affective 

experiences reflect the extent to which the goals are accomplished or not (and the associated reward or 

punishments are obtained or avoided, respectively), and can also be experienced in earlier stages - e.g., 

during the planning of actions, or in the anticipation of accomplishing or failing to accomplish the goals. 

Similar to the valence dimension in affective processes, distinctions are also made between approach and 

avoidance motivations, both at the level of temperamental tendencies (Gray, 1970; Higgins, 1998) and 

experimentally induced transient motivational orientations, which differentially modulate attentional 

flexibility (Calcott & Berkman, 2014; Gable & Harmon-Jones, 2008). In the present review, the role of 

motivation is discussed with respect to the impact of reward on attentional processes, as well as in the 

context of emotion-attention interactions in social cognition. It is important, however, to also consider the 

different ways in which dispositional or momentary motivational states (Higgins, 1998, 2012; Mischel & 

Shoda, 1995) can drive affect, attention, and their interaction (Dweck, Mangels, & Good, 2004; Pessoa, 

2014; Raymond, 2009). 

 Attentional Processes. Finally, it is important to acknowledge that researchers have investigated 

different types of attentional processes and their interactions with emotion, although the focus of this review 

is not to distinguish between these different types at every level. For instance, a prominent view in the 

literature points to the existence of two anatomically and functionally distinct attentional systems in the 

brain, subserving top-down/goal-driven allocation of attention vs. bottom-up/stimulus-driven attentional 
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processing (Corbetta & Shulman, 2002), both modulated by emotional information. A notable point 

highlighted by the research of these two attentional systems, for example, is that the interaction between 

emotion and attention is complex and intertwined, can go in either direction, and can involve both top-down 

and bottom-up processes. Furthermore, researchers have also differentiated between “selective” attention, 

characterized by differential processing of simultaneous sources of information (Johnston & Dark, 1986) 

and “sustained” attention, characterized by one’s readiness to detect certain signals over prolonged periods 

of time (Sarter, Givens, & Bruno, 2001). Yet, another line of research has investigated executive control of 

attention, or “executive” attention, defined as detection and resolution of conflict (Posner, Rueda, & Kanske, 

2007). Emotion-attention interactions linked to the various aspects of attentional processes are discussed 

throughout all sections of the current review, from links to early stages of perceptual processing and the 

impact on working memory, to their long-term influences on learning and memory, and linked to the role of 

individual differences in healthy and clinical groups, as well as in the context of training and intervention 

approaches targeting optimal emotion-attention interactions.  

2. Emotion-Attention Interactions in Perception 

2.1. Conscious and Unconscious Emotion Processing 

 Over the last two decades, research in the field of emotion processing has seen a rapid rise in interest, 

particularly with the increased availability of brain imaging methodologies. Furthermore, with the 

emergence of behavioral evidence showing that emotional stimuli can impinge on behavior after very brief 

presentations (tens of milliseconds), interest has also arisen in identifying and understanding unconscious 

processing of emotional stimuli, thus challenging the dominant idea upheld until then that affect could not 

occur without conscious cognitive processing (Zajonc, 1980). Subsequently, using behavioural measures, as 

well as brain imaging methodologies in both healthy controls and brain-damaged patients, a number of 

investigations have been carried out to determine the extent of these effects, as well as their neural 

substrates. These will be briefly overviewed below according to the experimental approach used, with a 

focus on the processing of emotional expressions. 

  Behavioral Evidence.  Numerous behavioral methods are available to disrupt awareness of the 

emotional stimuli in healthy participants. Among them, the most common involve (i) pattern masking 

procedures, in which the stimulus is presented very briefly and followed by (or also preceded by) a mask, 

and (ii) continuous flash suppression, in which different inputs (one flashing and one stable) are presented to 

each eye, consequently interfering with awareness of the stable stimulus (reviewed in Axelrod, Bar, & Rees, 

2015). In two original studies, Ӧhman and colleagues (Esteves , Dimberg, & Ohman, 1994; Ohman, 

Dimberg, & Esteves, 1989) demonstrated that conditioned angry faces produced an electrodermal response 

even when they were masked, an observation that was later replicated with conditioned images of spiders 
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and snakes (Ohman & Soares, 1993). Elsewhere, it was found that subliminally presented angry and happy 

faces primed the pleasantness ratings of Chinese ideograms (Murphy & Zajonc, 1993), as well as emotional 

memory (Yang, Xu, Du, Shi, & Fang, 2011) and produced shifts in spatial attention towards the threatening 

faces (Mogg & Bradley, 1999). Although masking thresholds appear to differ between individuals (Pessoa, 

Japee, & Ungerleider, 2005), evidence of emotional expressions has also been found with other techniques  

including sandwich masking (Stein, Seymour, Hebart, & Sterzer, 2014).  

Lesion Evidence. Focal brain lesions provide a different source of evidence for emotion processing 

outside of conscious awareness. Among the most compelling demonstrations stem from de Gelder et al. (de 

Gelder, Vroomen, Pourtois, & Weiskrantz, 1999) who were the first to report that blindsight, residual visual 

processing in patients with blindness due to damage to the visual cortex, extended to emotional expressions. 

Investigating a patient with right hemianopia (blindness in the right visual field), the authors found that 

when emotionally expressive faces were presented to his blind field, he performed above chance when 

guessing what the expression was. This affective form of blindsight revealed that the emotional information 

present on a face could be processed despite cortical blindness and thus in the absence of any conscious 

visual experience. Further evidence of affective blindsight was later found in another patient with bilateral 

visual cortex damage and complete blindness, who also demonstrated above-chance performance when 

guessing the emotional expressions on faces (Pegna, Khateb, Lazeyras, & Seghier, 2005). Functional 

magnetic resonance imaging (fMRI) recordings of this individual revealed the presence of right amygdala 

(AMY) activation when viewing faces with different emotional expressions.  

 Interestingly, affective blindsight is not restricted to facial expressions, but is also observed for 

emotional body expressions (de Gelder & Hadjikhani, 2006). Another patient, also suffering from bilateral 

cortical blindness, demonstrated the acoustic startle response to a conditioned visual stimulus that had been 

paired with an unpleasant electric shock (Hamm et al., 2003). Similar effects were observed in a separate 

fMRI study performed on a hemianopic patient, who showed AMY activity in response to unseen fearful 

faces and fear-conditioned stimuli (Morris, DeGelder, Weiskrantz, & Dolan, 2001). A particularly important 

point to highlight is that in this hemianopic patient, activity in the superior colliculus and pulvinar was 

correlated to that in the right AMY, as has also been observed in healthy controls (see below). This suggests 

that affective blindsight could rely on a colliculo-pulvinar pathway to the AMY as a neural substrate for 

unconscious processing of emotional stimuli. Finally, other approaches have corroborated the existence of 

unconscious processing of emotional faces and bodies, in particular using measures such as saccadic eye-

movements towards unseen stimuli in the blind field (Bannerman, Milders, & Sahraie, 2010), 

interhemispheric summation (Bertini, Cecere, & Ladavas, 2013), or physiological motor responses 

including pupil dilatation and facial reactions, thought to reflect the emotional response to the unseen, yet 

processed stimuli (Tamietto et al., 2009).  
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Finally, evidence consistent with this idea also comes from research on patients with lesions in other 

brain regions, such as parietal cortex. Lesions of the parietal lobe are known to produce attentional deficits, 

such as unilateral spatial neglect, while the primary visual regions continue to process basic information 

(Rees et al., 2000). Here, too, despite the inability of patients to report stimuli in the neglected or 

extinguished field, numerous findings have demonstrated that a certain degree of unconscious processing of 

emotional information does occur (Vuilleumier & Schwartz, 2001). Namely, patients generally do not report 

the stimuli presented in the contralesional (left) field, except when they were composed of emotional faces 

(see also Pegna, Caldara-Schnetzer, & Khateb, 2008). These findings suggest that emotional stimuli 

(typically, faces) have an overriding effect on the attentional deficit, thus indicating a certain degree of pre-

attentive processing. As also discussed in the next section, structures underlying this unconscious emotional 

face processing have been further explored using a similar task while brain imaging data were recorded, 

(Vuilleumier et al., 2002), and point to the role of both subcortical and cortical brain areas in pre-attentive 

emotion processing.  

Brain Imaging Evidence. Further evidence for unconscious emotion processing has come from 

research capitalizing on brain imaging approaches such as functional magnetic resonance imaging (fMRI) 

and electroencephalography (EEG)/event-related potentials (ERP) investigations (see Tamietto & de Gelder, 

2010 for a review). Consistent with evidence from lesion studies, early fMRI research helped to localize 

brain regions that are important for emotion processing by capitalizing on the high spatial resolution of the 

technique. Research in this area established the AMY as a critical component for emotional face processing 

in humans, particularly for fearful expressions (Adolphs, Tranel, Damasio, & Damasio, 1994; Whalen et al., 

2001). Presenting masked fearful and happy faces, Whalen et al. (1998) observed increases in AMY activity 

for fearful compared to happy faces. Interestingly, in a subsequent study (Whalen et al., 2004), the authors 

observed that the masked whites of the eye were sufficient to produce the AMY response. Using an aversive 

learning procedure, Morris, Ohman and Dolan (1998) also found evidence of AMY activation for unseen, 

negative stimuli that were paired with an aversive noise. Subsequent analyses revealed increased 

connectivity between the right AMY and pulvinar and superior colliculus, for non-seen fear-conditioned 

faces, again substantiating the notion that a colliculo-pulvinar pathway to the AMY likely mediates emotion 

processing in the absence of awareness (Morris, Ohman, & Dolan, 1999). AMY activation for non-

conscious emotional processing has since been repeatedly confirmed using subliminal masking (e.g., Liddell 

et al., 2005), as well as binocular rivalry (Williams, Morris, McGlone, Abbott, & Mattingley, 2004), 

confirming its ability to process emotions in the absence of awareness.  

Evidence from EEG/ERP studies provided further insight into the timing of these phenomena, by 

capitalizing on the high temporal resolution of the technique to examine the brain responses to subliminal 

emotional faces. Although EEG/ERP has a relatively low spatial resolution compared to fMRI, it allows for 
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highly accurate characterization of the time course involved in high-level cognitive functioning, within the 

first second after the stimulus onset (Wilding & Ranganath, 2011). This technique has been shown to be a 

highly suitable tool to study the temporal dynamics involved in emotion-cognition interactions (Luck, 2005),  

whereas fMRI is well suited for studying spatial dynamics of the brain but has relatively low temporal 

resolution, making the two techniques complementary in this respect (Moore, Shafer, Bakhtiari, Dolcos, & 

Singhal, 2019). In the ERP domain, increased N170 responses are associated with face processing (Allison, 

Puce, Spencer, & McCarthy, 1999; Stekelenburg & de Gelder, 2004). The N170 refers to a negative 

deflection in the occipito-temporal sensors of the ERP signal occurring around 130-200ms post-stimulus 

onset and is one of the most studied ERP components2 in social, affective, and cognitive neurosciences to 

date (Botzel & Grusser, 1989; Eimer, 2011). Facial emotional expressions are processed in early ERP 

components, between 100 and 200ms (in particular the N170) for fearful faces (e.g., Stekelenburg & de 

Gelder, 2004), as well as for other emotional expressions (Batty & Taylor, 2003; Hendriks, van Boxtel, & 

Vingerhoets, 2007). Furthermore, similar time periods were reported for the processing of emotional body 

expressions (Stekelenburg & de Gelder, 2004), as well as naked bodies (Hietanen & Nummenmaa, 2011) 

and their perceived attractiveness (Del Zotto & Pegna, 2017) (see also Section 2.4 for a discussion of N170 

related to face and body perception). In parallel with these observations, studies examining the time course 

of masked, subliminal, emotional faces reported difference between fearful and neutral faces in the 140-

180ms time windows (Pegna, Darque, Berrut, & Khateb, 2011; Pegna, Landis, & Khateb, 2008). Together, 

these findings highlight the N170 as an example of brain response that appears to be sensitive to emotional, 

social, and cognitive processing, including during masking, which makes it a useful target for investigating 

multiple aspects of emotion-attention interactions. 

 Unconscious emotion processing has been proposed to be an artefact of incomplete masking (Pessoa 

et al., 2005), and thus it was again argued that fearful faces may not actually be processed automatically and 

non-consciously, and that previous results may be explained by the fact that awareness was not sufficiently 

controlled (Pessoa, Japee, Sturman, & Ungerleider, 2006). Counterarguments to this idea have risen when 

considering situations where either awareness was impeded by orienting attention away from the emotional 

stimuli, thus precluding detection, or the emotional stimulation was not powerful enough (Vuilleumier, 

Armony, Driver, & Dolan, 2001). Moreover, as described below, results from a more recent investigation 

(Shafer et al., 2012) provide evidence reconciling the opposing views (see work by Vuilleumier et al. vs. 

                                                
2Here, and in Section 2.4 below, we focus our discussion on N170 responses in the context of examining conscious and unconscious processing 

of social-affective stimuli (i.e., faces and bodies). It is important to note, however, that available evidence demonstrates that N170 can also be 

modulated by other factors such as expectations. For instance, greater N170 responses have been associated with processing of deviant than 

standard faces, suggesting that this ERP component reflects at least in part a prediction error signal in social perception (Johnston, Overell, 

Kaufman, Robinson, & Young, 2016). Given its sensitivity to both bottom-up stimulus features and top-down goal relevance, the N170 seems to 

play broad roles in social, affective, and cognitive processes associated with emotion-attention interactions. 



Jo
ur

na
l P

re
-p

ro
of

12 
 

Pessoa et al.) regarding the debate about the automaticity of emotion processing, by demonstrating that 

processing of emotional information is both automatic and modulated by attention (Shafer et al., 2012).  

 Overall, although some degree of controversy remains, the available behavioural, lesion, and 

functional neuroimaging evidence strongly supports the view that the processing of emotional information 

in humans can occur without awareness. The entire network involved in these processes may not yet have 

been completely identified, but it appears that the AMY plays an important part in its implementation. 

Despite evidence suggesting an early time course for the processing of emotional stimuli under conditions 

of conscious and unconscious viewing, the link between these early differences and AMY activation remain 

to be determined. Another element that remains unclear is the diversity of emotional stimuli that might be 

processed without awareness. Although faces have been used in a large majority of investigations, other 

stimuli, such as body expressions, have recently begun to be studied (see de Gelder et al., 2010 for a review 

on this topic), and other types of emotional stimuli may likely also be processed unconsciously. For example, 

there has been a growing body of work on the link between motivation and attention in the context of 

conscious and unconscious processing of reward (Bourgeois, Chelazzi, & Vuilleumier, 2016). However, an 

additional challenge for this research area is that the paradigms used tend to have stimuli that predict reward 

and have an inherent value of motivational significance in the task itself. Section 2.3 provides more details 

on the links between reward and attentional processes. One last crucial point of discussion concerns the 

pathways leading to AMY activation, in the context of unconscious processing. As alluded to above, one 

influential hypothesis has suggested that unconscious processing of emotional stimuli may arise through a 

subcortical pathway to the AMY, which involves the superior colliculus and the pulvinar (LeDoux, 2012). 

Although evidence is emerging supporting the existence of this pathway both functionally (e.g., Garrido, 

Barnes, Sahani, & Dolan, 2012) and anatomically (Tamietto, Pullens, de Gelder, Weiskrantz, & Goebel, 

2012), its existence remains highly debated (de Gelder, van Honk, & Tamietto, 2011; Pessoa & Adolphs, 

2010) and is yet to be resolved. 

The wealth of evidence accumulated to date confirms the validity of nonconscious processing, and 

arguably, most emotional and cognitive processes generally occur outside of awareness. What remains 

unclear is whether unconscious processes reflect weak(er) but comparable modes of brain function to 

conscious ones, or whether the two modes of processing are distinct, which is a question akin to whether 

consciousness is a graded or an all-or-none phenomenon (e.g., (Overgaard & Mogensen, 2014; Sergent & 

Dehaene, 2004). While still an open question, the fact that evidence appears to favor the latter (e.g., 

(Dehaene & Changeux, 2011; Williams et al., 2006) strongly justifies maintaining this area as an 

independent field of investigation.  

2.2. Emotional Distraction and Perception 
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Emotion-Attention Interactions in the Impact of Distraction on Perception. 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 

(Dolcos, Iordan, & Dolcos, 2011; Iordan, Dolcos, & Dolcos, 2013). This was also the case in the studies 

discussed above leading to opposing views regarding the automaticity of emotional processing vs. its 

dependence on the availability of processing resources. A recent investigation provided reconciling 

evidence regarding the automaticity of emotion processing (Shafer et al., 2012), by manipulating both 

aspects of controversy identified by previous research. Specifically, this study investigated the impact of 

emotional distraction on performance in a shape discrimination task, by manipulating both (i) the degree of 

emotional charge of the distracting information (from highly to absolute neutral) and (ii) the attentional 

demands of the main cognitive task by varying the task difficulty (low vs. high perceptual load) and the time 

of presentation (short vs. long duration). 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 

comparison) and the attentional resources were most available (low load).  

These findings are consistent with the idea that processing of emotional information can be both 

automatic (when emotional stimuli are powerful) and susceptible to attentional modulation (when 

processing resources are low). Paralleling these behavioral effects, and consistent with the traditional view 

regarding the automaticity of emotion processing (Vuilleumier, 2005), activity in basic emotion-related 

regions (e.g., 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., medial 

prefrontal cortex [mPFC] and ventrolateral PFC [vlPFC]) showed susceptibility to modulation by attention 

with increased engagement when attentional resources were most available and there was more time to 

perform the task (Shafer & Dolcos, 2012). Hence, depending on the circumstances, emotional information 

can be processed automatically and 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-lasting debate in the literature (Pessoa, 2013; Vuilleumier, 

2005). 

 Emotion-Attention Interactions Linking the Impact of Distraction on Perception and Episodic 

Memory. Attention-perception interactions affect not only initial perception but can also have long-term 

consequences on memory (see also the section on learning and memory). Specifically, emerging evidence 
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suggests that emotional distraction has opposing immediate vs. long-term effects, which are influenced by 

attentional modulation. Such evidence provides neural support for opposing effects of emotion in real-life 

situations, where task-irrelevant emotional information (e.g., the scene of a tragic accident while driving) 

may temporarily distract us from the main task (e.g., driving), while also leading to better memory for the 

distracting information (e.g., the crashed vehicles). Task-irrelevant emotional distracters can impair ongoing 

cognitive processing (e.g., perceptual), while also leading to enhancement of memory for the distracters 

themselves (Shafer & Dolcos, 2012). Importantly, this study provides evidence that immediate/impairing 

and long-term/enhancing effects of emotional distraction are differentially influenced by the availability of 

processing resources. Specifically, while the strongest immediate impairment of emotional distraction 

occurred when processing load was low, and thus there were more processing resources available, the 

strongest enhancement of episodic memory for the emotional distracters occurred when processing 

resources were least available (high load).  

At the neural level, dissociation between these two opposing effects was observed in both basic 

AMY-hippocampus (HC) mechanisms and in higher-order cognitive brain regions (mPFC and parietal 

cortex). Specifically, the results point to a possible hemispheric dissociation identified in the AMY-HC 

mechanisms, with bilateral engagement for the impairing effect and left-sided engagement for the memory 

enhancement by emotion. This finding can be linked to evidence suggesting greater engagement of the left 

AMY in more elaborative processing of the emotional stimuli, which also contributes to enhanced memory 

(Glascher & Adolphs, 2003; Phelps et al., 2001). Outside of the MTL, the mPFC was associated only with 

the immediate/impairing effect on perception, whereas the superior parietal cortex was associated only with 

the long-term/enhancing effect on memory. Given that mPFC is sensitive to emotional stimuli (Keightley et 

al., 2003) and the superior parietal cortex is part of the dorsal attentional network (Corbetta & Shulman, 

2002), the contribution of these regions to the opposing effects can be attributed to increased emotional and 

attentional processing of the distracters, respectively (Shafer & Dolcos, 2012). 

2.3. Role of Reward in Attentional Processes 

 The vast majority of evidence regarding emotion-attention interactions capitalizes on the impact of 

negative emotional responses, produced by stimuli with powerful motivational significance. However, 

positive motivation is also an effective way to induce and sustain goals, and thus promote goal-directed 

attention – e.g., when participants are told that they will receive reward for correct performance or when a 

stimulus predicts future rewards (Braver, 2016). Similar to negative emotional stimuli, stimuli associated 

with reward or signaling potential future reward (or loss of reward) can contribute to distraction, if such 

signals are incongruent with the task at hand (Anderson, Laurent, & Yantis, 2013). Here, we discuss the 

influence of reward on attentional processes, underlying neural substrates, and associations with behavior. 
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A growing number of studies have shown that incentives or positive reinforcement (i.e., gaining 

monetary or other forms of reward for correct performance) improve performance on cognitive tasks 

(Krawczyk, Gazzaley, & D'Esposito, 2007); and accuracy (Gilbert & Fiez, 2004). Such improvements are 

thought to be associated with the effects of reward on deployment of attentional resources. Some researchers 

have argued that reward influences attention by improving the quality of sensory coding, as it mobilizes 

attentional resources in ways that can promote access to better representation of the information (Hubner & 

Schlosser, 2010). According to the dual mechanisms of control framework (Braver, 2012), the use of 

incentives is thought to improve task performance by increasing proactive control (i.e., preparatory control 

aimed at preventing conflict and optimizing task performance) through sustained activation of task-relevant 

information. For instance, Chiew & Braver (2016) reported that task-informative cues in the flanker task, 

signaling whether an upcoming trial was incongruent, could reduce interference, but only when cues were 

paired with rewards and there was sufficient preparation time (Chiew & Braver, 2016). However, there is 

also evidence that reward can increase reactive control (i.e., rapid adjustment of control in response to 

performance monitoring), such as speeding up response inhibition in a stop-signal task that does not include 

preparatory cues (Boehler, Schevernels, Hopf, Stoppel, & Krebs, 2014). 

 Studies focused on attentional control or conflict processing report reduced conflict during the 

reward versus no-reward condition as indexed by more accurate and faster reaction times (Padmala & 

Pessoa, 2011). Specifically, Padmala and Pessoa reported reward cue-related responses in subcortical 

regions (including striatal - nucleus accumbens, caudate, putamen - and ventral tegmental area) and fronto-

parietal attentional regions. Interestingly, they showed that activation in these fronto-parietal regions was 

predictive of reduced conflict-related signals in the medial prefrontal cortex during the target phase of the 

task. They also reported findings from path analyses suggesting that a relationship between the right 

intraparietal sulcus (IPS) (during reward cue) and the mPFC (during target) was mediated by neural 

responses in the left fusiform gyrus (FG) (during target). Such findings support the notion that reward can 

‘upregulate’ attentional control and that such upregulation depends on how reward-related subcortical 

regions interact with fronto-parietal regions important for the control of attention (Padmala & Pessoa, 2011). 

 Reward could also impede performance on cognitive tasks by modulating early attentional processes 

in ways that would impair the ability to maintain task representations and reduce goal-directed attention 

necessary for optimal task performance (Anderson & Sali, 2016). Numerous recent studies have provided 

evidence that when visual features of a stimulus are associated with a reward outcome, they acquire high 

priority and can automatically capture visual attention (e.g., Anderson et al., 2013). Such attentional capture 

is also dependent upon the individual’s learning history (Anderson, 2017). Learning which stimulus or 

object is more likely to predict a reward outcome of high value (e.g., money, food, positive social feedback 

from peers) creates reward-related attentional biases that can override goal-directed attention. As 
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demonstrated by a series of experiments whereby the capture of attention was measured as the extent to 

which a color feature of a stimulus, which was paired with reward but is depicted in a task-irrelevant color, 

was associated with the slowing of reaction time to a shape target (Anderson, Laurent, & Yantis, 2011). 

ERP studies revealed that non-contingent reward cues modulate the amplitude of ERPs associated with 

cortical activity in early visual areas indicating that such cues might alter the properties of perception 

(Hickey, Chelazzi, & Theeuwes, 2010). Findings from neuroimaging studies suggest the involvement of 

‘value-driven attention network’ implicated in reward-related attentional capture, which includes striatal 

regions, such as the caudate, as well as sub-regions of the visual cortex, and the IPS (Anderson & Sali, 

2016). 

 Finally, the development of fronto-striatal networks is an important factor to consider regarding the 

influence of reward on attention. Such influences could be attributed to the age-related peak in reward and 

sensation-seeking behaviors (Steinberg et al., 2009), sensitivity to monetary incentives (Galvan et al., 2006), 

and other forms of reward (Eckstrand et al., 2017). Several neuroimaging studies report elevated activation 

of ventral striatum to anticipated reward or appetitive cues in adolescents compared to adults or children 

(Galvan, 2010; Geier, Terwilliger, Teslovich, Velanova, & Luna, 2010). Other studies indicate that the 

neural systems involved in integrating motivationally salient information with attentional control processes, 

including ventrolateral fronto-striatal networks (Balleine, Delgado, & Hikosaka, 2007; Delgado, Stenger, & 

Fiez, 2004), remain less structurally and functionally mature during the adolescent years (Rubia et al., 2006; 

Somerville, Jones, & Casey, 2010). Few studies have examined specifically, however, the influence of 

reward on attentional processes, and the findings are mixed, with some reporting that incentives facilitate 

adolescent cognitive control (Padmanabhan, Geier, Ordaz, Teslovich, & Luna, 2011), whereas others 

reported reduced effects compared to adults (Castel et al., 2011). Such findings suggest that 

neurodevelopmental changes in fronto-striatal systems may contribute to changes in how reward influences 

attentional processes.  

In summary, numerous studies have shown that reward can enhance attention in selective ways and 

that such enhancement can promote goal-directed attention or capture selective attention in ways that can 

impede performance. The neural correlates associated with these effects involve fronto-striatal interactions, 

and their developmental trajectory may influence the effect of reward on attentional processes. 

2.4. Emotion-Attention-Perception Interactions in Social Cognition 

 Face and Body Perception. The nature of our interaction with others depends critically on how we 

perceive and interpret their emotions, which can also provide insight into intentions and future actions. 

While these are typically expressed in both the face and the body, research on perception of emotions in 

both categories has run asynchronously, with face research preceding the scientific study of bodies by 

several decades. Both faces and bodies convey information about multiple variables including gender, age, 
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identity and emotion. As a category of stimuli with high behavioral relevance, processing of body forms has 

been studied with similar behavioral and neural methods to faces, and the findings on associated processing 

mechanisms turned out remarkably parallel to those of faces. For instance, both faces and bodies are 

processed configurally (Reed, Stone, Bozova, & Tanaka, 2003; Stekelenburg & de Gelder, 2004), which 

relates to the dominance of perception of spatial relations between features over the perception of the 

features themselves. This proposed mechanism is typically investigated by means of the inversion effect, 

which refers to the difference in recognition performance of stimuli presented upside-down compared to 

stimuli presented in a canonical orientation (upright). While an inversion effect is not face- or body-specific, 

it is increased for faces and bodies compared to other stimulus classes, such as houses or shoes (Reed et al., 

2003; Stekelenburg & de Gelder, 2004).  

 At the neural level, both faces and bodies are associated with electrophysiological (ERP) and 

hemodynamic (fMRI) markers. As reviewed above in Section 2.1 in the ERP domain, increased N170 is 

typically associated with face processing (Allison et al., 1999; Stekelenburg & de Gelder, 2004), , and is 

presumed to underlie structural encoding. An inversion effect has been found for bodies with behavioral and 

EEG studies, where the RT was longer for inverted bodies in a delayed match to sample task (Reed et al., 

2003), and the N170 ERP components for both inverted faces and bodies were similarly delayed, but 

enhanced (de Gelder et al., 2010; Stekelenburg & de Gelder, 2004). The fMRI-based research has identified 

both body- and body parts-specific areas in the fusiform gyrus (FG), between face sensitive clusters, termed 

fusiform body area (FBA), and in the lateral occipital cortex, close to hMT+, termed extra-striate body area 

(EBA) (Downing, Jiang, Shuman, & Kanwisher, 2001; Peelen & Downing, 2007). For EBA, there is 

evidence that its activity is modulated not only by passive perception of bodies, but also by participants’ 

own unseen hand- and foot-pointing movements (Astafiev, Stanley, Shulman, & Corbetta, 2004). In 

addition to the body-specific EBA and FBA, the posterior superior temporal sulcus (pSTS) is activated by 

both bodies and faces, and is also activated by body motion (Kontaris, Wiggett, & Downing, 2009). Body-

specific patches have also been reported in the STS in non-human primates, partially overlapping with face-

selective patches (de Gelder & Partan, 2009). These patches had single-cell responses to local fragments of 

the bodies, which were frequently but not exclusively present with body stimuli (Popivanov, Schyns, & 

Vogels, 2016).  

 In addition to the information related to visual forms and recognition, human bodies also convey a 

much wider range of daily-life actions than faces. The dorsal stream is more activated by observation of 

bodies than by observation of faces, including activation in the action observation network (e.g. ventral 

premotor [PMv], middle and anterior parietal sulcus). The functions of PMv and EBA in body perception 

have been studied using transcranial magnetic stimulation (TMS). Stimulating EBA selectively slows the 

RT for form discrimination, while stimulating PMv selectively slows the RT for action discrimination 
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(Urgesi, Calvo-Merino, Haggard, & Aglioti, 2007). Emotional information can be conveyed efficiently by 

bodies, either depicted with static images or with dynamic video clips, or even with static or dynamic point-

light displays alone (de Gelder & Van den Stock, 2008; Van den Stock, Hortensius, Sinke, Goebel, & de 

Gelder, 2015). The processing of emotional body cues occurs fast in healthy participants. In a 

magnetoencephalography (MEG) study, fearful bodies could be differentiated from neutral ones as early as 

80 ms in parietal areas (Meeren, Hadjikhani, Ahlfors, Hamalainen, & de Gelder, 2016). Emotional bodies 

often provide contextual information for processing other modalities such as faces, voices, and scenes, and 

interfere with them, but perception of emotional bodies are also influenced by these kinds of contextual 

information (e.g., Van den Stock & de Gelder, 2012; Van den Stock, Vandenbulcke, Sinke, & de Gelder, 

2014). 

 Notably, emotional bodies activate the AMY  presumably in interaction with body-specific areas - 

i.e. EBA, FBA, and pSTS (e.g., Hadjikhani & de Gelder, 2003; Pichon, de Gelder, & Grezes, 2012), similar 

to emotional faces recruiting the AMY and face-specific areas. Interestingly, threatening scenes also 

activate the EBA (Sinke, Van den Stock, Goebel, & de Gelder, 2012). Emotional bodies recruit action 

processing areas including premotor cortex and emotion-related areas including temporo-parietal junction 

(TPJ), temporal pole, and orbitofrontal cortex (e.g., Kret, Pichon, Grezes, & de Gelder, 2011; Pichon et al., 

2012). 

 Finally, the roles of PMv, EBA and parietal regions (inferior parietal lobule [IPL], anterior IPS) in 

bodily emotion processing were also examined in TMS studies, focusing more on the body-specificity and 

action-related aspects. Under binocular rivalry presentations of faces or bodies together with houses, 

stimulating pSTS decreased the dominance of fearful faces versus houses, but enhanced the dominance for 

fearful bodies (Candidi, Stienen, Aglioti, & de Gelder, 2015). In a body posture discrimination task, 

stimulating pSTS enhanced the detection of posture changes in angry bodies but not in neutral bodies. 

However, stimulating EBA and PMv did not show such an effect dissociating between angry and neutral 

postures (Candidi, Stienen, Aglioti, & de Gelder, 2011). Stimulating IPL enhances the processing of fearful 

bodies compared to stimulating EBA (Engelen, de Graaf, Sack, & de Gelder, 2015). These studies 

highlighted the importance of dorsal action-related areas in bodily emotion processing, in opposition to 

evidence of heads processed in ventral face-specific areas, as suggested by a study reporting fMRI-

adaptation for whole- compared to headless-bodies in fusiform (FFA) and occipital (OFA) face areas, 

instead of in EBA and FBA (Brandman & Yovel, 2010).  

Higher-Order Perception in Social Cognition. Aside from influencing initial perceptual processes 

and attention paid to social stimuli such as faces and bodies discussed above, emotion-attention interactions 

also influence higher-order social cognition processes, such as impressions, judgements, and decisions 

(Freeman & Ambady, 2011). For example, when interacting with unknown others for whom no relevant 
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information is available, people rely on a variety of factors, such as physical appearance, verbal behavior 

(Ames, Fiske, & Todorov, 2011), as well as subtle nonverbal behavior, or affective body language (de 

Gelder et al., 2010), as cues to form impressions. Subtle cues conveyed through body language or physical 

touch, such as a handshake or a gentle touch on the shoulder, can lead to positive effects on behavior, 

reflected in increased feelings of security when making risky financial decisions (Levav & Argo, 2010) or 

better evaluations and better tips (Stephen & Zweigenhaft, 1986). During typical social interactions, people 

engage in active social perception processes, such as attending to othersʼ face and body language, to 

evaluate the social situation. The vast majority of studies investigating the neural correlates of social 

cognition have tended to focus on faces or static whole body stimuli (Van den Stock et al., 2014), but 

emerging research highlights the importance of dynamic whole body stimuli as well (Dolcos, Sung, Argo, 

Flor-Henry, & Dolcos, 2012; Katsumi & Dolcos, 2018). These studies indicate that the neural network 

underlying whole body perception partly overlaps with the face network (de Gelder et al., 2010), and 

involves the AMY, the FG, and the STS. Both faces and bodies are salient and familiar in everyday life, 

conveying information about the internal states that is essential for social interactions, but only bodily 

expressions allow perception of the action and of its emotional significance (Sinke, Kret, & de Gelder, 

2012), and hence prepare the perceiver for adaptive actions. 

 Recent studies using dynamic bodily expressions have investigated the respective contribution of 

emotion processing and action-related brain areas. Studies clearly show that the AMY is sensitive to the 

emotional significance of body movements (de Gelder, Hortensius, & Tamietto, 2012) and modulates 

activity in body-selective areas (Peelen & Downing, 2007). This modulatory role of the AMY is consistent 

with research showing its involvement in several component processes, such as stimulus appraisal, 

relevance detection, activation of neuroendocrine responses, as well as somatic motor expressions of 

emotion (Sander, Grandjean, & Scherer, 2005). Given its many connections to brain areas involved in 

behavioral output (Mosher, Zimmerman, & Gothard, 2010), the AMY is involved in assessing the 

relevance/significance of stimuli, signaling what is important in any particular situation, and then 

modulating the appropriate perceptual, attentional, autonomic, and cognitive/conceptual processes to deal 

with the challenges or opportunities that are present (Cunningham, Arbuckle, Jahn, Mowrer, & Abduljalil, 

2010; Laine, Spitler, Mosher, & Gothard, 2009). The AMY is also sensitive to encoding social information 

that is consistent, relative to inconsistent, with subsequent positive or negative evaluations of another person 

(Schiller, Freeman, Mitchell, Uleman, & Phelps, 2009). Together, the evidence highlights the role of AMY 

in processes relevant for perception as well as higher-level cognition such as impression formation.  

 Despite a large amount of research on the neural systems involved in processing social cognition, 

relatively few studies have examined how these regions are recruited when viewing social interaction scenes 

(Centelles, Assaiante, Nazarian, Anton, & Schmitz, 2011; Iacoboni et al., 2004). This is important because, 
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when viewing complex scenes involving social interactions, observers spontaneously attempt to make sense 

of what is happening during the social interaction (Wagner, Haxby, & Heatherton, 2012), by also engaging 

regions involved in mentalizing (Iacoboni et al., 2004), such as the mPFC (Amodio & Frith, 2006). 

Noteworthy, recent research has examined the neural basis of social cognition within a relevant social 

context (Dolcos, Sung, et al., 2012; Katsumi & Dolcos, 2018). Consistent with the roles of the AMY, STS, 

and mPFC described above, findings from this line of research highlight enhanced response to approach 

compared to avoidance behaviors in these regions (Dolcos, Sung, et al., 2012), and that greater sensitivity to 

approach than to avoidance behaviors in AMY and STS was linked to more positive evaluations of approach 

behaviors. This approach enhances the similarity to what happens in everyday life, where people are 

typically involved in dynamic interactions with others in a defined social context that guides their 

interpretation of the mental and emotional states of the target (e.g., Aviezer et al., 2008) and ultimately the 

evaluation of othersʼ attitudes and behaviors (see also Dolcos, 2013; Dolcos, Sung, et al., 2012; Katsumi & 

Dolcos, 2018). 

 Similarly, recent and emerging work with EEG/ERPs has expanded the research on emotion-

attention interactions and social cognition to examine the dynamics of these processes. For example, early 

ERP components such as P200/N200, which are associated with attentional deployment (Luck & Hillyard, 

1994), have been linked to early perception and categorization of group membership (Ito & Bartholow, 

2009). ERPs in slightly later time windows, such as the N400/450, have been associated with the 

observation of actions, reflecting the extent to which certain actions are expected vs. unexpected in a given 

[social] context (Amoruso et al., 2013), as well as sensitivity to human presence during social encounters 

(Katsumi, Dolcos, Moore, et al., in revision). ERPs in later time windows, including the late positive 

potential (LPP), have been associated with processing of social information such as biological motion 

(Katsumi, Dolcos, Moore, et al., in revision; Proverbio, Riva, & Zani, 2009), as well as with emotion 

processing  (Dolcos & Cabeza, 2002; Schupp, Flaisch, Stockburger, & Junghofer, 2006).  

 Finally, a recent model proposes that there are dynamic interactions between the bottom-up signals 

such as facial, vocal, and bodily cues, and top-down factors such as stereotypes and prior knowledge that 

lead to unified perceptions and responses to others (Freeman & Ambady, 2011). The kinds of information 

processed in the model include cue level inputs (i.e., face, body, and voice cues), category level factors (i.e., 

gender, race, age, emotion), stereotypes level factors, and high level cognitive states (Freeman, Johnson, 

Adams, & Ambady, 2012), highlighting the interactions that can occur between these factors. This and other 

similar models are helpful in furthering understanding of the complex number of factors that influence 

social cognition/evaluation, and further support the idea that emotion-attention interactions modulate higher-

level social processes. Importantly, these models might help shed light on the factors that contribute to 
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conditions where social-emotional functioning is impaired, such as autism and social phobia (Gilboa-

Schechtman, Foa, & Amir, 1999; Mazefsky, Pelphrey, & Dahl, 2012). 

3. Emotion-Attention Interactions in Learning and Memory 

This section discusses evidence regarding emotion-attention interactions linked to implicit and 

explicit types of memory, with a focus on conditioning and working and episodic memory, respectively. 

3.1. Fear Conditioning 

Our understanding of the detection of threat, the organization of defensive behaviors, and activation 

of the defense circuitry in the brain is based on animal studies primarily using Pavlovian fear conditioning 

as an experimental paradigm. Defensive adaptations to acute or anticipated threat associated with fear 

conditioning are characterized by a close interplay of cognitive (including attention) and emotional 

processes, as described below. Psychobiological models of defensive behaviors suggest that defensive 

reactivity is dynamically organized along a continuum depending on the imminence or proximity of the 

threat, from pre- to post-encounter defense, followed by circa-strike defense (Threat-Imminence Model; 

Fanselow, 1994;  Defense Cascade Model; Blanchard & Blanchard, 1990; Lang, Bradley & Cuthbert, 1997; 

Action-Action Tendency Model; Schauer & Elbert, 2010; adapted from Hamm et al., 2016). These stages 

are accompanied by changes in the emotional and attentional responses (e.g., from hypervigilance, to 

selective attention, and attentive motor “freezing”) (Hamm et al., 2016).  

Dynamics of Defensive Response Mobilization. There is ample evidence in non-human animals, 

suggesting that defensive behaviors are organized along a dimension changing from one to another 

depending upon the perceived proximity of the threat (Blanchard & Blanchard, 1990; Fanselow, 1994). 

When the organism is in an environment or context in which a threat has been encountered before (or, in the 

case of humans, that the individual has just been informed - e.g., by others or media - that a threat might 

occur but has not yet been detected), a class of adaptive defensive behaviors (pre-encounter defense; 

Fanselow, 1994) are engaged to pre-empt hostile and threatening encounters. Such defensive behaviors 

include inhibition of appetitive behaviors, threat-non-specific hypervigilance and increased autonomic 

arousal. Humans, in addition, often report feelings of anxiety, apprehension, or worry if they encounter such 

uncertain, novel, and ambiguous environments and contexts in which potential threats might occur (see 

Davis, Walker, Miles, & Grillon, 2010). As soon as the threatening stimulus is detected but is still distant, a 

defensive response is activated (post-encounter defense) that is characterized by an increase in selective 

attention to the threatening cue (or the cue that is associated with threat), accompanied by heart rate 

deceleration (fear bradycardia; Campbell, Wood, & McBride, 1997), potentiation of the startle reflex, gated 

through the central nucleus of the AMY (for review see Hamm, 2015), and attentive motor “freezing”. In 

humans, this defensive response pattern is often labelled as a feeling of fear and individuals frequently 
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report specific fear triggers. If the reported fear also causes significant distress or impairment, which is out 

of proportion of the actual danger (according to the [cultural] context), such defensive responses are 

diagnosed as symptoms of a Specific Phobia further specified and categorized according to the fear triggers 

(e.g., animal phobia, height phobia etc.).  

Finally, with increasing imminence of the threat (circa-strike defense), defensive response 

mobilization changes into action, which – depending on the behavioral options at hand – can result in a 

fight/flight response (if possible) or, when this is not an option, in tonic immobility. Humans often report 

feelings of panic during circa-strike defense. Initiation of such defensive actions (Kim et al., 2013) is 

accompanied by sympathoexcitatory responses, like tachycardia, hypertension and redistribution of the 

blood flow (Benarroch, 2012). This general discharge of the sympathetic nervous system also stimulates the 

adrenal medulla to secrete the catecholamines epinephrine and norepinephrine (NE) into the blood stream. 

Besides direct physiological effects, adrenergic system activity modulate cognitive processes, especially the 

formation and consolidation of emotional memories (McGaugh, 2004; Weymar, Low, Melzig, & Hamm, 

2009), thus resulting in better memory of emotionally arousing events (e.g, traumatic events). Such dynamic 

organization of defensive behaviors has been repeatedly advocated by many researchers (for reviews see 

Adolphs, 2013; McNaughton, 2011). 

Dynamic Defensive Response Organization during Human Fear Learning. By transferring these 

findings to human fear learning, one has to keep in mind that human fear conditioning studies differ from 

animal studies in many ways. Human participants know in which kind of experiment they are participating 

and they have a free choice to do so or not. Moreover, human participants are typically asked to determine 

the level of aversiveness of the unconditioned stimulus (UCS) by themselves and they are informed that 

they can terminate the experiment whenever they want. Given these constraints, it is even more important to 

make sure that the measures of fear and anxiety are highly comparable with those obtained from animal 

research and not only include a single dependent variable (like skin conductance responses that are not 

specific indicators of fear but are also related to increased orienting) to assess fear learning in humans. As 

outlined above we can assume that human defensive behavior is also – like in non-human animals – 

dynamically organized. Thus, it is crucial to realize a multiple level analysis approach including behavioral, 

physiological, and neural indices of cognitive and emotional processes involved in the detection of 

threatening cues and contexts, as well as in the dynamic organization of defensive response mobilization. If 

this is taken into account, the organization of human defensive behavior is remarkably similar to that of 

animals as outlined in the theoretical model above. 

As soon as the occurrence of the threat is predicted by a conditioned stimulus (distant threat) humans 

show a defensive response that is again highly comparable to the response pattern observed in animals. 

Humans – like rodents – show a reliable potentiation of the startle response, which is measured by recording 



Jo
ur

na
l P

re
-p

ro
of

23 
 

electromyographic activity of the orbital portion of the orbicularis oculi muscle. This is elicited by acoustic 

probes (a 50 ms burst of white noise presented with instantaneous rise time) delivered during the 

conditioned cue previously associated with a shock, relative to the startle response to probes delivered 

during safety cues or during the intertrial interval (Hamm, Greenwald, Bradley, & Lang, 1993). Conditioned 

startle potentiation is substantially stronger if the conditioned cue predicts an aversive UCS, both in a single 

cue (Lipp, Sheridan, & Siddle, 1994) and in a differential conditioning (Hamm & Vaitl, 1996). Startle 

potentiation increases significantly with increasing temporal proximity of the UCS if there is not behavioral 

option to avoid the electrical stimulation (Low, Weymar, & Hamm, 2015).  

Consistent with the role of AMY in these effects found in animal research (see Davis, 2000 for 

neural circuitry underlying fear-induced startle potentiation in rodents), fear conditioned startle potentiation 

is significantly impaired in patients with unilateral lesions of the AMY (Weike et al., 2005), while skin 

conductance conditioning remains intact. Supporting these findings, fear potentiated startle was completely 

blocked in a group of four female subjects with Urbach-Wiethe disease, despite learned contingency 

reported by half of these subjects (Klumpers, Morgan, Terburg, Stein, & van Honk, 2015). These data show 

that autonomic changes as well as verbal reports observed during aversive conditioning can be dissociated 

from fear potentiated startle and therefore reflect a different component of the learned fear response. While 

conditioned stimuli (CS) associated with an aversive UCS reliably elicit increase skin conductance response, 

such increases are elicited by almost any novel, unexpected, arousing, significant or potentially important 

stimulus in the environment, even by the omission of an expected stimulus (Siddle, 1991). Thus, rather than 

a specific indicator of defensive response activation, skin conductance responses have been interpreted as 

indexing increased orienting or selective attention to the reinforced CS. Accordingly, increased conditioned 

skin conductance learning has been observed not only for aversive but also for appetitive conditioning 

(Nitschke et al., 2002; Weike, Schupp, & Hamm, 2008).  

The entire pattern of defensive response adaptation that can be observed during Pavlovian fear 

conditioning where there is no option to escape from the unconditioned stimulus can be described as 

attentive freezing, which is comparable to the behavioral pattern observed in animals during post-encounter 

defense. The defensive behavioral pattern changes substantially, however, if humans have the behavioral 

option to actively avoid the unconditioned stimulus. Under these circumstances, humans show a sharp 

increase in skin conductance and a heart rate acceleration just prior to the initiation of the motor response. In 

this context of active avoidance, the startle response is no longer potentiated but rather inhibited. Moreover, 

the P3 amplitude of the ERP evoked by the startle probes during this active defense mode are also strongly 

inhibited while the N1 component of the same potential even increases (Krause et al., 2017; Low et al., 

2015). These data also support findings in animals, suggesting that during circa-strike defense – where 
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active defensive behavior is initiated – attention to irrelevant stimuli of the environment are selectively 

blocked while the sensory gain to the same stimulus seems to be even increased.  

3.2. Working Memory  

Affective Working Memory. Working memory3 (WM) is the capacity-limited resource that 

temporally maintains and stores information (Baddeley, 2003) in the service of higher cognitive functions 

(fluid intelligence, for instance; Kane, Hambrick, & Conway, 2005). In everyday life, these cognitive 

functions are commonly deployed in affective contexts. Despite this, the impact of affective information on 

working memory and the mechanisms through which that impact is realized remain poorly understood 

(Schweizer & Dalgleish, 2016; Schweizer et al., in press). However, the past two decades have seen an 

exponential increase in the research investigating the effects of affective information on WM performance. 

The impact of affective distractors on WM is discussed in the following section, and thus here we focus on 

affective WM, defined as WM for affective material. 

 Affective Enhancement vs. Impairment. The evidence regarding emotion-attention information 

reviewed in the sections above suggests that, as with perception, WM performance may also be enhanced or 

impaired by affective information depending on whether the affective material is presented as task-relevant 

memoranda or as task-irrelevant distractors4. Robust evidence from the long-term memory literature 

(reviewed below) shows an emotional enhancement effect (LaBar & Cabeza, 2006). This is proposed to be 

associated with enhanced early encoding of the affective memory trace, which is then consolidated over 

time (Murty, Ritchey, Adcock, & LaBar, 2010). Improved encoding is associated with increased recruitment 

of the AMY-HC complex in response to affective compared to neutral memoranda (Phelps, 2004). The 

mediation model of emotional memory (Talmi, 2013) argues that the mnemonic enhancement arises from 

three interacting processes, which can also be applied to affective WM. First, affective WM may be 

enhanced due to prioritizing of affective information within the context of limited attentional resources 

(Pourtois, Schettino, & Vuilleumier, 2013). Second, encoding of affective information is prioritized because 

affective relative to neutral information stands out (cf. the notion of "impact"; Ewbank, Barnard, Croucher, 

Ramponi, & Calder, 2009). Third, encoding of affective information may be facilitated by the organization 

of the material into shared thematic links. Alternatively, however, WM for affective material may be 

                                                
3 There is a multitude of competing theories of WM, generating vibrant debate around definitions and underlying mechanisms (cf. 

Miyake & Shah, 1999), which we acknowledge. An in-depth discussion of these debates, however, is beyond the scope of this 

review.  
4 Although in this section we focus our discussion on the role of emotion in WM based on task relevance, it is also important to 

note here that other factors, such as those related to cognitive load and familiarity, have also been shown to influence WM and the 

associated mechanisms. For instance, greater WM load has been shown to attenuate processing of task-irrelevant negative 

distracters and the amplitude of the associated LPP (Hur, Iordan, Dolcos, & Berenbaum, 2016; MacNamara, Ferri, & Hajcak, 

2011). Moreover, greater familiarity with task-irrelevant distracters (e.g., faces of a loved one) has been linked to enhanced LPP 

amplitude, although it does not appear to significantly impair WM performance (Langeslag & van Strien, 2017). 
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reduced compared to neutral material, because the regulatory demands elicited by affective information 

draw resources away from WM processing. This argument is supported by the neural architecture 

underlying affect regulation and WM, as both processes depend on the recruitment of shared neural 

substrates in the fronto-parietal control network (Etkin, Büchel, & Gross, 2015). Here, we briefly review 

behavioral and neural evidence to resolve these competing hypotheses.  

 Behavioral Effects. WM paradigms commonly require individuals to update information, such as 

numbers, letters, or shapes in their memory store, while simultaneously trying to minimize interference from 

other irrelevant material (e.g., Conway et al., 2005). In affective WM tasks, the neutral memoranda are 

replaced with ‘standardized’ affective stimuli that pertain to prototypical affective goals presumed to be 

more or less relevant to all participants (e.g., survival motives; Barrett, 2013; LeDoux, 2012). These can 

include words (Bradley & Lang, 1999), faces (Tottenham et al., 2009) and other affective images (Lang, 

Bradley, & Cuthbert, 2008). Unfortunately, however, these stimuli are arguably low in affective significance 

(cf. approach and avoidance motivation; Elliot, Eder, & Harmon-Jones, 2013) for psychologically healthy 

individuals5 (Pessoa, 2009). That is, while these generic stimuli are still likely to receive some preferential 

processing within the cognitive system, their modulating effect on current task performance is proposed to 

be limited (Pessoa, 2009). At the behavioral level this relatively weak impact on prioritization is likely to be 

both difficult to detect and replicate, as well as subject to strong influences from study specific factors such 

as WM load. Indeed WM for affective stimuli presented to healthy individuals shows mixed effects, with 

some studies showing an affective enhancement (e.g., Cromheeke & Mueller, 2016; Gonzalez-Garrido, 

Lopez-Franco, Gomez-Velazquez, Ramos-Loyo, & Sequeira, 2015), whereas others show WM to be 

impaired for affective compared to neutral material (e.g., Meule, Skirde, Freund, Vogele, & Kubler, 2012; 

Rebetez, Rochat, Billieux, Gay, & Van der Linden, 2015); there are also some studies showing affective 

material to be remembered as easily as neutral material (e.g., Grimm, Weigand, Kazzer, Jacobs, & Bajbouj, 

2012; Tamm, Kreegipuu, Harro, & Cowan, 2017). Although these mixed effects support the notion of soft 

prioritization (Pessoa, 2009), suggesting that the stimuli used in laboratory research are low in affective 

significance, other explanations are also possible. For instance, using similarly emotional standardized 

stimuli (e.g., pictures), studies of emotional episodic memory tend to report more systematic effects, than 

studies of WM (Dolcos et al., 2011). This raises the possibility that it may be the nature of cognitive 

processes (episodic vs. working memory) that may be differentially susceptible to effects of emotion, rather 

than the properties of the stimuli themselves, that may influence their impact on cognitive performance 

                                                
5 Here we focus on psychologically healthy individuals. Affective material, however, has been shown to have greater affective 

significance in individuals with mental health disorders. For a discussion of the role of attentional control in mental health 

difficulties including mood, anxiety, and stress-related disorders see below in sections 4 and 5. 
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when emotional information is task-relevant or task-irrelevant distraction, respectively (Dolcos et al., 2013). 

The latter may also be more susceptible to individual differences in the response to emotional distraction.  

 Neural Effects. At the neural level, however, the effects of soft prioritization of standardized 

affective information should be easier to detect because affective compared to neutral stimuli are proposed 

to have stronger perceptual representations in the brain’s sensory cortices, especially the occipital cortex 

(Satpute et al., 2015). This increased strength of representation is reflected in augmented projections to the 

AMY leading to prioritized attentional processing within the brain’s ‘salience network’ (Seeley et al., 2007; 

cf. ventral attention; Corbetta & Shulman, 2002). Greater direct processing of affective information, relative 

to neutral, in the fronto-parietal control network is a second source of variance which may be detectable at 

the neural level (Okon-Singer, Hendler, Pessoa, & Shackman, 2015; Pessoa, 2009). However, given the 

dlPFC involvement in WM, affect-related differences are likely to be more visible in nodes associated with 

processing of affective competition in particular in the vlPFC and anterior cingulate cortex (ACC) (Bush, 

Luu, & Posner, 2000; Iordan & Dolcos, 2017). In line with this proposal, the neuroimaging findings in 

healthy individuals appeared more consistent showing increased activation in the vlPFC, AMY, and sensory 

cortices in response to trials that require the maintenance of affective compared to neutral material in WM 

(Kerestes et al., 2012). However, Grimm and colleagues (2012) showed a pattern of decreased activation in 

the predicted regions and Perlstein and colleagues (Perlstein, Elbert, & Stenger, 2002) showed dissociating 

effects of positive and negative material on dlPFC activation (see also next section). 

In sum, affective WM appears to show relatively reliable neural recruitment of the ventral affective 

system (see also next section), yet in the laboratory behavioral effects are more mixed. Research is needed 

to investigate the association between affective WM paradigms used in the laboratory and affective WM 

capacity in real world environments (e.g., Pe, Raes, Koval, et al., 2013). WM tasks with affective material 

as distractors discussed below (e.g., task-irrelevant affective images; Dolcos et al., 2013) may constitute a 

closer approximation of the everyday contexts in which WM is commonly deployed.  

Emotional Distraction and Working Memory. In addition to its impact at the level of perception 

(see Section 2.2 above), the detrimental effects of task-irrelevant emotional distraction have also been 

investigated with respect to WM processes (reviewed in Iordan, Dolcos, & Dolcos, 2013; or affective 

sentences; Schweizer & Dalgleish, 2016). Of note, recent views in cognitive neuroscience identify selective 

attention and WM processes as largely overlapping or highly related constructs (Awh, Vogel, & Oh, 2006; 

Gazzaley & Nobre, 2012). Therefore, evidence regarding the role of distracting emotional information and 

how it affects the ability to temporarily maintain perceptual representations in mind bears particular 

relevance to the focus of this review. Models of affective-cognitive interactions inspired by clinical studies 

point to dysfunctional interactions between a dorsal executive neural system (DES) and a ventral affective 

system (VAS), and propose that impaired executive control and enhanced emotional distractibility observed 
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in depression are linked to hypofunction of the DES and hyperfunction of the VAS (Drevets & Raichle, 

1998; Mayberg, 2006). DES includes brain regions typically associated with executive functions, such as 

the dlPFC and the lateral parietal cortex (LPC), which are critical to active maintenance of goal-relevant 

information in WM. Increased activity in these regions during WM tasks is typically associated with 

increased task performance (D'Esposito, Postle, & Rypma, 2000; Miller & Cohen, 2001). VAS includes 

brain regions involved in emotion processing, such as the AMY, vlPFC, and mPFC (Lindquist, Wager, 

Kober, Bliss-Moreau, & Barrett, 2012; Vytal & Hamann, 2010). 

Findings from recent studies investigating the neural correlates of cognitive interference by 

emotional distraction in healthy participants provide evidence that interactions between the DES and VAS 

are not only reflected in longer-lasting altered states, as observed in clinical conditions such as depression, 

but can also occur transiently, in response to ongoing task-irrelevant emotional distracters. A series of 

studies by Dolcos and colleagues, investigating the neural correlates of processing emotional distraction, 

identified dissociable patterns of brain activity in the DES vs. VAS, which were specific to transient 

distracting emotions (Dolcos, Diaz-Granados, Wang, & McCarthy, 2008; Dolcos & McCarthy, 2006; 

Dolcos, Miller, Kragel, Jha, & McCarthy, 2007). The basic approach involved recording of brain activity 

using fMRI, while participants performed a delayed-response WM task with emotional distraction (see also 

Wong et al., 2012). The WM task involved keeping in mind a set of human faces (Memoranda) for the 

duration of a short delay, and then indicating whether a single face (Probe) was part of the initial set or not. 

During the delay interval between the memoranda and the probe, highly-arousing negative pictures were 

presented as task-irrelevant distracters. Participants were instructed to look at the distracters but maintain 

focus on the memoranda, and to make quick and accurate responses to the probes. Importantly, this task 

allowed clear dissociations of the time course of neural responses to emotional distraction in the DES and 

VAS as well as an objective quantification of the impact of emotional distraction on WM performance. 

Using this paradigm, the study by Dolcos and McCarthy (2006) provided initial brain imaging 

evidence that impaired WM performance in the presence of emotional distraction is linked to increased 

activity in the VAS regions involved in emotion processing (e.g., AMY, vlPFC) while disrupting delay 

interval activity in the DES regions implicated in attentional processes and active maintenance of task-

relevant information in WM (e.g., dlPFC, LPC). This opposing pattern of changes in VAS and DES activity 

was confirmed by significant region × condition interactions (Dolcos & McCarthy, 2006). Importantly, the 

disruption of DES activation was associated with impaired WM performance. The results of this study are 

consistent with the idea that activity in the affective and executive neural systems is interconnected, such 

that increased activity in the VAS regions in the presence of transient emotional distracters temporarily 

takes off-line the DES and results in WM impairment, possibly as a result of a re-allocation of processing 

resources by emotional distraction (Dolcos & McCarthy, 2006). 
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These findings are consistent with the idea that the outcome of task-irrelevant emotional distraction 

depends on dynamic interactions between neural systems that allow the ability to stay focused on task-

relevant information and systems involved in the processing of emotional information that may compete 

with the available processing resources. Possibly as a result of their salience, emotional distracters may 

produce a bottom-up impact on processing of goal-relevant information by re-allocating processing 

resources (Vuilleumier et al., 2001) and impairing performance. Although the exact nature of these 

resources is not clear, one possible interpretation is along the lines of Desimone and Duncan's (1995) biased 

competition model of selective attention, consistent with the idea that processing of emotional stimuli 

requires attentional resources, and that emotional stimuli compete for neural representation with all the other 

stimuli. Hence, the emotional distracters tap into the same resources necessary to process the task-relevant 

information, and impair WM performance. It is possible, however, that processing of emotional, especially 

threatening, information is prioritized, and hence it occurs automatically, without being limited by the 

availability of attentional resources (e.g., Anderson, Christoff, Panitz, De Rosa, & Gabrieli, 2003), as we 

discussed in previous sections. 

More recent evidence also points to differential effects of positive and negative distraction and 

provides information about the timing of processing emotional distraction. Using an adaptation of the 

aforementioned WM paradigm, a recent study by Iordan and Dolcos (2017) has demonstrated that positive 

distraction had a reduced impact on WM performance compared to negative distraction. At the neural level, 

although processing of both positive and negative distraction was commonly associated with (arousal-

driven) modulation of activity in the DES and VAS regions, these regions also showed dissociable activity 

by the valence of distraction. Specifically, processing of negative distraction was associated with greater 

deactivation of the LPC (DES), whereas that of positive distraction was associated with greater activation of 

posterior vlPFC (Brodmann Area [BA] 9, VAS). Notably, activity in more inferior vlPFC (BA 45) was also 

positively correlated with WM performance under positive distraction (Iordan & Dolcos, 2017). Thus, 

reduced impact of positive distraction on WM performance is linked to both reduced impact on DES regions 

and increased engagement of VAS regions in coping with emotional distraction. Furthermore, common and 

dissociable effects of positive vs. negative distraction have also been identified in the temporal domain 

(Garcia-Pacios, Garces, Del Rio, & Maestu, 2015). Together with the fMRI findings, these results point to 

possible spatial and temporal dissociations linked to the impact vs. coping with emotional distraction, in 

anterior lateral PFC/early time window vs. posterior lateral PFC/late time window (see also Dolcos et al., 

2013).  

Emotion-Attention Interactions Linking the Impact of Distraction on Working and Episodic Memory. 

Finally, similar to the evidence linking opposing effects of emotional distraction on perception and memory 

(Shafer & Dolcos, 2012), a study by Dolcos et al. (2013) linked opposing effects of emotion on WM 
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(impaired) and episodic memory (enhanced). In particular, although AMY had a pivotal role in both effects, 

the impairing and enhancing effects of emotion were associated with greater dlPFC deactivation and HC 

activation, respectively. This suggests that task-irrelevant emotional distraction diverts processing resources 

from the main WM task (Dolcos & McCarthy, 2006), while initiating processing that leads to enhanced 

subsequent memory for the distracters themselves. Interestingly, trials producing enhanced episodic 

memory performance without disrupting WM performance were associated with increased vlPFC activity 

(Dolcos et al., 2013), possibly reflecting the engagement of mechanisms to cope with emotional distraction 

during WM, which then contributed to enhanced subsequent memory for the distracters. 

In summary, studies investigating the neural correlates of the basic response to emotional distraction 

point to an interplay between two major neural systems: a ventral system (VAS), associated with emotional 

processing, showing increased activity, and a dorsal system (DES), associated with executive processing, 

showing decreased activity. The impact of task-irrelevant emotional distraction is chiefly supported by 

bottom-up mechanisms that may redirect processing resources away from the main cognitive task and 

toward stimuli with enhanced relevance for survival. Emerging evidence demonstrates that these 

mechanisms are also modulated by the valence of emotional distraction, with positive distraction being 

associated with reduced impact on the main task by virtue of increased engagement of coping mechanisms 

through posterior vlPFC. Negative distraction, possibly due to its greater WM interference, also seems to 

engage top-down control mechanisms involving specific regions of the dlPFC and vlPFC, as early as ~400 

ms following the onset of distracters. Finally, the immediate impairing impact of emotional distraction on 

WM and the long-term enhancing impact of emotion on episodic memory appear to be mediated by 

overlapping and dissociable neural systems, involving bottom-up (medial temporal lobe [MTL]) and top-

down (PFC) mechanisms.  

 

3.3. Episodic Memory 

Basic fMRI evidence . Emotion has not only transient effects on cognitive processing, by 

influencing initial perceptual processes and attention paid to emotional stimuli or to details surrounding 

emotional events, but also long-lasting effects, which may eventually lead to better memory for those events. 

Vivid memories for emotionally charged personal events is anecdotal evidence supporting this notion, but 

there is also empirical evidence that emotional events are better remembered than neutral events (e.g., 

Bradley, Greenwald, Petry, & Lang, 1992). Previous research has investigated the beneficial impact of 

emotion on long-term memory at various stages (reviewed in Dolcos, Denkova, & Dolcos, 2012; Dolcos, 

Katsumi, Weymar, et al., 2017), by typically considering two orthogonal dimensions of basic emotional 

properties, arousal and valence (Russell & Barrett, 1999). In addition, to minimize possible confounds 

related to general perceptual processing and to isolate memory-related neural mechanisms, brain imaging 
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studies of emotional episodic memory typically calculate the so-called subsequent memory or difference 

due to memory (Dm) effects – that is, differential brain activity associated with remembered vs. forgotten 

items (Dolcos & Denkova, 2014; Dolcos, Denkova, et al., 2012; Shafer et al., 2011). 

In general, current research mainly highlights the role of two mechanisms involved in the enhancing 

effect of emotion on episodic memory: (1) MTL-based mechanisms, involving the AMY and memory-

related MTL regions, such as the HC and associated parahippocampal cortices, and (2) non-MTL 

mechanisms, involving PFC regions, among others (e.g., parietal cortex) (Dolcos, Denkova, et al., 2012). 

The MTL mechanism contributes to the memory-enhancing effect of emotion through direct/bottom-up 

neurohormonal interactions between the AMY and memory-related MTL regions, during encoding (e.g., 

Dolcos, LaBar, & Cabeza, 2004b), consolidation (McGaugh, 2004; Ritchey, Dolcos, & Cabeza, 2008), and 

retrieval (Dolcos, LaBar, & Cabeza, 2005) of emotional memories. The non-MTL mechanism contributes to 

the memory-enhancing effect of emotion through indirect/top-down interactions, by enhancing semantic and 

executive processing, including attention (LaBar & Cabeza, 2006). Below, we discuss basic evidence 

regarding the role of these mechanisms during encoding and retrieval, based on fMRI studies. 

Emotional Memory Encoding. Previous neuroimaging studies have identified the critical role of the 

interaction between the AMY and the memory-related MTL brain areas in successful encoding of 

emotionally arousing information (e.g., Dolcos et al., 2004b; Kensinger & Corkin, 2004), and showed that 

this within-MTL functional interaction is important for the persistence of emotional memories over time 

(Ritchey et al., 2008). More recently, it has been shown that encoding of emotionally arousing stimuli over 

an extended period (>20 min) also induces a sustained arousal-related brain state (reflected in increased 

AMY-HC functional connectivity), which overall contributes to greater recollection of unrelated neutral 

items encoded minutes following the initial encoding of emotional ones (Tambini, Rimmele, Phelps, & 

Davachi, 2017). This suggests that transient exposure to emotional arousal can also create persistent “carry-

over” effects, resulting in similar memory-enhancing effects for subsequently-encountered neutral items 

(Fitzgerald et al., 2011; Hermans, Henckens, Joëls, & Fernández, 2014). Whereas AMY-MTL mechanisms 

are modulated primarily by arousal, the involvement of the PFC in emotional memory encoding seems to be 

influenced by valence (Dolcos, LaBar, & Cabeza, 2004a; Kensinger & Schacter, 2006). For instance, there 

is evidence that AMY-HC functional coupling tends to be enhanced for encoding of negative stimuli, 

whereas PFC-HC coupling is stronger for encoding of positive stimuli (Mickley Steinmetz, Addis, & 

Kensinger, 2010; Ritchey, LaBar, & Cabeza, 2011). In addition, there is also evidence showing that 

successful encoding of positive stimuli is associated with activation in frontal and parietal regions, whereas 

that of negative stimuli is associated with activation in temporal and occipital regions (Kensinger & 

Schacter, 2008; Mickley Steinmetz & Kensinger, 2009). This evidence lends support to other studies 

showing that encoding of positive information is related to activity in specific regions within the PFC 
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(Dolcos et al., 2004a), likely due to increased processing requiring more cognitive resources (D'Esposito et 

al., 2000), whereas encoding of negative information is related to temporal and occipital areas (Mickley & 

Kensinger, 2008), likely due to enhanced sensory processing (Vuilleumier, Richardson, Armony, Driver, & 

Dolan, 2004). 

Emotional Memory Retrieval. Emotional retrieval has been mainly studied using two types of 

stimuli: (1) laboratory micro-events, such as a series of words or pictures, encoded in laboratory settings and 

retrieved at relatively shorter intervals following encoding (e.g., from minutes to months), and (2) 

autobiographical events, referring to episodes from one’s personal past, encoded in everyday life and 

usually retrieved after much longer intervals (e.g., years, decades). Similar to emotional encoding, previous 

studies provided evidence showing that successful emotional retrieval of laboratory micro-events involves 

the AMY-MTL mechanisms (Dolcos et al., 2005; Kensinger & Schacter, 2005). The AMY also seems to be 

involved in successful retrieval of emotionally arousing and personally relevant autobiographical memories 

(AMs), following shorter retention intervals (Muscatell, Addis, & Kensinger, 2010). In addition, AMY’s 

engagement during retrieval of more remote AMs seems to be dependent on task instructions associated 

with different levels of effortful processing (Smith, Stephan, Rugg, & Dolan, 2006), which may account for 

inconsistent findings regarding the AMY involvement in emotional AM retrieval (e.g., Vandekerckhove, 

Markowitsch, Mertens, & Woermann, 2005). Because the level of effortful processing is increased when 

remembering temporally dispersed past events, this could lead to diversion of attentional resources from the 

emotional value associated with recollection of such events (Phan, Wager, Taylor, & Liberzon, 2002). This 

idea has been supported by evidence from a recent study showing that attentional focus on emotional details 

(as opposed to non-emotional, contextual details) during recollection of emotional AMs was associated with 

increased activity in the left AMY (Denkova, Dolcos, & Dolcos, 2013b). Also, similar to the evidence from 

encoding, AMY-MTL interactions also play a critical role in emotional retrieval, suggesting that the AMY 

and the memory-related MTL regions constitute a synergistic mechanism in which emotion and recollection 

enhance each other (Dolcos et al., 2005). 

Importantly, retrieval-related functional interaction within the MTL also seems to be modulated by 

the PFC involvement. For instance, both increased AMY-HC connectivity and increased mPFC activity 

have been observed during emotional memory retrieval (Smith et al., 2006). Interestingly, the mPFC also 

modulated AMY and HC activity during retrieval of emotional information compared to that of non-

emotional information. This result suggests that activity in the AMY can be modulated by task goals 

(Cunningham, Van Bavel, & Johnsen, 2008), and identifies the involvement of top-down processes linked to 

emotional memory retrieval subserved by the mPFC (see also Denkova, Dolcos, & Dolcos, 2015). Finally, 

studies of memory retrieval for emotional laboratory (Smith et al., 2006) and autobiographical 

(Markowitsch, Vandekerckhove, Lanfermann, & Russ, 2003) events have also identified the involvement of 
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PFC regions linked to processing of emotional valence. In particular, increased medial and orbital PFC 

activity was identified during retrieval of positive contextual information and of positive AMs 

(Markowitsch et al., 2003). In addition, increased activity in the lateral PFC was associated with recollection 

of positive (but not negative) AMs while focusing on emotional details compared to non-emotional ones 

(Denkova, Dolcos, & Dolcos, 2013a). The medial orbital PFC has been associated with affective valuation, 

reward-related processing, and self-referential processing (Heinzel & Northoff, 2009), whereas the lateral 

PFC has also been linked to the subjective experience of emotion (Wager et al., 2008), although given its 

functional heterogeneity (e.g., Petrides & Pandya, 2002) it is also associated with other aspects of emotion 

processing  (e.g., emotion regulation, coping with distraction, Buhle et al., 2014; Dolcos, Kragel, Wang, & 

McCarthy, 2006). Taken together, these findings suggest that the involvement of specific medial/orbital and 

lateral PFC regions during retrieval of positive emotional information may reflect processing of self-

relevant positive/rewarding experience (Dolcos, Katsumi, Weymar, et al., 2017).  

In sum, the evidence discussed above supports the notion that the memory-enhancing effect of 

emotion during encoding and retrieval is linked to increased engagement of and interaction among MTL and 

non-MTL (e.g., PFC) areas, involved in affective and mnemonic processes as well as other types of 

processing. While the MTL-based memory mechanism is relatively more involved in arousal-dependent 

effects, valence-related effects are linked to connectivity of these regions within and outside the MTL. 

Regarding the role of non-MTL regions, available evidence suggests that the involvement of PFC and other 

cortical areas (e.g., parietal) is relatively more sensitive to processing of valence and reflects higher order 

processes (e.g., semantic and working memory, attention, cognitive control, and self-referential processing).  

EEG/ERP Evidence. Given its temporal resolution, EEG/ERP may be particularly relevant to unfold 

brief and early cognitive events (e.g., Pourtois, Grandjean, Sander, & Vuilleumier, 2004; Schupp, Junghofer, 

Weike, & Hamm, 2003) related to the impact that emotion may have on encoding (e.g., Dolcos & Cabeza, 

2002), consolidation, and retrieval processes (e.g., Schaefer, Pottage, & Rickart, 2011; Weymar et al., 2009).  

Similar to fMRI studies, EEG/ERP research on episodic emotional memory has mainly been focused on the 

modulatory effects of emotion on the processes related to memory encoding and retrieval, and less so on 

consolidation. Research focusing on encoding typically assesses changes in the brain dynamics by means of 

the subsequent memory/Dm effect. Research on retrieval usually assesses electrophysiological changes 

associated with the Old/New ERP effect (i.e., difference between correctly recognized old items and 

correctly identified new items, during recognition memory tests).  

ERP Correlates of Emotional Memory Encoding. To date, the amount of ERP research focusing on 

the modulation on these processes by emotions is surprisingly scarce. In one of the first studies, Dolcos and 

Cabeza (2002) showed that, during an early epoch (400-600 ms), successfully remembered emotional 

pictures prompted a larger positive-going waveform than subsequently forgotten emotional pictures at 
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central electrodes, an effect that was absent for neutral pictures. This ERP deflection had similar spatio-

temporal characteristics to the LPP, a positive-going ERP usually observed during emotional picture 

processing that starts around 400 ms after stimulus onset over centro-parietal regions (e.g., Cuthbert, Schupp, 

Bradley, Birbaumer, & Lang, 2000). Because the LPP indicates sustained-processing towards 

motivationally-relevant information (see for reviews, Hajcak, Weinberg, MacNamara, & Foti, 2012; Lang & 

Bradley, 2010), the authors concluded that the enhanced memory encoding of emotional information 

reflects prioritized attentional processing that results in better subsequent  memory (Dolcos & Cabeza, 2002; 

but see Galli & Otten, 2011). This interpretation is consistent with findings from studies using correlational 

approached linking the amplitude of LPP response to better memory recall for emotional pictures (Palomba, 

Angrilli, & Mini, 1997), indicating that attentional and elaborative processing leads to better memory 

formation for emotionally-relevant information (Weymar, Schwabe, Low, & Hamm, 2012). 

Similar results were observed in a more recent study using fearful facial expressions, which produced larger 

early (350-600 ms) Dm effects over central regions than neutral expressions (Righi et al., 2012) and, overall, 

available evidence suggest that memory for emotional stimuli benefits from enhanced attentional 

deployment towards emotional information but only when neutral information is present at the time of 

encoding (Wirkner, Weymar, Low, & Hamm, 2013; but see Schupp, Schmalzle, Flaisch, Weike, & Hamm, 

2012).  

Finally, the enhanced processing for emotional information during encoding also predicts enhanced 

memory for source information associated with emotional events. In a recent study by Yick et al. (2015), at 

encoding, participants viewed a series of emotional and neutral scenes in two different blocks. Then, during 

retrieval, participants were presented with Old and New scenes and were asked to indicate whether they 

recognized the scenes and their origin (i.e., block 1 or block 2). Behaviorally, memory for emotional images 

and their location was better than for their neutral counterparts. At a neurophysiological level, correctly 

recognized emotional images generated a larger positivity than forgotten ones in a time window between 

200 and 1500 ms, especially for the highly arousing pictorial information. Interestingly, when source 

information was correctly retrieved, larger Dm effects (400-1000ms) were observed for emotional materials 

over anterior and posterior regions. This novel finding extends prior results indicating that emotional arousal 

not only facilitates the encoding of emotional items but also of associated source information (Yick et al., 

2015), leading to a robust long-lasting memory trace (see also discussion below on source memory ERP 

effects during retrieval).  

Taken together, the ERP encoding results suggest that under limited capacity for neural 

representations (Bundesen, Habekost, & Kyllingsbaek, 2005), the set of processes involved in memory 

encoding prioritizes resources towards emotionally relevant information, at the cost of neutral non-relevant 

information (Watts, Buratto, Brotherhood, Barnacle, & Schaefer, 2014; see for a review Mather & 
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Sutherland, 2011). In turn, this leads to better memory formation for both emotional items and their 

associated source information.  

ERP Correlates of Emotional Memory Retrieval. This section discusses evidence regarding both 

item and context memory. Regarding item memory, interestingly, the majority of the EEG research on 

emotional episodic memory has focused on ERPs during retrieval (see for review Weymar & Hamm, 2013; 

Weymar et al., 2009). A hallmark finding in this field is that correctly classified old items evoke an overall 

more positive-going ERP waveform than correctly classified new items (Rugg & Curran, 2007). This 

difference in ERP responses has been labeled as the ERP Old/New effect. Across a large number of studies 

using different stimulus material such as words (Maratos, Allan, & Rugg, 2000; Weymar, Bradley, Hamm, 

& Lang, 2014), faces  (Graham & Cabeza, 2001; Kissler & Strehlow, 2017), or scenes (e.g., Weymar, Low, 

& Hamm, 2011; Weymar, Low, Schwabe, & Hamm, 2010), results have been mixed for the ERP Old/New 

effect for emotional and neutral contents, with some studies findings enhanced ERP Old/New differences, 

mostly over parietal electrodes indicating recollection, while others found no ERP differences as a function 

of emotionality. This discrepancy could be related to factors such as arousal or stimulus type, but also to 

differences in the retention interval used across studies (see Weymar & Hamm, 2013). In this sense, the 

retention interval and thereby sufficient consolidation (McGaugh, 2004; Yonelinas & Ritchey, 2015) has 

been shown to mediate the enhancing effect of emotion on episodic memories (Sharot & Phelps, 2004).  

Whereas short consolidation periods (e.g. 3-5 min after encoding) result in comparable recognition 

rates for emotional and neutral items (Sharot & Phelps, 2004), longer delays (>24 hours) lead to a prominent 

memory advantage for emotional materials. This is because, with longer delays, recognition rates prevail for 

emotional items, but decline for neutral items (Ritchey at al., 2008). Similarly, during immediate retrieval 

tests, divergent ERP results have been often reported. In some studies larger ERP Old/New effects for 

emotionally arousing (both pleasant and unpleasant) items compared to neutral ones were observed 

(Langeslag, Franken, & Van Strien, 2008), but in others these effects were absent (Weymar, Bradley, El-

Hinnawi, & Lang, 2013). However, when memory is tested after long consolidation periods (> 24 h), 

enhanced late parietal Old/New differences have been reliably found for emotional items (e.g., Wirkner, 

Low, Hamm, & Weymar, 2015; Wirkner, Ventura-Bort, Schulz, Hamm, & Weymar, 2018). Furthermore, 

ERP Old/New differences for emotional contents seem to be tremendously long-lasting over time. When 

memory for emotional and neutral materials is tested one year after encoding, emotional items are still better 

remembered than neutral ones (Dolcos et al., 2005; Weymar et al., 2011), which is also related to larger 

parietal ERP Old/New effects for emotionally arousing (especially unpleasant) items compared to neutral 

ones (Weymar et al., 2011).  

Finally, more recent ERP memory studies revealed that the enhanced Old/New effect for emotional 

information occurs automatically, even when no intentional retrieval is instructed (Ferrari, Bradley, 
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Codispoti, Karlsson, & Lang, 2013; Weymar, Bradley, El-Hinnawi, et al., 2013). These findings come from 

studies in which participants were engaged in non-memory-related tasks, involving free viewing (Weymar, 

Bradley, El-Hinnawi, et al., 2013), or active decision-making (Ferrari et al., 2013; Weymar, Bradley, El-

Hinnawi, et al., 2013), while viewing old and new emotional and neutral images. Results showed that even 

when participants did not intend a memory search but view a memory cue, immediate retrieval was 

enhanced for emotional relative to neutral scenes, as reflected by enhanced parietal Old/New differences 

(Ferrari et al., 2013; Weymar, Bradley, El-Hinnawi, et al., 2013), suggesting that emotional scenes also 

trigger recollection in a spontaneous fashion.  

Besides item memory, one important aspect of human memory concerns the binding of contextual 

information (e.g., time, place, or associative cues) that constitutes many disparate features of a unified event 

(Davachi, 2006; Ranganath, 2010). In light of the relevance of such associative mechanism in our life, the 

question arises which impact emotion exerts on memory for items as a part of, or in relation to, other items 

(Chiu, Dolcos, Gonsalves, & Cohen, 2013). Despite abundant data showing enhancing emotional effects in 

item memory, the evidence regarding emotional influences on the accuracy of remembering contextual 

details is mixed (for reviews, see Chiu et al., 2013; Dolcos, Katsumi, Weymar, et al., 2017; Weymar & 

Hamm, 2013). Similarly, ERP research investigating the effects of emotion on memory for associated 

neutral information has also yielded mixed findings (Jaeger & Rugg, 2012; Martinez-Galindo & Cansino, 

2017). Recent ERP studies, however, indicate that one critical factor could be related to the retention 

interval (as for item memory), showing enhanced ERP old/new differences for emotional, compared to 

neutral, associates when memory is tested one week after encoding (Ventura-Bort et al., 2017; Ventura-Bort 

et al., 2016), but not when tested immediately or 24 h following encoding (Jaeger, Johnson, Corona, & 

Rugg, 2009; Smith, Dolan, & Rugg, 2004). 

 One other critical factor mediating potential modulatory effects of emotion on relational memory 

may be related to the binding strategy used during encoding (Mackay et al., 2004; Mather, 2007). According 

to the arousal-biased competition (ABC) theory (Mather & Sutherland, 2011), emotional arousal can lead to 

enhancement and impairment among neutral stimuli competing for attention depending on high or low 

priority (due to bottom-up perceptual salience or top-down attentional focus). The theory further suggests 

that emotional arousal may enhance associative memory for features of high priority items (e.g., color or 

location of an item) and impair memory for neutral items, when presented at the same time with emotional 

items. Thus, emotion can facilitate memory for intrinsically associated features of emotional stimuli (i.e. 

within-item associated details), but can also undermine memory for associated extrinsic cues (i.e. between-

item contextual features) of the emotional information (Chiu et al., 2013; Mather, 2007). However, if the 

association between emotional cues and extrinsic neutral items is well integrated, memory for neutral items 

may improve due to the acquisition of high priority. These issues are the focus of an emerging debate in the 
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literature on emotional memory (Dolcos, Katsumi, Weymar, et al., 2017; see also Ventura-Bort et al., 2017; 

Weymar et al., 2014).  

Oscillatory Correlates of Emotional Episodic Memory. Finally, besides ERPs, research has 

increasingly focused on the role of neuronal oscillation and synchronization on episodic memories (see for a 

review Nyhus & Curran, 2010), emphasizing the role of gamma (25–100 Hz) and theta (4–8 Hz) oscillations 

on the formation and retrieval of episodic memories (Nyhus & Curran, 2010). For instance, several studies 

observed that successful encoding is associated with greater gamma power and gamma synchronization (e.g., 

Gruber, Keil, & Muller, 2001; Sederberg et al., 2007), and that theta and gamma oscillations support 

retrieval processes (Ferrari, Bradley, Codispoti, & Lang, 2015; Summerfield & Mangels, 2005). However, 

most of the evidence indicating that these synchronizations mediate emotional memory retrieval comes from 

animal research (e.g., Pare, Collins, & Pelletier, 2002), and thus more research in humans is needed (Gartner 

& Bajbouj, 2014).   

Taken together, ERP results showed that memory retrieval is enhanced for emotional stimuli and 

associated neutral information with high attentional priority, as reflected by enhanced ERP Old/New 

differences. This memory advantage is likely driven by HC-mediated recollective processes, which as for 

item memory may be most robust following longer consolidation intervals. In addition, despite overall 

mixed findings, there is also evidence that emotional information also enhances memory for contextual 

details. Regarding the oscillatory correlates, available data indicate that theta and gamma oscillations in the 

MTL and cortical regions are involved in the formation and retrieval of episodic memories, which in 

synchronization with the AMY contribute to the generation of emotionally relevant episodic memories.  

 

Notably, attention, learning, and memory are also critically affected by stress. Stressors initiate 

various bodily adaptation processes to re-establish physiological homoeostasis and promote long-term well-

being by interacting with emotional and cognitive processes. Therefore, although not the focus of the 

present review, it should be noted that stress induction is also a way of manipulating responses and 

influencing emotion-attention interactions6. These stress-induced alterations are thought to be involved in 

the development, establishment, and maintenance of various stress-related disorders, such as post-traumatic 

                                                
6 Existing literature covers the complex effects of stress on processes such as attention, learning, and memory, and the temporal 

actions of two major stress mediators, in particular catecholamines and glucocorticoids (Henckens, Hermans, Pu, Joëls, & 

Fernández, 2009; Hermans et al., 2014; Joëls, Fernandez, & Roozendaal, 2011; Schwabe & Wolf, 2014; Solstad, Moser, & 

Einevoll, 2006; van Ast, Cornelisse, Meeter, Joels, & Kindt, 2013; Weymar, Bradley, Hamm, & Lang, 2013; Weymar et al., 

2014; Weymar et al., 2012). Furthermore, given that stress mediates both initial and subsequent stages of processing influencing 

learning and memory, from increased vigilance to retrieval, pharmacological interventions or new neurostimulation methods 

(transcutaneous vagal nerve stimulation, Van Leusden, Sellaro, & Colzato, 2015; Ventura-Bort et al., 2018) that target either or 

both stress systems at these stages of processing might be useful for future prevention and treatment (de Quervain, Schwabe, & 

Roozendaal, 2017). 
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stress disorder (PTSD), and of other emotional disturbances (anxiety, depression), which are discussed 

further in the following sections.  

4. Individual Differences in Emotion-Attention Interactions  

In the field of emotion processing, individual differences are the norm rather than the exception 

(Hamann & Canli, 2004). Hence, when assessing emotional reactions, individual differences should be 

examined rather than being regarded as statistical noise (Kosslyn et al., 2002; Phan et al., 2003). Because 

such differences can affect aspects of processing that are relevant to understanding clinical conditions, the 

present section discusses the role of a wide range of individual differences that influence emotion 

processing - from developmental (at both early and later stages) and sex to personality and clinical 

differences linked to various disorders (anxiety, depression, and PTSD). 

4.1. Developmental Differences 

Early Stages: Childhood and Adolescence. Emotional Distraction. The ability to resist interference 

from distracting emotional information while sustaining attention on goal-directed behavior is critical for 

adaptive behavior. Using “classic” cognitive control tasks such as the flanker (Grose-Fifer, Rodrigues, 

Hoover, & Zottoli, 2013), Stroop and Go/No-Go (Tottenham, Hare, & Casey, 2011), several studies have 

examined age-related differences in interference from distracters that include socially- and/or emotionally-

relevant information, such as facial expressions or emotional words (e.g., Cohen-Gilbert & Thomas, 2013; 

Grose-Fifer et al., 2013). Most studies have focused on childhood and adolescence, with a few focusing on 

infancy and preschool age. A linear decrease in interference from such distracters from childhood into 

adulthood has been documented by some studies (Somerville, Hare, & Casey, 2011; Tottenham et al., 2011). 

For instance, Tottenham et al. (2011) examined the performance of children (5-12 years old), adolescents 

(13-18 years old), and adults (19-28 years old) using a block design emotional Go/No-Go task, and showed 

that performance improved with age. Nevertheless, across the age groups, false alarms occurred more 

frequently to emotional relative to neutral face No-Go stimuli, which were interpreted as indexing reduced 

inhibitory control in the context of emotionally salient emotional information. Using a similar version of the 

task in the MRI scanner, Hare and colleagues documented elevated AMY activation in adolescents relative 

to children and adults on this task (Hare et al., 2008). Furthermore, elevated AMY and reduced vlPFC 

activation positively correlated with slower RTs to the fearful (versus happy) face target stimuli. Functional 

connectivity analyses revealed that strength of AMY-vlPFC coupling was correlated with greater 

habituation of AMY activity to fearful face targets in adolescence (Hare et al., 2008). Such findings have 

been interpreted in terms of neurodevelopmental changes in neural systems supporting cognitive control 

into the adult years (Bunge, Hazeltine, Scanlon, Rosen, & Gabrieli, 2002; Rubia et al., 2006).  
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 Other studies, however, have reported a curvilinear developmental pattern, with emotional 

distracters showing the greatest influence on task performance during adolescence (e.g., Cohen-Gilbert & 

Thomas, 2013; Grose-Fifer et al., 2013). For instance, studies examining developmental changes in 

emotional interference found that adolescents (aged 11 to 19 years) showed greater interference to negative 

compared to positive and neutral emotional conditions on an emotional Go-NoGo task (Cohen-Gilbert & 

Thomas, 2013), and to fearful compared to happy faces on an emotional Flanker task (Grose-Fifer et al., 

2013). This curvilinear pattern has been attributed to a maturational gap between subcortical regions 

supporting emotion processing, which has been characterized as highly-reactive, and still-maturing 

prefrontal cortical regions supporting cognitive control and regulatory processes (Casey & Galvan, 2016). 

Consequently, adolescents are more likely to show a preferential processing for social and emotional 

information (Monk et al., 2003; Nelson, Leibenluft, McClure, & Pine, 2005), which is posited to underlie an 

adolescent-specific peak interference from emotional distractors and adolescents’ increased vulnerability to 

affective disorders.  

 Recognizing the limitations of rather simplistic models based primarily on immaturity of prefrontal 

cortical regions, a third developmental pattern pertaining to the development of neural systems supporting 

the interactions between cognitive, emotional, and social processing has been observed whereby neural 

activation in prefrontal cortical regions supporting cognitive control increases during mid-adolescence 

(Crone & Dahl, 2012; Geier, Terwilliger, Velanova, & Luna, 2010). Researchers interpret this pattern as 

evidence of increased task engagement during adolescence and suggest that there are some contexts (e.g., 

peer interaction or reward seeking) in which adolescents might recruit greater cognitive control than adults 

or children, thereby showing less cognitive interference. This pattern is also consistent with developmental 

models highlighting adolescence as an important period for socio-affective learning (Crone & Dahl, 2012; 

Schriber & Guyer, 2016).  

Emotional Memory.  Unlike the well-documented memory-enhancing effects of emotion in 

adulthood (LaBar & Cabeza, 2006), to-date relatively little is understood about how emotional memory 

develops and whether this is present early in development or changes over time (Hamann & Stevens, 2013). 

Understanding the development and integration of emotion and memory systems advances our 

understanding of typical emotional memory development and maladaptive memory processes, such as 

overgeneral memory formation which is associated with a range of mental health problems (Dalgleish & 

Werner-Seidler, 2014). The literature on emotional memory in children comes from naturalistic 

investigations as well as from a growing body of more controlled laboratory experiments. Evidence from 

memory for actual events shows that children, like adults, remember emotional events better than neutral 

ones (Ackil, Van Abbema, & Bauer, 2003; Goodman, Quas, & Ogle, 2010). For example, children who 

lived through a tornado were more likely to remember the event than other neutral events (Ackil et al., 
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2003). Nine years after the tornado children who were youngest at the time of the event remembered the 

greatest proportion of emotional versus neutral events with the proportion decreasing with age (Bauer et al., 

2017). Laboratory evidence shows a similar pattern (Vasa et al., 2011), although not all studies show an 

emotional enhancement effect (Leventon & Bauer, 2016) and some even showed reduced memory for 

emotional material (Howe, Candel, Otgaar, Malone, & Wimmer, 2010).  

The absence of an enhancement effect observed in some studies has been proposed to reflect an 

emergent integration of memory and emotion systems across development. In support of this, Leventon and 

colleagues (2014) reported an absence of enhanced recognition performance in both younger (5-7.5 years), 

and older (8-9 years) groups. The older group, however, showed event-related potential during the 

recognition of negative memoranda that was distinct (enhanced LPP for negative items) from neutral items 

(Leventon et al., 2014). Functional neuroimaging of emotion memory in young people has shown the 

recruitment of the same neural substrates in the AMY-HC complex, the inferior temporal lobe and ACC 

(Krauel et al., 2007; Nelson et al., 2003; Vasa et al., 2011). However, subtle differences exist when 

comparing patterns of activation with adults, including greater AMY activation and more wide-spread 

activation during the encoding of emotional information (Nelson et al., 2003; Vasa et al., 2011). It should be 

noted, however, that no studies included children younger than 9 years and the samples were small.  

 Together, these studies suggest that emotion-attention interactions and underlying neural substrates 

undergo important maturational changes in childhood and adolescence. Most of the findings, however, have 

been documented using cross-sectional designs and, as such, there remains a need to replicate these results 

using longitudinal follow-up studies that assess changes in behavior as well as neural structure and function. 

Children, compared to adolescents and adults, tend to exhibit greater interference to emotional distracters. 

They also tend to exhibit enhanced memory for emotional compared to neutral events. Studies examining 

the connectivity between PFC regions supporting cognitive control processes suggest that short-range 

connections tend to become weaker with age, whereas long-range connections, which are important for 

integration across networks, become stronger with age (Fair et al., 2007). Thus, it is possible that underlying 

attention, memory, and emotion systems may become more integrated and parsimonious across 

development into adulthood.  

Later Stages: Aging. Aging is not only associated with well-known co-morbidities and losses but 

also with relatively high levels of emotional well-being. Considerable evidence supports the idea of an age-

related positivity effect in emotional attention, perception, and memory, by which older adults tend to (a) 

pay greater attention, process, and remember more positive information, and (b) show reduced processing of 

negative information compared to young adults (Mather, 2016; Reed & Carstensen, 2012). According to the 

Socioemotional Selectivity Theory (Reed & Carstensen, 2012), older adults’ preference for positive over 

negative information is driven by their prioritization of more present-focused motivational goals related to 
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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 emotion regulation strategies, that allow older adults to spontaneously cope with 

emotional challenges (Dolcos, Katsumi, & Dixon, 2014; Mather & Carstensen, 2005). As discussed below, 

available evidence regarding the neural correlates of age differences in emotion-cognition interactions 

points to relatively preserved bottom-up (AMY) mechanisms and enhanced top-down (PFC) mechanisms. 

Age-Related Differences in Emotion 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 stimuli is relatively preserved in aging 

(Dolcos et al., 2014; Katsumi, Dolcos, Dixon, et al., in revision; St Jacques, Dolcos, & Cabeza, 2010). Such 

preservation of sensitivity to basic emotional information in aging has been most consistently linked to 

similar engagement of AMY in young and older adults, which also seems to show less structural decline as 

a function of age compared to other brain regions (e.g., Jiang et al., 2014). In the context of overall 

preserved AMY functioning in aging (which is particularly sensitive to high arousing/threatening stimuli), 

there is also evidence showing age differences in AMY sensitivity to the valence of stimuli. Previous studies 

of emotional perception identified decreased AMY response to negative stimuli (Iidaka et al., 2002; Mather 

et al., 2004) or increased AMY response to positive stimuli (Kehoe, Toomey, Balsters, & Bokde, 2013; 

Mather et al., 2004), in older compared to young adults. 

 Furthermore, increased engagement of the PFC and ACC regions during the viewing of negative vs. 

neutral and positive vs. negative stimuli has also been reported in older adults (Dolcos et al., 2014; Nashiro, 

Sakaki, & Mather, 2012; St Jacques et al., 2010). These findings, along with evidence for chronic activation 

of emotion regulation goals in aging (Gross et al., 1997), suggest that greater activity in the PFC/ACC 

regions linked to emotional perception may reflect enhanced habitual engagement of emotion regulation 

strategies in older adults, which may further exert modulation of activity in basic emotion processing 

regions (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). This idea was further supported by recent evidence identifying activity in 

similar mPFC/ACC areas showing a negative correlation with subjective emotional ratings for negative 

stimuli in older adults (Dolcos et al., 2014), thus confirming a role of this region in effective spontaneous 

regulation of negative emotions in aging (see also Dolcos, Katsumi, Denkova, & Dolcos, 2017). Notably, 

this 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.   
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 Age-Related Differences in Emotional Distraction and Memory. Differences in emotion processing 

in older adulthood also extend to differences in emotional distraction and emotional memory. Regarding 

emotional distraction, consistent with a positivity bias in emotion processing, evidence suggests that older 

adults are less easily distracted by negative emotional stimuli compared to younger adults (Mather, 2012). 

For example, in an emotional Stroop study, younger adults were slower in naming the color of neutral words 

that followed negative words, while older adults did not show this effect (Ashley & Swick, 2009). Another 

study showed that when asked to identify a target number displayed over a distractor face, younger adults 

were most distracted by angry faces, while older adults were most distracted by happy faces (Ebner & 

Johnson, 2010). Additionally, a recent study found that older adults in a positive mood induction group 

showed enhanced memory for previous distraction compared to those in a neutral mood group (Biss, Weeks, 

& Hasher, 2012). Consistent with previously mentioned evidence on the neural correlates of emotional 

perception in aging, fMRI evidence from older adults have shown greater ACC engagement in response to 

irrelevant positive faces than irrelevant neutral faces when attention to the central face location was high, 

whereas this pattern was not found in younger adults (Brassen, Gamer, & Buchel, 2011). Regarding 

emotional memory, both younger and older adults showed the memory enhancement by negative 

information, although this effect was larger in the former (St Jacques, Dolcos, & Cabeza, 2009). At the 

neural level, consistent with the behavioral effect and also with the literature on emotion perception, both 

age groups showed greater AMY activity associated with subsequent memory for negative vs. neutral 

stimuli. Moreover, the same study also identified increased and decreased activity in the dlPFC and visual 

cortex, respectively, in older adults linked to subsequent memory for negative vs. neutral pictures. These 

findings are overall consistent with the existing models of more general cognitive aging (e.g., Posterior-

Anterior Shift in Aging; Davis, Dennis, Daselaar, Fleck, & Cabeza, 2008), and suggest that greater PFC 

activity associated with older adults’ emotional encoding might reflect enhanced engagement of 

spontaneous emotion regulation. 

 Finally, there is also evidence that older adults have greater susceptibility compared to young adults 

to the aforementioned memory trade-off effect between emotional/central vs. non-emotional/peripheral 

aspects of an event (Kensinger, Gutchess, & Schacter, 2007; Nashiro & Mather, 2011). These age-related 

differences have been associated with older adults’ relatively decreased tendency to engage in particular 

encoding strategies (e.g., broad allocation of attention to contextual features of stimuli) that help younger 

adults reduce the negative influence of the trade-off effect. This suggests that older adults may have 

particular difficulty in disengaging attention from emotionally salient features of stimuli (Kensinger et al., 

2007; Kensinger, Piguet, Krendl, & Corkin, 2005). Furthermore, there is evidence that emotional arousal 

enhances memory for information about intrinsically-linked contextual aspects (e.g., stimuli and their 

location) through memory binding in younger adults but not in older adults, thus suggesting that possibly 
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limited cognitive resources in older adults may lead them to remember only the gist but not the associated 

details (Nashiro & Mather, 2011).  

 In summary, available evidence suggests that emotion-attention interactions and the associated 

neural substrates are altered throughout childhood, adolescence, younger and older adulthood. Children tend 

to show greater interference by emotional distracters compared to adolescents and adults, and enhanced 

memory for emotional compared to neutral events. Older adults tend to show a positivity bias in perceiving 

emotional information, in the context of preserved emotion processing. This results in reduced distraction by 

negative emotional stimuli and diminished impact of negative valence on emotional memories. In addition, 

there is also greater susceptibility to the memory trade-off effect between emotional/central vs. non-

emotional/peripheral aspects of events, compared to young adults. At the neural level, children tend to show 

greater AMY activation along with more wide-spread activation while processing emotional information, 

whereas older adults tend to show decreased AMY response to negative stimuli and increased response to 

positive stimuli. These basic emotion processing responses are coupled with increased responses in regions 

associated with cognitive control of emotion (PFC and medial frontal/ACC regions) during emotion 

processing, particularly of negatively-valenced stimuli, which also influences emotional distraction and 

emotional memory. These findings highlight emotion-attention interactions across the life span, as well as 

the associated interactions between bottom-up (AMY) and top-down (PFC/ACC) neural mechanisms. 

4.2. Sex Differences  

Emotional Attention and Perception. In our society, it is commonly believed that women perceive, 

experience, and express emotions to a greater extent than men do (Briton & Hall, 1995; Meyers-Levy & 

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 the beneficial aspects, there is 

evidence pointing to enhanced emotional competence in women compared to men (Collignon et al., 2010; 

Hall & Matsumoto, 2004). Women pay more attention to, as well as identify and decode others’ emotional 

expressions more accurately (Collignon et al., 2010; Hall & Matsumoto, 2004), are more emotionally 

expressive (Kring & Gordon, 1998), and display more extensive knowledge of emotional experience 

(Barrett, 2000) than men. However, there is evidence highlighting increased vulnerability to affective 

disorders in women, who are known to exhibit enhanced reactivity to emotional stimuli, particularly 

negative ones (Hamann & Canli, 2004; Spalek et al., 2015). In addition, women tend to be more cautious 

and show avoidance-focused motivations (Meyers-Levy & Loken, 2015), which may be linked to nearly 

two times higher lifetime prevalence of mood and anxiety disorders than in men (Bekker & van Mens-

Verhulst, 2007; Kessler, 2003).  

At the neural level, available findings identify both general and specific sex differences in the 

patterns of brain activations during emotion processing, in women and men, and provide evidence consistent 
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with a negative affective bias in emotion processing. 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 & 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). This finding lends support to the idea that reduced habituation of AMY 

response to negative stimuli may be linked to the greater incidence of affective disorders in women 

(Andreano et al., 2014). 

Interestingly, previous brain imaging studies of sex differences have also identified patterns of 

hemispheric lateralization in brain activity linked to emotion processing (Killgore & Yurgelun-Todd, 2001; 

Williams et al., 2005), as well as differential sensitivity to contextual factors. For instance, compared to 

women, men showed greater activity in the right AMY during an emotional face perception task (Schneider 

et al., 2011), and similar lateralization differences in AMY activity have also been identified in the memory 

domain (Cahill et al., 2001; Canli, Desmond, Zhao, & Gabrieli, 2002; see also the next section). 

Furthermore, additional evidence regarding sex-related hemispheric lateralization effects has been identified 

by studies examining ERP responses, in which the authors found an asymmetrical activation of the visual 

cortex between men and women during an emotional face judgment task, characterized by right hemisphere-

dominant P1 and N1 responses in men compared to women (Proverbio, Brignone, Matarazzo, Del Zotto, & 

Zani, 2006).  

In sum, available evidence concerning sex differences in the effect of emotion 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, compared to men, they are also 

more likely to show a negative affective bias in attention and perception. At the neural level, women’s 

negativity bias in emotional perception has been linked to increased sensitivity in the bottom-up emotion 

processing regions including the AMY, which may, in turn, be linked to heightened vulnerability to 

emotional disturbances in women. Evidence also points to the existence of hemispheric lateralization linked 

to emotion processing, with men and women typically exhibiting enhanced activity in the right vs. left 

hemisphere, respectively.  

Emotional Distraction and Emotional Memory. Sex Differences in Emotional Distraction. Possibly 

linked to the increased susceptibility to affective disorders in women compared to men (Bekker & van 

Mens-Verhulst, 2007; Kessler, 2003), women also show enhanced reactivity to emotional challenges 

(Hamann & Canli, 2004; Shields, 1991) and specificity in the deployment of emotion regulation strategies 

(Denkova, Dolcos, & Dolcos, 2012; Mcrae, Ochsner, Mauss, Gabrieli, & Gross, 2008). Given the possibility 
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that the same mechanisms that help generate the enhanced emotional experience in women could also be 

partially responsible for enhanced sensitivity to emotional challenges, in a recent investigation Iordan and 

colleagues (2013) examined whether sex differences in basic emotional reactivity are also associated with 

differences in emotional distractibility.  

First, consistent with the idea of increased bottom-up impact of emotional distraction in women 

relative to men, women showed increased sensitivity to emotional distraction in brain regions associated 

with emotion processing, such as FG and AMY. Supporting the idea of enhanced bottom-up effects in 

women, the left FG, a perceptual area susceptible to modulation by emotion, showed increased activity in 

response to angry-face distracters in female participants as well as a negative correlation with WM 

performance. Increased response to emotional distraction in women relative to men was also identified in 

the subgenual ACC, a higher-level emotion integration region, which has been linked to the experience of 

negative emotion, in both healthy and clinical samples (Baeken et al., 2010; Mobbs et al., 2009). These sex 

differences in the basic response to emotional distraction are consistent with increased sensitivity in 

‘bottom-up’ responses in women, linked to impaired WM performance. However, they were identified in 

the context of overall similar brain response to emotional distraction in women and men, suggesting that, at 

a more general level, men and women also deploy similar mechanisms in response to emotional distraction. 

Second, the same investigation also identified sex differences in coping with emotional distraction. Results 

revealed a dorsal-ventral hemispheric dissociation within the lateral PFC, with the left ventral PFC being 

linked to individual differences in WM performance in women, and the right dorsal PFC being linked to 

individual differences in men. Interestingly, the same left vlPFC region showing enhanced activation in the 

female participants who performed better in the WM task (Denkova et al., 2010) showed ‘by default’ overall 

increased level of activity in males, who also had overall higher levels of WM performance.  

Overall, these results support the idea that enhanced emotional competence in women may have the 

side-effect of increased emotional reactivity, which in turn may lead to enhanced emotional distractibility. 

This brain imaging evidence points to sex differences in both bottom-up and top-down effects of emotional 

distraction, by linking increased recruitment of emotion processing areas with decreased cognitive 

performance in women and revealing dissociations in coping with distraction mechanisms between women 

and men. Hence, investigating the role of sex differences that mediate both basic responses to and the ability 

to cope with emotional challenge offers a promising path for better understanding differential susceptibility 

to affective disorders in women and men. 

Sex Differences in Emotional Memory. There is also evidence that women display more extensive 

knowledge of emotional experience (Barrett, 2000), and recall more emotional autobiographical memories 

(Davis, 1999; Seidlitz & Diener, 1998) than men do. Complementing the evidence discussed above, 

neuroanatomical research also revealed sex differences in emotion-related brain regions (e.g., AMY and 
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orbitofrontal cortex volumes) (Goldstein et al., 2001; Gur, Gunning-Dixon, Bilker, & Gur, 2002). Consistent 

with behavioral and neuroanatomical evidence suggesting differences between men and women, evidence 

from brain imaging studies also pointed to sex differences in the involvement of the AMY in emotional 

memory (e.g., Andreano & Cahill, 2009; Hamann, 2005). One such notable difference points to hemispheric 

asymmetry in the role of the AMY in emotional memory encoding (e.g., (Cahill et al., 2001; Canli et al., 

2002), with left AMY being associated with successful emotional memory encoding in women and right 

AMY being associated with successful emotional memory encoding in men (but see Fischer, Sandblom, 

Nyberg, Herlitz, & Backman, 2007). Interestingly, this hemispheric lateralization seems to be confined to 

the basolateral AMY, and observed following a longer (2 weeks) but not shorter (minutes) retention interval 

(Mackiewicz, Sarinopoulos, Cleven, & Nitschke, 2006), which suggests that this lateralization is influenced 

by memory consolidation processes (see also (Talmi, Anderson, Riggs, Caplan, & Moscovitch, 2008). 

Further investigation of sex differences in AMY’s involvement during emotional memory encoding 

suggests that feminine and masculine roles as established by the society, rather than the sex per se, seem to 

influence these differences in emotional memory (Cahill, Gorski, Belcher, & Huynh, 2004).  

 Overall, the abovementioned findings point to hemispheric differences in the role of the AMY 

during emotional memory encoding and consolidation. Emerging evidence suggests that taking into account 

the social dimension and gender-specific societal roles is of particular interest in understanding differences 

between women and men in emotional memory (Cahill et al., 2004).  

4.3. Personality and Clinical Differences 

 The impact of emotion to attentional processes appears to occur differently across the population. To 

comprehensively take such variability into account, it is important to investigate aspects such as personality 

differences and clinical status. Personality neuroscience is an emerging field that contributes to clarifying 

aspects regarding the role of personality differences in understanding vulnerability and resilience to 

emotional dysregulation (Canli, 2004; DeYoung et al., 2010) with important implications for understanding 

both healthy and clinical functioning. Here, we focus on two of the most well-documented personality traits, 

anxiety and depression, that not only modulate the impact of how emotional stimuli competes for our 

attention, but also in their own right seem to disrupt aspects of the attentional system. These traits are also 

the target of emerging interventions discussed in Section 5, and of models and theories that show how 

individual differences in other domains such as regulatory focus are associated with indicators of well-being 

(Eddington, Dolcos, Cabeza, Krishnan, & Strauman, 2007; Eddington et al., 2009; Higgins, 2012; Llewellyn, 

Dolcos, Jordan, Rudolph, & Dolcos, 2013). Other personality traits (extraversion, neuroticism) can also 

influence emotion processing and its interactions with executive functions (Canli, 2004; Forster, Elizalde, 

Castle, & Bishop, 2015; Rohr et al., 2015), but are not the focus of the present discussion.  
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Trait Anxiety. A hallmark characteristic of individuals with high anxiety (either as a trait factor of 

high nervousness/worry, or at a clinical level) are selective biases within attention towards emotional 

information, specifically threat-laden content (Dudeney, Sharpe, & Hunt, 2015; Okon-Singer, Alyagon, 

Kofman, Tzelgov, & Henik, 2011). For example, anxious individuals have difficulty ignoring threat-

denoting distractor words in emotional Stroop tasks (Williams, Mathews, & MacLeod, 1996), as well as to 

angry/fearful faces in dot probe paradigms (e.g., Rudaizky, Basanovic, & MacLeod, 2014). Moreover, this 

bias extends beyond the allocation of attention to the level of working memory: anxious individuals appear 

to prioritize visual working memory capacity towards encoding threat-laden content, even if it is task-

irrelevant to the expense of other information to memorize (Stout, Shackman, Johnson, & Larson, 2015; 

Stout, Shackman, & Larson, 2013). Both children and adults with anxious disposition, like many patients 

with anxiety disorders, tend to excessively allocate attention to threat-related cues when they are present in 

the environment, even when they are irrelevant to the task at hand (Bar-Haim, Lamy, Pergamin, Bakermans-

Kranenburg, & van IJzendoorn, 2007; Dudeney et al., 2015).  

Such findings have led to numerous theoretical accounts positing that these biases relate to automatic 

facilitation of attention towards threat in anxiety (see Cisler & Koster, 2010). This is also supported by 

neuroscientific evidence that threat detection and processing is typically reflected in increased neural 

activity within the AMY (e.g., Davis & Whalen, 2001), and that anxious individuals similarly show 

increased AMY response to threat-related distractor stimuli (e.g., Bishop, Jenkins, & Lawrence, 2007). 

Finally, there is some evidence that emotional biases in attention seen amongst anxious individuals may in 

fact casually relate to the development of anxious symptomatology. As discussed in the last section, recent 

cognitive intervention methods, such as attentional bias modification (ABM) training, have shown that 

attentional biases to threat can diminish as a result of training individuals to divert their attention away from 

threat-laden stimuli in the visual environment. Additionally, it has been found that self-report levels of 

anxiety also attenuate as a result of such training (see MacLeod & Mathews, 2012), suggesting that, while 

attentional biases in anxiety are seen as a classic symptom, they may also relate as a root contributing factor 

to anxious disposition. 

 While anxiety appears to exacerbate some of the emotional biases in attention in relation to threat, 

anxiety in its own right also appears to modulate the attention network. Across a range of selective attention 

measures, anxious individuals show heightened distractibility by task-irrelevant stimuli, suggesting an 

impaired inhibition function (e.g., Berggren & Derakshan, 2013b; Berggren & Derakshan, 2014). 

Supporting this, neuroscientific investigations have shown that anxious individuals recruit areas of the PFC 

associated with attentional control differently compared to low anxious individuals during tasks requiring 

distractor inhibition (e.g., Basten, Stelzel, & Fiebach, 2012). Findings such as these are accommodated 

within the influential Attentional Control Theory (ACT) (Eysenck, Derakshan, Santos, & Calvo, 2007), 



Jo
ur

na
l P

re
-p

ro
of

47 
 

which proposes that anxiety may impair three key functions of attentional control: inhibition, flexible 

shifting between tasks, and updating of information within WM (Miyake et al., 2000). In addition, this 

reduction in top-down control of attention may increase the bottom-up saliency of other information, hence 

resulting in high difficulty to maintain goal-focused attention. 

 An open question is whether evidence of reduced attentional control in anxiety can explain why such 

individuals also show enhanced biases to threat-related information? Growing neuroscientific evidence 

suggests that both functional and structural connectivity between prefrontal areas involved in attentional 

control and limbic areas related to emotional responses is reduced in anxious populations (e.g., Kim, Gee, 

Loucks, Davis, & Whalen, 2011). Moreover, cognitive training interventions targeting attentional control 

efficiency have produced both reductions in attentional control impairments in anxiety and attenuated self-

report feelings of worry (Sari, Koster, Pourtois, & Derakshan, 2016b).  

 In summary, anxiety appears to differentially influence attention and its relationship with emotion. 

On the one hand, accumulating evidence shows that attentional control is disrupted in high anxiety, while 

conversely emotional processing appears enhanced particularly in relation to threat. Supported by 

neuroscientific work, these findings suggest a trade-off between the efficiency of prefrontal brain regions 

associated with attentional control versus relatively enhanced response within the limbic and sensory 

network related to threat detection. Much progress has been made particularly in targeting these two 

networks through ABM and attentional control training to reduce anxious symptomatology, and combined 

dual-pronged training approaches may provide promise against a backdrop where current cognitive-

behavioral treatments of anxiety typically report an efficacy rate of only 30-50% (Taylor, Abramowitz, & 

McKay, 2012). 

 Trait Depression. Within depressed groups, including those of high trait dysphoria, rumination, and 

clinical depression, emotional interactions with attention appear to more generally encompass attentional 

biases to negative information than the relatively threat-specific idiosyncrasies of anxiety. Individuals with 

high depressive symptoms show difficulty ignoring and rejecting negative information (e.g., De Raedt & 

Koster, 2010; Joormann, 2004), which has been proposed to explain why such individuals typically 

experience depressive symptoms due to a simple difficulty in rejecting such thoughts and behaviors 

(Joormann, 2004). As with anxiety, however, impaired ability to ignore distraction also occurs for non-

emotional material across clinically depressed and at-risk groups (e.g., Beckwe, Deroost, Koster, De 

Lissnyder, & De Raedt, 2014; Owens, Koster, & Derakshan, 2012). Such findings have led to similar 

emphasis on attentional control as in anxiety (e.g., Koster, Hoorelbeke, Onraedt, Owens, & Derakshan, 

2017). Moreover, neuroscientific evidence has similarly shown that depression links to aberrant neural 

response in areas of PFC linked to attentional control (e.g., Davidson, Pizzagalli, Nitschke, & Putnam, 

2002) increased AMY response to presented negative stimuli (e.g., Siegle, Thompson, Carter, Steinhauer, & 
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Thase, 2007), and reduced connectivity between these areas when viewing such images (e.g., Almeida et al., 

2009). Finally, as in the case of anxiety, cognitive interventions targeting attentional control in depressive 

groups have demonstrated improvements in regulating negative emotional material (e.g., Iacoviello et al., 

2014), as well as some evidence of reductions to self-reported depressive symptoms following active 

training (Segrave, Arnold, Hoy, & Fitzgerald, 2014). Such methods provide promise as new intervention 

techniques for depression where current treatments fall short given high remittance rates within clinical 

practice (e.g., over 20%; Driessen et al., 2013).  

In summary, at the clinical level, anxiety and depression typically have a high comorbidity rate (e.g., 

over 50%; Hirschfeld, 2001), and research examining emotion-attention interactions within these 

populations highlight clear similarities in the potential mechanisms underlying the role of these 

characteristics. Whether specifically for threat or negative in general, emotion consumes and perhaps also 

compromises attention, while poor attention may equally play a causal role in the ability to regulate such 

emotions. This interplay has led to promising developments in cognitive interventions targeting these 

mechanisms, though with regimens often focused on emotional regulation or attentional control in isolation. 

Consideration of the reciprocal links between emotion and attention in relation to personality factors may 

yield new insight and opportunities for ameliorating chronic negative affect within the general population. 

Clinical Anxiety and Depression  

A growing number of studies have documented alterations in the functioning of fronto-limbic 

systems supporting modulation of attention to emotional information in individuals diagnosed with or at risk 

of developing anxiety or depression. There is growing evidence that attentional biases or stimulus-driven 

attention toward or away from specific emotional information could contribute to the onset and prevalence 

of these disorders (Jacobs, Reinecke, Gollan, & Kane, 2008; Lau & Waters, 2017). Attentional bias emerges 

through heightened activity in limbic regions (e.g., AMY, insula) signaling the need to modulate cortical 

regions (e.g., ACC, TPJ). If the information is irrelevant to their current goal or context, goal-directed 

attention, supported by PFC areas (dlPFC, mPFC/ACC, orbitofrontal cortex), re-directs or maintains 

attention to task-relevant stimuli (Pessoa, 2017). Although attentional biases to threat-related information 

have been primarily associated with anxiety (Cisler & Koster, 2010), biased attention to negative stimuli is 

also characteristic of depression (Peckham, McHugh, & Otto, 2010). 

 Regarding anxiety disorders, cognitive theories have put forward different accounts to explain 

attentional biases to threat, some suggesting a bias toward or away from threat-related information 

(Kaufman et al., 1997), whereas other highlight the role of cognitive control processes in the monitoring and 

regulation of attention (Derryberry & Reed, 2002). There is agreement, however, that such alterations could 

be both a vulnerability factor that leads to the development of anxiety disorders (Bar-Haim et al., 2007) and 

an important contributing factor to the maintenance of anxiety disorders (Williams, Watts, MacLeod, & 
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Mathews, 1997). Consistent with this idea, perhaps the most consistent finding in individuals with clinical 

anxiety (Monk et al., 2008) links individual differences in anxiety to negative coupling of frontal and AMY 

regions (i.e., fronto-AMY connectivity). Turning to depression, extensive research has also revealed 

patterns of emotional biases in basic cognitive processes, also known as cognitive biases in depression 

(Gotlib & Joormann, 2010). These include attentional and memory biases whereby there is increased 

processing of negative information at the expense of neutral and positive information (Gotlib & Joormann, 

2010; Winer & Salem, 2016). Cognitive (Beck, 1967) and emotional theories (Clark, 2005) maintain that 

individuals who are experiencing depression and who are at risk for the disorder exhibit attentional biases 

whereby they preferentially attend toward negative stimuli and away from positive stimuli in their 

environment (Joorman, Talbot, & Gotlib, 2007; Owens et al., 2016). The next sections discuss evidence 

regarding such biases in clinical anxiety and depression.  

Visual Perception and Working Memory in Clinical Anxiety. Although individual differences in the 

way we experience our surroundings are normal, extremely biased perception may be dysfunctional in 

psychopathology. Evidence shows that individuals with clinical anxiety manifest perception biases when 

presented with threatening stimuli compared to non-threatening ones. For example, participants with high 

levels of acrophobic symptoms were asked to estimate the height of a balcony while they stood on a high 

building themselves. Highly fearful participants estimated the balcony to be higher than the less fearful 

participants. Notably, the less fearful participants also overestimated the height (Teachman, Stefanucci, 

Clerkin, Cody, & Proffitt, 2008), suggesting a general perception bias that might be related to biological 

preparedness (see Aue, Chauvigne, Bristle, Okon-Singer, & Guex, 2016; Aue, Guex, Chauvigne, & Okon-

Singer, 2013, for similar findings related to attention bias to spiders among participants with low fear levels). 

A similar bias was shown in state anxiety – in a different study (Stefanucci, Proffitt, Clore, & Parekh, 2008), 

participants were asked to stand on a skateboard (which was shown to provoke fear) or on a stable wooden 

box (control group) on top of a hill and to estimate the steepness of the hill. Individuals standing on a 

skateboard estimated the hill as steeper than those standing on a wooden box. A related kind of perception 

bias was shown in arachnophobia. For example, Vasey et al. (2012) asked spider-phobic participants to 

estimate the size of a spider and concluded that size estimation biases correlate with the level of fear of 

spiders, so that the higher the phobia from spiders was, the larger the spider was perceived. Together, these 

findings demonstrate that estimation bias exists both when anxiety is acute and when it is dispositional, and 

it is exacerbated in clinical anxiety. Perception biases may be related to other well-documented processing 

biases, such as attention, expectancy, interpretation and memory biases. However, the correlational and 

causal relations between them are unclear, although both attention and perception biases are thought to 

affect early stages of processing. Further research is also needed to clarify the neural mechanisms that 

mediate perceptual biases. 
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Turning to WM, individuals with, or even prone to, emotional disorders such as anxiety and 

depression, present an enlarged and exaggerated effect of inefficient gating of threat from WM (Stout et al., 

2013) that disrupts endogenous attention and other control mechanisms. Specifically, when anxious 

individuals are asked to encode information into WM, both non-affective and threat-related distractors 

interfere with performance. The heightened negative affect (i.e., anxiety, sadness) characterizing these 

populations may be partially explained by this deficit (Cohen, Daches, Mor, & Henik, 2014; Stout, 

Shackman, Pedersen, Miskovich, & Larson, 2017). For example, anxious individuals tend to experience 

invasive thoughts and distress, even when the threat is utterly irrelevant to the current task or even when it is 

not present in the external environment, perhaps due to allocation of excess storage capacity to real or 

imagined threat (Shackman et al., 2016). When threat-related information penetrates into WM, it distorts 

information processing (i.e., attention, memory retrieval, and response), thus promoting rumination, worry, 

and other dysfunctional cognitions (Thiruchselvam, Hajcak, & Gross, 2012). 

Notably, influences between cognition and emotion are bi-directional (Dolcos & Denkova, 2014; 

Dolcos et al., 2011; Dolcos, Katsumi, Denkova, et al., 2017; Okon-Singer et al., 2015), and thus there are 

tight links between WM and current emotional states that are manifested in overlapping brain circuits 

involved in attention and WM, that are also crucial for emotion regulation (Etkin et al., 2015). For example, 

cognitive reappraisal, a prevalent strategy for emotion regulation, requires effortful maintenances of explicit 

regulatory goal and depends on a WM circuit including the lateral PFC and posterior parietal cortices (Buhle 

et al., 2014). Consistent with this notion, individual differences in WM capacity are predictive of reappraisal 

success (Etkin et al., 2015). Furthermore, mood-congruent representations are activated in WM during 

negative mood, arousing persistent negative thoughts, selective attention to negative stimuli and biased 

recall and processing of negative memories (Rolls, 2013; Siemer, 2005). When humans attempt to regulate 

and repair their negative mood, they do so by trying to control the content of WM by elaborating more 

positive thoughts and memories. These attempts fail in populations with emotional disorders, and thus their 

deficient ability to control WM results in a “self-defeating cycle” of increasingly negative thinking and 

intensifying negative affect (Joormann, 2010).  

Attentional/Executive Control in Depression. Depression is a highly debilitating affective disorder 

which is characterized by sustained negative affect and anhedonia. Cognitive symptoms typically include 

patterns of negative thinking about the self, the world, and the future, as well as disturbances at the level of 

cognitive processes such as memory, concentration, and attention (American Psychiatric Association, 2013). 

Although disturbances at the level of cognitive processes have oftentimes been considered secondary 

features of negative mood, theories of depression increasingly consider them to be a major factor that 

contributes to the maintenance and exacerbation of depressive symptoms (Disner, Beevers, Haigh, & Beck, 

2011; Millan et al., 2012). Typically two classes of disrupted cognitive processes are distinguished in the 
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context of depression: cognitive biases and general attentional/executive control (see Gotlib & Joormann, 

2010). Below we briefly describe each of these disturbances in more details.  

 Cognitive biases refer to the tendency to selectively process negative affective information over 

neutral or more positive information. Cognitive biases have been investigated at the level of attention, 

interpretation, and memory. Past studies have used behavioral tasks (e.g. Emotional Stroop, Dot Probe, and 

Posner Cueing task), as well as eye tracking paradigms to examine attentional processing of affective 

information in depression. Overall, these studies seem to suggest that later, but not early, attentional 

processes are impaired in depression (for a review see De Raedt & Koster, 2010). More specifically, 

depression is associated with impaired disengagement from negative, self-referent information and 

depressed individuals pay less attention to positive information than non-depressed individuals. Interestingly, 

several prospective studies have shown that such attentional biases are associated with slower recovery from 

stress (Sanchez, Vazquez, Marker, LeMoult, & Joormann, 2013) and sustained negative mood (Clasen, 

Wells, Ellis, & Beevers, 2013). Interpretation biases have been investigated with a wide range of different 

tasks, where typically ambiguous information is presented and researchers assess whether this information is 

interpreted systematically in a positive or a negative manner (see Hirsch, Meeten, Krahe, & Reeder, 2016). 

A recent meta-analysis of this body of research (Everaert, Podina, & Koster, 2017) showed that depression 

is associated with a tendency to interpret information in a more negative manner. However, this was only 

found on measures relying on self-report, but not on tasks with more implicit dependent variables (reaction 

times or psychophysiological responses). Finally, memory biases are the most well-established biases in 

depression. Here, there is evidence suggesting that there is better explicit memory for negative information 

in depression (Matt, Vazquez, & Campbell, 1992). Moreover, there also is a body of work showing more 

overgeneral autobiographical memory in depression (Williams et al., 2007). 

 There also is an extensive body of work examining more general executive functions in depression. 

Although there is quite a bit of heterogeneity among different individual studies, a recent meta-analysis 

indicates that depressed individuals show broad deficits on a host of tasks measuring executive functions 

(Snyder, 2013). Cognitive theories of depression have argued that various aspects of executive functioning 

(switching, inhibition, and updating) are impaired in depression, which influences the capacity to regulate 

emotions (Joormann & Vanderlind, 2014). These ideas have received some empirical support (Everaert, 

Grahek, & Koster, 2017). Interestingly, there is also emerging research that examines the causal influence of 

executive functions on depression and emotion regulation. Several studies have shown that extensive 

training of cognitive control can reduce levels of rumination and depressive symptoms (see Koster et al., 

2017). This research is described in more detail below (section 5). Despite a large body of studies 

establishing an association between depression and executive functions, less research has been devoted to 

the origins of impaired performance on tasks measuring executive functions. Moreover it is unclear how 
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motivational factors, that are assigned a key role in basic models of cognitive control (Botvinick & Braver, 

2015), play a role in depression-related cognitive impairments (Grahek, Everaert, Krebs, & Koster, 2018).    

Trauma- and Stress-Related Disorders  

As discussed in the preceding sections, emotion can either enhance or hinder various aspects of our 

cognition and behavior. For instance, the emotional charge of an event can increase attention to and memory 

for that event (Dolcos, Katsumi, Weymar, et al., 2017), whereas task-irrelevant emotional information may 

lead to increased distraction away from goal-relevant tasks (Iordan, Dolcos, & Dolcos, 2013). Changes in 

affective and cognitive processing are critical features in PTSD patients, typically reflected in increased 

emotional reactivity and recollection of traumatic memories, along with impaired cognitive/executive 

control (Rauch, Shin, & Phelps, 2006; Shin & Liberzon, 2009). This section focuses on emerging evidence 

linked to the role of specific emotion regulation strategies whose altered interactions with attentional 

processes seem to be central to the PTSD symptomatology. Of particular importance is also emerging 

evidence concerning the impact that such alterations have on the way emotional memories (Dolcos, 2013; 

Hall, Brodar, LaBar, Berntsen, & Rubin, 2018; Hayes et al., 2011) and emotional distraction (Dolcos, 2013; 

Morey et al., 2009) are processed in PTSD, and on the associated neural mechanisms.  

Attentional Control, Emotion Regulation, and PTSD. Emotion regulation deficits are commonly 

observed in those who experience symptoms of posttraumatic stress (for a review see Seligowski, Lee, 

Bardeen, & Orcutt, 2015) and emotion regulation capacity predicts the onset and maintenance of 

posttraumatic stress symptoms following trauma, as shown in several prospective studies using self-report 

measures of emotion regulation in young people (Jenness et al., 2016; Punamaki, Palosaari, Diab, Peltonen, 

& Qouta, 2015), as well as psychophysiological measures of emotion regulation during a behavioral 

emotion regulation task in veterans (Fitzgerald et al., 2018). Differences in emotion regulation capacity also 

appear to be good predictors of treatment response to both psychological (i.e., prolonged exposure therapy) 

and psychopharmacological (i.e., selective serotonin reuptake inhibitors) interventions (Jerud, Pruitt, 

Zoellner, & Feeny, 2016; MacNamara et al., 2016). Despite this accumulating evidence there currently is no 

unified theory of the role of emotion regulation in the development and maintenance of PTSD. 

 Regarding attentional control in PTSD, given this review’s focus on the interplay between affective 

and attentional processes, we explore the role of attentional control in the association between emotion 

regulation capacity and PTSD. Attentional control has been proposed as a top-down control mechanism 

(Eysenck et al., 2007) that overrides implicit biases in attentional processing that favor threat-related 

information in those at risk for anxiety-related problems (Bar-Haim et al., 2007). Self-reported attentional 

control (Derryberry & Reed, 2002) has been associated with fewer posttraumatic stress symptoms over a 1-3 

month interval in individuals who experienced a stressful event during this period (Bardeen, Fergus, & 

Orcutt, 2015). Behavioral measures of attentional control show a more complex relation with PTSD, 
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through the impact of attentional control on attentional biases. A study in trauma-exposed college students 

showed threat-related attentional bias, measured as the time spent looking at threatening images when 

presented with neutral/threat pairings, to be predicted by the interaction between self-reported attentional 

control and levels of posttraumatic stress symptoms (Bardeen & Orcutt, 2011). Individuals with high levels 

of both attentional control and symptoms of posttraumatic stress symptoms dwelled less on threatening 

images, but not individuals low in attentional control and symptoms of PTSD. The authors interpreted these 

findings as evidence for the adverse effects of habitual avoidance of negative information. Interestingly, 

Schoorl and colleagues (2014) showed the exact opposite pattern of results in patients with PTSD who 

completed the dot-probe task as a measure of attentional bias. Attentional bias on the dot-probe was 

measured as the relative latency in response to probes that appeared in the location of threatening versus 

non-threatening images. The results showed that individuals low in attentional control and high in PTSD 

symptoms showed an attentional bias for threatening information, whereas those with medium-high 

attentional control did not.  

A meta-analysis of emotional Stroop (including trauma-related or general negative threat stimuli) as 

measure of attentional bias toward threat in PTSD showed that individuals with PTSD demonstrated 

impaired performance in response to trauma-related stimuli compared to both trauma exposed controls 

without PTSD and individuals who never experienced a trauma (Cisler & Koster, 2010; for more recent 

evidence including the neural substrates of the emotional Stroop effect in PTSD see: Herzog et al., 2017). 

Support for an attentional control deficit in PTSD stems from two findings within this meta-analysis. First, 

threat words only impaired Stroop performance in studies with unmasked but not masked stimuli, with the 

former requiring a certain degree of elaboration and effortful processing and thus attentional control. Second, 

effects were stronger in studies with blocked designs, where slow inter-trial effects that depend on 

attentional control can emerge. The causal influence of attentional control on the development and 

maintenance of PTSD symptoms, however, remains poorly understood. A recent study suggested that rather 

than poor pre-trauma attentional control constituting a risk factor for the development of PTSD, trauma 

exposure may lead to dysregulated attentional processing (Schafer et al., 2018). The same group, though, 

found that pre- and post-deployment attentional bias, as an index of deficits in attentional control, was 

associated with symptoms of PTSD in soldiers (Schafer et al., 2016). Together these findings provide 

preliminary support for a role of attentional control in PTSD through its impact on attentional biases, though 

the temporal and directional nature of this association warrants further investigation. 

 Turning to the link between attentional control and emotion regulation, any attentional control 

effects in PTSD are likely to operate on the different stages of the emotion regulation process (Gross, 2015; 

see section 5.1). Early stage effects arguably operate when attention is deployed toward non-threatening 

information and away from threat eliciting cues (Shvil, Rusch, Sullivan, & Neria, 2013). This avoidance of 
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trauma-related information may come at the cost of increased re-experiencing and related distress (Bomyea 

& Lang, 2016; Mairean & Ceobanu, 2017). Good emotion regulation capacity and the attentional control it 

relies on, in turn, are required later in the emotion regulation process to effortfully regulate unwanted 

intrusions and their associated distress (Bomyea & Lang, 2016). For example, Bomyea and Lang showed 

that in sexual trauma survivors with low executive control (measured by a complex span task argued to rely 

on attentional control; Kane, Bleckley, Conway, & Engle, 2001) avoidant thought regulation strategies were 

associated with persistent intrusions, whereas they were not in trauma survivors high on control capacity. 

Problematically, the general reduction in executive control capacity (Aupperle, Melrose, Stein, & Paulus, 

2012), and attentional control in particular (Flaks et al., 2014), observed in PTSD appears to hinder the 

habitual implementation of adaptive emotion regulation strategies such as cognitive reappraisal (Karatzias et 

al., 2018; Shepherd & Wild, 2014). However, when individuals were experimentally instructed to use 

cognitive reappraisal to regulate their emotions in response to negative stimuli, refugees with high levels of 

posttraumatic stress symptoms experienced fewer intrusions in the following two days than those who had 

been instructed to suppress their affective responses. Similarly, studies comparing groups with and without 

PTSD on behavioral measures of emotion regulation capacity in response to images presented in the 

laboratory have shown no group differences in the ability to down-regulate affective responses (Fitzgerald et 

al., 2017; Woodward et al., 2015). Together, these studies suggest PTSD may not be associated with 

deficient emotion regulatory capacity per se, but in combination with attentional control deficits, habitual 

selection of adaptive strategies in daily life becomes impaired.  

Interventions targeting these deficits in attentional control capacity have shown promising 

preliminary results both as stand-alone interventions (Badura-Brack et al., 2015; Schweizer et al., 2017) and 

as adjuncts to existing interventions for PTSD (Kuckertz et al., 2014). In support of a mechanistic 

association between emotion regulation and control capacity, Schweizer and colleagues (2017) showed that 

training attentional control over emotional information in adolescents with PTSD improved not only 

symptoms of PTSD but also self-reported use of positive emotion regulation strategies. Moreover, training 

adaptive strategies such as reappraisal may also be effective, as suggested by a study using a trauma 

analogue film paradigm (Woud, Holmes, Postma, Dalgleish, & Mackintosh, 2012). In sum, the evidence 

reviewed here supports an interacting role of attentional control and emotion regulation capacity in the onset 

and maintenance of posttraumatic stress symptoms. Importantly, these effects may be harnessed to develop 

easy to disseminate, computerized training interventions to reduce suffering in those who experience 

symptoms of posttraumatic stress in the aftermath of trauma exposure.  

Emotional Memory and Emotional Distraction in PTSD. Sometimes the opposing effects of emotion 

on cognition (enhanced emotional memory vs. increased emotional distraction) co-occur. For example, 

hearing a gunshot may capture our attention and distract us from ongoing activities. In turn, such increased 
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distraction by task-irrelevant emotional stimuli may lead to better memory for the distracting information 

itself and, if that incident had a powerful effect on us, such memories can become intruding later on. The co-

occurrence of enhancing and impairing effects of emotion is probably most evident in affective disorders, 

where both of these opposing effects are exacerbated. For instance, uncontrolled recollection of and 

rumination on distressing memories observed in PTSD and may also lead to impaired cognition due to 

enhanced emotional distraction. This section discusses evidence regarding alterations of the neural 

mechanisms associated with emotional memory and emotional distraction in PTSD, with a focus on regions 

involved in episodic and working memory (i.e., MTL and dlPFC, respectively). Links between emotional 

memory and emotional distraction in PTSD are also discussed.  

Regarding emotional memory, neurobiological models of PTSD (Layton & Krikorian, 2002) 

propose that the development and maintenance of the disorder is linked to altered activity in the MTL 

during encoding of traumatic memories. Hence, intrusive recollection of traumatic memories observed in 

PTSD may be linked to dysfunction of the basic MTL mechanism identified in healthy participants as being 

responsible for the memory-enhancing effect of emotion (Dolcos et al., 2004b). Specifically, processing of 

cues related to traumatic events may trigger recollection of traumatic memories, which due to dysfunctional 

interactions between AMY and the MTL memory system may engage a self-sustaining functional loop in 

which emotion processing in AMY may enhance recollection by increasing activity in HC. This, in turn, 

may intensify AMY activity as a result of re-experiencing the emotions associated with the recollected 

memories (Dolcos et al., 2005). On the other hand, there is also evidence suggesting a disconnect between 

the effects observed in AMY and their link to emotional or cognitive aspects of processing in PTSD patients. 

Specifically, whereas greater AMY activation is identified in studies of symptom provocation (Rauch et al., 

2000; Shin et al., 2004), such an effect is not observed in studies of cognitive processing (Admon et al., 

2018; Morey, Petty, Cooper, Labar, & McCarthy, 2008). 

An important observation that has emerged in the PTSD literature may reconcile this apparent 

discrepancy. Specifically, there is evidence that memories for negative events in PTSD patients may be non-

specific, gist-based, rather than detailed, context-based (Harvey, Bryant, & Dang, 1998; McNally, Litz, 

Prassas, Shin, & Weathers, 1994). Gist refers to familiarity-based retrieval of memories for the general 

meaning of a situation or event, rather than recollection of specific contextual details (Tulving, 1985). Given 

that gist-based memories are often inaccurate (Roediger & McDermott, 1995; Wright & Loftus, 1998) and 

susceptible to enhanced rate of false alarms that may diminish or cancel an actual enhancing impact of 

emotion on memory (Dolcos et al., 2005), it may be the case that the basic AMY-MTL mechanisms 

typically responsible for the memory-enhancing effect of emotion are in fact attenuated in PTSD. Hence, 

this could explain the non-specific, gist-based, memories observed in these patients. This idea is supported 

by recent findings from an fMRI study using the subsequent memory paradigm with emotional stimuli in 
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PTSD patients (Hayes et al., 2011), which showed reduced memory-related activity in the AMY-MTL 

system during memory encoding, and higher false alarm rates during retrieval, compared to a trauma 

exposed control (TEC) participants. Moreover, the PTSD patients also lacked the anterior posterior 

dissociation along the longitudinal axis of the MTL, with respect to its involvement during successful 

encoding of emotional memories, which was initially identified in healthy participants (Dolcos et al., 2004), 

but such dissociation was preserved in the TEC group (Hayes et al., 2011). Taken together, these findings 

suggest a disorganization of the MTL mechanisms involved in the memory-enhancing effect of emotion in 

PTSD, which leads to inefficient encoding of information for trauma-related stimuli and subsequent non-

specific gist-based retrieval. 

Regarding emotional distraction, studies investigating the neural correlates of the impairing effect of 

task-irrelevant emotional distraction on cognitive performance identified distinct patterns of responses in 

emotion and cognitive control brain regions (i.e., increased activity in AMY and reduced activity in dlPFC, 

respectively), which are specific to emotional distraction (Iordan, Dolcos, & Dolcos, 2013). On the one hand, 

based on this evidence, increased emotional reactivity linked to changes in the AMY function in PTSD may 

lead to increased specific disruption of dlPFC activity by emotional distraction. On the other hand, there is 

evidence for a non-specific heightened sensitivity to both threatening and non-threatening stimuli in PTSD 

(Grillon & Morgan, 1999), which may explain increased distractibility to trauma related and unrelated 

stimuli alike. 

The fact that information unrelated to the trauma may also be highly distracting in PTSD patients is 

consistent with the clinically observed symptom of hypervigilance in these patients, and with the evidence 

for non-specific encoding of trauma-related material discussed above (Hayes et al., 2011). Specifically, it is 

reasonable to expect that seemingly neutral stimuli that may remind of trauma could act as cues for non-

specific retrieval of trauma-related information, which in turn may be as distracting as the trauma-related 

stimuli themselves. Evidence from a recent study of WM with trauma-related and non-related distraction is 

consistent with this idea (Morey et al., 2009). Using an adaptation of our WM task with emotional 

distraction (Dolcos & McCarthy, 2006), the study by Morey and colleagues investigated how trauma-related 

task-irrelevant emotional information modulates WM networks in PTSD. Similar to the study on memory 

encoding discussed above, recent post-9/11 war veterans were divided into a PTSD group and a TEC group. 

fMRI results showed that the PTSD group had greater trauma-specific activation than the control group in 

main emotion processing brain regions, including the AMY and vlPFC, as well as in brain regions 

susceptible to emotion modulation (e.g., FG). However, the PTSD group also showed greater non-specific 

disruption of activity to both combat-related and neutral task-irrelevant distracters in brain regions involved 

in the maintenance on goal-relevant information, including the dlPFC. This suggests a more generalized 

dlPFC disruption in the PTSD than in the control group, which showed only disruption specific to the 
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trauma-related distraction. The non-specific dlPFC response to combat vs. non-combat distracters in PTSD 

is consistent with the hypervigilance hypothesis that may explain enhanced response to neutral stimuli. This 

neural-level finding was complemented by the behavioral results, which showed lower overall WM 

performance for task-irrelevant distracters scenes in the PTSD group, in the absence of a differential impact 

between combat-related and neutral distracters. 

Linking Emotional Memory and Emotional Distraction in PTSD. Overall, the evidence from the two 

separate lines of investigations discussed above, regarding the neural changes in PTSD linked to 

dysfunctions in the recollection of traumatic events and the response to emotional distraction, converge 

toward the idea that non-specific responses to emotional and neutral distraction may reflect retrieval 

distortions linked to inefficient initial encoding of trauma-related information. Namely, it is possible that the 

non-specific disruption of the dlPFC activity by trauma-related and neutral distraction is linked to the 

retrieval of the traumatic memories triggered by non-specific cues, which may also contribute to the 

perpetuation of the state of hyperarousal observed in these patients. Moreover, it is also possible that the 

source of these effects is linked to elevated arousal during the initial exposure to traumatic events. 

Consistent with this idea, in addition to showing non-specific activity to subsequently remembered items in 

AMY and MTL memory system in PTSD, the study by Hayes and colleagues discussed above (Hayes et al., 

2011) also identified a negative co-variation of memory-related HC activity for trauma-related items with 

scores of hyperarousal symptoms, as measured with the Clinician-Administered PTSD Scale. In other words, 

participants who had greater hyperarousal scores also had reduced memory-related activity during the 

encoding of trauma-related pictures. This finding is consistent with evidence for an inverted U-shaped 

function in the HC as a function of stress (Nadel & Jacobs, 1998) and provides a possible explanation for 

the non-specific effects observed in the tasks assessing emotional memory for trauma-related cues and their 

undifferentiated impact on goal-relevant processing when presented as task-irrelevant distraction. Consistent 

with the role of the initial arousal in these effects, PTSD patients also showed relatively greater activity for 

forgotten items, which may be linked to AMY hyperactivity leading to later forgetting of those items (Hayes 

et al., 2011). 

In summary, available evidence from investigations of PTSD patients points to general and specific 

emotional and cognitive disturbances that are linked to alterations in the neural circuitry underlying 

emotion-cognition interactions, and specifically linked to attention. This evidence suggests that reduction of 

AMY and HC signals for trauma-related cues may underlie non-specific encoding of gist-based 

representations instead of specific and detailed contextual details of the trauma-related memories. This, in 

turn, may be linked to symptoms of hypervigilance and non-specific responses to trauma-related distraction, 

which contribute to the maintenance of a hyperarousal state. This evidence also highlights the importance of 

investigating both the enhancing and the impairing effects of emotion, in understanding the changes 
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associated with affective disorders, where both effects are intensified. Collectively, these findings point to 

the importance of investigating both of these opposing effects of emotion within the same clinical group, to 

complement similar approaches in healthy participants concomitantly investigating the enhancing and 

impairing effects of emotion on cognitive processes (Dolcos et al., 2013; Shafer & Dolcos, 2012). 

5. Training and Interventions to Optimize Emotion-Attention Interactions 

Neuroplasticity, the idea that the brain is plastic, is not entirely new, but one that recent research is 

capitalising on it for its potential to positively influence mental health and well-being (Kays, Hurley, & 

Taber, 2012). When we learn new information, consolidate old information into new, and plan for the future, 

our brain is constantly generating new neural connections, and regenerating old neural connections as it sees 

relevant. Neuroplasticity is an exercise that the brain does naturally, to adapt to new situations, adjust, and 

change according to situational demands. It is the fuel for resilience, the art of adapting smartly, to survive 

(Kays et al., 2012). The emotional and cognitive brain systems rely on neuroplasticity to communicate with 

each other flexibly to attain behavioral outcomes (Pessoa, 2017). Emotional systems are instrumental for our 

survival, from detecting signs of danger to experiencing basic emotions such as sadness, joy, pain, and fear, 

to more elaborate emotions such as gratitude, grief, and grit. Cognitive systems, on the other hand, are 

programmed to manage and regulate our emotions. They fuel the brain to regulate emotions, harmonise, and 

generate appropriate responses, and help us make decisions (Pessoa, 2013). Hence, effective communication 

between emotional and cognitive brain systems is incredibly important for sustaining cognitive and 

emotional health, and for succeeding in both every day and more challenging tasks. Provided the intricate 

relation between cognition and emotion, it has been argued that a strict distinction between these two 

systems is problematic (Pessoa, 2017). 

Because of the intertwined nature of affective and cognitive processes, it is reasonable to imagine 

that changing aspects in one domain may affect information processing in the other. For instance, reducing 

one’s sensitivity to emotional stimuli will also influence the way they impact cognitive processes, such as 

attention, perception, and memory. On the other hand, similar effects can be obtained by improving one’s 

ability to exert top down control on the way emotional stimuli are processed. Hence, this section emphasizes 

the dual relations between emotion and attention, as it is not only the case that emotions influence attention 

but cognitive training of attention also influences emotion processing. Following an introduction of 

evidence linking attentional control, working memory, and emotion regulation, this section discusses 

emerging evidence about how training and interventions can optimize emotion-attention interactions. 

5.1. Executive/Attentional Control and Emotion Regulation 

Executive functioning refers to a set of processes, such as WM and selective attention, necessary for 

monitoring behaviors that facilitate the attainment of goals. Emotion regulation is defined as the automatic 
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and volitional processes that determine an individual’s affective experience (Gross, 2002). These processes 

vary in the extent to which they depend on executive control operations: inhibition, WM updating, and set-

shifting (Friedman & Miyake, 2017). In their seminal paper on the cognitive control of emotion, Ochsner 

and Gross (2005) defined control as ranging from attentional control to cognitive change, where attentional 

control refers to attention selection toward or away from affective information depending on its motivational 

properties (Pourtois et al., 2013) and cognitive change encompasses the application of higher cognitive 

abilities including WM and long-term memory to emotion regulatory processes. More recently, Braunstein, 

Gross, and Ochsner (2017) have expanded on this to operationalize emotion regulation strategies along a 

second dimension. In addition to considering emotion regulatory processes’ demands on executive control 

ranging from primarily automatic to controlled processes this extended framework further considers the 

nature of the emotion regulatory goals: explicit versus implicit. Here, we focus on emotion regulation 

processes that rely on executive control, where explicit regulation processes include regulation strategies 

such as reappraisal (Buhle et al., 2014) and distraction (Moyal, Henik, & Anholt, 2014), whereas implicit 

regulatory processes refer to automatic affective control observed on affective versions of the Stroop and 

Go/No go tasks (Schmeichel & Tang, 2015; see also Wager & Atlas, 2015); see also Braunstein et al. (2017), 

for evidence about automatic regulation processes that require little cognitive control resources.  

 Explicit Emotion Regulation and Working Memory. Several meta-analytic reviews of explicit 

emotion regulation strategies provide robust evidence for brain networks involved in attention control 

(Buschman & Kastner, 2015) and WM (Nee et al., 2013), in particular the lateral PFC, to be recruited for 

successful emotion regulation (Buhle et al., 2014; Ochsner, Silvers, & Buhle, 2012). The majority of the 

literature is focused on reappraisal or non-specific down-regulation. In the latter participants are required to 

down-regulate their emotions, however, they may be engaging in any number of emotion regulatory 

strategies (e.g., attentional deployment, distraction, reappraisal) that will vary in terms of their demands on 

control resources. With the exception of Buhle et al. (2014), who focused exclusively on reappraisal, this 

hinders conclusions with regard to specific emotion regulation strategies. Interestingly, despite this 

relatively extensive neuroscientific literature, there is less experimental work directly probing the 

association between executive control capacity and emotion regulation. Preliminary evidence from the WM 

literature shows that individuals with high WM capacity appear better at both voluntary and spontaneous 

emotion regulation (McRae, Jacobs, Ray, John, & Gross, 2012; Schmeichel & Demaree, 2010), although 

Gyurak and colleagues (2012) failed to show this association in healthy individuals and individuals 

suffering from neurodegenerative disorders. Critical prospective studies suggest that these individual 

differences in WM capacity interact with stressful exposure to predict mental health functioning (Pe, Brose, 

Gotlib, & Kuppens, 2016; Quinn & Joormann, 2015). Arguably the mechanism through which WM capacity 
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influences mental health outcomes is through emotion regulation. That is, lower WM capacity during stress 

leaves less resources for the deployment of adaptive regulation strategies.  

Outside the laboratory, recent advances have provided further support for the role of WM in emotion 

regulation. For example, in an experience sampling study (N = 95), Pe and colleagues (2013) showed that 

affective WM updating ability predicted individuals’ ability to down-regulate high-arousal negative 

affective states (e.g., experiencing anger), but not low-arousal negative affective states (e.g., dysphoria). 

Finally, preliminary evidence suggests that emotion regulation may be improved by WM training. That is, 

training WM for emotional material improved both implicit (Schweizer, Hampshire, & Dalgleish, 2011) and 

explicit emotion regulation (Schweizer, Grahn, Hampshire, Mobbs, & Dalgleish, 2013). The gains in 

reappraisal capacity following affective WM compared to placebo training were mediated by changes in 

lateral PFC activation during the affective WM task as well as behavioral improvement in affective WM 

(Schweizer et al., 2013). Together these findings highlight the sparsity of empirical evidence investigating 

the association between explicit emotion regulation and executive control in general and WM in particular. 

The available evidence also suggests that good WM capacity is critical to successful emotion regulation. 

 Implicit Emotion Regulation and Attentional Control. Braunstein et al. (2017) dissociated between 

two types of implicit emotion regulation. The first operates in the context of another task where affective 

experiences are regulated to successfully complete another task. That is, the emotion regulatory goal here is 

incidental to the overarching task goal. The second type of implicit emotion regulation refers to emotion 

regulatory efforts triggered by implicitly activated (cf. primed goal states) regulation goals. For a review of 

the latter, see Bargh and Williams (2007), as it is beyond the scope of this review. The first type of implicit 

emotion regulation is critical for everyday functioning by inhibiting attention toward task-irrelevant 

affective information (e.g., phone alerts) when performing another task. In the laboratory, affective 

attentional control is typically measured with emotional Stroop (Phaf & Kan, 2007) task and affective 

Go/No-Go (Schulz et al., 2007) task (see section 3.2 for affective working memory tasks). These tasks are 

again associated with increased recruitment of the lateral PFC as well the mPFC and dorsal ACC 

(Braunstein et al., 2017; Etkin, Egner, & Kalisch, 2011). Individual differences in affective attentional 

control are associated with a range of functional outcomes related to mental health. Poor affective 

attentional control as measured by greater interference from negative material on the affective Stroop task is 

related to biased attention toward negative information in anxious individuals and those suffering from 

anxiety disorders (Bar-Haim et al., 2007). Poor inhibition of prepotent affective responses as measured by 

the emotional Go/No-Go task has also been observed in both bi- and unipolar mood disorders (Phillips, 

Ladouceur, & Drevets, 2008). Importantly, evidence from the developmental literature shows that these 

deficits in attentional control (cf., effotful control; Eisenberg, Hofer, Sulik, & Spinrad, 2014) are 
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prospectively associated with mental health, including externalizing and internalizing symptoms (e.g., Han 

et al., 2016). 

In sum, both explicit and implicit emotion regulation appear to vary as a function of individual 

differences in executive control capacity. The neural substrates underlying successful emotion regulation 

include the lateral PFC and extend to the mPFC and dorsal ACC for implicit emotion regulation. 

5.2. Introduction to Executive Control Training 

 Deficits in executive control and cognitive biases harm the well-being of those affected, impacting 

the way they pay attention to, interpret, and remember information, and play a key role (either causal or 

contributory) in the onset, maintenance, and possibly the recurrence of/recovery from these conditions 

(Power & Dalgleish, 2015). However, accumulating evidence suggests that attentional biases and executive 

functions are plastic and can be altered by early and adult life experiences or interventions (Bar-Haim & 

Pine, 2013; MacLeod & Clarke, 2015). For example, the type of care-giving and the type of parental 

communication were found to be associated with children's performance on inhibition, WM, and cognitive 

flexibility tasks (Spruijt, Dekker, Ziermans, & Swaab, 2018). Moreover, there is evidence that cognitive-

behavioral and pharmacological treatments for anxiety also tend to reduce attentional biases to threat-related 

cues (Reinecke, Waldenmaier, Cooper, & Harmer, 2013; Van Bockstaele et al., 2014). In light of the above, 

studies on adult interventions, such as cognitive training of adaptive allocation of attention or improvement 

of inhibitory functions, aim to reduce attentional biases. In non-clinical samples, attention modification has 

been shown to reduce distress, behavioral signs of anxiety, and intrusive thoughts elicited during subsequent 

exposure to cognitive stressors, public speaking challenges, and worry inductions in adults and children 

(Bar-Haim, Morag, & Glickman, 2011; MacLeod & Mathews, 2012).  

There is also evidence for neural plasticity following training. For example, using a demanding task 

requiring inhibition of distractors, Cohen et al. (2016) trained healthy participants to exert cognitive control. 

One week of training resulted in reduced activation in the AMY when presented with threatening distracting 

pictures, which was linked to a reduction in emotional interference to task performance; furthermore, the 

training also resulted in enhanced PFC-AMY connectivity. Similarly, Beauchamp, Kahn, & Berkman 

(2016) employed an inhibitory control training task using a stop signal and showed that the training group 

exhibited reduced activity in prefrontal and supramarginal regions. Although, unlike the training by Cohen 

et al. (2016), this training did not result in behavioral changes, the neural changes were found in regions 

previously associated with motivation, expectancy, and executive attention, suggesting that the training was 

effective. In adult clinical samples, medium-to-small treatment effects have been observed compared to 

placebo training (MacLeod & Clarke, 2015; Price et al., 2016). The most promising and consistent effects 

have emerged in studies where the intervention showed evidence of "target engagement", that is, a 

demonstrable reduction in attentional biases to threat-related cues (MacLeod & Grafton, 2016; Price et al., 
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2016). Finally, important limitations of existing protocols for attentional bias modification have also been 

highlighted (see discussion in Okon-Singer, 2018). For example, it was noted that training may be efficient 

only for a certain age and when conducted in laboratory settings (Price et al., 2016; see also Koster et al., 

2017 who noted that training efficiency depends on the fit between type of training and diagnosis).  

5.3. Attentional Control and Working Memory Training in Anxiety and Depression 

 Emerging research shows that in emotional disorders such as anxiety and depression, the balance 

between emotional and cognitive brain systems is disrupted and biased towards processing of negative 

emotional information (threat, sadness, etc.). Indeed, a major characteristic of anxious and depressed people 

is to process threatening information to large extents, ruminate on past negative events, and worry about the 

uncertainty of the future, excessively (see (Mogg & Bradley, 2018), for a review). Our brain systems are 

capacity limited, and so when we get stuck on negative (and task irrelevant) information, we have fewer 

resources to invest to completing the demands of the tasks at hand, find it difficult to shift attention, and 

process information efficiently (Derakshan & Eysenck, 2009). This gives rise to patterns of cognitive 

inflexibility (see (Stange, Alloy, & Fresco, 2017), for a review). When executive functions of WM become 

inefficient and rigid, we are more likely to distract from attending to the necessities of the task at hand, 

experience interference, and so find it difficult to achieve our goals efficiently (Berggren & Derakshan, 

2013a).  

 Attentional Control Interventions in Anxiety. According to the ACT of anxiety (Berggren & 

Derakshan, 2013a; Eysenck et al., 2007), as a result of impairments in processing efficiency and attentional 

control, the brain engages in recruiting extra cognitive resources for achieving behavioral outcomes; usually, 

referred to as compensatory effort, a prediction that has received much support to date (Ansari & Derakshan, 

2011). ACT proposed a key central role for attentional control as a determinant of emotional vulnerability 

and resilience in anxiety which may also hold for depression (De Raedt & Koster, 2010). The idea was that 

poor levels of attentional control (i.e., cognitive flexibility) can act as a risk marker for the onset, 

maintenance, and the recurrence of anxiety. Similarly, in depression attentional control has argued to play a 

causal role in the development, maintenance, and recurrence of depressive states, with accumulating 

evidence supporting this (see (Koster et al., 2017), for a review).   

 The thinking that attentional control can have a causal role to play in vulnerability to emotional 

disorders has received substantial support in a number of clinical (Motter et al., 2016) and educational 

(Holmes & Gathercole, 2014) domains. There are huge implications not only for treatment but also for 

preventing these disorders. Interventions can be built to exercise neuroplasticity in executive functions of 

WM targeting neural circuits involved in boosting attentional control. The idea is that, with better levels of 

attentional control, individuals can manage and regulate emotional experiences more effectively, feel 

empowered, improve performance levels, and boost immunity against vicious cycles of negative thinking, 
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worrying, and helplessness, which are main features of anxiety and depressive states. Boosting attentional 

control and cognitive flexibility through neuroplasticity induced change holds much promise in 

psychopathology, where the exercise of key neurocognitive functions can be used to treat as well as protect 

against escalating levels of emotional vulnerability (Siegle, Ghinassi, & Thase, 2007). Whilst still in their 

infancy, cognitive training interventions have shown promise in promoting neuroplasticity-induced change 

in main executive functions of WM towards improving attentional control. The exploitation of such 

techniques to improve our understanding of the causal role of attentional control in psychopathology has 

received substantial attention. At the same time, this also allows to examine the potential of such 

interventions to reduce emotional vulnerability levels in anxiety and depression. Findings dating back to 

work by Siegle and colleagues (Siegle, Ghinassi, et al., 2007) show that it is possible to reduce depressive 

related symptomatology using cognitive training, with reductions in ruminative thinking being a key 

mediating mechanism (see also (Hoorelbeke & Koster, 2017; Siegle et al., 2014).  

A consistent finding across numerous studies shows that levels of engagement with the training, and 

improvement on the training task, correlates with reductions in emotional vulnerability (e.g., (Grol et al., 

2018; Hotton, Derakshan, & Fox, 2018). Consequently, greater engagement levels with training are shown 

to predict lower levels of emotional vulnerability post vs. pre-intervention, at least in subclinical levels of 

emotional vulnerability to psychopathology. In an applied extension of this paradigm to target anxiety 

related impairments in practices such as tennis performance, where the exercise of attentional control is key 

to successful performance, the adaptive dual n-back training has improved tennis performance under 

situations of high pressure (anxiety) through its effects on increasing WM capacity (Ducrocq, Wilson, Smith, 

& Derakshan, 2017). In a novel application of the adaptive dual n-back training intervention to targeting 

emotional symptomatology in survivors of breast cancer, it was found that compared to control participants, 

participants who underwent the adaptive training protocol for two weeks showed marked reductions in 

anxiety and distress as well as rumination up to 18 months post intervention (Swainston & Derakshan, 

2018). This was accompanied with self-reports of how much participants enjoyed the training and how it 

made them feel empowered and able. The fact that training helped reduce emotional vulnerability was 

important, because emotional vulnerability to anxiety and depression in this population is high, but the key 

finding was the sustainability of these reductions over time, attesting to the consolidating effect of 

neuroplasticity induced changed over prefrontal regions. 

 The application of cognitive training techniques in clinical settings has been less investigated and 

should be a direction for future research to exploit. There is promising evidence that increasing processing 

efficiency via cognitive training targeting patterns of emotional processing can help improve cognitive 

appraisal (Cohen & Mor, 2018), affective control and emotional regulation (Hoorelbeke, Koster, Demeyer, 

Loeys, & Vanderhasselt, 2016; Ritchey, Dolcos, Eddington, Strauman, & Cabeza, 2011; Schweizer et al., 
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2013), with significant implications for a number of populations at risk of anxiety and depressive disorders. 

In a similar fashion, if cognitive training has the potential to increase processing efficiency then it can aid in 

the efficacy of dominant therapeutic interventions such as cognitive behavioral therapy and mindfulness 

which rely on attentional control. A recent study found that when the adaptive dual n-back training was 

combined with mindfulness meditation, it had the greatest longitudinal effects on reductions in trait 

worrying in a sample of high worriers, compared to when mindfulness was administered alone (Course-

Choi, Saville, & Derakshan, 2017). This suggests that the adaptive dual n-back through its emphasis on 

cognitive plasticity aided in the efficacy of mindfulness meditation which uses prefrontal functions of 

control.  

Attentional Control Interventions in Depression. The past decade, a number of studies have 

investigated different types of attention and executive training programs to remediate depressive symptoms 

and/or vulnerability to depression. Although this research area is still under full development, there are 

several interesting strands of research that we briefly discuss below. Based on the research that has indicated 

that depression is characterized by problems in disengaging attention from negative information, several 

studies have investigated whether retraining this attentional bias has positive effects on depressive 

symptoms. Based on the seminal studies on the influence of experimental manipulation of attentional bias 

on emotional reactivity (MacLeod, Rutherford, Campbell, Ebsworthy, & Holker, 2002), researchers have 

examined whether ABM is capable to influence emotion regulation and depressive symptoms, specifically. 

In ABM research, the standard dot probe task that is typically used to examine attentional bias is changed 

into a training task that is intended to manipulate attentional bias. Within this task, a pair of an emotional 

and a non-emotional stimulus are briefly presented on a screen, followed by a task-relevant probe that 

replaces one of these two stimuli. To manipulate attention towards or away from and emotional stimulus, 

this probe can be presented always at the location of the emotional or the non-emotional stimulus, 

encouraging attention to be deployed to emotional information or away from emotional information, 

respectively.  

Initial studies using ABM training based on the dot probe task were suggestive of potential benefits 

of ABM in reducing depressive symptoms in subclinical depression (Wells & Beevers, 2010) and 

depression vulnerability in remitted depressed individuals (Browning, Holmes, Charles, Cowen, & Harmer, 

2012). However, these effects were typically quite small and other studies failed to observe any effects of 

ABM on clinically depressed individuals (Baert, De Raedt, Schacht, & Koster, 2010). This lack of robust 

effects could be due to several reasons. For instance, it could be that visual attention is not of key relevance 

in depression, some of the trained stimulus material may not be as unambiguous as in anxiety (words like 

“happy” can be interpreted in different ways), or the dot probe is not very effective as an attention training 

procedure in general (see Koster & Bernstein, 2015). In recent years, authors have started to use eye-
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tracking methodology to retrain attentional bias in depression. For instance, Sanchez et al. (2016) monitored 

attention to positive and negative words during the unscrambling of ambiguous scrambled sentences (“life is 

my party a mess”). Here, attentional bias is first assessed by examining attention deployed to positive and 

negative words during unscrambling into grammatically correct sentences. Subsequently participants are 

asked to always form positive sentences by deploying attention to the positive words. Individuals are 

assisted through online feedback about attention deployment. This training has been shown to increase 

emotion regulation (positive appraisal). Other studies using similar strategies found that attentional bias can 

be modified in subclinically depressed individuals (Krejtz, Holas, Rusanowska, & Nezlek, 2018). Despite 

such encouraging findings, this field is in need of larger strictly controlled clinical trials. 

In a largely independent line of research, it has been examined whether remediating more general 

cognitive control functions has beneficial effects on depressive symptoms. In this context, it is important 

that many researchers initially thought that cognitive impairments in depression are a byproduct of negative 

mood, not an important factor. However, views have changed markedly where cognitive/executive 

impairments can hamper daily activities and emotion regulation, and can contribute substantially to 

depression (Millan et al., 2012). Siegle and colleagues proposed that cognitive control training might be an 

important way to remediate some of the neurocognitive problems in depression, and they provided pilot data 

using an adaptive version of the Paced Auditory Serial Addition Task. In this task, participants are presented 

with a continuous stream of digits (several seconds apart) and are asked to add the last two heard digits. 

Upon successive correct responses the task goes faster. The task goes slower when consecutive errors are 

made. Several studies have applied this training in individuals at risk for depression (for instance remitted 

depressed individuals; Hoorelbeke & Koster, 2017), as well as in clinically depressed individuals (Siegle et 

al., 2014). Meta-analytic evidence (Motter et al., 2016) as well as a recent systematic review (Koster et al., 

2017) indicate that this type of training can improve depressive symptoms, if sufficient training sessions are 

administered in individuals with pre-existing vulnerability to depression. 

In recent years, a number of interesting developments have emerged in this area. First, authors have 

developed training procedures that include emotional information which could remediate valence-specific 

impairments in cognitive control (e.g., Daches, Mor, & Hertel, 2015). Second, initial work has started to 

elucidate the neural correlates of cognitive control training (Cohen et al., 2016). Finally, based on this 

neuroimaging work, researchers are increasingly studying the effects of combined interventions on 

depression, where the combination of cognitive control training and neurostimulation techniques (repetitive 

TMS, transcranial direct current stimulation) is considered promising (De Raedt, 2015). In an intervention 

that used the adaptive dual n-back training to target cognitive deficits in dysphoria (subclinical depression), 

neurocognitive mechanisms underlying WM capacity and filtering efficiency performance showed 

improvement after training (Owens, Koster, & Derakshan, 2013). The adaptive dual n-back training 
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intervention which was originally found to improve fluid intelligence, increased WM capacity and filtering 

efficiency of irrelevant information in dysphoria. This intervention is known for its challenging exercise of 

prefrontal functions, in a systematic and adaptive manner, with the active control participants engaging in a 

substantially less demanding non-adaptive version of the training. In a similar fashion, this training 

intervention was shown to be effective in enhancing resting state attentional control, as measured through 

electrophysiological measures, as well as inhibitory control, as measured by a flanker task, in high trait 

anxious individuals who trained on this task for 15 days over three weeks (Sari, Koster, Pourtois, & 

Derakshan, 2016a). 

Despite the proven promise of the effectiveness of cognitive training techniques in influencing 

emotional vulnerability through enhancing attentional control, the field is still in its infancy and needs to 

grow to accommodate more precise and tailored training regimens for maximum benefit. Understanding the 

trajectory of neurocognitive change post intervention is key because it can help build interventions that can 

produce more sustainable effects over time and enable change at a more fundamental level. Adopting a 

performance-based approach for examining neurocognitive improvements over time, as a result of training, 

and its potential impact on every day memory and cognitive functioning should be examined more 

thoroughly. Overall, targeting prefrontal functions of control and flexibility shows promise to improve every 

day well-being towards resilience. The flexibility to adjust and to accommodate change in an optimum 

fashion according to situational demands requires effective practice and consolidation of neuroplasticity 

induced change. Whilst these theoretical ideas are robust, the methods are in still in development. A multi-

dimensional understanding of pathways of transfer-related change in explaining training effects is needed to 

optimize the efficacy of interventions and their external validity in other performance related domains. 

 

5.4. Focused Attention Training to Optimize Emotion Processing and Enhance Well-Being 

Aside from the emotion control strategies discussed above, research has begun to elucidate the 

impact of emotion regulation strategies involving attentional deployment. One such strategy, focused 

attention (FA), involves shifts (controlled and deliberate, or instinctive and automatic) in attention to or 

away from the emotional aspects of emotion eliciting stimuli or (memory for) events, depending on the 

regulatory goal of the individual at that time (Gross, 2008; Sheppes, Brady, & Samson, 2014). The 

effectiveness of attentional deployment emotion regulation strategies has been supported by a recent meta-

analysis (Webb, Miles, & Sheeran, 2012), and the underlying neural mechanisms have been also 

investigated (Denkova et al., 2013a, 2013b, 2015; Dolcos et al., in prep). Attentional deployment strategies 

may be more efficient in controlling emotional responses, due to their faster deployment (Hajcak, Dunning, 

& Foti, 2009; Paul, Simon, Kniesche, Kathmann, & Endrass, 2013) and reduced cognitive demands (Mauss, 

Bunge, & Gross, 2007), compared other emotion regulation strategies such as reappraisal. Evidence shows 
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that such strategies are deployed earlier in the emotion generation sequence (Hajcak et al., 2009; Paul et al., 

2013), both when used with external stimuli (pictures) (Sheppes et al., 2014) and with recollected memories 

(Denkova et al., 2015). Moreover, FA has been also shown to be more effective when used during retrieval 

of AMs to reduce symptoms of depression (Kanske, Heissler, Schonfelder, & Wessa, 2012).  

Focused Attention and Autobiographical Recollection. Emotional AMs, such as the birth of a child, 

winning an award, or failing an exam, play an important role in the construction of personal identity, in 

future planning, and in decision-making. Hence, they are key factors in personal emotional well-being. In 

some circumstances, excessive focus on the emotional aspects of negative personal experiences can have 

debilitating consequences and lead to psychiatric disorders. To avoid such consequences, it is important to 

be able to control our emotional responses by switching our attentional focus away from the emotional 

aspects of our memories, and maintain healthy cognitive and affective functioning. Understanding how 

people deal with emotional AMs has relevance for understanding both normal healthy functioning and the 

dysfunction and negativity bias observed in patients with affective disorders. Indeed, excessive focus on 

emotional aspects of unpleasant memories has been associated with increased susceptibility to affective 

disorders, such as depression and PTSD (Rubin, Boals, & Berntsen, 2008; Rubin, Dennis, & Beckham, 

2011), which are characterized by impaired emotion regulation (Gotlib & Joormann, 2010; Mayberg, 1997). 

Recently the topic of emotion regulation has gained considerable interest, as the ability to cope adaptively 

with emotionally challenging situations is vital for physical and mental health, and understanding its 

mechanisms has important implications for understanding and treating affective disorders (Gross, 2008; 

Ochsner & Gross, 2005). 

 Recent evidence highlights the effectiveness of short-term training of FA with AM retrieval, both in 

isolation and in the context of a dual task with AM recollection presented as internal emotional distraction 

(Denkova et al., 2013a, 2013b, 2015; Iordan, Dolcos, & Dolcos, 2018). For example, Denkova et al. 

(Denkova et al., 2013a, 2013b, 2015) showed that focusing attention on the non-emotional contextual 

aspects (such as time, location, other people present) of highly emotional personal memories, and away 

from the emotional aspects, was associated with lower self-reported emotional responses, increased activity 

in the ventromedial PFC (vmPFC), and decreased activity in the AMY. Moreover, a mediation analysis 

suggested a role of the vmPFC in integrating affective signals from the AMY and mediating their impact on 

the subjective re-experiencing of emotion, according to the current retrieval/attentional focus. While these 

findings refer to both pleasant and unpleasant AMs, valence-related differences were also identified in the 

PFC and MTL (Denkova et al., 2013a, 2013b). Importantly, the finding regarding the role of the AMY 

described above (see also Dolcos & McCarthy, 2006) challenges evidence from previous emotion regulation 

studies (Johnstone, van Reekum, Urry, Kalin, & Davidson, 2007; Urry et al., 2006), mainly emphasizing 

top-down influences on AMY activity from the PFC regions involved in cognitive control, rather than 



Jo
ur

na
l P

re
-p

ro
of

68 
 

reciprocal AMY-PFC influences, initiated in the AMY. In addition, FA is also effective in reducing the 

impact of recollected unpleasant AMs when triggered as internal emotional distraction during a WM task 

(Iordan et al., 2018). Behaviorally, focusing away from emotional aspects of AMs was associated with 

better WM performance than focusing on the recollected emotions. Additionally, when participants focused 

on non-emotional contextual details of their memories, there were reduced responses in brain regions 

associated with the salience network (i.e., AMY, dorsal ACC, anterior insula), coupled with greater 

recruitment of executive prefrontal (dlPFC) and memory-related temporoparietal regions (parahippocampal 

gyrus, angular gyrus), along with increased fronto-parietal connectivity. Additionally, temporal 

dissociations were identified between regions involved in self-referential (showing faster responses) versus 

context-related processing (showing delayed responses). 

 It is important to note that such manipulations following short training in using FA with AM 

recollection can be linked to emerging evidence regarding the effect of episodic specificity induction – i.e., 

brief training in recollecting episodic details (Madore & Schacter, 2016). Research on episodic specificity 

induction has revealed that focusing on very specific episodic details of recent events can enhance 

subsequent performance on a range of cognitive tasks (Madore, Addis, & Schacter, 2015; McFarland, 

Primosch, Maxson, & Stewart, 2017), and also psychological well-being (Jing, Madore, & Schacter, 2016). 

These findings are also consistent with recent evidence showing that training to recollect AMs with 

increased specificity may yield beneficial effects in depression (Watkins, Baeyens, & Read, 2009). The 

findings from the Denkova et al. (2015) and Iordan et al. (2018) studies extend such investigations to 

emotional AMs, by showing that focusing on non-emotional aspects of AMs can influence the emotional 

(re)experience of such memories. In sum, attentional deployment strategies, such as FA, seem to have 

beneficial effects on retrieval of emotional personal memories, because they can enhance the emotional 

impact of positive memories and reduce the impact of negative ones. These behavioral effects are coupled 

with differential recruitment and connectivity among PFC (lateral and medial) and MTL (AMY and HC) 

regions. Together, these findings support the idea that laboratory tasks can also be expanded into long-term 

interventions to train behaviors and brain responses for improved emotion-attention interactions. 

Focused Attention and Long-Term Mindfulness Training. In recent years, there has been growing 

interest in the use of FA training and intervention programs to improve emotion-attention interactions and to 

identify the underlying brain mechanisms associated with such improvements (Fox et al., 2014; Lomas, 

Ivtzan, & Fu, 2015). Laboratory tasks involving manipulations and trainings of attention have been diverse. 

Some common forms of attention training include the dot-probe, visual search, and clinical auditory tasks, 

which involve visual or auditory manipulations of attention often with the goal of distracting from negative 

information and engaging neutral or positive information (Wadlinger & Isaacowitz, 2011). One form of FA 

intervention that has gained particular prominence is mindfulness, which generally refers to “the awareness 
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that emerges through paying attention on purpose, in the present moment, and non-judgmentally to the 

unfolding of experience moment by moment” (Kabat-Zinn, 2003). Additionally, similar meditation-oriented 

interventions, and some lab tasks, have also shown promise (e.g., integrative body-mind training, (Tang & 

Posner, 2009). Training programs focusing on mindfulness typically target skills aimed at reducing 

distressing symptoms, including those associated with psychological disorders and somatic conditions. 

Emerging work suggests that focused attention interventions can modulate memory encoding and retrieval 

(Erisman & Roemer, 2010; Roberts-Wolfe, Sacchet, Hastings, Roth, & Britton, 2012), which has important 

implications for affective disturbances where emotional dysregulation and emotional memories may be a 

factor contributing to the reduction of overall well-being (e.g., PTSD, depression). At the time of encoding, 

for example, a brief mindfulness intervention has been shown to enhance reported positive affect in 

response to a positive film clip and to reduce reported negative affect following an affectively mixed film 

clip (Erisman & Roemer, 2010). Consistent with these findings, another recent study showed that a group 

instructed in focused breathing, one strategy for mindfulness training, maintained positive responses to 

neutral images before and after training, while unfocused attention and worry groups responded more 

negatively to the neutral images after the instructed session than before it (Arch & Craske, 2006). At the 

time of retrieval, mindfulness practitioners appear to show greater increases in positive word recall 

compared to controls (Roberts-Wolfe et al., 2012), or lower proportions of negative word recall (Alberts & 

Thewissen, 2011). Mindfulness interventions also appear to increase AM specificity, and decrease memory 

overgeneralization, which are common symptoms of depression (Heeren, Van Broeck, & Philippot, 2009; 

Williams et al., 2007).  

 At the neural level, mindfulness interventions have been shown to induce changes in both the 

structure and function of the brain, including structures involved in attention, emotion, and memory. For 

example, structural studies have associated mindfulness training with increased gray matter volume or 

density in the cingulate cortex (Hölzel et al., 2011), insula (Murakami et al., 2012), and HC (Hölzel et al., 

2011). Evidence for structural changes in the AMY seems a bit less clear (Hölzel et al., 2010; Murakami et 

al., 2012), and is perhaps influenced by other factors such as sample demographics. However, overall, 

available evidence appears consistent with the idea that mindfulness engages brain regions that are key for 

body awareness, memory, and emotion (Fox et al., 2014). Mindfulness and meditation practice have also 

been associated with modulation of structural connectivity between brain regions. For example, meditation 

practice has been linked to changes suggesting enhanced connectivity within and between hemispheres of 

the brain (Luders et al., 2012; Tang et al., 2010), which is consistent with the idea that mindfulness and 

meditation training can improve the underlying connections in the brain that support attentional self-

regulation processes (Luders et al., 2012). At the functional level, mindfulness training was associated with 

changes in the intrinsic functional connectivity between the so-called default mode and salience networks 
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(Doll, Hölzel, Boucard, Wohlschläger, & Sorg, 2015), consistent with the idea that interactions between 

brain networks support the ability to attend to current experience without judgment. Moreover, mindfulness 

training appears to also influence brain responses when engaged in tasks, such as paradigms that involve 

responding to, or regulating response to, emotional stimuli. A study by Creswell and colleagues (Creswell, 

Way, Eisenberger, & Lieberman, 2007), for example, showed that when labeling emotions, the AMY was 

negatively associated with lateral PFC activation in more mindful individuals. This evidence is consistent 

with the idea that mindfulness training modulates the neural mechanisms involved in emotion processing.  

 Although how FA interventions alter brain structure is still an open question that is being 

investigated, a number of possible mechanisms have been proposed (reviewed in Tang, Hölzel, & Posner, 

2015). An account referred to as “use-dependent plasticity” (for reviews of relevant studies in humans, see 

Draganski & May, 2008; May, 2011) suggests that there is a relation between the structure of the brain and 

its level of use. This account may describe a result of Hebbian learning as mentioned above (Hebb, 1949), 

and suggests that these structural changes might lead to alteration in brain structure (Draganski et al., 2006). 

Consistent with the Hebbian learning model, it is possible that repeated engagement in FA affects brain 

structure through expansions of existing synapses and dendrites, or creation of new synapses. It is also 

possible that engaging in FA induces the formation of new neurons or myelin sheaths that help insulate the 

connections between neurons. Another possibility is that FA influences autonomic and immune activity, 

which might help preserve or restore neurons. Alterations in these mechanisms at the level of brain cells 

might contribute to overall changes in the volume of brain regions and the integrity of the connections 

between them. 

 In sum, FA manipulations and interventions, such as mindfulness training, seem to have beneficial 

effects on encoding and retrieval of emotional memories, because they can enhance the emotional impact of 

positive memories and reduce the impact of negative ones, and improve overall well-being. Regarding the 

neural correlates, available evidence points to down-regulation of emotion-sensitive brain regions (AMY) 

by the engagement of cognitive and attentional control regions (frontal and parietal cortices), similar to 

other emotion regulation strategies, such as reappraisal (Kanske, Heissler, Schonfelder, Bongers, & Wessa, 

2011; McRae et al., 2010). Further research in this area will continue refining our understanding of these 

effective practices and associated neural mechanisms, in order to promote well-being.  

6. Linguistics 

With this understanding of the current state of research on emotion-attention interactions as a basis, 

our team was asked to review words used to express feelings related to attention. As described in the 

Introduction, within the realm of affective research, confusion arises over the fact that feelings are 

components of more complex affective responses. For example, “fear” as basic emotion consists of a 
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continuum of automatically activated defense behaviors (Kozlowska, Walker, McLean, & Carrive, 2015) 

that co-occur with “feelings of fear”. Consequently, the term feeling is often used incorrectly as a synonym 

for emotion and vice versa (LeDoux, 2015; Munezero, Montero, Sutinen, & Pajunen, 2014). But feelings are 

not emotions per se (LeDoux, 2015) and are not limited to those that co-occur with specific basic emotions. 

Rather, feelings might encompass a wide range of mental experiences, such as signifying physiological 

needs (e.g., hunger), tissue injury (e.g., pain), optimal function (e.g., well-being), the dynamics of social 

interactions (e.g., gratitude) (Damasio & Carvalho, 2013). Additional challenges relate to the fact that 

feelings are not consistently defined, and that definitions for these terms can evolve over time (Tissari, 

2016). Moreover, while some feelings may be universally experienced across cultures (e.g., hunger, pain, 

cold, fatigue), others are understood to be culturally constructed (e.g., gratitude, optimism) (Boiger & 

Mesquita, 2012) (Joshi & Carter, 2013).   

As a result, the Human Affectome Project taskforce agreed that any attempt to create a linguistic 

inventory of articulated feelings would need to first define feelings in a manner that can help us understand 

the full range of terms to be considered and then undertaken with an acute awareness that variations in 

terminology are going to exist in day-to-day usage, between languages, and across cultures. Hence, a 

definition for feelings was developed as part of the project. A small task team within the larger effort 

reviewed the literature to create a definition for feelings that could serve as a starting point. The task team 

produced a first draft and shared it with the entire taskforce of nearly 200 researchers, feedback/input was 

gathered, and then it was refined, redistributed and the process iterated several times to achieve broad 

consensus within the group. The resulting definition is as follows:  

A “feeling” is a fundamental construct in the behavioral and neurobiological sciences encompassing a wide 

range of mental phenomena and individual experiences, many of which relate to homeostatic aspects of survival and 

life regulation (Buck, 1985; Damasio & Carvalho, 2013; LeDoux, 2012; Panksepp, 2010; Strigo & Craig, 2016). A 

broad definition for feeling is an appraisal or mental representation that emerges from physiological/bodily states 

(Damasio & Carvalho, 2013; LeDoux, 2012; Nummenmaa, Glerean, Hari, & Hietanen, 2014), processes inside (e.g., 

psychological processes) and outside the central nervous system, and/or environmental circumstances. However, the 

full range of feelings is diverse as they can emerge from basic emotions (Buck, 1985; Damasio & Carvalho, 2013; 

Panksepp, 2010), levels of arousal, actions (Bernroider & Panksepp, 2011; Gardiner, 2015), hedonics (pleasure and 

pain) (Buck, 1985; Damasio & Carvalho, 2013; LeDoux, 2012; Panksepp, 2010), drives (Alcaro & Panksepp, 2011), 

and cognitions (including appraisals of self) (Ellemers, 2012; Frewen, Lundberg, Brimson-Theberge, & Theberge, 

2013; Northoff et al., 2009), motives (Higgins & Pittman, 2008), social interactions (Damasio & Carvalho, 2013; 

Gilam & Hendler, 2016; LeDoux, 2012; Panksepp, 2010), and both reflective (Holland & Kensinger, 2010) and 

anticipatory perspectives (Buck, 1985; Miloyan & Suddendorf, 2015).  

The duration of feelings can vary considerably, from those associated with brief emotional responses (surprise) 

to longer-lasting sentiments (love). They are often represented in language (Kircanski, Lieberman, & Craske, 2012), 
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although they can sometimes be difficult to recognize and verbalize, and some feelings can be shaped by culture 

(Immordino-Yang, Yang, & Damasio, 2014). Feelings that are adaptive in nature (Izard, 2007; Strigo & Craig, 2016) 

serve as a response to help an individual interpret, detect changes in, and make sense of their circumstances at any 

given point in time. This includes homeostatic feelings that influence other physiological or mental states, emotions, 

motives, actions, and behaviors in support of adaptation and well-being (Damasio & Carvalho, 2013; Strigo & Craig, 

2016). However, some feelings can be maladaptive and may compete and/or interfere with goal-directed behavior.    

Finally, as also mentioned in the Introduction, a “feeling” is not a synonym with “emotion”. Also, there is 

standing debate between researchers who posit that discrete emotion categories correspond to distinct brain regions 

(Izard, 2010) and those who argue that discrete emotion categories are constructed of generalized brain networks 

that are not specific to those categories (Lindquist et al., 2012). However, both groups acknowledge that in many 

instances feelings are discernable components of emotional responses, which tend to be more complex. 

Using this definition of feelings as a starting point, the linguistics task team then undertook a formal 

linguistic analysis and ultimately proposed nine broad categories of feelings (i.e., Physiological or Bodily 

states, Attraction and Repulsion, Attention, Social, Actions and Prospects, Hedonics, Anger, General 

Wellbeing, and Other) (Siddharthan et al., under review).  Feelings related to attention were described as 

“Feelings related to focus, attention, or interest (e.g. interested, curious, etc.), or the lack thereof (e.g. 

uninterested, apathetic, etc.).”  We reviewed the feelings found in this category of this linguistics analysis, 

consisting of just 51 meanings that fell into a handful of categories. Several terms related to the degree of 

interest, ranging from uninterested and inattentive at one extreme to conscious awareness, attentive, and 

engrossed at the other extreme. Other categories of meanings that we could discern referred to social 

attentiveness, and indexing possible causes of attention, such as curiosity and fascination. Lastly, one set of 

meanings referred to attention when it is directed towards inner thoughts (e.g., meditative, pensive) (see 

Supplementary Table 1 for details).   

It is interesting to note that the feelings ranging from uninterested and inattentive at one extreme to 

conscious awareness, attentive and engrossed at the other extreme represent a continuum along the valence 

and arousal dimensions, from negative valence, low arousal word meanings that extend to positive valence, 

high arousal meanings. However, there are notable exceptions, as some words may be highly arousing and 

negatively-valence, such as “obsessed.” At the same time, some “feeling” words related to attention directed 

towards inner thoughts do not appear to be valenced; instead, they primarily represent a statement of 

attentional status, which is notable since most feelings are assumed to be valenced.  

7. Conclusions and Future Directions 

The present review provided a survey of available and emerging evidence on emotion-attention 

interactions and the associated neural mechanisms, capitalizing on contributions from researchers with 

diverse expertise spanning behavioral, lesion, brain imaging, and intervention approaches. We began by 
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discussing available evidence concerning how emotion-attention interactions influence basic perception and 

social cognition (section 2), as well as learning and different types of memory (working and episodic) 

(section 3). We then turned to our discussion of the role of individual differences in a variety of domains 

that affect emotion-attention interactions (section 4). Finally, we discussed emerging evidence 

demonstrating how training and interventions can optimize emotion-attention interactions (section 5). 

Importantly, the themes from these sections are also reflected in the terms identified by the linguistic search 

(section 6) that is central to this special issue (see Supplementary Table 1), including domains related to 

conscious awareness, motivational effects of attention, social attention, and emotion regulation. This 

comprehensive approach allowed for an integrative overview of the available evidence regarding the 

mechanisms of emotion-attention interactions and highlighted emerging directions for future investigations. 

Consistent with the framework described in the Introduction, we will briefly summarize and discuss the 

extant evidence in the context of these core themes. 

Emotion-Attention Interactions in Perception. The available evidence on emotion-attention 

interactions addresses many aspects related to perception, spanning from whether processing of emotional 

information can occur without conscious awareness to how emotion-attention interactions are associated 

with processing of higher-order social cognition. Although controversy still exists, evidence suggests that 

processing of emotional information in humans can occur without awareness, and highlights the AMY as 

playing a key role, whereas evidence regarding cortical emotion processing regions (i.e., mPFC and vlPFC) 

points to susceptibility to modulation by attention when attentional resources are most available (Shafer & 

Dolcos, 2012). This recent research also highlights the importance of whether emotional stimuli are task-

relevant and enhance cognitive performance, or are task-irrelevant and impair performance. Though much 

of the research on emotion-attention interactions has focused on negative emotion, a growing corpus of 

evidence has shown that incentives or positive reinforcement (i.e., gaining monetary or other forms of 

reward for correct performance) can improve performance on cognitive tasks. Similar to negative emotional 

stimuli, presentation of stimuli associated with reward or signaling potential future reward or loss of reward 

can contribute to distraction, if such reward signals are incongruent with the current task (Anderson et al., 

2013). Neuroimaging and physiological evidence suggest that reward stimuli recruit attentional resources, 

and shape motor selection and action via interactions among the ventral striatum, dorsal striatum, and 

prefrontal cortex (Braver, 2016; Pessoa, 2013).  

 Evidence also highlights emotion-attention interactions in the context of social cognition, both at the 

level of initial perceptual processes and attention paid to social stimuli such as faces, bodies, and voices (de 

Gelder, 2006; Grandjean et al., 2005) and at the level of higher-order social cognitive processes (Freeman & 

Ambady, 2011), such as impressions, judgements, and decisions. At the level of perception, research has 

largely examined processing of faces, and more recently bodies, and the association with 
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electrophysiological (ERP) and hemodynamic (fMRI) markers. In the ERP domain, the N170 component 

was delayed but enhanced for both inverted faces and bodies (Stekelenburg & de Gelder, 2004). In the fMRI 

domain, both body- and body parts-specific areas have been identified in the FG, between face sensitive 

clusters in the FBA, and in the lateral occipital cortex, termed EBA (Downing et al., 2001; Peelen & 

Downing, 2007).  

In the context of higher-order perception in social cognitive processes, such as interacting with 

unknown others for whom no relevant information is available, people rely on a variety of factors, such as 

physical appearance, verbal behavior (Ames et al., 2011), as well as subtle nonverbal behavior, or affective 

body language (de Gelder et al., 2010), as cues to form an impression. Moreover, recent studies show that 

the neural network engaged during dynamic whole body perception and interaction involves the AMY, FG, 

pSTS, and the mPFC (Dolcos, Sung, et al., 2012; Katsumi & Dolcos, 2018). During these interactions, 

individuals might perceive and respond to cues that indicate approach and avoidance motivations, namely, 

to seek out a given object or activity, or to escape from the object or activity, respectively (Braver et al., 

2014; Elliot et al., 2013). A recent model proposes that there are dynamic interactions between the bottom-

up signals such as facial, vocal, and bodily cues, and top-down factors such as stereotypes and prior 

knowledge that lead to unified perceptions and responses to others (Freeman & Ambady, 2011). The kinds 

of information processed in the model include cue level inputs (i.e., face, body, and voice cues), category 

level factors (i.e., sex, race, age, emotion), stereotypes level factors, and high level cognitive states, 

highlighting the interactions that can occur between these factors.  

 Open questions also remain in several key aspects in the area of emotion-attention-perception 

interactions, where additional research is needed to clarify these phenomena and their neural correlates. For 

example, future research is needed to clarify the link between AMY engagement and the early time course 

for the processing of emotional stimuli under conditions of conscious and unconscious viewing, and the 

types of emotional stimuli that can be processed without awareness. Additional research should also target 

the extent to which attentional load modulates neural activation in subcortical regions supporting processing 

of salient information, such as reward. Finally, further research is needed to elucidate the interactions of the 

complex number of factors that influence social cognition/evaluation, to refine emerging models and the 

implications for conditions where social-emotional functioning is impaired, such as autism and social 

phobia (Gilboa-Schechtman et al., 1999; Mazefsky et al., 2012). 

 Emotion-Attention Interactions in Learning and Memory. Evidence also highlights emotion-

attention interactions in short- and long-term forms of memory, linked to working and episodic memory. 

The former closely relates to selective attention processes and, in the context of affective WM, available 

evidence points to reliable neural recruitment of the VAS, although the behavioral effects are more mixed. 

In the context of emotional distraction and WM, studies investigating the neural correlates of the basic 
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response to emotional distraction point to an interplay between two major neural systems: VAS, associated 

with emotional processing, showing increased activity, and DES, associated with executive processing, 

showing decreased activity (Dolcos & McCarthy, 2006). The impact of task-irrelevant emotional distraction 

is largely supported by bottom-up mechanisms that may redirect processing resources away from the main 

cognitive task and toward stimuli with enhanced relevance for survival. 

 In the context of longer-lasting effects following emotion-attention interactions, such as emotional 

episodic memory, the available evidence supports the notion that arousal and valence effects can be 

dissociated in the neural correlates of the memory-enhancing effect of emotion. Specifically, the MTL-

based memory mechanism is relatively more involved in arousal-dependent effects, while the valence-

related effects are linked to connectivity of these regions within the MTL as well as with regions such as the 

PFC and other cortical areas (e.g., parietal) (Dolcos et al., 2004a; Kensinger & Schacter, 2006). The latter 

appear to be relatively more sensitive to processing of valence and engage in higher order processes (e.g., 

semantic and WM, attention, cognitive control, and self-referential processing). Furthermore, ERP encoding 

results suggest that under limited capacity for neural representations (Bundesen et al., 2005), the set of 

processes involved in memory encoding prioritizes resources towards emotionally arousing and relevant 

information, at the cost of neutral non-relevant information (Watts et al., 2014; see for a review Mather & 

Sutherland, 2011). In turn, this leads to better memory formation for both emotional items and their 

associated source information. The response to acute stressors also interacts with processes such as attention, 

learning, and memory. Acute stress quickly promotes hypervigilance states via the activation of the salience 

network (Hermans et al., 2014) that entails the co-activation of the AMY, the dorsal ACC, hypothalamus, 

the anterior insula, the striatum, the thalamus and inferotemporal and temporoparietal regions (Corbetta, 

Patel, & Shulman, 2008), but the network downregulates with the passing of time, reducing the sustained 

attention back to normal levels. Delayed effects of stress modulators, such as genomic glucocorticoids, 

appear to play an important role in adapting response (Hermans et al., 2014; Joëls et al., 2011).  

 Open questions in the area of emotion-attention interactions in learning and memory also exist. For 

instance, future research is needed to clarify the association between affective WM paradigms used in the 

laboratory and affective WM capacity in real world environments (e.g., Pe, Raes, Koval, et al., 2013). It is 

also unclear the link between the immediate and long-term effects in the impact of emotional distraction on 

working and episodic memory respectively. Finally, additional research is also needed to further probe the 

interaction of the catecholamines and glucocorticoids that mediate both initial and subsequent stages of 

processing influencing learning and memory, through pharmacological interventions or new neuro-

stimulation methods (transcutaneous vagal nerve stimulation, Van Leusden et al., 2015; Ventura-Bort et al., 

2018).  
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 Individual Differences in Emotion-Attention Interactions. It is also important to consider the 

various ways in which individual differences (sex, developmental, personality) can modulate emotion-

attention interactions in both healthy functioning and clinical conditions. For example, evidence highlights 

differential sensitivity to basic affective properties across the lifespan and between females and males. 

Although females generally exhibit enhanced emotional competence in emotion processing, compared to 

males, they are also more likely to show a negative affective bias in attention and perception, enhanced 

emotional distractibility and memory, as well as differential engagement and lateralization of the AMY 

during emotional memory encoding and consolidation. Developmentally, whereas children tend to show 

greater interference by emotional distracters compared to adolescents and adults, and enhanced memory for 

emotional compared to neutral events (Somerville et al., 2011; Tottenham et al., 2011), older adults tend to 

show reduced distraction by negative emotional stimuli, and greater susceptibility to the memory trade-off 

effect between emotional/central vs. non-emotional/peripheral aspects of an event compared to young adults 

(Kensinger et al., 2007; Mather, 2012). At the neural level, children tend to show greater AMY activation 

along with more wide-spread activation during the encoding of emotional information (Nelson et al., 2003; 

Vasa et al., 2011). Older adults tend to show decreased AMY response to negative stimuli and increased 

AMY response to positive stimuli, along with increased engagement of the PFC and ACC regions during 

the encoding of negative vs. neutral and positive vs. negative stimuli (Dolcos et al., 2014; Mather et al., 

2004; Nashiro et al., 2012; St Jacques et al., 2010).   

 Personality differences, such as trait anxiety and depression, also appear to play a role in the 

interaction between emotion and selective attention and control processes. For example, across a range of 

selective attention measures, anxious individuals show increased distractibility by task-irrelevant stimuli, 

suggesting impaired inhibition ability (e.g., Berggren & Derakshan, 2013b; Berggren & Derakshan, 2014; 

Moser, Becker, & Moran, 2012). Furthermore, attentional control is disrupted in high anxiety, while 

emotional processing appears to be enhanced, particularly in relation to threat. In the case of depression, 

emotional interactions with attention appear to more generally encompass attentional biases to negative 

information than the relatively threat-specific idiosyncrasies of anxiety. Neuroscientific evidence targeting 

anxiety and depression suggest a trade-off between the engagement of prefrontal brain regions associated 

with attentional control versus relatively enhanced response within the limbic network related to negative 

stimuli (e.g., Davidson et al., 2002).  

 Prolonged or chronic alterations in affective and cognitive processing are commonly observed as 

symptoms of affective conditions (e.g., anxiety, depression, and PTSD), often reflected in altered emotional 

reactivity and recollection of emotional memories, along with impaired cognitive/executive control (Rauch 

et al., 2006; Shin & Liberzon, 2009). In the case of anxiety, findings indicate that alterations in attentional 

processes to emotion (i.e., threat-related stimuli) may have early-developing neural underpinnings. In the 
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case of depression, findings suggest that individuals with depression or at familial risk of depression exhibit 

attentional biases toward negative emotion information (e.g., sad faces) and away from positive emotional 

information, and such responses seem to also be associated with alterations in fronto-limbic systems. 

Regarding PTSD, emotion regulation deficits are commonly observed (e.g., Ehring & Quack, 2010; Powers, 

Cross, Fani, & Bradley, 2015) and emotion regulation capacity predicts the onset and maintenance of 

posttraumatic stress symptoms following trauma (Jenness et al., 2016; Punamaki et al., 2015). Finally, 

available evidence from investigations of PTSD also points to chronic general and specific emotional and 

cognitive disturbances that are linked to alterations in the neural responses underlying emotion-cognition 

interactions, and specifically linked to attention. In particular, evidence suggests that reduction of AMY and 

HC signals for trauma-related cues may underlie non-specific encoding of gist-based representations instead 

of specific and detailed contextual details of the trauma-related memories. This, in turn, may be linked to 

symptoms of hypervigilance and non-specific responses to trauma-related distraction, which contribute to 

the maintenance of a hyperarousal state.  

 A number of open questions also emerge in the area of individual differences in emotion-attention 

interactions. For example, future research is needed to clarify whether evidence of reduced attentional 

control in anxiety can explain why these individuals also show enhanced biases to threat-related information, 

and the extent to which attentional control training can reduce anxious symptomatology. Additionally, 

future research is needed with longitudinal designs to determine how fronto-limbic systems supporting 

interactions between attention and emotion develop, and whether alterations in the development of these 

systems could contribute to the onset and maintenance of anxiety and depression.  

 Training and Interventions to Optimize Emotion-Attention Interactions. Available and 

emerging research findings also highlight various ways in which attentional control, WM, and emotion 

regulation can be engaged or trained in intervention approaches. For example, common emotion regulation 

processes range from attentional control to cognitive change. The former refers to attention selection toward 

or away from affective information depending on its motivational properties, and the later encompasses the 

application of higher cognitive abilities including WM and long-term memory to emotion regulatory 

processes. Interestingly, both explicit and implicit emotion regulation appear to vary as a function of 

individual differences in executive control capacity. The neural correlates of successful emotion regulation 

include the lateral/medial PFC and dorsal ACC for implicit emotion regulation.  

 Another form of intervention is executive control training, which can refer to training involving 

cognitive processes such as WM and selective attention, necessary for controlling behavior. For example, 

attentional control and WM training has been a strategy for improving emotion-attention interactions in the 

context of anxiety. The idea that attentional control can have a causal role to play in vulnerability to 

emotional disorders like anxiety and depression has received substantial support in a number of clinical (see 
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(Keshavan, Vinogradov, Rumsey, Sherrill, & Wagner, 2014; Motter et al., 2016), for reviews) and 

educational (Holmes & Gathercole, 2014) domains. Additionally, evidence consistently shows that levels of 

engagement with the training, and improvement on the training task, correlates with reductions in emotional 

vulnerability (e.g., (Grol et al., 2018; Hotton et al., 2018). Importantly, a recent review of different cognitive 

control trainings by Koster, Hoorelbeke, Onraedt, Owens, & Derakshan (2017) concluded that, depending 

on the fit between type of training and diagnosis, training can (or cannot) improve emotion control and 

alleviate maladaptive emotional reactions among healthy controls and individuals diagnosed with 

depression. Attentional deployment strategies, such as FA, have also begun to be integrated into 

intervention approaches. Mindfulness training, for example, seems to have beneficial effects on encoding 

and retrieval of emotional memories, because it can enhance the emotional impact of positive memories and 

reduce the impact of negative ones. These effects appear to be associated with differential recruitment and 

connectivity among PFC (lateral and medial) and MTL (AMY and HC) regions. Other novel interventions 

targeting regulatory focus and fit (Strauman et al., 2015) and combining state-of-the-art brain imaging 

methods, such as fMRI-guided neuronavigation, to individualize repetitive transcranial magnetic stimulation 

treatment for depression (Luber et al., 2017), are also helping translate brain imaging findings to improve 

therapeutic efficacy. 

 Importantly, much of the research on training and interventions highlighted here has been very 

recent, and hence there are still several key areas for further research. As with other training domains, while 

there is important promise of the effectiveness in influencing emotional vulnerability, the field is still in its 

early stages and needs to grow to accommodate more precise and tailored training regimens for maximum 

benefits. For instance, future research is needed to further clarify the association between explicit emotion 

regulation and executive control, in general, and WM, in particular. Additional research is also needed to 

further elucidate the effectiveness of cognitive training techniques in clinical settings.  

 Linguistic Integrations. Notably, core aspects of emotion-attention interactions that emerge 

throughout the literature highlighted in this review are integrated with the terms identified by the linguistic 

analysis of words people use to convey feelings related to attention. Although the term “emotion” is often 

used in a broad way referring to a range of affective constructs, there are also specific and related aspects 

that can be differentiated when examining the terms describing feelings related to attention. For example, 

valence and arousal emerge as affective qualities that clearly influence attention and are evident in the 

identified terms. These dimensions can be seen in terms ranging from negative valence, low arousal 

categories, such as inattentive, to positive valence, high arousal categories such as alert/attentive and 

engrossed. Indeed, arousal and valence play an important role in emotion-attention interactions in the 

context of perception as well as in learning and memory, as shown by the extensive literature that has used 

stimuli such as emotion-eliciting images that are carefully controlled to be highly arousing and highly 
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negative in valence (e.g., Lang et al., 2008). Motivation also emerges as an aspect that is related to processes 

involving reward and social cognition, and is highlighted by word categories relating to concepts including 

social attentiveness. For example, the literature on emotion-attention interactions in the context of higher-

order social cognition points to processes in which individuals form impressions which could be influenced 

by social attentiveness (e.g., chivalrous). Additionally, attentional processes are highlighted by word senses 

such as attentive, conscious awareness, fascinated, and focused on inner thoughts. Moreover, maladaptive 

emotion-attention interactions can be symptoms of affective disorders (e.g., preoccupied, 

pensive/ruminative), whereas training adaptive emotion-attention interactions is often a strategy for 

increasing resilience against, or decreasing symptoms of, affective disorders (e.g., mindful, meditative).  

In sum, we have reviewed current research and emerging directions in emotion-attention interactions, 

focusing on the associated neural mechanisms as revealed by functional brain imaging and physiological 

investigations. Such a comprehensive approach allowed for an integrative overview of the available 

evidence regarding the mechanisms of emotion-attention interactions and highlighted emerging directions 

for future investigations. As the field continues to address these issues, new findings will help to better 

clarify the dynamics and neural correlates of emotion-attention interactions and inform new and 

comprehensive models of the related psychological phenomena and brain functions. Overall, emerging and 

future research in these areas will continue refining our understanding of the effective practices and 

associated neural mechanisms, in order to better promote well-being. 

 

 

Declarations of Interest: None 

 

Acknowledgments: This work was conducted in part at the Biomedical Imaging Center of the Beckman 

Institute for Advanced Science and Technology at the University of Illinois at Urbana-Champaign (UIUC-

BI-BIC). During the preparation of this manuscript, FD was supported by a Helen Corley Petit Scholarship 

in Liberal Arts and Sciences and an Emanuel Donchin Professorial Scholarship in Psychology from the 

University of Illinois, YK was supported by the Honjo International Scholarship Foundation, MM was 

supported by Beckman Institute Predoctoral and Postdoctoral Fellowships. 

 

 

 

References 

Admon, R., Vaisvaser, S., Erlich, N., Lin, T., Shapira-Lichter, I., Fruchter, E., . . . Hendler, T. (2018). The 

role of the amygdala in enhanced remembrance of negative episodes and acquired negativity of 

related neutral cues. Biol Psychol, 139, 17-24. doi:10.1016/j.biopsycho.2018.09.014 

Adolphs, R. (2013). The biology of fear. Curr Biol, 23(2), R79-93. doi:10.1016/j.cub.2012.11.055 



Jo
ur

na
l P

re
-p

ro
of

80 
 

Adolphs, R. (2016). How should neuroscience study emotions? by distinguishing emotion states, concepts, 

and experiences. Social Cognitive and Affective Neuroscience, 12(1), 24-31. 

doi:10.1093/scan/nsw153 

Adolphs, R., & Andler, D. (2018). Investigating Emotions as Functional States Distinct From Feelings. 

Emotion Review, 10(3), 191-201. doi:10.1177/1754073918765662 

Adolphs, R., Tranel, D., Damasio, H., & Damasio, A. (1994). Impaired recognition of emotion in facial 

expressions following bilateral damage to the human amygdala. Nature, 372(6507), 669-672.  

Alberts, H. J., & Thewissen, R. (2011). The effect of a brief mindfulness intervention on memory for 

positively and negatively valenced stimuli. Mindfulness, 2(2), 73-77. doi:10.1007/s12671-011-0044-

7 

Alcaro, A., & Panksepp, J. (2011). The SEEKING mind: primal neuro-affective substrates for appetitive 

incentive states and their pathological dynamics in addictions and depression. Neurosci Biobehav 

Rev, 35(9), 1805-1820. doi:10.1016/j.neubiorev.2011.03.002 

Allison, T., Puce, A., Spencer, D. D., & McCarthy, G. (1999). Electrophysiological studies of human face 

perception. I: Potentials generated in occipitotemporal cortex by face and non-face stimuli. Cereb 

Cortex, 9(5), 415-430.  

Almeida, J. R., Versace, A., Mechelli, A., Hassel, S., Quevedo, K., Kupfer, D. J., & Phillips, M. L. (2009). 

Abnormal amygdala-prefrontal effective connectivity to happy faces differentiates bipolar from 

major depression. Biol Psychiatry, 66(5), 451-459. doi:10.1016/j.biopsych.2009.03.024 

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (5th ed.). 

Arlington, VA: American Psychiatric Publishing. 

Ames, D. L., Fiske, S. T., & Todorov, A. T. (2011). Impression formation: A focus on others’ intents The 

Oxford handbook of social neuroscience (pp. 419). 

Amodio, D. M., & Frith, C. D. (2006). Meeting of minds: The medial frontal cortex and social cognition. 

Nature Reviews Neuroscience, 7(4), 268-277. doi:10.1038/nrn1884 

Amoruso, L., Gelormini, C., Aboitiz, F., Gonzalez, M. A., Manes, F., Cardona, J. F., & Ibanez, A. (2013). 

N400 ERPs for actions: Building meaning in context. Frontiers in Human Neuroscience, 7. 

doi:10.3389/Fnhum.2013.00057 

Anderson, A. K., Christoff, K., Panitz, D., De Rosa, E., & Gabrieli, J. D. (2003). Neural correlates of the 

automatic processing of threat facial signals. Journal of Neuroscience, 23(13), 5627-5633.  

Anderson, B. A. (2017). Reward processing in the value-driven attention network: reward signals tracking 

cue identity and location. Soc Cogn Affect Neurosci, 12(3), 461-467. doi:10.1093/scan/nsw141 

Anderson, B. A., Laurent, P. A., & Yantis, S. (2011). Value-driven attentional capture. Proc Natl Acad Sci 

U S A, 108(25), 10367-10371. doi:10.1073/pnas.1104047108 

Anderson, B. A., Laurent, P. A., & Yantis, S. (2013). Reward predictions bias attentional selection. Front 

Hum Neurosci, 7, 262. doi:10.3389/fnhum.2013.00262 

Anderson, B. A., & Sali, A. W. (2016). The impact of reward on attention. In T. S. Braver (Ed.), Motivation 

and Cognitive Control. New York, New York: Routledge Taylor & Francis Group. 

Andreano, J. M., & Cahill, L. (2009). Sex influences on the neurobiology of learning and memory. Learning 

and Memory, 16(4), 248-266. doi:10.1101/lm.918309 

Andreano, J. M., Dickerson, B. C., & Barrett, L. F. (2014). Sex differences in the persistence of the 

amygdala response to negative material. Social Cognitive and Affective Neuroscience, 9(9), 1388-

1394. doi:10.1093/scan/nst127 

Ansari, T. L., & Derakshan, N. (2011). The neural correlates of cognitive effort in anxiety: Effects on 

processing efficiency. Biological Psychology, 86(3), 337-348. doi:10.1016/j.biopsycho.2010.12.013 

Arch, J. J., & Craske, M. G. (2006). Mechanisms of mindfulness: Emotion regulation following a focused 

breathing induction. Behaviour Research and Therapy, 44(12), 1849-1858. 

doi:10.1016/j.brat.2005.12.007 

Ashley, V., & Swick, D. (2009). Consequences of emotional stimuli: Age differences on pure and mixed 

blocks of the emotional Stroop. Behavioral and Brain Functions, 5. doi:10.1186/1744-9081-5-14 



Jo
ur

na
l P

re
-p

ro
of

81 
 

Astafiev, S. V., Stanley, C. M., Shulman, G. L., & Corbetta, M. (2004). Extrastriate body area in human 

occipital cortex responds to the performance of motor actions. Nat Neurosci, 7(5), 542-548.  

Aue, T., Chauvigne, L. A. S., Bristle, M., Okon-Singer, H., & Guex, R. (2016). Expectancy influences on 

attention to threat are only weak and transient: Behavioral and physiological evidence. Biological 

Psychology, 121, 173-186. doi:10.1016/j.biopsycho.2016.07.006 

Aue, T., Guex, R., Chauvigne, L. A., & Okon-Singer, H. (2013). Varying expectancies and attention bias in 

phobic and non-phobic individuals. Front Hum Neurosci, 7, 418. doi:10.3389/fnhum.2013.00418 

Aupperle, R. L., Melrose, A. J., Stein, M. B., & Paulus, M. P. (2012). Executive function and PTSD: 

Disengaging from trauma. Neuropharmacology, 62(2), 686-694. 

doi:10.1016/j.neuropharm.2011.02.008 

Aviezer, H., Hassin, R. R., Ryan, J., Grady, C., Susskind, J., Anderson, A., . . . Bentin, S. (2008). Angry, 

disgusted, or afraid? Studies on the malleability of emotion perception. Psychological Science, 19(7), 

724-732.  

Awh, E., Vogel, E. K., & Oh, S. H. (2006). Interactions between attention and working memory. 

Neuroscience, 139(1), 201-208. doi:j.neuroscience.2005.08.023 

Axelrod, V., Bar, M., & Rees, G. (2015). Exploring the unconscious using faces. Trends Cogn Sci, 19(1), 

35-45. doi:S1364-6613(14)00236-8 [pii] 

10.1016/j.tics.2014.11.003 [doi] 

Baddeley, A. (2003). Working memory: looking back and looking forward. Nat Rev Neurosci, 4(10), 829-

839. doi:10.1038/nrn1201 

Badura-Brack, A. S., Naim, R., Ryan, T. J., Levy, O., Abend, R., Khanna, M. M., . . . Bar-Haim, Y. (2015). 

Effect of Attention Training on Attention Bias Variability and PTSD Symptoms: Randomized 

Controlled Trials in Israeli and U.S. Combat Veterans. Am J Psychiatry, 172(12), 1233-1241. 

doi:10.1176/appi.ajp.2015.14121578 

Baeken, C., Van Schuerbeek, P., De Raedt, R., Ramsey, N. F., Bossuyt, A., De Mey, J., . . . Luypaert, R. 

(2010). Reduced left subgenual anterior cingulate cortical activity during withdrawal-related 

emotions in melancholic depressed female patients. Journal of Affective Disorders, 127(1–3), 326-

331. doi:10.1016/j.jad.2010.05.013 

Baert, S., De Raedt, R., Schacht, R., & Koster, E. H. W. (2010). Attentional bias training in depression: 

Therapeutic effects depend on depression severity. Journal of Behavior Therapy & Experimental 

Psychiatry, 41(3), 265-274. doi:10.1016/j.jbtep.2010.02.004 

Balleine, B. W., Delgado, M. R., & Hikosaka, O. (2007). The role of the dorsal striatum in reward and 

decision-making. J Neurosci, 27(31), 8161-8165. doi:10.1523/JNEUROSCI.1554-07.2007 

Bannerman, R. L., Milders, M., & Sahraie, A. (2010). Attentional bias to brief threat-related faces revealed 

by saccadic eye movements. Emotion, 10(5), 733-738. doi:2010-22093-015 [pii] 

10.1037/a0019354 [doi] 

Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., & van IJzendoorn, M. H. (2007). 

Threat-related attentional bias in anxious and nonanxious individuals: A meta-analytic study. 

Psychological Bulletin, 133(1), 1-24. doi:10.1037/0033-2909.133.1.1 

Bar-Haim, Y., Morag, I., & Glickman, S. (2011). Training anxious children to disengage attention from 

threat: a randomized controlled trial. J Child Psychol Psychiatry, 52(8), 861-869. 

doi:10.1111/j.1469-7610.2011.02368.x 

Bar-Haim, Y., & Pine, D. S. (2013). Cognitive training research and the search for a transformative, 

translational, developmental cognitive neuroscience. Dev Cogn Neurosci, 4, 1-2. 

doi:10.1016/j.dcn.2013.02.001 

Bardeen, J. R., Fergus, T. A., & Orcutt, H. K. (2015). Attentional control as a prospective predictor of 

posttraumatic stress syrnptomatology. Personality and Individual Differences, 81, 124-128. 

doi:10.1016/j.paid.2014.09.010 



Jo
ur

na
l P

re
-p

ro
of

82 
 

Bardeen, J. R., & Orcutt, H. K. (2011). Attentional control as a moderator of the relationship between 

posttraumatic stress symptoms and attentional threat bias. Journal of Anxiety Disorders, 25(8), 1008-

1018. doi:10.1016/j.janxdis.2011.06.009 

Bargh, J. A., & Williams, L. E. (2007). The nonconscious regulation of emotion. In J. J. Gross (Ed.), 

Handbook of emotion regulation (Vol. 1, pp. 429-445): Guilford Press. 

Barrett, L. F. (2006). Are Emotions Natural Kinds? Perspectives on Psychological Science, 1(1), 28-58. 

doi:10.1111/j.1745-6916.2006.00003.x 

Barrett, L. F. (2012). Emotions are real. Emotion, 12(3), 413-429. doi:10.1037/a0027555 

Barrett, L. F. (2013). Psychological construction: The Darwinian approach to the science of emotion. 

Emotion Review, 5(4), 379-389.  

Barrett, L. F. (2017). The theory of constructed emotion: an active inference account of interoception and 

categorization. Soc Cogn Affect Neurosci. doi:10.1093/scan/nsx060 

Barrett, L. F., Lane, R., Sechrest, L., and Schwartz, G. (2000). Sex differences in emotional awareness 

Personality and Social Psychology Bulletin, 26, 1027-1035.  

Barrett, L. F., & Satpute, A. B. (2013). Large-scale brain networks in affective and social neuroscience: 

towards an integrative functional architecture of the brain. Current Opinion in Neurobiology, 23(3), 

361-372. doi:10.1016/j.conb.2012.12.012 

Basten, U., Stelzel, C., & Fiebach, C. J. (2012). Trait anxiety and the neural efficiency of manipulation in 

working memory. Cognitive Affective & Behavioral Neuroscience, 12(3), 571-588. 

doi:10.3758/s13415-012-0100-3 

Batty, M., & Taylor, M. J. (2003). Early processing of the six basic facial emotional expressions. Cog Brain 

Res, 17, 613-620.  

Beauchamp, K. G., Kahn, L. E., & Berkman, E. T. (2016). Does inhibitory control training transfer?: 

behavioral and neural effects on an untrained emotion regulation task. Soc Cogn Affect Neurosci, 

11(9), 1374-1382. doi:10.1093/scan/nsw061 

Beck, A. T. (1967). Depression: Clinical, experimental, and theoretical Aspects. New York: Hoeber. 

Beckwe, M., Deroost, N., Koster, E. H. W., De Lissnyder, E., & De Raedt, R. (2014). Worrying and 

rumination are both associated with reduced cognitive control. Psychological Research-

Psychologische Forschung, 78(5), 651-660. doi:10.1007/s00426-013-0517-5 

Bekker, M. H., & van Mens-Verhulst, J. (2007). Anxiety disorders: sex differences in prevalence, degree, 

and background, but gender-neutral treatment. Gend Med, 4 Suppl B, S178-193. doi:S1550-

8579(07)80057-X [pii] 

Benarroch, E. E. (2012). Periaqueductal gray: an interface for behavioral control. Neurology, 78(3), 210-217. 

doi:10.1212/WNL.0b013e31823fcdee 

Berggren, N., & Derakshan, N. (2013a). Attentional control deficits in trait anxiety: Why you see them and 

why you don't. Biological Psychology, 92(3), 440-446. doi:10.1016/j.biopsycho.2012.03.007 

Berggren, N., & Derakshan, N. (2013b). The role of consciousness in attentional control differences in trait 

anxiety. Cognition & Emotion, 27(5), 923-931. doi:10.1080/02699931.2012.750235 

Berggren, N., & Derakshan, N. (2014). Inhibitory deficits in trait anxiety: Increased stimulus-based or 

response-based interference? Psychon Bull Rev, 21(5), 1339-1345. doi:10.3758/s13423-014-0611-8 

Bernroider, G., & Panksepp, J. (2011). Mirrors and feelings: have you seen the actors outside? Neurosci 

Biobehav Rev, 35(9), 2009-2016. doi:10.1016/j.neubiorev.2011.02.014 

Bertini, C., Cecere, R., & Ladavas, E. (2013). I am blind, but I "see" fear. Cortex, 49(4), 985-993. 

doi:S0010-9452(12)00062-7 [pii] 

10.1016/j.cortex.2012.02.006 [doi] 

Bishop, S. J., Jenkins, R., & Lawrence, A. D. (2007). Neural processing of fearful faces: Effects of anxiety 

are gated by perceptual capacity limitations. Cerebral Cortex, 17(7), 1595-1603. 

doi:10.1093/cercor/bhl070 

Biss, R. K., Weeks, J. C., & Hasher, L. (2012). Happily distracted: Mood and a benefit of attention 

dysregulation in older adults. Frontiers in Psychology, 3. doi:10.3389/Fpsyg.2012.00399 



Jo
ur

na
l P

re
-p

ro
of

83 
 

Blanchard, R. J., & Blanchard, D. C. (1990). An Ethoexperimental Analysis of Defense, Fear, and Anxiety. 

Anxiety, 124-133.  

Boehler, C. N., Schevernels, H., Hopf, J. M., Stoppel, C. M., & Krebs, R. M. (2014). Reward prospect 

rapidly speeds up response inhibition via reactive control. Cogn Affect Behav Neurosci, 14(2), 593-

609. doi:10.3758/s13415-014-0251-5 

Boiger, M., & Mesquita, B. (2012). The Construction of Emotion in Interactions, Relationships, and 

Cultures. Emotion Review, 4(3), 221–229.  

Bomyea, J., & Lang, A. J. (2016). Accounting for intrusive thoughts in PTSD: Contributions of cognitive 

control and deliberate regulation strategies. J Affect Disord, 192, 184-190. 

doi:10.1016/j.jad.2015.12.021 

Botvinick, M., & Braver, T. (2015). Motivation and Cognitive Control: From Behavior to Neural 

Mechanism. Annual Review of Psychology, Vol 66, 66, 83-113. doi:10.1146/annurev-psych-010814-

015044 

Botzel, K., & Grusser, O. J. (1989). Electric brain potentials evoked by pictures of faces and non-faces: a 

search for "face-specific" EEG-potentials. Exp Brain Res, 77(2), 349-360.  

Bourgeois, A., Chelazzi, L., & Vuilleumier, P. (2016). How motivation and reward learning modulate 

selective attention. Progress in Brain Research, 229, 325-342. doi:10.1016/bs.pbr.2016.06.004 

Bradley, M. M., Greenwald, M. K., Petry, M. C., & Lang, P. J. (1992). Remembering pictures: pleasure and 

arousal in memory. Journal of Experimental Psychology: Learning, Memory, and Cognition, 18(2), 

379-390.  

Bradley, M. M., & Lang, P. J. (1999). Affective norms for English words (ANEW): Instruction manual and 

affective ratings. Retrieved from  

Brandman, T., & Yovel, G. (2010). The body inversion effect is mediated by face-selective, not body-

selective, mechanisms. J Neurosci, 30(31), 10534-10540. doi:10.1523/JNEUROSCI.0911-10.2010 

Brassen, S., Gamer, M., & Buchel, C. (2011). Anterior cingulate activation is related to a positivity bias and 

emotional stability in successful aging. Biological Psychiatry, 70(2), 131-137. 

doi:10.1016/j.biopsych.2010.10.013 

Braunstein, L. M., Gross, J. J., & Ochsner, K. N. (2017). Explicit and implicit emotion regulation: a multi-

level framework. Social Cognitive and Affective Neuroscience, 12(10), 1545-1557. 

doi:10.1093/scan/nsx096 

Braver, T. S. (2012). The variable nature of cognitive control: a dual mechanisms framework. Trends Cogn 

Sci, 16(2), 106-113. doi:10.1016/j.tics.2011.12.010 

Braver, T. S. (2016). Motivation and Cognitive Control. New York, New York: Routledge Taylor & Francis 

Group. 

Braver, T. S., Krug, M. K., Chiew, K. S., Kool, W., Westbrook, J. A., Clement, N. J., . . . Grp, M. (2014). 

Mechanisms of motivation-cognition interaction: challenges and opportunities. Cognitive Affective & 

Behavioral Neuroscience, 14(2), 443-472. doi:10.3758/s13415-014-0300-0 

Briton, N. J., & Hall, J. A. (1995). Beliefs About Female and Male Nonverbal-Communication. Sex Roles, 

32(1-2), 79-90. doi:Doi 10.1007/Bf01544758 

Browning, M., Holmes, E. A., Charles, M., Cowen, P. J., & Harmer, C. J. (2012). Using Attentional Bias 

Modification as a Cognitive Vaccine Against Depression. Biological Psychiatry, 72(7), 572-579. 

doi:10.1016/j.biopsych.2012.04.014 

Buck, R. (1985). Prime Theory: An integrated view of motivation and emotion. Psychological Review, 

92(3)(3), 389-413.  

Buhle, J. T., Silvers, J. A., Wager, T. D., Lopez, R., Onyemekwu, C., Kober, H., . . . Ochsner, K. N. (2014). 

Cognitive reappraisal of emotion: A meta-analysis of human neuroimaging studies. Cerebral Cortex, 

24(11), 2981-2990. doi:10.1093/cercor/bht154 

Bundesen, C., Habekost, T., & Kyllingsbaek, S. (2005). A neural theory of visual attention: Bridging 

cognition and neurophysiology. Psychological Review, 112(2), 291-328. doi:10.1037/0033-

295x.112.2.291 



Jo
ur

na
l P

re
-p

ro
of

84 
 

Bunge, S. A., Hazeltine, E., Scanlon, M. D., Rosen, A. C., & Gabrieli, J. D. E. (2002). Dissociable 

Contributions of Prefrontal and Parietal Cortices to Response Selection. Neuro Image, 17, 1562-

1571.  

Buschman, T. J., & Kastner, S. (2015). From Behavior to Neural Dynamics: An Integrated Theory of 

Attention. Neuron, 88(1), 127-144. doi:10.1016/j.neuron.2015.09.017 

Bush, G., Luu, P., & Posner, M. I. (2000). Cognitive and emotional influences in anterior cingulate cortex. 

Trends Cogn Sci, 4(6), 215-222.  

Cahill, L., Gorski, L., Belcher, A., & Huynh, Q. (2004). The influence of sex versus sex-related traits on 

long-term memory for gist and detail from an emotional story. Conscious Cogn, 13(2), 391-400. 

doi:10.1016/j.concog.2003.11.003 

S1053810003001570 [pii] 

Cahill, L., Haier, R. J., White, N. S., Fallon, J., Kilpatrick, L., Lawrence, C., . . . Alkire, M. T. (2001). Sex-

related difference in amygdala activity during emotionally influenced memory storage. 

Neurobiology of Learning and Memory, 75(1), 1-9. doi:10.1006/nlme.2000.3999 

S1074-7427(00)93999-6 [pii] 

Calcott, R. D., & Berkman, E. T. (2014). Attentional flexibility during approach and avoidance motivational 

states: the role of context in shifts of attentional breadth. Journal of Experimental Psychology: 

General, 143(3), 1393-1408. doi:10.1037/a0035060 

Campbell, B. A., Wood, G., & McBride, T. (1997). Origins of orienting and defensive responses: An 

evolutionary perspective. Attention and orienting: Sensory and motivational processes, 41-67.  

Candidi, M., Stienen, B. M., Aglioti, S. M., & de Gelder, B. (2011). Event-related repetitive transcranial 

magnetic stimulation of posterior superior temporal sulcus improves the detection of threatening 

postural changes in human bodies. J Neurosci, 31(48), 17547-17554. doi:31/48/17547 [pii] 

10.1523/JNEUROSCI.0697-11.2011 

Candidi, M., Stienen, B. M., Aglioti, S. M., & de Gelder, B. (2015). Virtual lesion of right posterior superior 

temporal sulcus modulates conscious visual perception of fearful expressions in faces and bodies. 

Cortex, 65, 184-194. doi:10.1016/j.cortex.2015.01.012 

Canli, T. (2004). Functional brain mapping of extraversion and neuroticism: Learning from individual 

differences in emotion processing. Journal of Personality, 72(6), 1105-1132. doi:10.1111/j.1467-

6494.2004.00292.x 

Canli, T., Desmond, J. E., Zhao, Z., & Gabrieli, J. D. (2002). Sex differences in the neural basis of 

emotional memories. Proceedings of the National Academy of Sciences, 99(16), 10789-10794. 

doi:10.1073/pnas.162356599 

162356599 [pii] 

Casey, B. J., & Galvan, A. (2016). The teen brain: Arrested development in resisting temptation. In T. S. 

Braver (Ed.), Motivation and Cognitive Control (pp. 263-282). New York, New York: Routledge 

Taylor & Francis Group. 

Castel, A. D., Humphreys, K. L., Lee, S. S., Galvan, A., Balota, D. A., & McCabe, D. P. (2011). The 

Development of Memory Efficiency and Value-Directed Remembering Across the Life Span: A 

Cross-Sectional Study of Memory and Selectivity. Developmental Psychology, 47(6), 1553-1564. 

doi:10.1037/a0025623 

Centelles, L., Assaiante, C., Nazarian, B., Anton, J. L., & Schmitz, C. (2011). Recruitment of both the 

mirror and the mentalizing networks when observing social interactions depicted by point-lights: A 

neuroimaging study. PLoS ONE, 6(1). doi:10.1371/journal.pone.0015749 

Chiew, K. S., & Braver, T. S. (2011). Positive affect versus reward: emotional and motivational influences 

on cognitive control. Frontiers in Psychology, 2, 279-279. doi:10.3389/fpsyg.2011.00279 



Jo
ur

na
l P

re
-p

ro
of

85 
 

Chiew, K. S., & Braver, T. S. (2016). Reward favors the prepared: Incentive and task-informative cues 

interact to enhance attentional control. J Exp Psychol Hum Percept Perform, 42(1), 52-66. 

doi:10.1037/xhp0000129 

Chiu, Y. C., Dolcos, F., Gonsalves, B. D., & Cohen, N. J. (2013). On opposing effects of emotion on 

contextual or relational memory. Frontiers in Psychology, 4. doi:ARTN 103 

10.3389/fpsyg.2013.00103 

Cisler, J. M., & Koster, E. H. (2010). Mechanisms of attentional biases towards threat in anxiety disorders: 

An integrative review. Clinical Psychology Review, 30(2), 203-216. doi:10.1016/j.cpr.2009.11.003 

Clark, L. A. (2005). Temperament as a Unifying Basis for Personality and Psychopathology. Journal of 

Abnormal Psychology, 114(4), 505-521. doi:10.1037/0021-843X.114.4.505 

Clasen, P. C., Wells, T. T., Ellis, A. J., & Beevers, C. G. (2013). Attentional Biases and the Persistence of 

Sad Mood in Major Depressive Disorder. Journal of Abnormal Psychology, 122(1), 74-85. 

doi:10.1037/a0029211 

Cohen, N., Daches, S., Mor, N., & Henik, A. (2014). Inhibition of negative content-a shared process in 

rumination and reappraisal. Front Psychol, 5, 622. doi:10.3389/fpsyg.2014.00622 

Cohen, N., Margulies, D. S., Ashkenazi, S., Schaefer, A., Taubert, M., Henik, A., . . . Okon-Singer, H. 

(2016). Using executive control training to suppress amygdala reactivity to aversive information. 

NeuroImage, 125, 1022-1031. doi:10.1016/j.neuroimage.2015.10.069 

Cohen, N., & Mor, N. (2018). Enhancing reappraisal by linking cognitive control and emotion. Clinical 

Psychological Science, 6(1), 155-163. doi:10.1177/2167702617731379 

Cohen-Gilbert, J. E., & Thomas, K. M. (2013). Inhibitory Control During Emotional Distraction Across 

Adolescence and Early Adulthood. Child Development, 84(6), 10.1111/cdev.12085. 

doi:10.1111/cdev.12085 

Collignon, O., Girard, S., Gosselin, F., Saint-Amour, D., Lepore, F., & Lassonde, M. (2010). Women 

process multisensory emotion expressions more efficiently than men. Neuropsychologia, 48(1), 220-

225. doi:10.1016/j.neuropsychologia.2009.09.007 

Conway, A. R., Kane, M. J., Bunting, M. F., Hambrick, D. Z., Wilhelm, O., & Engle, R. W. (2005). 

Working memory span tasks: A methodological review and user's guide. Psychon Bull Rev, 12(5), 

769-786.  

Corbetta, M., Patel, G., & Shulman, G. L. (2008). The reorienting system of the human brain: From 

environment to theory of mind. Neuron, 58(3), 306-324. doi:10.1016/j.neuron.2008.04.017 

Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed and stimulus-driven attention in the brain. 

Nat Rev Neurosci, 3(3), 201-215. doi:10.1038/nrn755 

nrn755 [pii] 

Course-Choi, J., Saville, H., & Derakshan, N. (2017). The effects of adaptive working memory training and 

mindfulness meditation training on processing efficiency and worry in high worriers. Behaviour 

Research and Therapy, 89, 1-13. doi:10.1016/j.brat.2016.11.002 

Creswell, J. D., Way, B. M., Eisenberger, N. I., & Lieberman, M. D. (2007). Neural correlates of 

dispositional mindfulness during affect labeling. Psychosomatic Medicine, 69(6), 560-565. 

doi:10.1097/PSY.0b013e3180f6171f 

Cromheeke, S., & Mueller, S. C. (2016). The power of a smile: Stronger working memory effects for happy 

faces in adolescents compared to adults. Cogn Emot, 30(2), 288-301. 

doi:10.1080/02699931.2014.997196 

Crone, E. A., & Dahl, R. E. (2012). Understanding adolescence as a period of social-affective engagement 

and goal flexibility. Nature Reviews Neuroscience, 13, 636-650.  

Cunningham, W. A., Arbuckle, N. L., Jahn, A., Mowrer, S. M., & Abduljalil, A. M. (2010). Aspects of 

neuroticism and the amygdala: Chronic tuning from motivational styles. Neuropsychologia, 48(12), 

3399-3404. doi:10.1016/j.neuropsychologia.2010.06.026 



Jo
ur

na
l P

re
-p

ro
of

86 
 

Cunningham, W. A., Van Bavel, J. J., & Johnsen, I. R. (2008). Affective flexibility: Evaluative processing 

goals shape amygdala activity. Psychological Science, 19(2), 152-160. doi:10.1111/j.1467-

9280.2008.02061.x 

Cuthbert, B. N., Schupp, H. T., Bradley, M. M., Birbaumer, N., & Lang, P. J. (2000). Brain potentials in 

affective picture processing: covariation with autonomic arousal and affective report. Biological 

Psychology, 52(2), 95-111. doi:Doi 10.1016/S0301-0511(99)00044-7 

D'Esposito, M., Postle, B. R., & Rypma, B. (2000). Prefrontal cortical contributions to working memory: 

Evidence from event-related fMRI studies. Experimental Brain Research, 133(1), 3-11.  

Daches, S., Mor, N., & Hertel, P. (2015). Rumination: Cognitive consequences of training to inhibit the 

negative. J Behav Ther Exp Psychiatry, 49(Pt A), 76-83. doi:10.1016/j.jbtep.2015.01.010 

Dalgleish, T. (2004). Cognitive approaches to posttraumatic stress disorder: the evolution of 

multirepresentational theorizing. Psychol Bull, 130(2), 228-260. doi:10.1037/0033-2909.130.2.228 

Dalgleish, T., & Power, M. J. (2004). Emotion-specific and emotion-non-specific components of 

posttraumatic stress disorder (PTSD): implications for a taxonomy of related psychopathology. 

Behaviour Research and Therapy, 42(9), 1069-1088. doi:10.1016/j.brat.2004.05.001 

Damasio, A., & Carvalho, G. B. (2013). The nature of feelings: evolutionary and neurobiological origins. 

Nat Rev Neurosci, 14(2), 143-152. doi:10.1038/nrn3403 

Davachi, L. (2006). Item, context and relational episodic encoding in humans. Current Opinion in 

Neurobiology, 16(6), 693-700. doi:10.1016/j.conb.2006.10.012 

Davidson, R. J., Pizzagalli, D., Nitschke, J. B., & Putnam, K. (2002). Depression: perspectives from 

affective neuroscience. Annual Review of Psychology, Vol 66, 53, 545-574. 

doi:10.1146/annurev.psych.53.100901.135148 

Davis, M. (2000). The role of the amygdala in conditioned and unconditioned fear and anxiety. The 

Amygdala: A Functional Analysis Aggleton JP, ed: Oxford University Press, New York. 

Davis, M., Walker, D. L., Miles, L., & Grillon, C. (2010). Phasic vs sustained fear in rats and humans: role 

of the extended amygdala in fear vs anxiety. Neuropsychopharmacology, 35(1), 105-135. 

doi:10.1038/npp.2009.109 

Davis, M., & Whalen, P. J. (2001). The amygdala: vigilance and emotion. Molecular Psychiatry, 6(1), 13-

34. doi:DOI 10.1038/sj.mp.4000812 

Davis, P. J. (1999). Gender differences in autobiographical memory for childhood emotional experiences. J 

Pers Soc Psychol, 76(3), 498-510.  

Davis, S. W., Dennis, N. A., Daselaar, S. M., Fleck, M. S., & Cabeza, R. (2008). Que PASA? The posterior-

anterior shift in aging. Cereb Cortex, 18(5), 1201-1209. doi:10.1093/cercor/bhm155 

de Gelder, B. (2006). Towards the neurobiology of emotional body language. Nature Reviews Neuroscience, 

7(3), 242-249. doi:10.1038/nrn1872 

de Gelder, B., & Hadjikhani, N. (2006). Non-conscious recognition of emotional body language. 

Neuroreport, 17(6), 583-586. doi:10.1097/00001756-200604240-00006 

de Gelder, B., Hortensius, R., & Tamietto, M. (2012). Attention and awareness each influence amygdala 

activity for dynamic bodily expressions—A short review. Frontiers in Integrative Neuroscience, 6, 

54. doi:10.3389/fnint.2012.00054 

de Gelder, B., & Partan, S. (2009). The neural basis of perceiving emotional bodily expressions in monkeys. 

Neuroreport, 20(7), 642-646. doi:10.1097/WNR.0b013e32832a1e56 

de Gelder, B., & Van den Stock, J. (2008). Bodily Expressive Action Stimulus Test (BEAST).  

de Gelder, B., Van den Stock, J., Meeren, H. K., Sinke, C. B., Kret, M. E., & Tamietto, M. (2010). Standing 

up for the body. Recent progress in uncovering the networks involved in the perception of bodies 

and bodily expressions. Neuroscience & Biobehavioral Reviews, 34(4), 513-527. 

doi:10.1016/j.neubiorev.2009.10.008 

de Gelder, B., van Honk, J., & Tamietto, M. (2011). Emotion in the brain: of low roads, high roads and 

roads less travelled. Nat Rev Neurosci, 12(7), 425; author reply 425. doi:nrn2920-c1 [pii] 

10.1038/nrn2920-c1 [doi] 



Jo
ur

na
l P

re
-p

ro
of

87 
 

de Gelder, B., Vroomen, J., Pourtois, G., & Weiskrantz, L. (1999). Non-conscious recognition of affect in 

the absence of striate cortex. Neuroreport, 10(18), 3759-3763.  

de Quervain, D., Schwabe, L., & Roozendaal, B. (2017). Stress, glucocorticoids and memory: implications 

for treating fear-related disorders. Nature Reviews Neuroscience, 18(1), 7-19. 

doi:10.1038/nrn.2016.155 

De Raedt, R. (2015). A Neurocognitive Approach to Major Depressive Disorder Combining Biological and 

Cognitive Interventions. From Symptom to Synapse: A Neurocognitive Perspective on Clinical 

Psychology, 247-277.  

De Raedt, R., & Koster, E. H. W. (2010). Understanding vulnerability for depression from a cognitive 

neuroscience perspective: A reappraisal of attentional factors and a new conceptual framework. 

Cognitive Affective & Behavioral Neuroscience, 10(1), 50-70. doi:10.3758/Cabn.10.1.50 

Dehaene, S., & Changeux, J. P. (2011). Experimental and theoretical approaches to conscious processing. 

Neuron, 70(2), 200-227. doi:10.1016/j.neuron.2011.03.018 

Del Zotto, M., & Pegna, A. J. (2017). Electrophysiological evidence of perceived sexual attractiveness for 

human female bodies varying in waist-to-hip ratio. Cogn Affect Behav Neurosci, 17(3), 577-591. 

doi:10.3758/s13415-017-0498-8 [doi] 

10.3758/s13415-017-0498-8 [pii] 

Delgado, M. R., Stenger, V. A., & Fiez, J. A. (2004). Motivation-dependent responses in the human caudate 

nucleus. Cereb Cortex, 14(9), 1022-1030. doi:10.1093/cercor/bhh062 

Denkova, E., Dolcos, S., & Dolcos, F. (2012). Reliving emotional personal memories: Affective biases 

linked to personality and sex-related differences. Emotion, 12(3), 515-528. doi:10.1037/a0026809 

Denkova, E., Dolcos, S., & Dolcos, F. (2013a). The effect of retrieval focus and emotional valence on the 

inferior frontal cortex activity during autobiographical recollection. Frontiers in Behavioral 

Neuroscience, 7, 192. doi:10.3389/fnbeh.2013.00192 

Denkova, E., Dolcos, S., & Dolcos, F. (2013b). The effect of retrieval focus and emotional valence on the 

medial temporal lobe activity during autobiographical recollection. Frontiers in Behavioral 

Neuroscience, 7, 109. doi:10.3389/fnbeh.2013.00109 

Denkova, E., Dolcos, S., & Dolcos, F. (2015). Neural correlates of 'distracting' from emotion during 

autobiographical recollection. Social Cognitive and Affective Neuroscience, 10(2), 219-230. 

doi:10.1093/scan/nsu039 

Denkova, E., Wong, G., Dolcos, S., Sung, K., Wang, L. H., Coupland, N., & Dolcos, F. (2010). The impact 

of anxiety-inducing distraction on cognitive performance: A combined brain imaging and 

personality investigation. PLoS ONE, 5(11).  

Derakshan, N., & Eysenck, M. W. (2009). Anxiety, processing efficiency, and cognitive performance new 

developments from attentional control theory. European Psychologist, 14(2), 168-176. 

doi:10.1027/1016-9040.14.2.168 

Derryberry, D., & Reed, M. (2002). Anxiety-related attentional biases and their regulation by attentional 

control. Journal of Abnormal Psychology, 111(2), 225-236.  

Desimone, R., & Duncan, J. (1995). Neural mechanisms of selective visual attention. Annu Rev Neurosci, 

18, 193-222. doi:10.1146/annurev.ne.18.030195.001205 

DeYoung, C. G., Hirsh, J. B., Shane, M. S., Papademetris, X., Rajeevan, N., & Gray, J. R. (2010). Testing 

predictions from personality neuroscience: Brain structure and the Big Five. Psychological Science, 

21(6), 820-828. doi:10.1177/0956797610370159 

Disner, S. G., Beevers, C. G., Haigh, E. A. P., & Beck, A. T. (2011). Neural mechanisms of the cognitive 

model of depression. Nature Reviews Neuroscience, 12(8), 467-477. doi:10.1038/nrn3027 

Dolcos, F. (2013). Linking enhancing and impairing effects of emotion-the case of PTSD. Frontiers in 

Integrative Neuroscience, 7, 26. doi:10.3389/fnint.2013.00026 

Dolcos, F., & Cabeza, R. (2002). Event-related potentials of emotional memory: encoding pleasant, 

unpleasant, and neutral pictures. Cogn Affect Behav Neurosci, 2(3), 252-263.  



Jo
ur

na
l P

re
-p

ro
of

88 
 

Dolcos, F., & Denkova, E. (2014). Current emotion research in cognitive neuroscience: linking enhancing 

and impairing effects of emotion on cognition. Emotion Review, 6(4), 362-375.  

Dolcos, F., Denkova, E., & Dolcos, S. (2012). Neural correlates of emotional memories: A review of 

evidence from brain imaging studies. Psychologia, 55(2), 80-111.  

Dolcos, F., Diaz-Granados, P., Wang, L., & McCarthy, G. (2008). Opposing influences of emotional and 

non-emotional distracters upon sustained prefrontal cortex activity during a delayed-response 

working memory task. Neuropsychologia, 46(1), 326-335. doi:S0028-3932(07)00249-7 [pii] 

10.1016/j.neuropsychologia.2007.07.010 

Dolcos, F., Iordan, A., Kragel, J., Stokes, J., Campbell, R., McCarthy, G., & Cabeza, R. (2013). Neural 

correlates of opposing effects of emotional distraction on working memory and episodic memory: 

An event related fMRI investigation. Front Psychol, 4.  

Dolcos, F., Iordan, A. D., & Dolcos, S. (2011). Neural correlates of emotion-cognition interactions: A 

review of evidence from brain imaging investigations. J Cogn Psychol (Hove), 23(6), 669-694. 

doi:10.1080/20445911.2011.594433 

Dolcos, F., Katsumi, Y., Denkova, E., & Dolcos, S. (2017). Factors influencing opposing effects of emotion 

on cognition: A review of evidence from research on perception and memory. In I. Opris & M. F. 

Casanova (Eds.), The Physics of the Mind and Brain Disorders: Integrated Neural Circuits 

Supporting the Emergence of Mind. New York, NY: Springer. 

Dolcos, F., Katsumi, Y., Weymar, M., Moore, M., Tsukiura, T., & Dolcos, S. (2017). Emerging directions 

in emotional episodic memory. Frontiers in Psychology, 8, 1867. doi:10.3389/fpsyg.2017.01867 

Dolcos, F., Kragel, P., Wang, L., & McCarthy, G. (2006). Role of the inferior frontal cortex in coping with 

distracting emotions. Neuroreport, 17(15), 1591-1594. doi:10.1097/01.wnr.0000236860.24081.be 

Dolcos, F., LaBar, K. S., & Cabeza, R. (2004a). Dissociable effects of arousal and valence on prefrontal 

activity indexing emotional evaluation and subsequent memory: An event-related fMRI study. 

NeuroImage, 23(1), 64-74. doi:10.1016/j.neuroimage.2004.05.015 

S1053811904002940 [pii] 

Dolcos, F., LaBar, K. S., & Cabeza, R. (2004b). Interaction between the amygdala and the medial temporal 

lobe memory system predicts better memory for emotional events. Neuron, 42(5), 855-863. 

doi:S0896627304002892 [pii] 

Dolcos, F., LaBar, K. S., & Cabeza, R. (2005). Remembering one year later: Role of the amygdala and the 

medial temporal lobe memory system in retrieving emotional memories. Proceedings of the National 

Academy of Sciences, 102(7), 2626-2631. doi:0409848102 [pii] 

10.1073/pnas.0409848102 

Dolcos, F., & McCarthy, G. (2006). Brain systems mediating cognitive interference by emotional distraction. 

J Neurosci, 26(7), 2072-2079. doi:26/7/2072 [pii] 

10.1523/JNEUROSCI.5042-05.2006 

Dolcos, F., Miller, B., Kragel, P., Jha, A., & McCarthy, G. (2007). Regional brain differences in the effect 

of distraction during the delay interval of a working memory task. Brain Res, 1152, 171-181. 

doi:S0006-8993(07)00668-3 [pii] 

10.1016/j.brainres.2007.03.059 

Dolcos, S., Katsumi, Y., & Dixon, R. A. (2014). The role of arousal in the spontaneous regulation of 

emotions in healthy aging: a fMRI investigation. Front Psychol, 5, 681. 

doi:10.3389/fpsyg.2014.00681 

Dolcos, S., Katsumi, Y., Shen, C., Bost, K. F., Jun, S., Bogdan, P., & Dolcos, F. (in prep). Immediate and 

Long-Term Impact of Focused Attention: An fMRI study.  

Dolcos, S., Sung, K., Argo, J. J., Flor-Henry, S., & Dolcos, F. (2012). The power of a handshake: Neural 

correlates of evaluative judgments in observed social interactions. Journal of Cognitive 

Neuroscience, 24(12), 2292-2305. doi:10.1162/jocn_a_00295 



Jo
ur

na
l P

re
-p

ro
of

89 
 

Doll, A., Hölzel, B. K., Boucard, C. C., Wohlschläger, A. M., & Sorg, C. (2015). Mindfulness is associated 

with intrinsic functional connectivity between default mode and salience networks. Frontiers in 

Human Neuroscience, 9. doi:10.3389/fnhum.2015.00461 

Downing, P. E., Jiang, Y., Shuman, M., & Kanwisher, N. (2001). A cortical area selective for visual 

processing of the human body. Science, 293(5539), 2470-2473. doi:10.1126/science.1063414 

Draganski, B., Gaser, C., Kempermann, G., Kuhn, H. G., Winkler, J., Buchel, C., & May, A. (2006). 

Temporal and spatial dynamics of brain structure changes during extensive learning. The Journal of 

Neuroscience, 26(23), 6314-6317. doi:10.1523/JNEUROSCI.4628-05.2006 

Draganski, B., & May, A. (2008). Training-induced structural changes in the adult human brain. 

Behavioural Brain Research, 192(1), 137-142. doi:10.1016/j.bbr.2008.02.015 

Drevets, W. C., & Raichle, M. E. (1998). Reciprocal suppression of regional cerebral blood flow during 

emotional versus higher cognitive processes: Implications for interactions between emotion and 

cognition. Cognition and Emotion, 12(3), 353-385.  

Driessen, E., Van, H. L., Don, F. J., Peen, J., Kool, S., Westra, D., . . . Dekker, J. J. (2013). The efficacy of 

cognitive-behavioral therapy and psychodynamic therapy in the outpatient treatment of major 

depression: a randomized clinical trial. Am J Psychiatry, 170(9), 1041-1050. 

doi:10.1176/appi.ajp.2013.12070899 

Ducrocq, E., Wilson, M., Smith, T. J., & Derakshan, N. (2017). Adaptive working memory training reduces 

the negative impact of anxiety on competitive motor performance. Journal of Sport & Exercise 

Psychology, 39(6), 412-422. doi:10.1123/jsep.2017-0217 

Dudeney, J., Sharpe, L., & Hunt, C. (2015). Attentional bias towards threatening stimuli in children with 

anxiety: A meta-analysis. Clinical Psychology Review, 40, 66-75. 

doi:https://doi.org/10.1016/j.cpr.2015.05.007 

Dweck, C. S., Mangels, J. A., & Good, C. (2004). Motivational effects on attention, cognition, and 

performance. In D. Y. Dai & R. J. Sternberg (Eds.), Motivation, emotion, and cognition: Integrative 

perspectives on intellectual functioning and development (Vol. 2, pp. 41-55). Mahwah, NJ: 

Lawrence Erlbaum Associates Publishers. 

Ebner, N. C., & Johnson, M. K. (2010). Age-group differences in interference from young and older 

emotional faces. Cognition & Emotion, 24(7), 1095-1116. doi:10.1080/02699930903128395 

Eckstrand, K. L., Choukas-Bradley, S., Mohanty, A., Cross, M., Allen, N. B., Silk, J. S., . . . Forbes, E. E. 

(2017). Heightened activity in social reward networks is associated with adolescents' risky sexual 

behaviors. Developmental cognitive neuroscience, 27, 1-9. doi:10.1016/j.dcn.2017.07.004 

Eddington, K. M., Dolcos, F., Cabeza, R., Krishnan, R., & Strauman, T. J. (2007). Neural correlates of 

promotion and prevention goal activation: an fMRI study using an idiographic approach. J Cogn 

Neurosci, 19(7), 1152-1162. doi:10.1162/jocn.2007.19.7.1152 

Eddington, K. M., Dolcos, F., McLean, A. N., Krishnan, K. R., Cabeza, R., & Strauman, T. J. (2009). 

Neural correlates of idiographic goal priming in depression: goal-specific dysfunctions in the 

orbitofrontal cortex. Soc Cogn Affect Neurosci, 4(3), 238-246. doi:10.1093/scan/nsp016 

Ehring, T., & Quack, D. (2010). Emotion Regulation Difficulties in Trauma Survivors: The Role of Trauma 

Type and PTSD Symptom Severity. Behav Ther, 41(4), 587-598. doi:DOI 

10.1016/j.beth.2010.04.004 

Eimer, M. (2011). The face-sensitive N170 component of the event-related brain potential. The Oxford 

handbook of face perception, 28, 329-344.  

Eisenberg, N., Hofer, C., Sulik, M. J., & Spinrad, T. L. (2014). Self-regulation, effortful control, and their 

socioemotional correlates. In J. J. Gross (Ed.), Handbook of emotion regulation (2nd ed.). New York, 

NY: Guilford Press. 

Ekman, P. (1999). Basic emotions. In T. Dalgleish & M. J. Power (Eds.), Handbook of cognition and 

emotion. Chichester, UK: Wiley. 

Ellemers, N. (2012). The group self. Science, 336(6083), 848-852. doi:10.1126/science.1220987 

Elliot, A. J., Eder, A. B., & Harmon-Jones, E. (2013). Approach–avoidance motivation and emotion: 

Convergence and divergence. Emotion Review, 5(3), 308-311.  

https://doi.org/10.1016/j.cpr.2015.05.007


Jo
ur

na
l P

re
-p

ro
of

90 
 

Engelen, T., de Graaf, T. A., Sack, A. T., & de Gelder, B. (2015). A causal role for inferior parietal lobule in 

emotion body perception. Cortex, 73, 195-202. doi:10.1016/j.cortex.2015.08.013 

Erisman, S. M., & Roemer, L. (2010). A preliminary investigation of the effects of experimentally induced 

mindfulness on emotional responding to film clips. Emotion, 10(1), 72-82. doi:10.1037/a0017162 

Esteves , F., Dimberg, U., & Ohman, A. (1994). Automatically elicited fear: Conditioned skin conductance 

responses to masked facial expressions. Cognition & Emotion, 8(5), 393-413. 

doi:https://doi.org/10.1080/02699939408408949 

Etkin, A., Büchel, C., & Gross, J. J. (2015). The neural bases of emotion regulation. Nature Reviews 

Neuroscience, 16(11), 693.  

Etkin, A., Egner, T., & Kalisch, R. (2011). Emotional processing in anterior cingulate and medial prefrontal 

cortex. Trends in Cognitive Sciences, 15(2), 85-93. doi:DOI 10.1016/j.tics.2010.11.004 

Everaert, J., Grahek, I., & Koster, E. H. W. (2017). Individual differences in cognitive control over 

emotional material modulate cognitive biases linked to depressive symptoms. Cognition & Emotion, 

31(4), 736-746. doi:10.1080/02699931.2016.1144562 

Everaert, J., Podina, I. R., & Koster, E. H. W. (2017). A comprehensive meta-analysis of interpretation 

biases in depression. Clinical Psychology Review, 58, 33-48. doi:10.1016/j.cpr.2017.09.005 

Ewbank, M. P., Barnard, P. J., Croucher, C. J., Ramponi, C., & Calder, A. J. (2009). The amygdala response 

to images with impact. Social Cognitive and Affective Neuroscience, 4(2), 127-133.  

Eysenck, M. W., Derakshan, N., Santos, R., & Calvo, M. G. (2007). Anxiety and cognitive performance: 

attentional control theory. Emotion, 7(2), 336-353. doi:10.1037/1528-3542.7.2.336 

Fair, D. A., Dosenbach, N. U. F., Church, J. A., Cohen, A. L., Brahmbhatt, S., Miezin, F. M., . . . Schlaggar, 

B. L. (2007). Development of distinct control networks through segregation and integration. 

Proceedings of the National Academy of Sciences, 104(33), 13507.  

Fanselow, M. S. (1994). Neural Organization of the Defensive Behavior System Responsible for Fear. 

Psychon Bull Rev, 1(4), 429-438. doi:Doi 10.3758/Bf03210947 

Ferrari, V., Bradley, M. M., Codispoti, M., Karlsson, M., & Lang, P. J. (2013). Repetition and brain 

potentials when recognizing natural scenes: task and emotion differences. Social Cognitive and 

Affective Neuroscience, 8(8), 847-854. doi:10.1093/scan/nss081 

Ferrari, V., Bradley, M. M., Codispoti, M., & Lang, P. J. (2015). Massed and distributed repetition of 

natural scenes: Brain potentials and oscillatory activity. Psychophysiology, 52(7), 865-872. 

doi:10.1111/psyp.12424 

Fischer, H., Sandblom, J., Nyberg, L., Herlitz, A., & Backman, L. (2007). Brain activation while forming 

memories of fearful and neutral faces in women and men. Emotion, 7(4), 767-773. doi:2007-17748-

011 [pii] 

10.1037/1528-3542.7.4.767 

Fitzgerald, D. A., Arnold, J. F., Becker, E. S., Speckens, A. E., Rinck, M., Rijpkema, M., . . . Tendolkar, I. 

(2011). How mood challenges emotional memory formation: an fMRI investigation. NeuroImage, 

56(3), 1783-1790. doi:10.1016/j.neuroimage.2011.02.061 

Fitzgerald, J. M., Gorka, S. M., Kujawa, A., DiGangi, J. A., Proescher, E., Greenstein, J. E., . . . Phan, K. L. 

(2018). Neural indices of emotional reactivity and regulation predict course of PTSD symptoms in 

combat-exposed veterans. Progress in Neuro-Psychopharmacology & Biological Psychiatry, 82, 

255-262. doi:10.1016/j.pnpbp.2017.11.005 

Fitzgerald, J. M., MacNamara, A., Kennedy, A. E., Rabinak, C. A., Rauch, S. A. M., Liberzon, I., & Phan, 

K. L. (2017). Individual differences in cognitive reappraisal use and emotion regulatory brain 

function in combat-exposed veterans with and without PTSD. Depression and Anxiety, 34(1), 79-88. 

doi:10.1002/da.22551 

Flaks, M. K., Malta, S. M., Almeida, P. P., Bueno, O. F. A., Pupo, M. C., Andreoli, S. B., . . . Bressan, R. A. 

(2014). Attentional and executive functions are differentially affected by post-traumatic stress 

disorder and trauma. Journal of Psychiatric Research, 48(1), 32-39. 

doi:10.1016/j.jpsychires.2013.10.009 

https://doi.org/10.1080/02699939408408949


Jo
ur

na
l P

re
-p

ro
of

91 
 

Forster, S., Elizalde, A. O. N., Castle, E., & Bishop, S. J. (2015). Unraveling the Anxious Mind: Anxiety, 

Worry, and Frontal Engagement in Sustained Attention Versus Off-Task Processing. Cerebral 

Cortex, 25(3), 609-618. doi:10.1093/cercor/bht248 

Fox, K. C. R., Nijeboer, S., Dixon, M. L., Floman, J. L., Ellamil, M., Rumak, S. P., . . . Christoff, K. (2014). 

Is meditation associated with altered brain structure? A systematic review and meta-analysis of 

morphometric neuroimaging in meditation practitioners. Neuroscience and Biobehavioral Reviews, 

43, 48-73. doi:10.1016/j.neubiorev.2014.03.016 

Freeman, J. B., & Ambady, N. (2011). A dynamic interactive theory of person construal. Psychological 

Review, 118(2), 247-279. doi:10.1037/a0022327 

Freeman, J. B., Johnson, K. L., Adams, R. B., Jr., & Ambady, N. (2012). The social-sensory interface: 

Category interactions in person perception. Frontiers in Integrative Neuroscience, 6, 81. 

doi:10.3389/fnint.2012.00081 

Frewen, P. A., Lundberg, E., Brimson-Theberge, M., & Theberge, J. (2013). Neuroimaging self-esteem: a 

fMRI study of individual differences in women. Soc Cogn Affect Neurosci, 8(5), 546-555. 

doi:10.1093/scan/nss032 

Friedman, N. P., & Miyake, A. (2017). Unity and diversity of executive functions: Individual differences as 

a window on cognitive structure. Cortex, 86, 186-204. doi:10.1016/j.cortex.2016.04.023 

Frijda, N. H. (2009). Emotion experience and its varieties. Emotion Review, 1, 264–271.  

Gable, P. A., & Harmon-Jones, E. (2008). Approach-motivated positive affect reduces breadth of attention. 

Psychol Sci, 19(5), 476-482. doi:10.1111/j.1467-9280.2008.02112.x 

Galli, G., & Otten, L. J. (2011). Material-specific Neural Correlates of Recollection: Objects, Words, and 

Faces. Journal of Cognitive Neuroscience, 23(6), 1405-1418. doi:DOI 10.1162/jocn.2010.21442 

Galvan, A. (2010). Adolescent development of the reward system. Front Hum Neurosci, 4, 6. 

doi:10.3389/neuro.09.006.2010 

Galvan, A., Hare, T. A., Parra, C. E., Penn, J., Voss, H., Glover, G., & Casey, B. J. (2006). Earlier 

development of the accumbens relative to orbitofrontal cortex might underlie risk-taking behavior in 

adolescents. Journal of Neuroscience, 26(25), 6885-6892. doi:10.1523/Jneurosci.1062-06.2006 

Garcia-Pacios, J., Garces, P., Del Rio, D., & Maestu, F. (2015). Early detection and late cognitive control of 

emotional distraction by the prefrontal cortex. Sci Rep, 5, 10046. doi:10.1038/srep10046 

Gardiner, M. F. (2015). Integration of cognition and emotion in physical and mental actions in musical and 

other behaviors. Behav Brain Sci, 38, e76. doi:10.1017/S0140525X14000909 

Garrido, M. I., Barnes, G. R., Sahani, M., & Dolan, R. J. (2012). Functional evidence for a dual route to 

amygdala. Curr Biol, 22(2), 129-134. doi:S0960-9822(11)01371-6 [pii] 

10.1016/j.cub.2011.11.056 [doi] 

Gartner, M., & Bajbouj, M. (2014). Encoding-related EEG oscillations during memory formation are 

modulated by mood state. Social Cognitive and Affective Neuroscience, 9(12), 1934-1941. 

doi:10.1093/scan/nst184 

Gazzaley, A., & Nobre, A. C. (2012). Top-down modulation: bridging selective attention and working 

memory. Trends in Cognitive Sciences, 16(2), 129-135. doi:10.1016/j.tics.2011.11.014 

Geier, C. F., Terwilliger, R., Teslovich, T., Velanova, K., & Luna, B. (2010). Immaturities in Reward 

Processing and Its Influence on Inhibitory Control in Adolescence. Cerebral Cortex, 20(7), 1613-

1629. doi:10.1093/cercor/bhp225 

Geier, C. F., Terwilliger, T., Velanova, K., & Luna, B. (2010). Immaturities in reward processing and its 

influence on inhibitory control in adolescence. Cerebral Cortex, 20, 1613-1629.  

Gilam, G., & Hendler, T. (2016). With love, from me to you: Embedding social interactions in affective 

neuroscience. Neurosci Biobehav Rev, 68, 590-601. doi:10.1016/j.neubiorev.2016.06.027 

Gilbert, A. M., & Fiez, J. A. (2004). Integrating rewards and cognition in the frontal cortex. Cogn Affect 

Behav Neurosci, 4(4), 540-552.  



Jo
ur

na
l P

re
-p

ro
of

92 
 

Gilboa-Schechtman, E., Foa, E. B., & Amir, N. (1999). Attentional biases for facial expressions in social 

phobia: The face-in-the-crowd paradigm. Cognition & Emotion, 13(3), 305-318. 

doi:10.1080/026999399379294 

Glascher, J., & Adolphs, R. (2003). Processing of the arousal of subliminal and supraliminal emotional 

stimuli by the human amygdala. J Neurosci, 23(32), 10274-10282. doi:23/32/10274 [pii] 

Goldstein, J. M., Seidman, L. J., Horton, N. J., Makris, N., Kennedy, D. N., Caviness, V. S., Jr., . . . Tsuang, 

M. T. (2001). Normal sexual dimorphism of the adult human brain assessed by in vivo magnetic 

resonance imaging. Cereb Cortex, 11(6), 490-497.  

Gonzalez-Garrido, A. A., Lopez-Franco, A. L., Gomez-Velazquez, F. R., Ramos-Loyo, J., & Sequeira, H. 

(2015). Emotional content of stimuli improves visuospatial working memory. Neurosci Lett, 585, 

43-47. doi:10.1016/j.neulet.2014.11.014 

Gotlib, I. H., & Joormann, J. (2010). Cognition and depression: Current status and future directions. Annual 

Review of Clinical Psychology, Vol 6, 6, 285-312. doi:10.1146/annurev.clinpsy.121208.131305 

Graham, R., & Cabeza, R. (2001). Dissociating the neural correlates of item and context memory: An ERP 

study of face recognition. Canadian Journal of Experimental Psychology-Revue Canadienne De 

Psychologie Experimentale, 55(2), 154-161. doi:DOI 10.1037/h0087362 

Grahek, I., Everaert, J., Krebs, R., & Koster, E. H. (2018). Preprint: Cognitive control in depression: 

Towards clinical models informed by cognitive neuroscience. doi:10.17605/OSF.IO/QT72Z 

Grandjean, D., Sander, D., Pourtois, G., Schwartz, S., Seghier, M. L., Scherer, K. R., & Vuilleumier, P. 

(2005). The voices of wrath: brain responses to angry prosody in meaningless speech. Nat Neurosci, 

8(2), 145-146. doi:10.1038/nn1392 

Gray, J. A. (1970). The psychophysiological basis of introversion-extraversion. Behaviour Research and 

Therapy, 8(3), 249-266.  

Grillon, C., & Morgan, C. A., 3rd. (1999). Fear-potentiated startle conditioning to explicit and contextual 

cues in Gulf War veterans with posttraumatic stress disorder. Journal of Abnormal Psychology, 

108(1), 134-142.  

Grimm, S., Weigand, A., Kazzer, P., Jacobs, A. M., & Bajbouj, M. (2012). Neural mechanisms underlying 

the integration of emotion and working memory. NeuroImage, 61(4), 1188-1194. 

doi:10.1016/j.neuroimage.2012.04.004 

Grol, M., Schwenzfeier, A. K., Stricker, J., Booth, C., Temple-McCune, A., Derakshan, N., . . . Fox, E. 

(2018). The worrying mind in control: An investigation of adaptive working memory training and 

cognitive bias modification in worry-prone individuals. Behaviour Research and Therapy, 103, 1-11. 

doi:10.1016/j.brat.2018.01.005 

Grose-Fifer, J., Rodrigues, A., Hoover, S., & Zottoli, T. (2013). Attentional capture by emotional faces in 

adolescence. Advances in Cognitive Psychology, 9(2), 81-91. doi:10.2478/v10053-008-0134-9 

Gross, J. J. (2002). Emotion regulation: Affective, cognitive, and social consequences. Psychophysiology, 

39(3), 281-291. doi:10.1017/S0048577201393198 

Gross, J. J. (2008). Emotion regulation. In M. Lewis, J. M. Haviland-Jones, & L. F. Barrett (Eds.), 

Handbook of emotions (pp. 497-512). New York: Guilford. 

Gross, J. J. (2015). The Extended Process Model of Emotion Regulation: Elaborations, Applications, and 

Future Directions REPLY. Psychological Inquiry, 26(1), 130-137. 

doi:10.1080/1047840X.2015.989751 

Gross, J. J., Carstensen, L. L., Pasupathi, M., Tsai, J., Skorpen, C. G., & Hsu, A. Y. (1997). Emotion and 

aging: experience, expression, and control. Psychology and Aging, 12(4), 590-599.  

Gruber, T., Keil, A., & Muller, M. M. (2001). Modulation of induced gamma band responses and phase 

synchrony in a paired associate learning task in the human EEG. Neuroscience Letters, 316(1), 29-

32. doi:Doi 10.1016/S0304-3940(01)02361-8 

Gur, R. C., Gunning-Dixon, F., Bilker, W. B., & Gur, R. E. (2002). Sex differences in temporo-limbic and 

frontal brain volumes of healthy adults. Cereb Cortex, 12(9), 998-1003.  



Jo
ur

na
l P

re
-p

ro
of

93 
 

Gyurak, A., Goodkind, M. S., Kramer, J. H., Miller, B. L., & Levenson, R. W. (2012). Executive functions 

and the down-regulation and up-regulation of emotion. Cognition & Emotion, 26(1), 103-118. 

doi:10.1080/02699931.2011.557291 

Hadjikhani, N., & de Gelder, B. (2003). Seeing fearful body expressions activates the fusiform cortex and 

amygdala. Current Biology, 13(24), 2201-2205.  

Hajcak, G., Dunning, J. P., & Foti, D. (2009). Motivated and controlled attention to emotion: Time-course 

of the late positive potential. Clinical Neurophysiology, 120(3), 505-510. 

doi:10.1016/j.clinph.2008.11.028 

Hajcak, G., Weinberg, A., MacNamara, A., & Foti, D. (2012). ERPs and the study of emotion. The Oxford 

handbook of event-related potential components, 441, 474.  

Hall, J. A., & Matsumoto, D. (2004). Gender differences in judgments of multiple emotions from facial 

expressions. Emotion, 4(2), 201-206. doi:10.1037/1525-3542.4.2.201 

Hall, S. A., Brodar, K. E., LaBar, K. S., Berntsen, D., & Rubin, D. C. (2018). Neural responses to emotional 

involuntary memories in posttraumatic stress disorder: Differences in timing and activity. 

Neuroimage-Clinical, 19, 793-804. doi:10.1016/j.nicl.2018.05.009 

Hamann, S. (2005). Sex differences in the responses of the human amygdala. Neuroscientist, 11(4), 288-293. 

doi:11/4/288 [pii] 

10.1177/1073858404271981 

Hamann, S. (2012). Mapping discrete and dimensional emotions onto the brain: controversies and consensus. 

Trends Cogn Sci, 16(9), 458-466. doi:10.1016/j.tics.2012.07.006 

Hamann, S., & Canli, T. (2004). Individual differences in emotion processing. Current Opinion in 

Neurobiology, 14(2), 233-238. doi:10.1016/j.conb.2004.03.010 

Hamm, A. O. (2015). Fear-potentiated startle. In J. D. Wright (Ed.), International Encyclopedia of the 

Social and Behavioral Sciences (2nd ed.). 

Hamm, A. O., Greenwald, M. K., Bradley, M. M., & Lang, P. J. (1993). Emotional learning, hedonic change, 

and the startle probe. Journal of Abnormal Psychology, 102(3), 453-465.  

Hamm, A. O., Richter, J., Pane-Farre, C., Westphal, D., Wittchen, H. U., Vossbeck-Elsebusch, A. N., . . . 

Deckert, J. (2016). Panic disorder with agoraphobia from a behavioral neuroscience perspective: 

Applying the research principles formulated by the Research Domain Criteria (RDoC) initiative. 

Psychophysiology, 53(3), 312-322. doi:10.1111/psyp.12553 

Hamm, A. O., & Vaitl, D. (1996). Affective learning: Awareness and aversion. Psychophysiology, 33(6), 

698-710.  

Han, G., Helm, J., Iucha, C., Zahn-Waxler, C., Hastings, P. D., & Klimes-Dougan, B. (2016). Are Executive 

Functioning Deficits Concurrently and Predictively Associated with Depressive and Anxiety 

Symptoms in Adolescents? Journal of Clinical Child and Adolescent Psychology, 45(1), 44-58. 

doi:10.1080/15374416.2015.1041592 

Hare, T. A., Tottenham, N., Galvan, A., Voss, H. U., Glover, G. H., & Casey, B. J. (2008). Biological 

substrates of emotional reactivity and regulation in adolescence during an emotional Go-Nogo task. 

Biological Psychiatry, 63, 927-934.  

Harvey, A. G., Bryant, R. A., & Dang, S. T. (1998). Autobiographical memory in acute stress disorder. 

Journal of Consulting and Clinical Psychology, 66(3), 500-506.  

Hayes, J. P., LaBar, K. S., McCarthy, G., Selgrade, E., Nasser, J., Dolcos, F., & Morey, R. A. (2011). 

Reduced hippocampal and amygdala activity predicts memory distortions for trauma reminders in 

combat-related PTSD. Journal of Psychiatric Research, 45(5), 660-669. 

doi:10.1016/j.jpsychires.2010.10.007 

Hebb, D. O. (1949). The organization of behavior: A neuropsychological theory. New York: Wiley. 

Heeren, A., Van Broeck, N., & Philippot, P. (2009). The effects of mindfulness on executive processes and 

autobiographical memory specificity. Behaviour Research and Therapy, 47(5), 403-409. 

doi:10.1016/j.brat.2009.01.017 



Jo
ur

na
l P

re
-p

ro
of

94 
 

Heinzel, A., & Northoff, G. (2009). Emotional feeling and the orbitomedial prefrontal cortex: Theoretical 

and empirical considerations. Philosophical Psychology, 22(4), 443–464.  

Henckens, M. J. A. G., Hermans, E. J., Pu, Z., Joëls, M., & Fernández, G. (2009). Stressed memories: How 

acute stress affects memory formation in humans. Journal of Neuroscience, 29(32), 10111-10119. 

doi:10.1523/jneurosci.1184-09.2009 

Hendriks, M. C., van Boxtel, G. J., & Vingerhoets, A. J. (2007). An event-related potential study on the 

early processing of crying faces. Neuroreport., 18(7), 631-634.  

Hermans, E. J., Henckens, M. J., Joëls, M., & Fernández, G. (2014). Dynamic adaptation of large-scale 

brain networks in response to acute stressors. Trends in Neuroscience, 37(6), 304-314. 

doi:10.1016/j.tins.2014.03.006 

Herzog, J. I., Niedtfeld, I., Rausch, S., Thome, J., Mueller-Engelmann, M., Steil, R., . . . Schmahl, C. (2017). 

Increased recruitment of cognitive control in the presence of traumatic stimuli in complex PTSD. 

Eur Arch Psychiatry Clin Neurosci. doi:10.1007/s00406-017-0822-x 

Hickey, C., Chelazzi, L., & Theeuwes, J. (2010). Reward changes salience in human vision via the anterior 

cingulate. J Neurosci, 30(33), 11096-11103. doi:10.1523/JNEUROSCI.1026-10.2010 

Hietanen, J. K., & Nummenmaa, L. (2011). The naked truth: the face and body sensitive N170 response is 

enhanced for nude bodies. PLoS ONE, 6(11), e24408. doi:10.1371/journal.pone.0024408 [doi] 

PONE-D-11-03474 [pii] 

Higgins, E. T. (1998). Promotion and prevention: Regulatory focus as a motivational principle. Advances in 

Experimental Social Psychology, Vol 30, 30, 1-46. doi:Doi 10.1016/S0065-2601(08)60381-0 

Higgins, E. T. (2012). Regulatory focus theory. In P. A. M. Van Lange, A. W. Kruglanski, & E. T. Higgins 

(Eds.), Handbook of Theories of Social Psychology (pp. 483-504). Thousand Oaks, CA: Sage 

Publications Ltd. 

Higgins, E. T., & Pittman, T. S. (2008). Motives of the human animal: comprehending, managing, and 

sharing inner states. Annual Review of Psychology, Vol 66, 59, 361-385. 

doi:10.1146/annurev.psych.59.103006.093726 

Hirsch, C. R., Meeten, F., Krahe, C., & Reeder, C. (2016). Resolving Ambiguity in Emotional Disorders: 

The Nature and Role of Interpretation Biases. Annual Review of Clinical Psychology, Vol 12, 12, 

281-+. doi:10.1146/annurev-clinpsy-021815-093436 

Hirschfeld, R. M. (2001). The Comorbidity of Major Depression and Anxiety Disorders: Recognition and 

Management in Primary Care. Prim Care Companion J Clin Psychiatry, 3(6), 244-254.  

Holland, A. C., & Kensinger, E. A. (2010). Emotion and autobiographical memory. Phys Life Rev, 7(1), 88-

131. doi:10.1016/j.plrev.2010.01.006 

Holmes, J., & Gathercole, S. E. (2014). Taking working memory training from the laboratory into schools. 

Educational Psychology, 34(4), 440-450. doi:10.1080/01443410.2013.797338 

Hölzel, B. K., Carmody, J., Evans, K. C., Hoge, E. A., Dusek, J. A., Morgan, L., . . . Lazar, S. W. (2010). 

Stress reduction correlates with structural changes in the amygdala. Social Cognitive and Affective 

Neuroscience, 5(1), 11-17. doi:10.1093/scan/nsp034 

Hölzel, B. K., Carmody, J., Vangel, M., Congleton, C., Yerramsetti, S. M., Gard, T., & Lazar, S. W. (2011). 

Mindfulness practice leads to increases in regional brain gray matter density. Psychiatry Research: 

Neuroimaging, 191(1), 36-43. doi:10.1016/j.pscychresns.2010.08.006 

Hoorelbeke, K., Koster, E. H., Demeyer, I., Loeys, T., & Vanderhasselt, M. A. (2016). Effects of cognitive 

control training on the dynamics of (mal)adaptive emotion regulation in daily life. Emotion, 16(7), 

945-956. doi:10.1037/emo0000169 

Hoorelbeke, K., & Koster, E. H. W. (2017). Internet-Delivered Cognitive Control Training as a Preventive 

Intervention for Remitted Depressed Patients: Evidence From a Double-Blind Randomized 

Controlled Trial Study. Journal of Consulting and Clinical Psychology, 85(2), 135-146. 

doi:10.1037/ccp0000128 



Jo
ur

na
l P

re
-p

ro
of

95 
 

Hotton, M., Derakshan, N., & Fox, E. (2018). A randomised controlled trial investigating the benefits of 

adaptive working memory training for working memory capacity and attentional control in high 

worriers. Behaviour Research and Therapy, 100, 67-77. doi:10.1016/j.brat.2017.10.011 

Hubner, R., & Schlosser, J. (2010). Monetary reward increases attentional effort in the flanker task. Psychon 

Bull Rev, 17(6), 821-826. doi:10.3758/pbr.17.6.821 

Hur, J., Iordan, A. D., Dolcos, F., & Berenbaum, H. (2016). Emotional influences on perception and 

working memory. Cognition and Emotion, 1-9. doi:10.1080/02699931.2016.1213703 

Iacoboni, M., Lieberman, M. D., Knowlton, B. J., Molnar-Szakacs, I., Moritz, M., Throop, C. J., & Fiske, A. 

P. (2004). Watching social interactions produces dorsomedial prefrontal and medial parietal BOLD 

fMRI signal increases compared to a resting baseline. NeuroImage, 21(3), 1167-1173. 

doi:10.1016/j.neuroimage.2003.11.013 

Iacoviello, B., Huryk, K., Alvarez, E., Collins, K., Murrough, J., Iosifescu, D., & Charney, D. (2014). 

Cognitive-Emotional Training as an Intervention for Major Depressive Disorder. Biological 

Psychiatry, 75(9), 119s-119s.  

Iidaka, T., Okada, T., Murata, T., Omori, M., Kosaka, H., Sadato, N., & Yonekura, Y. (2002). Age-related 

differences in the medial temporal lobe responses to emotional faces as revealed by fMRI. 

Hippocampus, 12(3), 352-362. doi:10.1002/hipo.1113 

Immordino-Yang, M. H., Yang, X. F., & Damasio, H. (2014). Correlations between social-emotional 

feelings and anterior insula activity are independent from visceral states but influenced by culture. 

Front Hum Neurosci, 8, 728. doi:10.3389/fnhum.2014.00728 

Iordan, A. D., & Dolcos, F. (2017). Brain Activity and Network Interactions Linked to Valence-Related 

Differences in the Impact of Emotional Distraction. Cereb Cortex, 27(1), 731-749. 

doi:10.1093/cercor/bhv242 

Iordan, A. D., Dolcos, S., Denkova, E., & Dolcos, F. (2013). Sex differences in the response to emotional 

distraction: an event-related fMRI investigation. Cogn Affect Behav Neurosci, 13(1), 116-134. 

doi:10.3758/s13415-012-0134-6 

Iordan, A. D., Dolcos, S., & Dolcos, F. (2013). Neural signatures of the response to emotional distraction: a 

review of evidence from brain imaging investigations. Front Hum Neurosci, 7, 200.  

Iordan, A. D., Dolcos, S., & Dolcos, F. (2018). Brain activity and network interactions in the impact of 

internal emotional distraction. Cerebral Cortex. doi:10.1093/cercor/bhy129 

Ito, T. A., & Bartholow, B. D. (2009). The neural correlates of race. Trends in Cognitive Sciences, 13(12), 

524-531. doi:10.1016/j.tics.2009.10.002 

Iversen, S., Kupfermann, I., & Kandel, E. R. (2000). Emotional states and feelings. Principles of neural 

science, 4, 982-997.  

Izard, C. E. (2007). Basic Emotions, Natural Kinds, Emotion Schemas, and a New Paradigm. Perspectives 

on Psychological Science, 2(3), 260-280. doi:10.1111/j.1745-6916.2007.00044.x 

Izard, C. E. (2010). The Many Meanings/Aspects of Emotion: Definitions, Functions, Activation, and 

Regulation. Emotion Review, 2(4), 363-370. doi:doi:10.1177/1754073910374661 

Jacobs, R. H., Reinecke, M. A., Gollan, J. K., & Kane, P. (2008). Empirical evidence of cognitive 

vulnerability for depression among children and adolescents: A cognitive science and developmental 

perspective. Clinical Psychology Review, 28(5), 759-782. doi:10.1016/j.cpr.2007.10.006 

Jaeger, A., Johnson, J. D., Corona, M., & Rugg, M. D. (2009). ERP correlates of the incidental retrieval of 

emotional information: effects of study-test delay. Brain research, 1269, 105-113. 

doi:10.1016/j.brainres.2009.02.082 

Jaeger, A., & Rugg, M. D. (2012). Implicit effects of emotional contexts: An ERP study. Cogn Affect Behav 

Neurosci, 12(4), 748-760. doi:10.3758/s13415-012-0110-1 

Jenness, J. L., Jager-Hyman, S., Heleniak, C., Beck, A. T., Sheridan, M. A., & McLaughlin, K. A. (2016). 

Catastrophizing, rumination, and reappraisal prospectively predict adolescent PTSD symptom onset 

following a terrorist attack. Depression and Anxiety, 33(11), 1039-1047. doi:10.1002/da.22548 



Jo
ur

na
l P

re
-p

ro
of

96 
 

Jerud, A. B., Pruitt, L. D., Zoellner, L. A., & Feeny, N. C. (2016). The effects of prolonged exposure and 

sertraline on emotion regulation in individuals with posttraumatic stress disorder. Behaviour 

Research and Therapy, 77, 62-67. doi:10.1016/j.brat.2015.12.002 

Jiang, J., Sachdev, P. S., Lipnicki, D. M., Zhang, H., Liu, T., Zhu, W., . . . Wen, W. (2014). A longitudinal 

study of brain atrophy over two years in community-dwelling older individuals. NeuroImage, 86, 

203-211. doi:http://dx.doi.org/10.1016/j.neuroimage.2013.08.022 

Jing, H. G., Madore, K. P., & Schacter, D. L. (2016). Worrying about the future: An episodic specificity 

induction impacts problem solving, reappraisal, and well-being. Journal of Experimental 

Psychology: General, 145(4), 402-418. doi:10.1037/xge0000142 

Joëls, M., Fernandez, G., & Roozendaal, B. (2011). Stress and emotional memory: a matter of timing. 

Trends in Cognitive Sciences, 15(6), 280-288. doi:http://dx.doi.org/10.1016/j.tics.2011.04.004 

Johnston, P., Overell, A., Kaufman, J., Robinson, J., & Young, A. W. (2016). Expectations about person 

identity modulate the face-sensitive N170. Cortex, 85, 54-64. doi:10.1016/j.cortex.2016.10.002 

Johnston, W. A., & Dark, V. J. (1986). Selective Attention. Annual review of psychology, 37, 43-75. 

doi:DOI 10.1146/annurev.ps.37.020186.000355 

Johnstone, T., van Reekum, C. M., Urry, H. L., Kalin, N. H., & Davidson, R. J. (2007). Failure to regulate: 

Counterproductive recruitment of top-down prefrontal-subcortical circuitry in major depression. The 

Journal of Neuroscience, 27(33), 8877-8884. doi:10.1523/JNEUROSCI.2063-07.2007 

Joorman, J., Talbot, L., & Gotlib, I. H. (2007). Biased processing of emotional information in girls at risk 

for depression. Journal of Abnormal Psychology, 116, 135-143.  

Joormann, J. (2004). Attentional bias in dysphoria: The role of inhibitory processes. Cognition & Emotion, 

18(1), 125-147. doi:10.1080/02699930244000480 

Joormann, J. (2010). Cognitive Inhibition and Emotion Regulation in Depression. Current Directions in 

Psychological Science, 19(3), 161-166. doi:10.1177/0963721410370293 

Joormann, J., & Vanderlind, W. M. (2014). Emotion Regulation in Depression:The Role of Biased 

Cognition and Reduced Cognitive Control. Clinical Psychological Science, 2(4), 402-421. 

doi:10.1177/2167702614536163 

Joshi, M. S., & Carter, W. (2013). Unrealistic optimism: East and west? Front Psychol, 4, 6. 

doi:10.3389/fpsyg.2013.00006 

Kabat-Zinn, J. (2003). Mindfulness-based interventions in context: Past, present, and future. Clinical 

Psychology-Science and Practice, 10(2), 144-156. doi:10.1093/clipsy/bpg016 

Kane, M. J., Bleckley, M. K., Conway, A. R. A., & Engle, R. W. (2001). A controlled-attention view of 

working-memory capacity. Journal of Experimental Psychology-General, 130(2), 169-183. doi:Doi 

10.1037/0096-3445.130.2.169 

Kane, M. J., Hambrick, D. Z., & Conway, A. R. (2005). Working memory capacity and fluid intelligence 

are strongly related constructs: comment on Ackerman, Beier, and Boyle (2005). Psychol Bull, 

131(1), 66-71; author reply 72-65. doi:10.1037/0033-2909.131.1.66 

Kanske, P., Heissler, J., Schonfelder, S., Bongers, A., & Wessa, M. (2011). How to regulate emotion? 

Neural networks for reappraisal and distraction. Cerebral Cortex, 21(6), 1379-1388. 

doi:10.1093/cercor/bhq216 

Kanske, P., Heissler, J., Schonfelder, S., & Wessa, M. (2012). Neural correlates of emotion regulation 

deficits in remitted depression: The influence of regulation strategy, habitual regulation use, and 

emotional valence. NeuroImage, 61(3), 686-693. doi:10.1016/j.neuroimage.2012.03.089 

Karatzias, T., Shevlin, M., Hyland, P., Brewin, C. R., Cloitre, M., Bradley, A., . . . Roberts, N. P. (2018). 

The role of negative cognitions, emotion regulation strategies, and attachment style in complex post-

traumatic stress disorder: Implications for new and existing therapies. British Journal of Clinical 

Psychology, 57(2), 177-185. doi:10.1111/bjc.12172 

Katsumi, Y., Dolcos, F., Moore, M., Bartholow, B. D., Fabiani, M., & Dolcos, S. (in revision). 

Electrophysiological correlates of racial ingroup bias in observing nonverbal social encounters: An 

EEG investigation.  

http://dx.doi.org/10.1016/j.neuroimage.2013.08.022
http://dx.doi.org/10.1016/j.tics.2011.04.004


Jo
ur

na
l P

re
-p

ro
of

97 
 

Katsumi, Y., & Dolcos, S. (2018). Neural correlates of racial ingroup bias in observing computer-animated 

social encounters. Frontiers in Human Neuroscience, 11. doi:10.3389/Fnhum.2017.00632 

Katsumi, Y., Dolcos, S., Dixon, R. A., Fabiani, M., Stine-Morrow, E. A. L., & Dolcos, F. (in revision). 

Immediate and Long-Term Effects of Emotional Suppression in Aging: A Functional MRI 

Investigation.  

Kaufman, J., Birmaher, B., Brent, D., Rao, U., Flynn, C., Moreci, P., . . . Ryan, N. D. (1997). Schedule for 

Affective Disorders and Schizophrenia for School-Age Children Present and Lifetime Version (K-

SADS-PL): Initial reliability and validity data. Journal of the American Academy of Child & 

Adolescent Psychiatry, 36, 980-988.  

Kays, J. L., Hurley, R. A., & Taber, K. H. (2012). The dynamic brain: Neuroplasticity and mental health. 

Journal of Neuropsychiatry and Clinical Neurosciences, 24(2), 118-124. 

doi:10.1176/appi.neuropsych.12050109 

Kehoe, E. G., Toomey, J. M., Balsters, J. H., & Bokde, A. L. (2013). Healthy aging is associated with 

increased neural processing of positive valence but attenuated processing of emotional arousal: an 

fMRI study. Neurobiol Aging, 34(3), 809-821. doi:10.1016/j.neurobiolaging.2012.07.006 

Keightley, M. L., Winocur, G., Graham, S. J., Mayberg, H. S., Hevenor, S. J., & Grady, C. L. (2003). An 

fMRI study investigating cognitive modulation of brain regions associated with emotional 

processing of visual stimuli. Neuropsychologia, 41(5), 585-596.  

Kensinger, E. A., & Corkin, S. (2004). Two routes to emotional memory: Distinct neural processes for 

valence and arousal. Proceedings of the National Academy of Sciences, 101(9), 3310-3315. 

doi:10.1073/pnas.0306408101 

0306408101 [pii] 

Kensinger, E. A., Gutchess, A. H., & Schacter, D. L. (2007). Effects of aging and encoding instructions on 

emotion-induced memory trade-offs. Psychol Aging, 22(4), 781-795. doi:10.1037/0882-

7974.22.4.781 

Kensinger, E. A., Piguet, O., Krendl, A. C., & Corkin, S. (2005). Memory for contextual details: effects of 

emotion and aging. Psychol Aging, 20(2), 241-250. doi:2005-07436-006 [pii] 

10.1037/0882-7974.20.2.241 

Kensinger, E. A., & Schacter, D. L. (2005). Retrieving accurate and distorted memories: Neuroimaging 

evidence for effects of emotion. NeuroImage, 27(1), 167-177. doi:S1053-8119(05)00224-7 [pii] 

10.1016/j.neuroimage.2005.03.038 

Kensinger, E. A., & Schacter, D. L. (2006). Processing emotional pictures and words: Effects of valence and 

arousal. Cognitive, Affective, & Behavioral Neuroscience, 6(2), 110-126.  

Kensinger, E. A., & Schacter, D. L. (2008). Neural processes supporting young and older adults' emotional 

memories. Journal of Cognitive Neuroscience, 20(7), 1161-1173. doi:10.1162/jocn.2008.20080 

Kerestes, R., Ladouceur, C. D., Meda, S., Nathan, P. J., Blumberg, H. P., Maloney, K., . . . Phillips, M. L. 

(2012). Abnormal prefrontal activity subserving attentional control of emotion in remitted depressed 

patients during a working memory task with emotional distracters. Psychol Med, 42(1), 29-40. 

doi:10.1017/s0033291711001097 

Keshavan, M. S., Vinogradov, S., Rumsey, J., Sherrill, J., & Wagner, A. (2014). Cognitive training in 

mental disorders: Update and future directions. American Journal of Psychiatry, 171(5), 510-522. 

doi:10.1176/appi.ajp.2013.13081075 

Kessler, R. C. (2003). Epidemiology of women and depression. J Affect Disord, 74(1), 5-13. 

doi:S0165032702004263 [pii] 

Killgore, W. D. S., & Yurgelun-Todd, D. A. (2001). Sex differences in amygdala activation during the 

perception of facial affect. Neuroreport, 12(11), 2543-2547. doi:Doi 10.1097/00001756-200108080-

00050 

Kim, E. J., Horovitz, O., Pellman, B. A., Tan, L. M., Li, Q. L., Richter-Levin, G., & Kim, J. J. (2013). 

Dorsal periaqueductal gray-amygdala pathway conveys both innate and learned fear responses in rats. 



Jo
ur

na
l P

re
-p

ro
of

98 
 

Proceedings of the National Academy of Sciences of the United States of America, 110(36), 14795-

14800. doi:10.1073/pnas.1310845110 

Kim, M. J., Gee, D. G., Loucks, R. A., Davis, F. C., & Whalen, P. J. (2011). Anxiety Dissociates Dorsal and 

Ventral Medial Prefrontal Cortex Functional Connectivity with the Amygdala at Rest. Cerebral 

Cortex, 21(7), 1667-1673. doi:10.1093/cercor/bhq237 

Kircanski, K., Lieberman, M. D., & Craske, M. G. (2012). Feelings into words: contributions of language to 

exposure therapy. Psychol Sci, 23(10), 1086-1091. doi:10.1177/0956797612443830 

Kissler, J., & Strehlow, J. (2017). Something always sticks? how emotional language modulates neural 

processes involved in face encoding and recognition memory. Poznan Studies in Contemporary 

Linguistics, 53(1), 63-93.  

Klumpers, F., Morgan, B., Terburg, D., Stein, D. J., & van Honk, J. (2015). Impaired acquisition of 

classically conditioned fear-potentiated startle reflexes in humans with focal bilateral basolateral 

amygdala damage. Social Cognitive and Affective Neuroscience, 10(9), 1161-1168. 

doi:10.1093/scan/nsu164 

Kontaris, I., Wiggett, A. J., & Downing, P. E. (2009). Dissociation of extrastriate body and biological-

motion selective areas by manipulation of visual-motor congruency. Neuropsychologia, 47(14), 

3118-3124. doi:10.1016/j.neuropsychologia.2009.07.012 

Kosslyn, S. M., Cacioppo, J. T., Davidson, R. J., Hugdahl, K., Lovallo, W. R., Spiegel, D., & Rose, R. 

(2002). Bridging psychology and biology. The analysis of individuals in groups. Am Psychol, 57(5), 

341-351.  

Koster, E. H. W., & Bernstein, A. (2015). Introduction to the special issue on Cognitive bias modification: 

Taking a step back to move forward? Journal of Behavior Therapy & Experimental Psychiatry, 49, 

1-4. doi:10.1016/j.jbtep.2015.05.006 

Koster, E. H. W., Hoorelbeke, K., Onraedt, T., Owens, M., & Derakshan, N. (2017). Cognitive control 

interventions for depression: A systematic review of findings from training studies. Clinical 

Psychology Review, 53, 79-92. doi:10.1016/j.cpr.2017.02.002 

Kozlowska, K., Walker, P., McLean, L., & Carrive, P. (2015). Fear and the Defense Cascade: Clinical 

Implications and Management. Harv Rev Psychiatry, 23(4), 263-287. 

doi:10.1097/HRP.0000000000000065 

Kragel, P. A., & LaBar, K. S. (2016). Decoding the Nature of Emotion in the Brain. Trends in Cognitive 

Sciences, 20(6), 444-455. doi:https://doi.org/10.1016/j.tics.2016.03.011 

Krause, E., Benke, C., Koenig, J., Thayer, J. F., Hamm, A. O., & Pané-Farré, C. A. (2017). Dynamics of 

defensive response mobilization to approaching external vs. interoceptive threat. Biological 

Psychiatry: Cognitive Neuroscience and Neuroimaging.  

Krawczyk, D. C., Gazzaley, A., & D'Esposito, M. (2007). Reward modulation of prefrontal and visual 

association cortex during an incentive working memory task. Brain Res, 1141, 168-177. 

doi:10.1016/j.brainres.2007.01.052 

Krejtz, I., Holas, P., Rusanowska, M., & Nezlek, J. B. (2018). Positive online attentional training as a means 

of modifying attentional and interpretational biases among the clinically depressed: An experimental 

study using eye tracking. Journal of Clinical Psychology. doi:10.1002/jclp.22617 

Kret, M. E., Pichon, S., Grezes, J., & de Gelder, B. (2011). Similarities and differences in perceiving threat 

from dynamic faces and bodies. An fMRI study. NeuroImage, 54(2), 1755-1762. 

doi:10.1016/j.neuroimage.2010.08.012 

Kring, A. M., & Gordon, A. H. (1998). Sex differences in emotion: expression, experience, and physiology. 

J Pers Soc Psychol, 74(3), 686-703.  

Kuckertz, J. M., Amir, N., Boffa, J. W., Warren, C. K., Rindt, S. E. M., Norman, S., . . . McLay, R. (2014). 

The effectiveness of an attention bias modification program as an adjunctive treatment for Post-

Traumatic Stress Disorder. Behaviour Research and Therapy, 63, 25-35. 

doi:10.1016/j.brat.2014.09.002 

LaBar, K. S., & Cabeza, R. (2006). Cognitive neuroscience of emotional memory. Nature Reviews 

Neuroscience, 7(1), 54-64. doi:nrn1825 [pii] 

https://doi.org/10.1016/j.tics.2016.03.011


Jo
ur

na
l P

re
-p

ro
of

99 
 

10.1038/nrn1825 

Laine, C. M., Spitler, K. M., Mosher, C. P., & Gothard, K. M. (2009). Behavioral triggers of skin 

conductance responses and their neural correlates in the primate amygdala. Journal of 

Neurophysiology, 101(4), 1749-1754. doi:10.1152/jn.91110.2008 

Lang, P. J., & Bradley, M. M. (2008). Appetitive and Defensive Motivation Is the Substrate of Emotion 

Handbook of approach and avoidance motivation: Routledge. 

Lang, P. J., & Bradley, M. M. (2010). Emotion and the motivational brain. Biological Psychology, 84(3), 

437-450. doi:10.1016/j.biopsycho.2009.10.007 

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (1997). Motivated attention: Affect, activation, and action. 

Attention and orienting: Sensory and motivational processes, 97, 135.  

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (2008). International affective picture system (IAPS): 

Affective ratings of pictures and instruction manual. Retrieved from 

http://csea.phhp.ufl.edu/Media.html 

Lang, P. J., Greenwald, M. K., Bradley, M. M., & Hamm, A. O. (1993). Looking at pictures: Affective, 

facial, visceral, and behavioral reactions. Psychophysiology, 30, 261-273.  

Langeslag, S. J., Franken, I. H., & Van Strien, J. W. (2008). Dissociating love-related attention from task-

related attention: an event-related potential oddball study. Neurosci Lett, 431(3), 236-240. 

doi:10.1016/j.neulet.2007.11.044 

Langeslag, S. J. E., & van Strien, J. W. (2017). Preferential processing of task-irrelevant beloved-related 

information and task performance: Two event-related potential studies. Neuropsychologia. 

doi:10.1016/j.neuropsychologia.2017.09.015 

Lau, J. Y. F., & Waters, A. M. (2017). Annual Research Review: An expanded account of information‐
processing mechanisms in risk for child and adolescent anxiety and depression. Journal of Child 

Psychology and Psychiatry, 58(4), 387-407. doi:doi:10.1111/jcpp.12653 

Layton, B., & Krikorian, R. (2002). Memory mechanisms in posttraumatic stress disorder. Journal of 

Neuropsychiatry and Clinical Neurosciences, 14(3), 254-261.  

LeDoux, J. (2012). Rethinking the emotional brain. Neuron, 73(4), 653-676. 

doi:10.1016/j.neuron.2012.02.004 

LeDoux, J. (2015). Feelings: What Are They & How Does the Brain Make Them? Dædalus, the Journal of 

the American Academy of Arts & Sciences, 144(1), 96-111.  

LeDoux, J. E., & Brown, R. (2017). A higher-order theory of emotional consciousness. Proceedings of the 

National Academy of Sciences, 114(10), E2016-E2025. doi:10.1073/pnas.1619316114 

Levav, J., & Argo, J. J. (2010). Physical contact and financial risk taking. Psychological Science, 21(6), 

804-810. doi:10.1177/0956797610369493 

Liddell, B. J., Brown, K. J., Kemp, A. H., Barton, M. J., Das, P., Peduto, A., . . . Williams, L. M. (2005). A 

direct brainstem-amygdala-cortical 'alarm' system for subliminal signals of fear. NeuroImage, 24(1), 

235-243.  

Lindquist, K. A., Satpute, A. B., Wager, T. D., Weber, J., & Barrett, L. F. (2016). The Brain Basis of 

Positive and Negative Affect: Evidence from a Meta-Analysis of the Human Neuroimaging 

Literature. Cerebral Cortex, 26(5), 1910-1922. doi:10.1093/cercor/bhv001 

Lindquist, K. A., Siegel, E. H., Quigley, K. S., & Barrett, L. F. (2013). The hundred-year emotion war: are 

emotions natural kinds or psychological constructions? Comment on Lench, Flores, and Bench 

(2011). Psychol Bull, 139(1), 255-263. doi:10.1037/a0029038 

Lindquist, K. A., Wager, T. D., Kober, H., Bliss-Moreau, E., & Barrett, L. F. (2012). The brain basis of 

emotion: a meta-analytic review. Behav Brain Sci, 35(3), 121-143.  

Lipp, O. V., Sheridan, J., & Siddle, D. A. (1994). Human blink startle during aversive and nonaversive 

Pavlovian conditioning. J Exp Psychol Anim Behav Process, 20(4), 380-389.  

Llewellyn, N., Dolcos, S., Jordan, A. D., Rudolph, K. D., & Dolcos, F. (2013). Reappraisal and suppression 

mediate the contribution of regulatory focus to anxiety in healthy adults. Emotion, 13(4), 610-615. 

doi:10.1037/a0032568 

http://csea.phhp.ufl.edu/Media.html


Jo
ur

na
l P

re
-p

ro
of

100 
 

Lomas, T., Ivtzan, I., & Fu, C. H. Y. (2015). A systematic review of the neurophysiology of mindfulness on 

EEG oscillations. Neuroscience and Biobehavioral Reviews, 57, 401-410. 

doi:10.1016/j.neubiorev.2015.09.018 

Low, A., Weymar, M., & Hamm, A. O. (2015). When Threat Is Near, Get Out of Here: Dynamics of 

Defensive Behavior During Freezing and Active Avoidance. Psychological Science, 26(11), 1706-

1716. doi:10.1177/0956797615597332 

Luber, B. M., Davis, S., Bernhardt, E., Neacsiu, A., Kwapil, L., Lisanby, S. H., & Strauman, T. J. (2017). 

Using neuroimaging to individualize TMS treatment for depression: Toward a new paradigm for 

imaging-guided intervention. NeuroImage, 148, 1-7. doi:10.1016/j.neuroimage.2016.12.083 

Luck, S. (2005). An Introduction to the Event-related Potential Technique: MIT Press. 

Luck, S. J., & Hillyard, S. A. (1994). Electrophysiological correlates of feature analysis during visual-search. 

Psychophysiology, 31(3), 291-308. doi:10.1111/j.1469-8986.1994.tb02218.x 

Luders, E., Phillips, O. R., Clark, K., Kurth, F., Toga, A. W., & Narr, K. L. (2012). Bridging the 

hemispheres in meditation: Thicker callosal regions and enhanced fractional anisotropy (FA) in 

long-term practitioners. NeuroImage, 61(1), 181-187. doi:10.1016/j.neuroimage.2012.02.026 

Mackay, D. G., Shafto, M., Taylor, J. K., Marian, D. E., Abrams, L., & Dyer, J. R. (2004). Relations 

between emotion, memory, and attention: Evidence from taboo Stroop, lexical decision, and 

immediate memory tasks. Memory & Cognition, 32(3), 474-488. doi:10.3758/BF03195840 

Mackiewicz, K. L., Sarinopoulos, I., Cleven, K. L., & Nitschke, J. B. (2006). The effect of anticipation and 

the specificity of sex differences for amygdala and hippocampus function in emotional memory. 

Proceedings of the National Academy of Sciences, 103(38), 14200-14205. doi:0601648103 [pii] 

10.1073/pnas.0601648103 

MacLeod, C., & Clarke, P. J. F. (2015). The Attentional Bias Modification Approach to Anxiety 

Intervention. Clinical Psychological Science, 3(1), 58-78. doi:10.1177/2167702614560749 

MacLeod, C., & Grafton, B. (2016). Anxiety-linked attentional bias and its modification: Illustrating the 

importance of distinguishing processes and procedures in experimental psychopathology research. 

Behaviour Research and Therapy, 86, 68-86. doi:10.1016/j.brat.2016.07.005 

MacLeod, C., & Mathews, A. (2012). Cognitive Bias Modification Approaches to Anxiety. Annual Review 

of Clinical Psychology, Vol 8, 8, 189-217. doi:10.1146/annurev-clinpsy-032511-143052 

MacLeod, C., Rutherford, E., Campbell, L., Ebsworthy, G., & Holker, L. (2002). Selective attention and 

emotional vulnerability: Assessing the causal basis of their association through the experimental 

manipulation of attentional bias. Journal of Abnormal Psychology, 111(1), 107-123. 

doi:10.1037//0021-843X.111.1.107 

MacNamara, A., Ferri, J., & Hajcak, G. (2011). Working memory load reduces the late positive potential 

and this effect is attenuated with increasing anxiety. Cogn Affect Behav Neurosci, 11(3), 321-331. 

doi:10.3758/s13415-011-0036-z 

MacNamara, A., Rabinak, C. A., Kennedy, A. E., Fitzgerald, D. A., Liberzon, I., Stein, M. B., & Phan, K. L. 

(2016). Emotion Regulatory Brain Function and SSRI Treatment in PTSD: Neural Correlates and 

Predictors of Change. Neuropsychopharmacology, 41(2), 611-618. doi:10.1038/npp.2015.190 

Madore, K. P., Addis, D. R., & Schacter, D. L. (2015). Creativity and memory: Effects of an episodic-

specificity induction on divergent thinking. Psychological Science, 26(9), 1461-1468. 

doi:10.1177/0956797615591863 

Madore, K. P., & Schacter, D. L. (2016). Remembering the past and imagining the future: Selective effects 

of an episodic specificity induction on detail generation. Quarterly Journal of Experimental 

Psychology, 69(2), 285-298. doi:10.1080/17470218.2014.999097 

Mairean, C., & Ceobanu, C. M. (2017). The relationship between suppression and subsequent intrusions: the 

mediating role of peritraumatic dissociation and anxiety. Anxiety Stress and Coping, 30(3), 304-316. 

doi:10.1080/10615806.2016.1263839 



Jo
ur

na
l P

re
-p

ro
of

101 
 

Maratos, E. J., Allan, K., & Rugg, M. D. (2000). Recognition memory for emotionally negative and neutral 

words: an ERP study. Neuropsychologia, 38(11), 1452-1465. doi:Doi 10.1016/S0028-

3932(00)00061-0 

Markowitsch, H. J., Vandekerckhove, M. M., Lanfermann, H., & Russ, M. O. (2003). Engagement of lateral 

and medial prefrontal areas in the ecphory of sad and happy autobiographical memories. Cortex, 

39(4-5), 643-665.  

Martinez-Galindo, J. G., & Cansino, S. (2017). Emotional context during encoding modulates recognition 

electrophysiological activity. Exp Brain Res, 235(1), 169-179. doi:10.1007/s00221-016-4780-8 

Mather, M. (2007). Emotional Arousal and Memory Binding An Object-Based Framework. Perspectives on 

Psychological Science, 2(1), 33-52. doi:10.1111/j.1745-6916.2007.00028.x 

Mather, M. (2012). The emotion paradox in the aging brain. Annals of the New York Academy of Sciences, 

1251, 33-49. doi:10.1111/j.1749-6632.2012.06471.x 

Mather, M. (2016). The Affective Neuroscience of Aging. Annual Review of Psychology, Vol 66, 67, 213-

238. doi:10.1146/annurev-psych-122414-033540 

Mather, M., Canli, T., English, T., Whitfield, S., Wais, P., Ochsner, K., . . . Carstensen, L. L. (2004). 

Amygdala responses to emotionally valenced stimuli in older and younger adults. Psychological 

Science, 15(4), 259-263. doi:10.1111/j.0956-7976.2004.00662.x 

PSCI662 [pii] 

Mather, M., & Carstensen, L. L. (2005). Aging and motivated cognition: the positivity effect in attention 

and memory. Trends in Cognitive Sciences, 9(10), 496-502.  

Mather, M., & Sutherland, M. R. (2011). Arousal-Biased Competition in Perception and Memory. 

Perspectives on Psychological Science, 6(2), 114-133. doi:10.1177/1745691611400234 

Matt, G. E., Vazquez, C., & Campbell, W. K. (1992). Mood-Congruent Recall of Affectively Toned Stimuli 

- a Meta-Analytic Review. Clinical Psychology Review, 12(2), 227-255. doi:Doi 10.1016/0272-

7358(92)90116-P 

Mauss, I. B., Bunge, S. A., & Gross, J. J. (2007). Automatic emotion regulation. Social and Personality 

Psychology Compass, 1(1), 146-167. doi:10.1111/j.1751-9004.2007.00005.x 

May, A. (2011). Experience-dependent structural plasticity in the adult human brain. Trends in Cognitive 

Sciences, 15(10), 475-482. doi:10.1016/j.tics.2011.08.002 

Mayberg, H. S. (1997). Limbic-cortical dysregulation: A proposed model of depression. Journal of 

Neuropsychiatry and Clinical Neurosciences, 9(3), 471-481.  

Mayberg, H. S. (2006). Defining neurocircuits in depression. Psychiatric Annals, 36(4), 259-268.  

Mazefsky, C. A., Pelphrey, K. A., & Dahl, R. E. (2012). The need for a broader approach to emotion 

regulation research in autism. Child Development Perspectives, 6(1), 92-97. doi:10.1111/j.1750-

8606.2011.00229.x 

McFarland, C. P., Primosch, M., Maxson, C. M., & Stewart, B. T. (2017). Enhancing memory and 

imagination improves problem solving among individuals with depression. Memory & Cognition, 1-

8. doi:10.3758/s13421-017-0706-3 

McGaugh, J. L. (2004). The amygdala modulates the consolidation of memories of emotionally arousing 

experiences. Annual Review of Neuroscience, 27, 1-28. 

doi:10.1146/annurev.neuro.27.070203.144157 

McNally, R. J., Litz, B. T., Prassas, A., Shin, L. M., & Weathers, F. W. (1994). Emotional priming of 

autobiographical memory in post-traumatic stress disorder. Cognition & Emotion, 8, 351-367.  

McNaughton, N. (2011). Fear, anxiety and their disorders: Past, present and future neural theories. 

Psychology & Neuroscience, 4(2), 173.  

McRae, K., Hughes, B., Chopra, S., Gabrieli, J. D., Gross, J. J., & Ochsner, K. N. (2010). The neural bases 

of distraction and reappraisal. Journal of Cognitive Neuroscience, 22(2), 248-262. 

doi:10.1162/jocn.2009.21243 



Jo
ur

na
l P

re
-p

ro
of

102 
 

McRae, K., Jacobs, S. E., Ray, R. D., John, O. P., & Gross, J. J. (2012). Individual differences in reappraisal 

ability: Links to reappraisal frequency, well-being, and cognitive control. Journal of Research in 

Personality, 46(1), 2-7. doi:10.1016/j.jrp.2011.10.003 

Mcrae, K., Ochsner, K. N., Mauss, I. B., Gabrieli, J. J. D., & Gross, J. J. (2008). Gender differences in 

emotion regulation: An fMRI study of cognitive reappraisal. Group Processes & Intergroup 

Relations, 11(2), 143-162. doi:10.1177/1368430207088035 

Meeren, H. K., Hadjikhani, N., Ahlfors, S. P., Hamalainen, M. S., & de Gelder, B. (2016). Early Preferential 

Responses to Fear Stimuli in Human Right Dorsal Visual Stream--A Meg Study. Sci Rep, 6, 24831. 

doi:10.1038/srep24831 

Meule, A., Skirde, A. K., Freund, R., Vogele, C., & Kubler, A. (2012). High-calorie food-cues impair 

working memory performance in high and low food cravers. Appetite, 59(2), 264-269. 

doi:10.1016/j.appet.2012.05.010 

Meyers-Levy, J., & Loken, B. (2015). Revisiting gender differences: What we know and what lies ahead. 

Journal of Consumer Psychology, 25(1), 129-149. doi:10.1016/j.jcps.2014.06.003 

Mickley, K. R., & Kensinger, E. A. (2008). Emotional valence influences the neural correlates associated 

with remembering and knowing. Cognitive, Affective, & Behavioral Neuroscience, 8(2), 143-152.  

Mickley Steinmetz, K. R., Addis, D. R., & Kensinger, E. A. (2010). The effect of arousal on the emotional 

memory network depends on valence. NeuroImage, 53, 318-324.  

Mickley Steinmetz, K. R., & Kensinger, E. A. (2009). The effects of valence and arousal on the neural 

activity leading to subsequent memory. Psychophysiology, 46, 1190-1199.  

Millan, M. J., Agid, Y., Brune, M., Bullmore, E. T., Carter, C. S., Clayton, N. S., . . . Young, L. J. (2012). 

Cognitive dysfunction in psychiatric disorders: characteristics, causes and the quest for improved 

therapy. Nature Reviews Drug Discovery, 11(2), 141-168. doi:10.1038/nrd3628 

Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal cortex function. Annu Rev Neurosci, 

24, 167-202. doi:10.1146/annurev.neuro.24.1.167 

24/1/167 [pii] 

Miloyan, B., & Suddendorf, T. (2015). Feelings of the future. Trends Cogn Sci, 19(4), 196-200. 

doi:10.1016/j.tics.2015.01.008 

Mischel, W., & Shoda, Y. (1995). A cognitive-affective system theory of personality: Reconceptualizing 

situations, dispositions, dynamics, and invariance in personality structure. Psychological Review, 

102(2), 246-268. doi:10.1037/0033-295x.102.2.246 

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D. (2000). The 

unity and diversity of executive functions and their contributions to complex "frontal lobe" tasks: A 

latent variable analysis. Cognitive Psychology, 41(1), 49-100. doi:10.1006/cogp.1999.0734 

Miyake, A., & Shah, P. (1999). Models of working memory: Mechanisms of active maintenance and 

executive control: Cambridge University Press. 

Mobbs, D., Marchant, J. L., Hassabis, D., Seymour, B., Tan, G., Gray, M., . . . Frith, C. D. (2009). From 

Threat to Fear: The Neural Organization of Defensive Fear Systems in Humans. The Journal of 

Neuroscience, 29(39), 12236-12243. doi:10.1523/jneurosci.2378-09.2009 

Mogg, K., & Bradley, B. P. (1999). Orienting of Attention to Threatening Facial Expressions Presented 

under Conditions of Restricted Awareness. Cognition and Emotion, 13(6), 713-740.  

Mogg, K., & Bradley, B. P. (2018). Anxiety and threat-related attention: Cognitive-motivational framework 

and treatment. Trends in Cognitive Sciences, 22(3), 225-240. doi:10.1016/j.tics.2018.01.001 

Monk, C. S., McClure, E. B., Nelson, E. E., Zarahn, E., Bilder, R. M., Leibenluft, E., . . . Pine, D. S. (2003). 

Adolescent immaturity in attention-related brain engagement to emotional facial expressions. 

NeuroImage, 20, 420-428.  

Monk, C. S., Nelson, E. E., McClure, E. B., Mogg, K., Bradley, B. P., Leibenluft, E., . . . Pine, D. S. (2008). 

Amygdala and ventrolateral prefrontal cortex activation to masked angry faces in children and 

adolescents with generalized anxiety disorder. Archives of General Psychiatry, 65, 568-576.  



Jo
ur

na
l P

re
-p

ro
of

103 
 

Moore, M., Shafer, A. T., Bakhtiari, R., Dolcos, F., & Singhal, A. (2019). Integration of spatio-temporal 

dynamics in emotion-cognition interactions: A simultaneous fMRI-ERP investigation using the 

emotional oddball task, in revision.  

Morey, R. A., Dolcos, F., Petty, C. M., Cooper, D. A., Hayes, J. P., LaBar, K. S., & McCarthy, G. (2009). 

The role of trauma-related distractors on neural systems for working memory and emotion 

processing in posttraumatic stress disorder. J Psychiatr Res, 43(8), 809-817. doi:S0022-

3956(08)00242-2 [pii] 

10.1016/j.jpsychires.2008.10.014 

Morey, R. A., Petty, C. M., Cooper, D. A., Labar, K. S., & McCarthy, G. (2008). Neural systems for 

executive and emotional processing are modulated by symptoms of posttraumatic stress disorder in 

Iraq War veterans. Psychiatry Res, 162(1), 59-72.  

Morris, J. S., DeGelder, B., Weiskrantz, L., & Dolan, R. J. (2001). Differential extrageniculostriate and 

amygdala responses to presentation of emotional faces in a cortically blind field. Brain, 124(Pt 6), 

1241-1252.  

Morris, J. S., Ohman, A., & Dolan, R. J. (1998). Conscious and unconscious emotional learning in the 

human amygdala. Nature, 393(6684), 467-470.  

Morris, J. S., Ohman, A., & Dolan, R. J. (1999). A subcortical pathway to the right amygdala mediating 

"unseen" fear. Proceedings of the National Academy of Sciences, 96(4), 1680-1685.  

Morris, W. N. (1992). A functional analysis of the role of mood in affective systems.  

Moser, J. S., Becker, M. W., & Moran, T. P. (2012). Enhanced Attentional Capture in Trait Anxiety. 

Emotion, 12(2), 213-216. doi:10.1037/a0026156 

Mosher, C. P., Zimmerman, P. E., & Gothard, K. M. (2010). Response characteristics of basolateral and 

centromedial neurons in the primate amygdala. Journal of Neuroscience, 30(48), 16197-16207. 

doi:10.1523/Jneurosci.3225-10.2010 

Motter, J. N., Pimontel, M. A., Rindskopf, D., Devanand, D. P., Doraiswamy, P. M., & Sneed, J. R. (2016). 

Computerized cognitive training and functional recovery in major depressive disorder: A meta-

analysis. J Affect Disord, 189, 184-191. doi:10.1016/j.jad.2015.09.022 

Moyal, N., Henik, A., & Anholt, G. E. (2014). Cognitive strategies to regulate emotions - current evidence 

and future directions. Frontiers in Psychology, 4. doi:Artn 1019 

10.3389/Fpsyg.2013.01019 

Munezero, M. D., Montero, C. S., Sutinen, E., & Pajunen, J. (2014). Are They Different? Affect, Feeling, 

Emotion, Sentiment, and Opinion Detection in Text. IEEE Transactions on Affective Computing, 

5(2), 101-111. doi:10.1109/TAFFC.2014.2317187 

Murakami, H., Nakao, T., Matsunaga, M., Kasuya, Y., Shinoda, J., Yamada, J., & Ohira, H. (2012). The 

structure of mindful brain. PLoS ONE, 7(9). doi:10.1371/journal.pone.0046377 

Murphy, S. T., & Zajonc, R. B. (1993). Affect, cognition, and awareness: affective priming with optimal 

and suboptimal stimulus exposures. Journal of Personality and Social Psychology, 64(5), 723-739.  

Murty, V. P., Ritchey, M., Adcock, R. A., & LaBar, K. S. (2010). fMRI studies of successful emotional 

memory encoding: A quantitative meta-analysis. Neuropsychologia, 48(12), 3459-3469.  

Muscatell, K. A., Addis, D. R., & Kensinger, E. A. (2010). Self-involvement modulates the effective 

connectivity of the autobiographical memory network. Social Cognitive and Affective Neuroscience, 

5(1), 68-76. doi:nsp043 [pii] 

10.1093/scan/nsp043 

Nadel, L., & Jacobs, W. J. (1998). Traumatic Memory is Special. Current Directions in Psychological 

Science, 7, 154-157.  

Nashiro, K., & Mather, M. (2011). How arousal affects younger and older adults' memory binding. 

Experimental Aging Research, 37(1), 108-128. doi:10.1080/0361073x.2011.536746 



Jo
ur

na
l P

re
-p

ro
of

104 
 

Nashiro, K., Sakaki, M., & Mather, M. (2012). Age differences in brain activity during emotion processing: 

reflections of age-related decline or increased emotion regulation? Gerontology, 58(2), 156-163. 

doi:10.1159/000328465 

Nee, D. E., Brown, J. W., Askren, M. K., Berman, M. G., Demiralp, E., Krawitz, A., & Jonides, J. (2013). A 

Meta-analysis of Executive Components of Working Memory. Cereb Cortex, 23(2), 264-282.  

Nelson, E. E., Leibenluft, E., McClure, E., & Pine, D. S. (2005). The social-orientation of adolescence: A 

neuroscience perspective on the process and its relation to psychopathology. Psychol Med, 35, 163-

174.  

Nelson, E. E., McClure, E. B., Monk, C. S., Zarahn, E., Leibenluft, E., Pine, D. S., & Ernst, M. (2003). 

Developmental differences in neuronal engagement during implicit encoding of emotional faces: An 

event-related fMRI study. Journal of Child Psychology and Psychiatry and Allied Disciplines, 44(7), 

1015-1024. doi:10.1111/1469-7610.00186 

Nitschke, J. B., Larson, C. L., Smoller, M. J., Navin, S. D., Pederson, A. J., Ruffalo, D., . . . Davidson, R. J. 

(2002). Startle potentiation in aversive anticipation: evidence for state but not trait effects. 

Psychophysiology, 39(2), 254-258.  

Northoff, G., Schneider, F., Rotte, M., Matthiae, C., Tempelmann, C., Wiebking, C., . . . Panksepp, J. (2009). 

Differential parametric modulation of self-relatedness and emotions in different brain regions. Hum 

Brain Mapp, 30(2), 369-382. doi:10.1002/hbm.20510 

Nummenmaa, L., Glerean, E., Hari, R., & Hietanen, J. K. (2014). Bodily maps of emotions. Proc Natl Acad 

Sci U S A, 111(2), 646-651. doi:10.1073/pnas.1321664111 

Nyhus, E., & Curran, T. (2010). Functional role of gamma and theta oscillations in episodic memory. 

Neuroscience and Biobehavioral Reviews, 34(7), 1023-1035. doi:10.1016/j.neubiorev.2009.12.014 

Ochsner, K. N., & Gross, J. J. (2005). The cognitive control of emotion. Trends in Cognitive Sciences, 9(5), 

242-249.  

Ochsner, K. N., Silvers, J. A., & Buhle, J. T. (2012). Functional imaging studies of emotion regulation: a 

synthetic review and evolving model of the cognitive control of emotion. Year in Cognitive 

Neuroscience, 1251, E1-E24. doi:10.1111/j.1749-6632.2012.06751.x 

Ohman, A., Dimberg, U., & Esteves, F. (1989). Preattentive activation of aversive emotions. In T. Archer & 

L.-G. Nilsson (Eds.), Aversion, avoidance, and anxiety (pp. 169-193). Hillsdale, NJ: Erlbaum. 

Ohman, A., & Soares, J. J. (1993). On the automatic nature of phobic fear: conditioned electrodermal 

responses to masked fear-relevant stimuli. Journal of Abnormal Psychology, 102(1), 121-132.  

Okon-Singer, H. (2018). The role of attention bias to threat in anxiety: mechanisms, modulators and open 

questions. Current Opinion in Behavioral Sciences, 19, 26-30. doi:10.1016/j.cobeha.2017.09.008 

Okon-Singer, H., Alyagon, U., Kofman, O., Tzelgov, J., & Henik, A. (2011). Fear-related pictures 

deteriorate the performance of university students with high fear of snakes or spiders. Stress, 14(2), 

185-193. doi:10.3109/10253890.2010.527401 

Okon-Singer, H., Hendler, T., Pessoa, L., & Shackman, A. J. (2015). The neurobiology of emotion-

cognition interactions: fundamental questions and strategies for future research. Front Hum Neurosci, 

9, 58. doi:10.3389/fnhum.2015.00058 

Overgaard, M., & Mogensen, J. (2014). Visual perception from the perspective of a representational, non-

reductionistic, level-dependent account of perception and conscious awareness. Philosophical 

Transactions of the Royal Society B-Biological Sciences, 369(1641). doi:10.1098/Rstb.2013.0209 

Owens, M., Harrison, A. J., Burkhouse, K. L., McGeary, J. E., Knopik, V. S., Palmer, R. H. C., & Gibb, B. 

E. (2016). Eye Tracking Indices of Attentional Bias in Children of Depressed Mothers: Polygenic 

Influences Help to Clarify Previous Mixed Findings. Development and psychopathology, 28(2), 385-

397. doi:10.1017/S0954579415000462 

Owens, M., Koster, E. H. W., & Derakshan, N. (2012). Impaired filtering of irrelevant information in 

dysphoria: an ERP study. Social Cognitive and Affective Neuroscience, 7(7), 752-763. 

doi:10.1093/scan/nsr050 



Jo
ur

na
l P

re
-p

ro
of

105 
 

Owens, M., Koster, E. H. W., & Derakshan, N. (2013). Improving attention control in dysphoria through 

cognitive training: Transfer effects on working memory capacity and filtering efficiency. 

Psychophysiology, 50(3), 297-307. doi:10.1111/psyp.12010 

Padmala, S., & Pessoa, L. (2011). Reward reduces conflict by enhancing attentional control and biasing 

visual cortical processing. J Cogn Neurosci, 23(11), 3419-3432. doi:10.1162/jocn_a_00011 

Padmanabhan, A., Geier, C. F., Ordaz, S. J., Teslovich, T., & Luna, B. (2011). Developmental changes in 

brain function underlying the influence of reward processing on inhibitory control. Developmental 

cognitive neuroscience, 1(4), 517-529. doi:10.1016/j.dcn.2011.06.004 

Palomba, D., Angrilli, A., & Mini, A. (1997). Visual evoked potentials, heart rate responses and memory to 

emotional pictorial stimuli. International Journal of Psychophysiology, 27(1), 55-67. doi:Doi 

10.1016/S0167-8760(97)00751-4 

Panksepp, J. (2007). Neurologizing the Psychology of Affects How Appraisal-Based Constructivism and 

Basic Emotion Theory Can Coexist. Perspectives on Psychological Science, 2(3), 281-296. 

doi:10.1111/j.1745-6916.2007.00045.x 

Panksepp, J. (2010). Affective neuroscience of the emotional BrainMind: evolutionary perspectives and 

implications for understanding depression. Dialogues Clin Neurosci, 12(4), 533-545.  

Pare, D., Collins, D. R., & Pelletier, J. G. (2002). Amygdala oscillations and the consolidation of emotional 

memories. Trends Cogn Sci, 6(7), 306-314.  

Paul, S., Simon, D., Kniesche, R., Kathmann, N., & Endrass, T. (2013). Timing effects of antecedent- and 

response-focused emotion regulation strategies. Biological Psychology, 94(1), 136-142. 

doi:10.1016/j.biopsycho.2013.05.019 

Pe, M. L., Brose, A., Gotlib, I. H., & Kuppens, P. (2016). Affective Updating Ability and Stressful Events 

Interact to Prospectively Predict Increases in Depressive Symptoms Over Time. Emotion, 16(1), 73-

82. doi:10.1037/emo0000097 

Pe, M. L., Raes, F., Koval, P., Brans, K., Verduyn, P., & Kuppens, P. (2013). Interference resolution 

moderates the impact of rumination and reappraisal on affective experiences in daily life. Cogn Emot, 

27(3), 492-501. doi:10.1080/02699931.2012.719489 

Pe, M. L., Raes, F., & Kuppens, P. (2013). The Cognitive Building Blocks of Emotion Regulation: Ability 

to Update Working Memory Moderates the Efficacy of Rumination and Reappraisal on Emotion. 

PLoS ONE, 8(7). doi:ARTN e69071 

10.1371/journal.pone.0069071 

Peckham, A. D., McHugh, R. K., & Otto, M. W. (2010). A meta‐analysis of the magnitude of biased 

attention in depression. Depression and Anxiety, 27(12), 1135-1142. doi:doi:10.1002/da.20755 

Peelen, M. V., & Downing, P. E. (2007). The neural basis of visual body perception. Nature Reviews 

Neuroscience, 8(8), 636-648. doi:10.1038/nrn2195 

Pegna, A. J., Caldara-Schnetzer, A. S., & Khateb, A. (2008). Visual search for facial expressions of emotion 

is less affected in simultanagnosia. Cortex, 44(1), 46-53. doi:S0010-9452(07)00007-X [pii] 

10.1016/j.cortex.2006.02.001 [doi] 

Pegna, A. J., Darque, A., Berrut, C., & Khateb, A. (2011). Early ERP Modulation for Task-Irrelevant 

Subliminal Faces. Front Psychol, 2, 88. doi:10.3389/fpsyg.2011.00088 [doi] 

Pegna, A. J., Khateb, A., Lazeyras, F., & Seghier, M. L. (2005). Discriminating emotional faces without 

primary visual cortices involves the right amygdala. Nat Neurosci, 8(1), 24-25.  

Pegna, A. J., Landis, T., & Khateb, A. (2008). Electrophysiological evidence for early non-conscious 

processing of fearful facial expressions. Int J Psychophysiol, 70(2), 127-136.  

Perlstein, W. M., Elbert, T., & Stenger, V. A. (2002). Dissociation in human prefrontal cortex of affective 

influences on working memory-related activity. Proc Natl Acad Sci U S A, 99(3), 1736-1741. 

doi:10.1073/pnas.241650598 

Pessoa, L. (2009). How do emotion and motivation direct executive control? Trends Cogn Sci, 13(4), 160-

166. doi:10.1016/j.tics.2009.01.006 



Jo
ur

na
l P

re
-p

ro
of

106 
 

Pessoa, L. (2013). The cognitive-emotional brain: From interactions to integration: MIT press. 

Pessoa, L. (2014). Attention, motivation, and emotion. In A. C. Nobre & S. Kastner (Eds.), The Oxford 

Handbook of Attention (pp. 725–752). Oxford: Oxford University Press. 

Pessoa, L. (2017). A network model of the emotional brain. Trends in Cognitive Sciences, 21(5), 357-371.  

Pessoa, L., & Adolphs, R. (2010). Emotion processing and the amygdala: from a 'low road' to 'many roads' 

of evaluating biological significance. Nat Rev Neurosci, 11(11), 773-783. doi:nrn2920 [pii] 

10.1038/nrn2920 [doi] 

Pessoa, L., Japee, S., Sturman, D., & Ungerleider, L. G. (2006). Target visibility and visual awareness 

modulate amygdala responses to fearful faces. Cereb Cortex., 16(3), 366-375.  

Pessoa, L., Japee, S., & Ungerleider, L. (2005). Visual awareness and detection of fearful faces. 

Emotion(5(2)), 243-247.  

Petrides, M., & Pandya, D. N. (2002). Comparative cytoarchitectonic analysis of the human and the 

macaque ventrolateral prefrontal cortex and corticocortical connection patterns in the monkey. Eur J 

Neurosci, 16(2), 291-310.  

Phaf, R. H., & Kan, K. J. (2007). The automaticity of emotional Stroop: A meta-analysis. Journal of 

Behavior Therapy & Experimental Psychiatry, 38(2), 184-199. doi:10.1016/j.jbtep.2006.10.008 

Phan, K. L., Taylor, S. F., Welsh, R. C., Decker, L. R., Noll, D. C., Nichols, T. E., . . . Liberzon, I. (2003). 

Activation of the medial prefrontal cortex and extended amygdala by individual ratings of emotional 

arousal: A fMRI study. Biological Psychiatry, 53(3), 211-215. doi:10.1016/S0006-3223(02)01485-3 

Phan, K. L., Wager, T., Taylor, S. F., & Liberzon, I. (2002). Functional neuroanatomy of emotion: A meta-

analysis of emotion activation studies in PET and fMRI. NeuroImage, 16(2), 331-348. 

doi:10.1006/nimg.2002.1087 

S1053811902910876 [pii] 

Phelps, E. A. (2004). Human emotion and memory: interactions of the amygdala and hippocampal complex. 

Current Opinion in Neurobiology, 14(2), 198-202.  

Phelps, E. A., O'Connor, K. J., Gatenby, J. C., Gore, J. C., Grillon, C., & Davis, M. (2001). Activation of 

the left amygdala to a cognitive representation of fear. Nat Neurosci, 4(4), 437-441. 

doi:10.1038/86110 

86110 [pii] 

Phillips, M., Ladouceur, C., & Drevets, W. (2008). A neural model of voluntary and automatic emotion 

regulation: implications for understanding the pathophysiology and neurodevelopment of bipolar 

disorder. Molecular Psychiatry, 13(9), 833-857. doi:10.1038/mp.2008.65 

Pichon, S., de Gelder, B., & Grezes, J. (2012). Threat prompts defensive brain responses independently of 

attentional control. Cereb Cortex, 22(2), 274-285. doi:10.1093/cercor/bhr060 

Popivanov, I. D., Schyns, P. G., & Vogels, R. (2016). Stimulus features coded by single neurons of a 

macaque body category selective patch. Proc Natl Acad Sci U S A, 113(17), E2450-2459. 

doi:10.1073/pnas.1520371113 

Posner, M. I., Rueda, M. R., & Kanske, P. (2007). 18 probing the mechanisms of attention. Handbook of 

psychophysiology, 410.  

Pourtois, G., Grandjean, D., Sander, D., & Vuilleumier, P. (2004). Electrophysiological correlates of rapid 

spatial orienting towards fearful faces. Cerebral Cortex, 14(6), 619-633. doi:10.1093/cercor/bhh023 

Pourtois, G., Schettino, A., & Vuilleumier, P. (2013). Brain mechanisms for emotional influences on 

perception and attention: what is magic and what is not. Biological Psychology, 92(3), 492-512.  

Power, M., & Dalgleish, T. (2015). Cognition and emotion: From order to disorder: Psychology press. 

Powers, A., Cross, D., Fani, N., & Bradley, B. (2015). PTSD, emotion dysregulation, and dissociative 

symptoms in a highly traumatized sample. Journal of Psychiatric Research, 61, 174-179. 

doi:10.1016/j.jpsychires.2014.12.011 

Price, R. B., Wallace, M., Kuckertz, J. M., Amir, N., Graur, S., Cummings, L., . . . Bar-Haim, Y. (2016). 

Pooled patient-level meta-analysis of children and adults completing a computer-based anxiety 



Jo
ur

na
l P

re
-p

ro
of

107 
 

intervention targeting attentional bias. Clinical Psychology Review, 50, 37-49. 

doi:10.1016/j.cpr.2016.09.009 

Proverbio, A. M., Brignone, V., Matarazzo, S., Del Zotto, M., & Zani, A. (2006). Gender differences in 

hemispheric asymmetry for face processing. Bmc Neuroscience, 7. doi:Artn 44 

10.1186/1471-2202-7-44 

Proverbio, A. M., Riva, F., & Zani, A. (2009). Observation of static pictures of dynamic actions enhances 

the activity of movement-related brain areas. PLoS ONE, 4(5). doi:10.1371/journal.pone.0005389 

Punamaki, R. L., Palosaari, E., Diab, M., Peltonen, K., & Qouta, S. R. (2015). Trajectories of posttraumatic 

stress symptoms (PTSS) after major war among Palestinian children: Trauma, family- and child-

related predictors. Journal of Affective Disorders, 172, 133-140. doi:10.1016/j.jad.2014.09.021 

Quinn, M. E., & Joormann, J. (2015). Stress-Induced Changes in Executive Control Are Associated With 

Depression Symptoms: Examining the Role of Rumination. Clinical Psychological Science, 3(4), 

628-636. doi:10.1177/2167702614563930 

Ranganath, C. (2010). Binding Items and Contexts: The Cognitive Neuroscience of Episodic Memory. 

Current Directions in Psychological Science, 19(3), 131-137. doi:10.1177/0963721410368805 

Rauch, S. L., Shin, L. M., & Phelps, E. A. (2006). Neurocircuitry models of posttraumatic stress disorder 

and extinction: Human neuroimaging research--past, present, and future. Biological Psychiatry, 

60(4), 376-382.  

Rauch, S. L., Whalen, P. J., Shin, L. M., McInerney, S. C., Macklin, M. L., Lasko, N. B., . . . Pitman, R. K. 

(2000). Exaggerated amygdala response to masked facial stimuli in posttraumatic stress disorder: a 

functional MRI study. Biological Psychiatry, 47(9), 769-776. doi:S0006-3223(00)00828-3 [pii] 

Raymond, J. (2009). Interactions of attention, emotion and motivation. Progress in Brain Research, 176, 

293-308. doi:10.1016/S0079-6123(09)17617-3 

Rebetez, M. M., Rochat, L., Billieux, J., Gay, P., & Van der Linden, M. (2015). Do emotional stimuli 

interfere with two distinct components of inhibition? Cogn Emot, 29(3), 559-567. 

doi:10.1080/02699931.2014.922054 

Reed, A. E., & Carstensen, L. L. (2012). The theory behind the age-related positivity effect. Frontiers in 

Psychology, 3. doi:10.3389/fpsyg.2012.00339 

Reed, C. L., Stone, V. E., Bozova, S., & Tanaka, J. (2003). The body-inversion effect. Psychol Sci, 14(4), 

302-308. doi:psci_14431 [pii] 

Rees, G., Wojciulik, E., Clarke, K., Husain, M., Frith, C., & Driver, J. (2000). Unconscious activation of 

visual cortex in the damaged right hemisphere of a parietal patient with extinction. Brain, 123 ( Pt 8), 

1624-1633.  

Reinecke, A., Waldenmaier, L., Cooper, M. J., & Harmer, C. J. (2013). Changes in automatic threat 

processing precede and predict clinical changes with exposure-based cognitive-behavior therapy for 

panic disorder. Biol Psychiatry, 73(11), 1064-1070. doi:10.1016/j.biopsych.2013.02.005 

Righi, S., Marzi, T., Toscani, M., Baldassi, S., Ottonello, S., & Viggiano, M. P. (2012). Fearful expressions 

enhance recognition memory: Electrophysiological evidence. Acta Psychol (Amst), 139(1), 7-18. 

doi:10.1016/j.actpsy.2011.09.015 

Ritchey, M., Dolcos, F., & Cabeza, R. (2008). Role of amygdala connectivity in the persistence of 

emotional memories over time: An event-related fMRI investigation. Cerebral Cortex, 18(11), 2494-

2504. doi:bhm262 [pii] 

10.1093/cercor/bhm262 

Ritchey, M., Dolcos, F., Eddington, K. M., Strauman, T. J., & Cabeza, R. (2011). Neural correlates of 

emotional processing in depression: changes with cognitive behavioral therapy and predictors of 

treatment response. J Psychiatr Res, 45(5), 577-587. doi:10.1016/j.jpsychires.2010.09.007 

Ritchey, M., LaBar, K. S., & Cabeza, R. (2011). Level of processing modulates the neural correlates of 

emotional memory formation. Journal of Cognitive Neuroscience, 23(4), 757-771. 

doi:10.1162/jocn.2010.21487 



Jo
ur

na
l P

re
-p

ro
of

108 
 

Roberts-Wolfe, D., Sacchet, M., Hastings, E., Roth, H., & Britton, W. (2012). Mindfulness training alters 

emotional memory recall compared to active controls: Support for an emotional information 

processing model of mindfulness. Frontiers in Human Neuroscience, 6, 15.  

Roediger, H., & McDermott, K. (1995). Creating false memories: Remembering words not presented in lists. 

Journal of Experimental Psychology-learning memory and cognition, 21(4), 803-814.  

Rohr, C. S., Dreyer, F. R., Aderka, I. M., Margulies, D. S., Frisch, S., Villringer, A., & Okon-Singer, H. 

(2015). Individual differences in common factors of emotional traits and executive functions predict 

functional connectivity of the amygdala. NeuroImage, 120, 154-163. 

doi:10.1016/j.neuroimage.2015.06.049 

Rolls, E. T. (2000). Precis of the brain and emotion. Behavioral and Brain Sciences, 23(2), 177-+. doi:Doi 

10.1017/S0140525x00002429 

Rolls, E. T. (2013). A biased activation theory of the cognitive and attentional modulation of emotion. 

Frontiers in Human Neuroscience, 7. doi:ARTN 74 

10.3389/fnhum.2013.00074 

Rubia, K., Smith, A. B., Woolley, J., Nosarti, C., Heyman, I., Taylor, E., & Brammer, M. (2006). 

Progressive increase of frontostriatal brain activation from childhood to adulthood during event-

related tasks of cognitive control. Human Brain Mapping, 27(12), 973-993. doi:10.1002/hbm.20237 

Rubin, D. C., Boals, A., & Berntsen, D. (2008). Memory in posttraumatic stress disorder: Properties of 

voluntary and involuntary, traumatic and nontraumatic autobiographical memories in people with 

and without posttraumatic stress disorder symptoms. Journal of Experimental Psychology: General, 

137(4), 591-614. doi:10.1037/a0013165 

Rubin, D. C., Dennis, M. F., & Beckham, J. C. (2011). Autobiographical memory for stressful events: The 

role of autobiographical memory in posttraumatic stress disorder. Consciousness and Cognition, 

20(3), 840-856. doi:10.1016/j.concog.2011.03.015 

Rudaizky, D., Basanovic, J., & MacLeod, C. (2014). Biased attentional engagement with, and 

disengagement from, negative information: independent cognitive pathways to anxiety vulnerability? 

Cogn Emot, 28(2), 245-259. doi:10.1080/02699931.2013.815154 

Rugg, M. D., & Curran, T. (2007). Event-related potentials and recognition memory. Trends in Cognitive 

Sciences, 11(6), 251-257. doi:10.1016/j.tics.2007.04.004 

Russell, J. A., & Barrett, L. F. (1999). Core affect, prototypical emotional episodes, and other things called 

Emotion: Dissecting the elephant. Journal of Personality and Social Psychology, 76(5), 805-819. 

doi:Doi 10.1037/0022-3514.76.5.805 

Sanchez, A., Everaert, J., & Koster, E. H. W. (2016). Attention Training Through Gaze-Contingent 

Feedback: Effects on Reappraisal and Negative Emotions. Emotion, 16(7), 1074-1085. 

doi:10.1037/emo0000198 

Sanchez, A., Vazquez, C., Marker, C., LeMoult, J., & Joormann, J. (2013). Attentional Disengagement 

Predicts Stress Recovery in Depression: An Eye-Tracking Study. Journal of Abnormal Psychology, 

122(2), 303-313. doi:10.1037/a0031529 

Sander, D., Grandjean, D., & Scherer, K. R. (2005). A systems approach to appraisal mechanisms in 

emotion. Neural Networks, 18(4), 317-352. doi:10.1016/j.neunet.2005.03.001 

Sari, B. A., Koster, E. H., Pourtois, G., & Derakshan, N. (2016a). Training working memory to improve 

attentional control in anxiety: A proof-of-principle study using behavioral and electrophysiological 

measures. Biological Psychology, 121(Pt B), 203-212. doi:10.1016/j.biopsycho.2015.09.008 

Sari, B. A., Koster, E. H. W., Pourtois, G., & Derakshan, N. (2016b). Training working memory to improve 

attentional control in anxiety: A proof-of-principle study using behavioral and electrophysiological 

measures. Biological Psychology, 121, 203-212.  

Sarter, M., Givens, B., & Bruno, J. P. (2001). The cognitive neuroscience of sustained attention: where top-

down meets bottom-up. Brain Research Reviews, 35(2), 146-160. doi:https://doi.org/10.1016/S0165-

0173(01)00044-3 

https://doi.org/10.1016/S0165-0173(01)00044-3
https://doi.org/10.1016/S0165-0173(01)00044-3


Jo
ur

na
l P

re
-p

ro
of

109 
 

Satpute, A. B., Kang, J., Bickart, K. C., Yardley, H., Wager, T. D., & Barrett, L. F. (2015). Involvement of 

Sensory Regions in Affective Experience: A Meta-Analysis. Front Psychol, 6, 1860. 

doi:10.3389/fpsyg.2015.01860 

Schaefer, A., Pottage, C. L., & Rickart, A. J. (2011). Electrophysiological correlates of remembering 

emotional pictures. NeuroImage, 54(1), 714-724. doi:10.1016/j.neuroimage.2010.07.030 

Schafer, J., Bernstein, A., Zvielli, A., Hofler, M., Hans-UlrichWittchen, & Schonfeld, S. (2016). Attentional 

Bias Temporal Dynamics Predict Posttraumatic Stress Symptoms: A Prospective-Longitudinal Study 

among Soldiers. Depression and Anxiety, 33(7), 630-639. doi:10.1002/da.22526 

Schafer, J., Zvielli, A., Hofler, M., Wittchen, H. U., & Bernstein, A. (2018). Trauma, attentional 

dysregulation, and the development of posttraumatic stress: An investigation of risk pathways. 

Behaviour Research and Therapy, 102, 60-66. doi:10.1016/j.brat.2018.01.004 

Schauer, M., & Elbert, T. (2010). Dissociation Following Traumatic Stress Etiology and Treatment. 

Zeitschrift Fur Psychologie-Journal of Psychology, 218(2), 109-127. doi:10.1027/0044-

3409/a000018 

Schiller, D., Freeman, J. B., Mitchell, J. P., Uleman, J. S., & Phelps, E. A. (2009). A neural mechanism of 

first impressions. Nature Neuroscience, 12(4), 508-514. doi:10.1038/nn.2278 

Schmeichel, B. J., & Demaree, H. A. (2010). Working Memory Capacity and Spontaneous Emotion 

Regulation: High Capacity Predicts Self-Enhancement in Response to Negative Feedback. Emotion, 

10(5), 739-744. doi:10.1037/a0019355 

Schmeichel, B. J., & Tang, D. (2015). Individual Differences in Executive Functioning and Their 

Relationship to Emotional Processes and Responses. Current Directions in Psychological Science, 

24(2), 93-98. doi:10.1177/0963721414555178 

Schneider, S., Peters, J., Bromberg, U., Brassen, S., Menz, M. M., Miedl, S. F., . . . Consortium, I. (2011). 

Boys do it the right way: Sex-dependent amygdala lateralization during face processing in 

adolescents. NeuroImage, 56(3), 1847-1853. doi:10.1016/j.neuroimage.2011.02.019 

Schoorl, M., Putman, P., Van Der Werff, S., & Van Der Does, A. J. W. (2014). Attentional bias and 

attentional control in Posttraumatic Stress Disorder. Journal of Anxiety Disorders, 28(2), 203-210. 

doi:10.1016/j.janxdis.2013.10.001 

Schriber, R. A., & Guyer, A. E. (2016). Adolescent Neurobiological Susceptibility to Social Context. 

Developmental cognitive neuroscience, 19, 1-18. doi:10.1016/j.dcn.2015.12.009 

Schulz, K. P., Fan, J., Magidina, O., Marks, D. J., Hahn, B., & Halperin, J. M. (2007). Does the emotional 

go/no-go task really measure behavioral inhibition? Convergence with measures on a non-emotional 

analog. Archives of Clinical Neuropsychology, 22(2), 151-160. doi:10.1016/j.acn.2006.12.001 

Schupp, H. T., Flaisch, T., Stockburger, J., & Junghofer, M. (2006). Emotion and attention: event-related 

brain potential studies. Progress in Brain Research, 156, 31-51. doi:10.1016/S0079-6123(06)56002-

9 

Schupp, H. T., Junghofer, M., Weike, A. I., & Hamm, A. O. (2003). Emotional facilitation of sensory 

processing in the visual cortex. Psychological Science, 14(1), 7-13. doi:Doi 10.1111/1467-

9280.01411 

Schupp, H. T., Schmalzle, R., Flaisch, T., Weike, A. I., & Hamm, A. O. (2012). Affective picture 

processing as a function of preceding picture valence: An ERP analysis. Biological Psychology, 

91(1), 81-87. doi:10.1016/j.biopsycho.2012.04.006 

Schwabe, L., & Wolf, O. T. (2014). Timing matters: temporal dynamics of stress effects on memory 

retrieval. Cogn Affect Behav Neurosci, 14(3), 1041-1048. doi:10.3758/s13415-014-0256-0 

Schweizer, S., & Dalgleish, T. (2016). The impact of affective contexts on working memory capacity in 

healthy populations and in individuals with PTSD. Emotion, 16(1), 16.  

Schweizer, S., Grahn, J., Hampshire, A., Mobbs, D., & Dalgleish, T. (2013). Training the Emotional Brain: 

Improving Affective Control through Emotional Working Memory Training. Journal of 

Neuroscience, 33(12), 5301-+. doi:10.1523/Jneurosci.2593-12.2013 



Jo
ur

na
l P

re
-p

ro
of

110 
 

Schweizer, S., Hampshire, A., & Dalgleish, T. (2011). Extending Brain-Training to the Affective Domain: 

Increasing Cognitive and Affective Executive Control through Emotional Working Memory 

Training. PLoS ONE, 6(9). doi:ARTN e24372 

10.1371/journal.pone.0024372 

Schweizer, S., Navrady, L., Breakwell, L., Howard, R. M., Golden, A.-M., Werner-Seidler, A., & Dalgleish, 

T. (in press). Affective enhancement of working memory is maintained in depression. Emotion. 

doi:10.1037/emo0000306 

Schweizer, S., Samimi, Z., Hasani, J., Moradi, A., Mirdoraghi, F., & Khaleghi, M. (2017). Improving 

cognitive control in adolescents with post-traumatic stress disorder (PTSD). Behaviour Research and 

Therapy, 93, 88-94. doi:10.1016/j.brat.2017.03.017 

Sederberg, P. B., Schulze-Bonhage, A., Madsen, J. R., Bromfield, E. B., McCarthy, D. C., Brandt, A., . . . 

Kahana, M. J. (2007). Hippocampal and neocortical gamma oscillations predict memory formation 

in humans. Cerebral Cortex, 17(5), 1190-1196. doi:10.1093/cercor/bhl030 

Seeley, W. W., Menon, V., Schatzberg, A. F., Keller, J., Glover, G. H., Kenna, H., . . . Greicius, M. D. 

(2007). Dissociable intrinsic connectivity networks for salience processing and executive control. J 

Neurosci, 27(9), 2349-2356. doi:10.1523/jneurosci.5587-06.2007 

Segrave, R., Arnold, S., Hoy, K., & Fitzgerald, P. (2014). Concurrent cognitive control training augments 

the antidepressant efficacy of tDCS: a pilot study. Brain Stimulation: Basic, Translational, and 

Clinical Research in Neuromodulation, 7(2), 325-331.  

Seidlitz, L., & Diener, E. (1998). Sex differences in the recall of affective experiences. J Pers Soc Psychol, 

74(1), 262-271.  

Seligowski, A. V., Lee, D. J., Bardeen, J. R., & Orcutt, H. K. (2015). Emotion Regulation and Posttraumatic 

Stress Symptoms: A Meta-Analysis. Cognitive Behaviour Therapy, 44(2), 87-102. 

doi:10.1080/16506073.2014.980753 

Sergent, C., & Dehaene, S. (2004). Is consciousness a gradual phenomenon? Evidence for an all-or-none 

bifurcation during the attentional blink. Psychological Science, 15(11), 720-728. doi:10.1111/j.0956-

7976.2004.00748.x 

Shackman, A. J., Stockbridge, M. D., Tillman, R. M., Kaplan, C. M., Tromp, D. P., Fox, A. S., & Gamer, M. 

(2016). The neurobiology of dispositional negativity and attentional biases to threat: Implications for 

understanding anxiety disorders in adults and youth. Journal of Experimental Psychopathology, 7(3), 

311-342. doi:10.5127/jep.054015 

Shafer, A., Iordan, A., Cabeza, R., & Dolcos, F. (2011). Brain imaging investigation of the memory-

enhancing effect of emotion. Journal of Visualized Experiments, 51, 2433.  

Shafer, A. T., & Dolcos, F. (2012). Neural correlates of opposing effects of emotional distraction on 

perception and episodic memory: An event-related fMRI investigation. Frontiers in Integrative 

Neuroscience, 6. doi:10.3389/fnint.2012.00070 

Shafer, A. T., Matveychuk, D., Penney, T., O'Hare, A. J., Stokes, J., & Dolcos, F. (2012). Processing of 

emotional distraction is both automatic and modulated by attention: evidence from an event-related 

fMRI investigation. J Cogn Neurosci, 24(5), 1233-1252. doi:10.1162/jocn_a_00206 

Sharot, T., & Phelps, E. A. (2004). How arousal modulates memory: Disentangling the effects of attention 

and retention. Cognitive Affective & Behavioral Neuroscience, 4(3), 294-306. doi:Doi 

10.3758/Cabn.4.3.294 

Shepherd, L., & Wild, J. (2014). Emotion regulation, physiological arousal and PTSD symptoms in trauma-

exposed individuals. Journal of Behavior Therapy & Experimental Psychiatry, 45(3), 360-367. 

doi:10.1016/j.jbtep.2014.03.002 

Sheppes, G., Brady, W. J., & Samson, A. C. (2014). In (visual) search for a new distraction: The efficiency 

of a novel attentional deployment versus semantic meaning regulation strategies. Frontiers in 

Psychology, 5. doi:10.3389/Fpsyg.2014.00346 

Shields, S. A. (1991). Gender in the psychology of emotion: a selective research review. In S. KT (Ed.), 

International review of studies on emotion (pp. 227–245). New York: Wiley. 



Jo
ur

na
l P

re
-p

ro
of

111 
 

Shin, L. M., & Liberzon, I. (2009). The neurocircuitry of fear, stress, and anxiety disorders. 

Neuropsychopharmacology, 35(1), 169-191.  

Shin, L. M., Orr, S. P., Carson, M. A., Rauch, S. L., Macklin, M. L., Lasko, N. B., . . . Pitman, R. K. (2004). 

Regional cerebral blood flow in the amygdala and medial prefrontal cortex during traumatic imagery 

in male and female Vietnam veterans with PTSD. Archives of General Psychiatry, 61(2), 168-176. 

doi:10.1001/archpsyc.61.2.168 

61/2/168 [pii] 

Shvil, E., Rusch, H. L., Sullivan, G. M., & Neria, Y. (2013). Neural, psychophysiological, and behavioral 

markers of fear processing in PTSD: a review of the literature. Curr Psychiatry Rep, 15(5), 358. 

doi:10.1007/s11920-013-0358-3 

Siddharthan, A., Eslinger, P. J., Murphy, N. A., Cherbuin, N., Kozlowska, K., & Lowe, L. (under review). 

WordNet-feelings: A linguistic categorisation of human feelings.  

Siddle, D. A. T. (1991). Orienting, Habituation, and Resource-Allocation - an Associative Analysis. 

Psychophysiology, 28(3), 245-259. doi:DOI 10.1111/j.1469-8986.1991.tb02190.x 

Siegle, G. J., Ghinassi, F., & Thase, M. E. (2007). Neurobehavioral therapies in the 21st century: Summary 

of an emerging field and an extended example of cognitive control training for depression. Cognitive 

Therapy and Research, 31(2), 235-262. doi:10.1007/s10608-006-9118-6 

Siegle, G. J., Price, R. B., Jones, N. P., Ghinassi, F., Painter, T., & Thase, M. E. (2014). You gotta work at 

it: Pupillary indices of task focus are prognostic for response to a neurocognitive intervention for 

rumination in depression. Clinical Psychological Science, 2(4), 455-471. 

doi:10.1177/2167702614536160 

Siegle, G. J., Thompson, W., Carter, C. S., Steinhauer, S. R., & Thase, M. E. (2007). Increased amygdala 

and decreased dorsolateral prefrontal BOLD responses in unipolar depression: related and 

independent features. Biol Psychiatry, 61(2), 198-209. doi:10.1016/j.biopsych.2006.05.048 

Siemer, M. (2005). Mood-congruent cognitions constitute mood experience. Emotion, 5(3), 296-308. 

doi:10.1037/1528-3542.5.3.296 

Sinke, C. B., Kret, M. E., & de Gelder, B. (2012). Body language: Embodied perception of emotion. In B. 

Berglund, G. B. Rossi, J. T. Townsend, & L. R. Pendrill (Eds.), Measuring with persons: Theory, 

methods and implementation areas (pp. 335-352). New York: Psychology Press/Taylor & Francis. 

Sinke, C. B., Van den Stock, J., Goebel, R., & de Gelder, B. (2012). The constructive nature of affective 

vision: seeing fearful scenes activates extrastriate body area. PLoS ONE, 7(6), e38118. 

doi:10.1371/journal.pone.0038118 

Smith, A. P., Stephan, K. E., Rugg, M. D., & Dolan, R. J. (2006). Task and content modulate amygdala-

hippocampal connectivity in emotional retrieval. Neuron, 49(4), 631-638. doi:S0896-

6273(06)00008-0 [pii] 

10.1016/j.neuron.2005.12.025 

Smith, A. P. R., Dolan, R. J., & Rugg, M. D. (2004). Event-related potential correlates of the retrieval of 

emotional and nonemotional context. Journal of Cognitive Neuroscience, 16(5), 760-775. doi:Doi 

10.1162/089892904970816 

Snyder, H. R. (2013). Major Depressive Disorder Is Associated With Broad Impairments on 

Neuropsychological Measures of Executive Function: A Meta-Analysis and Review. Psychological 

Bulletin, 139(1), 81-132. doi:10.1037/a0028727 

Solstad, T., Moser, E. I., & Einevoll, G. T. (2006). From grid cells to place cells: a mathematical model. 

Hippocampus, 16(12), 1026-1031. doi:10.1002/hipo.20244 

Somerville, L. H., Hare, T., & Casey, B. J. (2011). Frontostriatal maturation predicts cognitive control 

failure to appetitive cues in adolescents. Journal of Cognitive Neuroscience, 23(9), 2123-2134. 

doi:10.1162/jocn.2010.21572 



Jo
ur

na
l P

re
-p

ro
of

112 
 

Somerville, L. H., Jones, R. M., & Casey, B. J. (2010). A time of change: Behavioral and neural correlates 

of adolescent sensitivity to appetitive and aversive environmental cues. Brain and Cognition, 72(1), 

124-133. doi:10.1016/j.bandc.2009.07.003 

Spalek, K., Fastenrath, M., Ackermann, S., Auschra, B., Coynel, D., Frey, J., . . . Milnik, A. (2015). Sex-

Dependent Dissociation between Emotional Appraisal and Memory: A Large-Scale Behavioral and 

fMRI Study. Journal of Neuroscience, 35(3), 920-935. doi:10.1523/Jneurosci.2384-14.2015 

Spruijt, A. M., Dekker, M. C., Ziermans, T. B., & Swaab, H. (2018). Attentional control and executive 

functioning in school-aged children: Linking self-regulation and parenting strategies. J Exp Child 

Psychol, 166, 340-359. doi:10.1016/j.jecp.2017.09.004 

St Jacques, P. L., Dolcos, F., & Cabeza, R. (2009). Effects of aging on functional connectivity of the 

amygdala for subsequent memory of negative pictures: a network analysis of functional magnetic 

resonance imaging data. Psychological Science, 20(1), 74-84. doi:10.1111/j.1467-

9280.2008.02258.x 

St Jacques, P. L., Dolcos, F., & Cabeza, R. (2010). Effects of aging on functional connectivity of the 

amygdala during negative evaluation: A network analysis of fMRI data. Neurobiol Aging, 31(315-

327). doi:S0197-4580(08)00105-X [pii] 

10.1016/j.neurobiolaging.2008.03.012 

Stange, J. P., Alloy, L. B., & Fresco, D. M. (2017). Inflexibility as a vulnerability to depression: A 

systematic qualitative review. Clinical Psychology-Science and Practice, 24(3), 245-276. 

doi:10.1111/cpsp.12201 

Stefanucci, J. K., Proffitt, D. R., Clore, G. L., & Parekh, N. (2008). Skating down a steeper slope: Fear 

influences the perception of geographical slant. Perception, 37(2), 321-323. doi:10.1068/p5796 

Stein, T., Seymour, K., Hebart, M. N., & Sterzer, P. (2014). Rapid fear detection relies on high spatial 

frequencies. Psychol Sci, 25(2), 566-574. doi:0956797613512509 [pii] 

10.1177/0956797613512509 [doi] 

Steinberg, L., Graham, S., O'Brien, L., Woolard, J., Cauffman, E., & Banich, M. (2009). Age differences in 

future orientation and delay discounting. Child Development, 80(1), 28-44. doi:10.1111/j.1467-

8624.2008.01244.x 

Stekelenburg, J. J., & de Gelder, B. (2004). The neural correlates of perceiving human bodies: an ERP study 

on the body-inversion effect. Neuroreport., 15(5), 777-780.  

Stephen, R., & Zweigenhaft, R. L. (1986). The effect on tipping of a waitress touching male and female 

customers. Journal of Social Psychology, 126(1), 141-142. doi:10.1080/00224545.1986.9713586 

Stevens, J. S., & Hamann, S. (2012). Sex differences in brain activation to emotional stimuli: A meta-

analysis of neuroimaging studies. Neuropsychologia, 50(7), 1578-1593. 

doi:10.1016/j.neuropsychologia.2012.03.011 

Stout, D. M., Shackman, A. J., Johnson, J. S., & Larson, C. L. (2015). Worry Is Associated With Impaired 

Gating of Threat From Working Memory. Emotion, 15(1), 6-11. doi:10.1037/emo0000015 

Stout, D. M., Shackman, A. J., & Larson, C. L. (2013). Failure to filter: anxious individuals show inefficient 

gating of threat from working memory of threat from working memory. Frontiers in Human 

Neuroscience, 7. doi:ARTN 58 

10.3389/fnhum.2013.00058 

Stout, D. M., Shackman, A. J., Pedersen, W. S., Miskovich, T. A., & Larson, C. L. (2017). Neural circuitry 

governing anxious individuals' mis-allocation of working memory to threat. Sci Rep, 7. doi:ARTN 

8742 

10.1038/s41598-017-08443-7 

Strauman, T. J., Socolar, Y., Kwapil, L., Cornwell, J. F. M., Franks, B., Sehnert, S., & Higgins, E. T. (2015). 

Microinterventions targeting regulatory focus and regulatory fit selectively reduce dysphoric and 

anxious mood. Behaviour Research and Therapy, 72, 18-29. doi:10.1016/j.brat.2015.06.003 



Jo
ur

na
l P

re
-p

ro
of

113 
 

Strigo, I. A., & Craig, A. D. (2016). Interoception, homeostatic emotions and sympathovagal balance. 

Philos Trans R Soc Lond B Biol Sci, 371(1708). doi:10.1098/rstb.2016.0010 

Summerfield, C., & Mangels, J. A. (2005). Coherent theta-band EEG activity predicts item-context binding 

during encoding. NeuroImage, 24(3), 692-703. doi:10.1016/j.neuroimage.2004.09.012 

Suvak, M. K., & Barrett, L. F. (2011). Considering PTSD from the perspective of brain processes: a 

psychological construction approach. Journal of Traumatic Stress, 24(1), 3-24. 

doi:10.1002/jts.20618 

Swainston, J., & Derakshan, N. (2018). Training cognitive control to reduce emotional vulnerability in 

breast cancer. Psycho-Oncology, 27(7), 1780-1786. doi:10.1002/pon.4727 

Talmi, D. (2013). Enhanced emotional memory: Cognitive and neural mechanisms. Current Directions in 

Psychological Science, 22(6), 430-436.  

Talmi, D., Anderson, A. K., Riggs, L., Caplan, J. B., & Moscovitch, M. (2008). Immediate memory 

consequences of the effect of emotion on attention to pictures. Learn Mem, 15(3), 172-182. 

doi:15/3/172 [pii] 

10.1101/lm.722908 

Tambini, A., Rimmele, U., Phelps, E. A., & Davachi, L. (2017). Emotional brain states carry over and 

enhance future memory formation. Nature Neuroscience, 20(2), 271-278. doi:10.1038/nn.4468 

http://www.nature.com/neuro/journal/v20/n2/abs/nn.4468.html#supplementary-information 

Tamietto, M., Castelli, L., Vighetti, S., Perozzo, P., Geminiani, G., Weiskrantz, L., & de Gelder, B. (2009). 

Unseen facial and bodily expressions trigger fast emotional reactions. Proc Natl Acad Sci U S A, 

106(42), 17661-17666. doi:0908994106 [pii] 

10.1073/pnas.0908994106 [doi] 

Tamietto, M., & de Gelder, B. (2010). Neural bases of the non-conscious perception of emotional signals. 

Nature Rev Neurosci, 11, 697-709.  

Tamietto, M., Pullens, P., de Gelder, B., Weiskrantz, L., & Goebel, R. (2012). Subcortical connections to 

human amygdala and changes following destruction of the visual cortex. Curr Biol, 22(15), 1449-

1455. doi:S0960-9822(12)00651-3 [pii] 

10.1016/j.cub.2012.06.006 [doi] 

Tamm, G., Kreegipuu, K., Harro, J., & Cowan, N. (2017). Updating schematic emotional facial expressions 

in working memory: Response bias and sensitivity. Acta Psychol (Amst), 172, 10-18. 

doi:10.1016/j.actpsy.2016.11.002 

Tang, Y. Y., Hölzel, B. K., & Posner, M. I. (2015). The neuroscience of mindfulness meditation. Nature 

Reviews Neuroscience, 16(4), 213-225. doi:10.1038/nrn3916 

Tang, Y. Y., Lu, Q. L., Geng, X. J., Stein, E. A., Yang, Y. H., & Posner, M. I. (2010). Short-term meditation 

induces white matter changes in the anterior cingulate. Proceedings of the National Academy of 

Sciences of the United States of America, 107(35), 15649-15652. doi:10.1073/pnas.1011043107 

Tang, Y. Y., & Posner, M. I. (2009). Attention training and attention state training. Trends in Cognitive 

Sciences, 13(5), 222-227. doi:10.1016/j.tics.2009.01.009 

Taylor, S., Abramowitz, J. S., & McKay, D. (2012). Non-adherence and non-response in the treatment of 

anxiety disorders. Journal of Anxiety Disorders, 26(5), 583-589. doi:10.1016/j.janxdis.2012.02.010 

Teachman, B. A., Stefanucci, J. K., Clerkin, E. M., Cody, M. W., & Proffitt, D. R. (2008). A new mode of 

fear expression: Perceptual bias in height fear. Emotion, 8(2), 296-301. doi:10.1037/1528-

3542.8.2.296 

Thayer, R. (1989). The biopsychology of mood and activation: New York: Oxford University Press. 

Thiruchselvam, R., Hajcak, G., & Gross, J. J. (2012). Looking Inward: Shifting Attention Within Working 

Memory Representations Alters Emotional Responses. Psychological Science, 23(12), 1461-1466. 

doi:10.1177/0956797612449838 

http://www.nature.com/neuro/journal/v20/n2/abs/nn.4468.html#supplementary-information


Jo
ur

na
l P

re
-p

ro
of

114 
 

Tissari, H. (2016). Current Emotion Research in English Linguistics: Words for Emotions in the History of 

English. Emotion Review, 1(9). doi:10.1177/1754073916632064 

Tottenham, N., Hare, T. A., & Casey, B. J. (2011). Behavioral assessment of emotion discrimination, 

emotion regulation, and cognitive control in childhood, adolescence, and adulthood. Frontiers in 

Psychology, 2(39), doi:10.3389/fpsyg.2011.00039.  

Tottenham, N., Tanaka, J. W., Leon, A. C., McCarry, T., Nurse, M., Hare, T. A., . . . Nelson, C. (2009). The 

NimStim set of facial expressions: judgments from untrained research participants. Psychiatry Res, 

168(3), 242-249. doi:10.1016/j.psychres.2008.05.006 

Tracy, J. L., & Randles, D. (2011). Four models of basic emotions: A review of Ekman and Cordaro, Izard, 

Levenson, and Panksepp and Watt. Emotion Review, 3(4), 397-405. doi:10.1177/1754073911410747 

Tulving, E. (1985). Memory and consciousness. Canadian Psychology, 26(1), 1-12.  

Urgesi, C., Calvo-Merino, B., Haggard, P., & Aglioti, S. M. (2007). Transcranial magnetic stimulation 

reveals two cortical pathways for visual body processing. J Neurosci, 27(30), 8023-8030. 

doi:27/30/8023 [pii] 

10.1523/JNEUROSCI.0789-07.2007 

Urry, H. L., van Reekum, C. M., Johnstone, T., Kalin, N. H., Thurow, M. E., Schaefer, H. S., . . . Davidson, 

R. J. (2006). Amygdala and ventromedial prefrontal cortex are inversely coupled during regulation 

of negative affect and predict the diurnal pattern of cortisol secretion among older adults. Journal of 

Neuroscience, 26(16), 4415-4425. doi:10.1523/JNEUROSCI.3215-05.2006 

van Ast, V. A., Cornelisse, S., Meeter, M., Joels, M., & Kindt, M. (2013). Time-dependent effects of 

cortisol on the contextualization of emotional memories. Biol Psychiatry, 74(11), 809-816. 

doi:10.1016/j.biopsych.2013.06.022 

Van Bockstaele, B., Verschuere, B., Tibboel, H., De Houwer, J., Crombez, G., & Koster, E. H. (2014). A 

review of current evidence for the causal impact of attentional bias on fear and anxiety. Psychol Bull, 

140(3), 682-721. doi:10.1037/a0034834 

Van den Stock, J., & de Gelder, B. (2012). Emotional information in body and background hampers 

recognition memory for faces. Neurobiology of Learning and Memory, 97(3), 321-325. 

doi:10.1016/j.nlm.2012.01.007 

Van den Stock, J., Hortensius, R., Sinke, C., Goebel, R., & de Gelder, B. (2015). Personality traits predict 

brain activation and connectivity when witnessing a violent conflict. Sci Rep, 5, 13779. 

doi:10.1038/srep13779 

Van den Stock, J., Vandenbulcke, M., Sinke, C. B., & de Gelder, B. (2014). Affective scenes influence fear 

perception of individual body expressions. Hum Brain Mapp, 35(2), 492-502. 

doi:10.1002/hbm.22195 

Van Leusden, J. W. R., Sellaro, R., & Colzato, L. S. (2015). Transcutaneous Vagal Nerve Stimulation 

(tVNS): a new neuromodulation tool in healthy humans? Frontiers in Psychology, 6. doi:Artn 102 

10.3389/Fpsyg.2015.00102 

Vandekerckhove, M. M., Markowitsch, H. J., Mertens, M., & Woermann, F. G. (2005). Bi-hemispheric 

engagement in the retrieval of autobiographical episodes. Behavioural Neurology, 16(4), 203-210.  

Vasa, R. A., Pine, D. S., Thorn, J. M., Nelson, T. E., Spinelli, S., Nelson, E., . . . Mostofsky, S. H. (2011). 

Enhanced right amygdala activity in adolescents during encoding of positively valenced pictures. 

Developmental cognitive neuroscience, 1(1), 88-99. doi:10.1016/j.dcn.2010.08.004 

Vasey, M. W., Vilensky, M. R., Heath, J. H., Harbaugh, C. N., Buffington, A. G., & Fazio, R. H. (2012). It 

was as big as my head, I swear! Biased spider size estimation in spider phobia. Journal of Anxiety 

Disorders, 26(1), 20-24. doi:10.1016/j.janxdis.2011.08.009 

Ventura-Bort, C., Dolcos, F., Wendt, J., Wirkner, J., Hamm, A. O., & Weymar, M. (2017). Item and source 

memory for emotional associates is mediated by different retrieval processes. Neuropsychologia. 

doi:10.1016/j.neuropsychologia.2017.12.015 



Jo
ur

na
l P

re
-p

ro
of

115 
 

Ventura-Bort, C., Low, A., Wendt, J., Molto, J., Poy, R., Dolcos, F., . . . Weymar, M. (2016). Binding 

neutral information to emotional contexts: Brain dynamics of long-term recognition memory. Cogn 

Affect Behav Neurosci, 16(2), 234-247. doi:10.3758/s13415-015-0385-0 

Ventura-Bort, C., Wirkner, J., Genheimer, H., Wendt, J., Hamm, A. O., & Weymar, M. (2018). Effects of 

transcutaneous vagus nerve stimulation (tVNS) on the P300 and alpha-amylase level: A pilot study. 

Frontiers in Human Neuroscience, 12, 202.  

Vuilleumier, P. (2005). How brains beware: neural mechanisms of emotional attention. Trends in Cognitive 

Sciences, 9(12), 585-594.  

Vuilleumier, P., Armony, J. L., Clarke, K., Husain, M., Driver, J., & Dolan, R. J. (2002). Neural response to 

emotional faces with and without awareness: event-related fMRI in a parietal patient with visual 

extinction and spatial neglect. Neuropsychologia., 40(12), 2156-2166.  

Vuilleumier, P., Armony, J. L., Driver, J., & Dolan, R. J. (2001). Effects of attention and emotion on face 

processing in the human brain: an event-related fMRI study. Neuron, 30(3), 829-841.  

Vuilleumier, P., Richardson, M. P., Armony, J. L., Driver, J., & Dolan, R. J. (2004). Distant influences of 

amygdala lesion on visual cortical activation during emotional face processing. Nature Neuroscience, 

7(11), 1271-1278. doi:nn1341 [pii] 

10.1038/nn1341 

Vuilleumier, P., & Schwartz, S. (2001). Emotional facial expressions capture attention. Neurology, 56(2), 

153-158.  

Vytal, K., & Hamann, S. (2010). Neuroimaging support for discrete neural correlates of basic emotions: a 

voxel-based meta-analysis. J Cogn Neurosci, 22(12), 2864-2885.  

Wadlinger, H. A., & Isaacowitz, D. M. (2011). Fixing our focus: Training attention to regulate emotion. 

Personality and Social Psychology Review, 15(1), 75-102. doi:10.1177/1088868310365565 

Wager, T. D., & Atlas, L. Y. (2015). The neuroscience of placebo effects: connecting context, learning and 

health. Nature Reviews Neuroscience, 16(7), 403-418. doi:10.1038/nrn3976 

Wager, T. D., Barrett, L. F., Bliss-Moreau, E., Lindquist, K., Duncan, S., Kober, H., . . . Mize, J. (2008). 

The neuroimaging of emotion Handbook of emotions (Vol. 3, pp. 249-271). 

Wagner, D. D., Haxby, J. V., & Heatherton, T. F. (2012). The representation of self and person knowledge 

in the medial prefrontal cortex. Wiley Interdisciplinary Reviews: Cognitive Science, 3(4), 451-470. 

doi:10.1002/wcs.1183 

Watkins, E. R., Baeyens, C. B., & Read, R. (2009). Concreteness training reduces dysphoria: Proof-of-

principle for repeated cognitive bias modification in depression. Journal of Abnormal Psychology, 

118(1), 55-64. doi:10.1037/a0013642 

Watson, D., & Tellegen, A. (1985). Toward a Consensual Structure of Mood. Psychological Bulletin, 98(2), 

219-235. doi:Doi 10.1037//0033-2909.98.2.219 

Watts, S., Buratto, L. G., Brotherhood, E. V., Barnacle, G. E., & Schaefer, A. (2014). The neural fate of 

neutral information in emotion-enhanced memory. Psychophysiology, 51(7), 673-684. 

doi:10.1111/psyp.12211 

Webb, T. L., Miles, E., & Sheeran, P. (2012). Dealing with feeling: A meta-analysis of the effectiveness of 

strategies derived from the process model of emotion regulation. Psychological Bulletin, 138(4), 

775-808. doi:10.1037/a0027600 

Weike, A. I., Hamm, A. O., Schupp, H. T., Runge, U., Schroeder, H. W. S., & Kessler, C. (2005). Fear 

conditioning following unilateral temporal lobectomy: Dissociation of conditioned startle 

potentiation and autonomic learning. Journal of Neuroscience, 25(48), 11117-11124. 

doi:10.1523/Jneurosci.2032-05.2005 

Weike, A. I., Schupp, H. T., & Hamm, A. O. (2008). In dubio pro defensio: initial activation of conditioned 

fear is not cue specific. Behavioral Neuroscience, 122(3), 685.  

Wells, T. T., & Beevers, C. G. (2010). Biased attention and dysphoria: Manipulating selective attention 

reduces subsequent depressive symptoms. Cognition & Emotion, 24(4), 719-728. doi:Pii 908464024 



Jo
ur

na
l P

re
-p

ro
of

116 
 

10.1080/02699930802652388 

Weymar, M., Bradley, M. M., El-Hinnawi, N., & Lang, P. J. (2013). Explicit and Spontaneous Retrieval of 

Emotional Scenes: Electrophysiological Correlates. Emotion, 13(5), 981-988. doi:10.1037/a0033109 

Weymar, M., Bradley, M. M., Hamm, A. O., & Lang, P. J. (2013). When fear forms memories: Threat of 

shock and brain potentials during encoding and recognition. Cortex, 49(3), 819-826. 

doi:10.1016/j.cortex.2012.02.012 

Weymar, M., Bradley, M. M., Hamm, A. O., & Lang, P. J. (2014). Encoding and reinstatement of threat: 

Recognition potentials. Neurobiology of Learning and Memory, 107, 87-92.  

Weymar, M., & Hamm, A. (2013). Electrophysiological Signature of Emotional Memories. Hurting 

Memories and Beneficial Forgetting: Posttraumatic Stress Disorders, Biographical Developments, 

and Social Conflicts, 21-35. doi:10.1016/B978-0-12-398393-0.00002-X 

Weymar, M., Low, A., & Hamm, A. O. (2011). Emotional Memories are Resilient to Time: Evidence from 

the Parietal ERP Old/New Effect. Human Brain Mapping, 32(4), 632-640. doi:10.1002/hbm.21051 

Weymar, M., Low, A., Melzig, C. A., & Hamm, A. O. (2009). Enhanced long-term recollection for 

emotional pictures: evidence from high-density ERPs. Psychophysiology, 46(6), 1200-1207. 

doi:10.1111/j.1469-8986.2009.00869.x 

Weymar, M., Low, A., Schwabe, L., & Hamm, A. O. (2010). Brain dynamics associated with recollective 

experiences of emotional events. Neuroreport, 21(12), 827-831. 

doi:10.1097/WNR.0b013e32833d180a 

Weymar, M., Schwabe, L., Low, A., & Hamm, A. O. (2012). Stress sensitizes the brain: increased 

processing of unpleasant pictures after exposure to acute stress. J Cogn Neurosci, 24(7), 1511-1518. 

doi:10.1162/jocn_a_00174 

Whalen, P. J., Kagan, J., Cook, R. G., Davis, F. C., Kim, H., Polis, S., . . . Johnstone, T. (2004). Human 

amygdala responsivity to masked fearful eye whites. Science, 306(5704), 2061. doi:306/5704/2061 

[pii] 

10.1126/science.1103617 [doi] 

Whalen, P. J., Rauch, S. L., Etcoff, N. L., McInerney, S. C., Lee, M. B., & Jenike, M. A. (1998). Masked 

presentations of emotional facial expressions modulate amygdala activity without explicit 

knowledge. J Neurosci, 18(1), 411-418.  

Whalen, P. J., Shin, L. M., McInerney, S. C., Fischer, H., Wright, C. I., & Rauch, S. L. (2001). A functional 

MRI study of human amygdala responses to facial expressions of fear versus anger. Emotion., 1(1), 

70-83.  

Wilding, E. L., & Ranganath, C. (2011). Electrophysiological correlates of episodic memory processes. The 

Oxford handbook of ERP components, 373-396.  

Williams, J. M., Barnhofer, T., Crane, C., Herman, D., Raes, F., Watkins, E., & Dalgleish, T. (2007). 

Autobiographical memory specificity and emotional disorder. Psychol Bull, 133(1), 122-148. 

doi:2006-23058-006 [pii] 

10.1037/0033-2909.133.1.122 

Williams, J. M., Mathews, A., & MacLeod, C. (1996). The emotional Stroop task and psychopathology. 

Psychol Bull, 120(1), 3-24.  

Williams, J. M. G., Watts, F. N., MacLeod, C., & Mathews, A. (Eds.). (1997). Cognitive psychology and 

emotional disorders. (2nd ed.). Chichester, England: Wiley. 

Williams, L. M., Barton, M. J., Kemp, A. H., Liddell, B. J., Peduto, A., Gordon, E., & Bryant, R. A. (2005). 

Distinct amygdala-autonomic arousal profiles in response to fear signals in healthy males and 

females. NeuroImage, 28(3), 618-626. doi:10.1016/j.neuroimage.2005.06.035 

Williams, L. M., Das, P., Liddell, B. J., Kemp, A. H., Rennie, C. J., & Gordon, E. (2006). Mode of 

functional connectivity in amygdala pathways dissociates level of awareness for signals of fear. J 

Neurosci, 26(36), 9264-9271.  



Jo
ur

na
l P

re
-p

ro
of

117 
 

Williams, M. A., Morris, A. P., McGlone, F., Abbott, D. F., & Mattingley, J. B. (2004). Amygdala 

responses to fearful and happy facial expressions under conditions of binocular suppression. J 

Neurosci, 24(12), 2898-2904.  

Winer, E. S., & Salem, T. (2016). Reward Devaluation: Dot-Probe Meta-Analytic Evidence of Avoidance of 

Positive Information in Depressed Persons. Psychological Bulletin, 142(1), 18-78. 

doi:10.1037/bul0000022 

Wirkner, J., Low, A., Hamm, A. O., & Weymar, M. (2015). New learning following reactivation in the 

human brain: Targeting emotional memories through rapid serial visual presentation. Neurobiology 

of Learning and Memory, 119, 63-68. doi:10.1016/j.nlm.2015.01.006 

Wirkner, J., Ventura-Bort, C., Schulz, P., Hamm, A. O., & Weymar, M. (2018). Event-related potentials of 

emotional and neutral memories: The role of encoding position and delayed testing. 

Psychophysiology. doi:10.1111/psyp.13069 

Wirkner, J., Weymar, M., Low, A., & Hamm, A. O. (2013). Effects of Pre-Encoding Stress on Brain 

Correlates Associated with the Long-Term Memory for Emotional Scenes. PLoS ONE, 8(9). 

doi:ARTN e68212 

10.1371/journal.pone.0068212 

Wong, G., Dolcos, S., Denkova, E., Morey, R., Wang, L., McCarthy, G., & Dolcos, F. (2012). Brain 

imaging investigation of the impairing effect of emotion on cognition. J Vis Exp(60). 

doi:10.3791/2434 

Woodward, S. H., Shurick, A. A., Alvarez, J., Kuo, J., Nonyieva, Y., Blechert, J., . . . Gross, J. J. (2015). A 

psychophysiological investigation of emotion regulation in chronic severe posttraumatic stress 

disorder. Psychophysiology, 52(5), 667-678. doi:10.1111/psyp.12392 

Woud, M. L., Holmes, E. A., Postma, P., Dalgleish, T., & Mackintosh, B. (2012). Ameliorating Intrusive 

Memories of Distressing Experiences Using Computerized Reappraisal Training. Emotion, 12(4), 

778-784. doi:10.1037/a0024992 

Wright, D., & Loftus, E. (1998). How misinformation alters memories. Journal of Experimental Child 

Psychology, 71, 155-164.  

Yang, J., Xu, X., Du, X., Shi, C., & Fang, F. (2011). Effects of unconscious processing on implicit memory 

for fearful faces. PLoS ONE, 6(2), e14641. doi:10.1371/journal.pone.0014641 [doi] 

Yick, Y. Y., Buratto, L. G., & Schaefer, A. (2015). The effects of negative emotion on encoding-related 

neural activity predicting item and source recognition. Neuropsychologia, 73, 48-59. 

doi:10.1016/j.neuropsychologia.2015.04.030 

Yonelinas, A. P., & Ritchey, M. (2015). The slow forgetting of emotional episodic memories: an emotional 

binding account. Trends in Cognitive Sciences, 19(5), 259-267. doi:10.1016/j.tics.2015.02.009 

Zajonc, R. B. (1980). Feeling and thinking: Preferences need no inferences. Amercian Psychologist, 35(2), 

151-175.  

 

 

  



Jo
ur

na
l P

re
-p

ro
of

118 
 

Figure 1. Diagram of emotion-attention interactions discussed in the present manuscript. The figure 

summarizes domains and levels of emotion-attention interactions, along with associated neural correlates, 

based on behavioral, lesion, brain imaging, and intervention studies in healthy and clinical populations. 

Brain regions and event-related potentials (ERP) components within the square brackets denote the 

representative effects for each subsection featured in the manuscript. The color-coded brain activations in 

the background depict responses in a dorsal executive neural system (DES) involved in “cold” 

cognitive/executive processing and a ventral affective system (VAS) involved in “hot” emotional processing 

(brain image adapted from Dolcos & McCarthy, 2006). This image is used to suggest that emotion-attention 

interactions in the brain occur in the context of interactions between neural systems involved in executive 

and affective processing. AMY, amygdala; HC, hippocampus; mMTL, memory-related medial temporal 

lobe regions; mPFC, medial prefrontal cortex; vlPFC, ventrolateral prefrontal cortex; Ins, insula; pSTS, 

posterior superior temporal sulcus; EBA, extrastriate body area; DES, dorsal executive system; VAS, 

ventral affective system; FPN, fronto-parietal network; SN, salience network; LPP, late positive potential.   
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