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Abstract 

 Affective neuroscience, the study of neural mechanisms that give rise to emotional 

experiences in humans and animals, has a short but rich history. Almost three decades old, 

affective neuroscience has predominantly taken two theoretical approaches to understanding the 

brain bases of human emotions, and thus, two stances on the brain bases of emotion 

dysregulation. One approach, the traditional approach, argues that specific emotions are 

hardwired in human biology with specific neural underpinnings or signatures for said emotions. 

The second approach, a psychological constructionist approach, argues that each experienced 

emotion emerges not from a specific, dedicated anatomical circuit, but from an interplay of broad 

networks in the brain that are involved in general operations of the mind. In this chapter, we 

overview these two theoretical approaches with a specific focus on functional magnetic 

resonance imaging (fMRI) findings. We conclude with evidence suggesting how emotion 

dysregulation may arise, and link this work to clinical fMRI investigations of anxiety disorders. 

We close by suggesting future directions affective neuroscience may take to better understand 

processes underlying dysregulated emotions. 
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Introduction 

Emotion dysregulation is a core feature of almost every major form of psychopathology 

across the lifespan (Beauchaine, 2015; Insel, 2014; Kring, 2008; Kring & Mote, 2016). It 

underlies maladaptive decision-making (Lee, 2013; Sharp, Monterosso, & Montague, 2012) and 

maladaptive interpersonal behaviors (Kring, 2008), and is often a source of distress for 

individuals who experience it (Bylsma, Taylor-Clift, & Rottenberg, 2011; Kashdan & Steger, 

2006; Myin-Germeys et al., 2009). Understanding etiopathophysiologies of emotion 

dysregulation would therefore provide insight into mechanisms underlying myriad maladies. 

For the past 25 or so years, human neuroimaging studies in the field of affective neuroscience 

have evaluated the functional neuroanatomical bases of emotions in attempts to identify 

processes that underlie emotion dysregulation. Much of this research follows the traditional 

model of emotion, which assumes largely discrete anatomical bases of particular emotion 

categories (e.g., fear), with the assumption that functional abnormalities of these anatomical 

structures (e.g., excessive amygdala activation) result in emotional dysregulation (e.g., anxiety). 

In this chapter, we discuss evidence for and against the traditional model, and offer a new 

approach—the theory of constructed emotion (TCE; Barrett, 2017a; Barrett, 2017b; Lindquist, 

2013). In contrast to traditional approaches, the TCE suggests that each experienced emotion 

emerges not from a specific, dedicated anatomical circuit, but from an interplay of broad 

networks in the brain that are involved in general operations of the mind. Instances of each 

emotion category (i.e., fear, anger, happiness, and so forth) are represented by a pattern within 

these networks that is situation-specific and individually different. Taking a constructionist 

approach, we discuss evidence of how dysregulation within these networks may result in 

dysregulation of emotions. 

We begin our chapter by describing terms and concepts. Next, we outline the two theoretical 
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approaches that have guided neuroimaging research on emotion for the past 25 years: the 

traditional, anatomically-given circuit-based view and the TCE. With these theoretical 

perspectives in mind, we discuss what affective neuroscience suggests about mechanisms 

underlying human emotion and its dysregulation. We conclude with evidence suggesting how 

emotion dysregulation may arise, and link this work to clinical investigations of anxiety 

disorders. Although we recognize there are myriad ways that emotion dysregulation affects well-

being, behavior, and psychopathology, we focus specifically on these disorders for illustrative 

purposes. We close by suggesting future directions that affective neuroscience may take to better 

understand processes underlying dysregulated emotions, conceptually linking the constructionist 

approach to other recent attempts to identify basic processes that underlie multiple disorders 

(e.g., the Research Domain Criteria; RDoC approach; Insel, 2014). 

Terms and Concepts 

This chapter is about neuroimaging of emotion dysregulation, but we should first clarify how 

we use the terms neuroimaging, emotion, and dysregulation. In general, neuroimaging refers to 

any technology that allows researchers to create images of neural structure or function. In this 

chapter, we review the literature on human functional neuroimaging—technologies that generate 

images of neural processes related to mental states among live, waking human subjects. We 

focus specifically on functional magnetic resonance imaging (fMRI), which assesses changes in 

blood oxygenation to estimate blood flow to specific regions of the brain while humans 

experience mental states (e.g., fear). Blood flow reflects corresponding changes in activity (both 

excitation and inhibition) to neural populations in brain tissue (see Logothetis, 2008). Although 

there are other methods of functional neuroimaging (e.g., positron emission tomography [PET], 

electroencephalography [EEG], magnetoencephalography [MEG], functional near-infrared 

spectroscopy [fNIRS]), we focus on fMRI for two reasons. First, most recent neuroimaging 
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studies of human emotion use fMRI because it does not require injection of radioactive tracers 

(like PET) and affords good localization to subcortical and other structures (unlike EEG, MEG 

and fNIRS). Subcortical structures play a key role in most theories of emotion (e.g., Damasio et 

al., 2000; MacLean, 1949; Panksepp, 2016; Panksepp & Watt, 2011; cf. Kober, Barrett, Joseph, 

Bliss-Moreau, Lindquist, & Wager, 2008) and fMRI can image these deep brain structures—

often with high spatial resolution (Satpute et al., 2013). In contrast, EEG, MEG, and fNIRS offer 

exceptional temporal resolution and are therefore better-suited for answering questions about 

“when” activation occurs during the experience of emotion. Temporal dynamics of neural 

processing are surely of interest to emotion researchers, and more research is needed in this area 

(see e.g., Heller & Casey, 2016; Lee, Lindquist, & Nam, 2017; Waugh, Hamilton, & Gotlib, 

2010). As we note below, some recent evidence on network-properties of brain activation using 

fMRI combines spatial and temporal domains by examining sequences of regional brain 

activation during emotions.  

Next, we define what we mean by “emotion,” as the term is used differently among 

psychologists/neuroscientists, clinicians, and practitioners—and even among affective 

neuroscientists. We differentiate between what we call “emotions” and “affect.” Whereas 

“emotions” describe discrete experiences of specific states, as named with words such as 

“sadness,” “fear,” and “anger,” (often called “discrete emotions”; Keltner, Ekman, Gonzaga, & 

Beer, 2003), “affect” is used to describe more general feelings that range in positivity-negativity 

and activation-deactivation (see Barrett & Bliss-Moreau, 2009; Barrett, 2016; Lindquist et al., 

2013; Russell, 2003). We consider affect as constitutive of emotions insofar as affect is a basic 

“ingredient” that underlies all emotional experience (i.e., all emotions can be described as having 

some degree of pleasantness-unpleasantness and activation-deactivation; Barrett & Bliss-

Moreau, 2009; Lindquist, 2013; Lindquist et al., 2012; Lindquist et al., 2016; Russell, 2003). 
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Finally, we describe our definition of emotion dysregulation, which is largely but not fully 

consistent with the definition used throughout this volume (i.e., patterns of emotional experience 

and/or expression that interfere with goal-directed behavior; see Beauchaine, 2015). By some 

definitions, dysregulation is the opposite of regulation. Yet regulation is used differently 

throughout the emotion and affective neuroscience literature. In affective neuroscience, research 

on regulation often refers to explicit attempts by an individual to control or change his or her 

emotions (Gross & Thompson, 2007). There is a large body of imaging research on explicit 

regulation of emotion (see Ochsner & Gross, 2008; Buhle et al., 2014). This research focuses 

primarily on how effortful, “cognitive” control processes associated with prefrontal cortex (PFC) 

function can down-regulate functional activity of subcortical structures such as the amygdala, 

which—along with other subcortical structures—are canonically associated with emotion (e.g., 

Adolphs, 1999; Panksepp, 2016; Phelps & LeDoux, 2005). This literature is important, and is 

linked closely with emotion dysregulation in psychopathology across the lifespan (e.g., 

Beauchaine, 2015; Berking & Wupperman, 2012; Martin & Dahlen, 2005) and to other relational 

and social outcomes (e.g., Gross & John, 2003).  

We use the term regulation in its broader sense to refer to normative emotional processes. We 

believe that before one studies explicit emotion regulation or impairments in related processes, it 

is important to understand neural processes that contribute normatively to emotions in healthy 

individuals across daily life1. We therefore spend most of this chapter discussing processes 

associated with regulated emotion, and use this as a jumping off point for exploring how those 

same processes may become dysregulated in anxiety disorders. Of course, emotion dysregulation 

is likely to be transdiagnostic across other disorders (Buchaine, 2015a, b; Buchaine & Zisner, 

                                                
1 We note that these processes change developmentally and that there is important variation across the lifespan. We 
focus herein on research from young, healthy adults with the caveat that there may be important differences in 
children and adolescents, and in middle and older age.  
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2017). 

Theoretical Perspectives: Competing Theories of Brain Bases of Human Emotions 

Theories are much more than sets of explanations for how emotions operate—they are 

philosophical lenses through which observations are made, hypotheses are generated, studies are 

designed, and data are interpreted (Kuhn, 1977). At only 2-1/2 decades old, affective 

neuroscience is still a young discipline, and is still reliant on assumptions made since its 

inception (see also Kuhn, 1961). Thus, we begin by discussing traditional approaches to 

understanding brain bases of human emotion, outlining how these approaches began the study of 

emotion dysregulation among adults (and by extension, children). We then describe the more 

recent theory of constructed emotion (Barrett, 2017a; Barrett, 2017b; Lindquist, 2013), including 

its hypotheses regarding how emotion and dysregulation emerge. 

The Traditional Approach 

The traditional approach to understanding emotion has a long history in psychology, 

medicine, and neuroscience (see Barrett, 2017a; Barrett & Satpute, in press; Gendron & Barrett, 

2009) and derives in part from the common assumption that our experiences of the world reveal 

underlying mechanisms (Ward, Ross, Reed, Turiel, & Brown, 1997). In the case of our emotions, 

since fear and sadness are experienced as distinct, we are likely to assume that these categories 

of emotion derive from different psychological and neural mechanisms. This inference—the idea 

that categories are distinct and the idea that they each have their own mechanism—is rooted in 

essentialism. Essentialism is the human tendency to ascribe dedicated causal mechanisms to 

“categories” of observable phenomena—in this case different emotions (see Gelman, 2009a; 

Gelman, 2009b). This translates into the belief that fear and sadness, for instance, must be 

associated with different feelings and behaviors and each derive from discrete mechanisms in the 

brain (see Lindquist et al., 2013). 
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In affective neuroscience, the traditional view is codified in basic emotion theory, which 

argues that emotions such as sadness, fear, and anger are categories of experience that exist 

across species as evolved mechanisms, are present at birth in humans, and are universal across 

cultures (see Barrett, 2006; Ekman & Cordaro, 2011; Panksepp & Watt, 2011; Tracy & Randles, 

2011). The basic emotion perspective argues that at least some categories of emotional 

experience (fear, sadness, anger, happiness, disgust) evolved to motivate responses to survival-

linked contexts throughout phylogeny (Ekman & Cordaro, 2011; Panksepp & Watt, 2011). These 

basic emotions are thought by some to constitute foundations for all human emotional 

experiences (including more complex “secondary emotions”), and cannot be broken down into 

constituent parts (Ekman & Cordaro, 2011; Panksepp, 1982; Panksepp & Watt, 2011). 

Neural bases of emotions. Traditional theories of emotion sometimes suggest that each 

basic emotion category corresponds to a specific, inherited, and anatomically-dictated 

mechanism within the central nervous system (see Tracy & Randles, 2011). Over the years, this 

idea has taken multiple forms that manifest in the literature on emotion regulation and 

dysregulation. 

Maclean (1949) famously proposed the “triune brain” concept, which is rooted in essentialist 

beliefs about emotion vs. reason that still shape—however implicitly—theory and interpretation 

of neural data. The triune brain concept localizes emotion categories, such as fear,  to limbic and 

brainstem structures deep within subcortical regions (e.g., amygdala, striatum), and separates 

these processes from cognitive processes involved in cognition, planning, and self-regulation 

(functions associated with areas of the PFC). At the base of this three-part system lies the 

“reptilian” brain that generates “primitive” emotions (e.g., anger, fear). Above this system is the 

“visceral brain” that elaborates the “social” emotions (e.g., “contempt,” “embarrassment,” etc.). 

Finally, the neocortex, the top-most system, is typically the basis for cognitive functions and 
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attributed to regulatory processes. 

Despite the legacy of the triune brain concept, research on brain evolution suggests that the 

triune brain concept is at best a heuristic; among mammals, there is no “limbic system” that is 

functionally separate from other parts of the brain (see Chanes & Barrett, 2016; Pessoa, 2008). 

Moreover, the mammalian brain did not develop in a linear, one-region-above-the-next fashion. 

Instead, as the human brain evolved, it fundamentally reorganized, with new connections 

between subcortical nuclei, limbic, paralimbic, and cortical tissue created across primate 

evolution (see Barbas, 1995; Striedter, 2005). Although debate on brain evolution is far from 

closed, most experts agree that the triune brain concept does not accurately describe functional 

neuroanatomy. 

Nonetheless, the triune brain concept, in combination with basic emotion models (e.g., 

Ekman, 1992; Izard, 1992), facilitated initial hypotheses about emotion-specific subcortical brain 

structures within the subcortex and limbic tissue (Panksepp, 1998). It is beyond the scope of this 

chapter to review each of the subcortical, limbic, and paralimbic regions or circuits that have 

been linked to specific basic emotions (see Barrett et al., 2007, Lindquist et al., 2012, and 

Panksepp, 1998, 2016 for reviews). Instead we focus attention on the amygdala-fear link, which 

is the best-known and perhaps most historically influential hypothesis about the neural circuitry 

of emotion. 

The amygdala was considered an essential part of a dedicated neural circuit involved in 

perception and experience of fear following early animal research demonstrating its role in 

neophobia (Klüver & Bucy, 1937), aversive conditioning (“fear learning”; Davidson & Irwin, 

1999; LeDoux, Cicchetti, Xagoraris, & Romanski, 1990), extinction (Falls, Miserendino, & 

Davis, 1992) and freezing behavior (e.g., Blanchard & Blanchard, 1972). Together, these led 

early researchers to conclude that the amygdala is the brain locus of fear (LeDoux, 1995) or a 
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key part of an encapsulated, anatomically-defined subcortical circuit for this emotion (Davis, 

1992; Fanselow, 1994; Panksepp, 1998; Tovote, Fadok & Lüthi, 2015). 

The most compelling studies linking fear and amygdala activation are those in which 

amygdala lesions in animals, such as rats, abolish freezing behavior (e.g., Blanchard & 

Blanchard, 1972), a behavior commonly considered a fearful or defensive response. There are 

two concerns with this interpretation, one philosophical and the other empirical. First, linking 

adaptive behaviors in nonhuman animals with complex emotional experiences in humans can be 

problematic (LeDoux, 2012; 2013) as it cannot be verified whether non-human animal emotional 

behaviors are subjectively similar to conscious human emotions (see Barrett, 2017c for a 

discussion). More importantly, it is now empirically clear that the amygdala is not specific to 

defensive responses (e.g., Paré & Quirk, 2017). Rather, the amygdala is involved more generally 

in behavioral engagement “that governs transactions between mammals and their environments: 

whether or not to engage with (or disengage from) stimuli or situations” (Paré & Quirk, 2017, p. 

6). That is, amygdala activation occurs during behavioral outputs to motivationally relevant 

stimuli (Amir, Lee, Headley, Herzallah, & Paré, 2015). This interpretation explains why the 

amygdala is also active during non-fear states such as reward (Baxter & Murray, 2002) and when 

dictating behavioral responses to non-aversive, yet uncertain stimuli (Herry et al., 2007). 

Research with humans has also been invoked in ascribing the amygdala as the brain basis of 

fear. In humans, amygdala damage produces disruptions to both aversive conditioning (LaBar, 

LeDoux, Spencer, & Phelps, 1995), the recognition of fearful expressions (Adolphs, Tranel, 

Damasio, & Damasio, 1995; Adolphs, Damasio, Tranel & Damasio, 1996), and to some 

experiences of fear (e.g., in a haunted house; Feinstein, Adolphs, Damasio, & Tranel, 2011). 

However, more recent findings suggest these links are not consistent or specific enough to 

suggest that the amygdala is the brain basis of fear. For instance, the amygdala is not involved 
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consistently in “fear conditioning” and extinction across human neuroimaging studies; roughly 

half of studies reviewed failed to report amygdala activation (Sehlmeyer et al., 2009), suggesting 

a more complex role for the amygdala in learning about aversive stimuli than previously 

assumed. In the case of perceiving fearful facial expressions, complete amygdala lesions do not 

abolish accurate perceptions when patients are given the added instruction to look at the eyes of 

fearful faces (Adolphs et al., 2005). In addition, there are significant increases in amygdala 

activation following presentation of isolated fearful faces, but not when those faces are shown 

with complete bodies, which should presumably be an even clearer fearful signal (Poyo Solonas 

et al., 2017). Finally, patients with bilateral amygdala lesions are able to experience fear when 

deprived of oxygen, suggesting that all instances of fearful experience are not abolished by 

amygdala lesions (Feinstein et al., 2013). A meta-analysis of neuroimaging experiments in 

healthy humans identifies amygdala activation in roughly 30% of data points that induce fearful 

experiences (Lindquist et al., 2012), so it is not activated consistently during fearful experiences 

in humans. Rather, the amygdala is most consistently activated in fear inductions involving 

external (visual, auditory) stimuli as opposed to internally-generated states of fear (Lindquist et 

al. 2012). Nor is the amygdala specific to fear—it activates during other emotions (Lindquist et 

al., 2012) and during attention to motivationally relevant stimuli more generally (Cunningham & 

Brosch, 2012). Like the non-human animal findings (e.g., Paré & Quirk, 2017), these findings 

suggest that the amygdala is playing a more general psychological function and is not specific to 

the emotion category fear.  

Finally, the traditional approach to emotion can be observed in recent neuroimaging findings 

that rely on multivariate pattern-based analyses (MVPA) based in machine learning to examine 

whether a pattern of brain activity across the whole brain can “diagnose” or serve as a 

“biomarker” of which emotion a person is experiencing (e.g., Kassam et al. 2013, Kragel & 
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LaBar, 2015; Saarimäki et al. 2015). These approaches move beyond simple 1:1 relations 

between specific brain regions and emotion categories to argue that neural circuits for emotion 

exist in complex patterns in the brain. It is easy to assume that identifying a pattern for a specific 

category reveals the neuroanatomical basis of that category, yet there are multiple problems with 

this interpretation (see Clark-Polner, Johnson, & Barrett, 2016). The first problem is statistical. A 

pattern that successfully distinguishes the members of one category from the members of another 

(at a significant level) is not a “signature” or “biomarker” but is instead a statistical summary of 

a sample of instances (instances of fear induced in one experiment) drawn from a greater 

population of instances (other instances of fear across other experiments, people, and time). 

Importantly, the patterns found across instances for, say, fear, do not replicate one another, 

meaning that there is not a stable “biomarker” for this emotion category (Clark-Polner et al. 

2016). A second point is logical; MVPA analyses can differentiate the brain’s representation of 

semantic categories such as “athletes” vs. “buildings” (Huth et al., 2012), but humans are less 

likely to essentialize the clearly socially constructed category of “athletes” than the body-based 

category of “emotions” (see Lindquist et al., 2013) and so scientists do not conclude that they 

have found “biomarkers” for categories such as “athletes.” Finally, MVPA studies identify a 

functional pattern but do not say whether those brain regions are working together as a distinct 

circuit, or even whether those brain regions have functional connections to one another. It would 

be more compelling to identify networks of regions that have known anatomical connectivity and 

are consistently and specifically associated with the experience of specific emotions. 

We (Touroutoglou et al., 2015) attempted to identify whether brain regions that showed 

consistent functional activation for specific emotions (from the Vytal & Hamann, 2010 meta-

analysis) were each part of their own, emotion-specific anatomical network, or whether they 

formed broader networks that were not specific to emotions. We used resting state functional 
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connectivity, which reveals chronic functional connections between brain regions known to be 

undergirded by anatomical connections (i.e., white matter tracts measured through diffusion 

tractography in humans or in retrograde tracer injections in non-human primate brains) (Deco et 

al., 2011; Hermundstad et al., 2013; Pernice et al., 2011; van den Heuvel et al., 2009). Using 

brain regions that consistently activate for specific discrete emotions as seeds in resting state 

networks, we failed to reveal evidence for emotion-specific, anatomically-defined brain 

networks. For instance, a region of the left amygdala that was consistently associated with fear in 

the meta-analytic summary (Vytal & Hamann, 2010) did not form a fear-specific network. 

Rather, it was functionally connected to areas that form part of a broader “salience network” (cf., 

Seeley et al., 2007) identified across species (Touroutoglou et al., 2016). Activation within this 

salience network is generally associated with aversive states (e.g., Hayes & Northoff, 2011; 

Lindquist et al., 2016), attention (Menon & Uddin, 2010) and behavioral avoidance (Menon, 

2011). Critically, we found that the regions that showed consistent activation across multiple 

negative emotions (fear, anger, disgust and sadness) were part of this anatomically-constrained 

salience network (Touroutoglou et al., 2015), underscoring the hypothesis that the salience 

network contributes to multiple types of emotional experiences. 

In sum, the literature increasingly suggests that specific emotion categories do not map 

consistently and specifically to certain anatomical circuity. This finding is convergently revealed 

using neuroimaging in humans (for meta-analyses; Kober et al. 2008; Lindquist et al. 2012; 

Touroutoglou et al. 2015; Vytal & Hamann, 2010; Wager et al. 2015) and  also in studies that 

use causal methods in both humans (e.g., using electrical stimulation; Guillory & Bjarski, 2014) 

and in non-human animals (see Barrett et al. 2007). Furthermore, and as mentioned previously, 

studies in non-human animals reveal anatomical circuitry supporting certain adaptive behaviors 

(for a review see Panksepp, 2004), but the interpretation that these circuits are the circuits for 
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complex categories such as human fear, disgust, anger, etc. is problematic (see Barrett et al. 

2007; LeDoux, 2012; 2013). For instance, there are elegantly worked out circuits for escape 

(Vazdarjanova & McGaugh, 1998), freezing (LeDoux, 2007), fighting (e.g., offensive attack; Lin 

et al., 2011, defensive aggression; Motta et al., 2009) but the neural circuit for a behavior is not 

the neural circuit for an emotion per se (e.g., Barrett, 2012; Barrett, et al., 2007; LeDoux, 2012). 

A problem with this logic is that an animal might perform multiple behaviors when faced with a 

potential threat (i.e., a “fearful” situation): it might flee, freeze, or fight. This introduces the 

problem of having many fear circuits (e.g., Gross & Canteras, 2012) and poses an inductive 

problem for the science of emotion and psychopathology since it is unclear which fear circuit is 

the correct one to study when examining psychopathology. This said, it is likely that circuits for 

these adaptive behaviors form a more basic “element” in emotional experiences by combining 

with other more basic psychological “elements.” This idea is consistent with the psychological 

constructionist account we discuss next. 

Limitations with the traditional view aside, investigations of emotion dysregulation typically 

hew to these traditional assumptions about the brain basis of emotions by assuming that 

dysregulation derives from dysregulation of an emotion-specific brain area or circuit. For 

instance, much research focuses on increased reactivity within subcortical structures (e.g., the 

amygdala) or failures of the cortex to regulate such structures as the basis of emotion 

dysregulation (see Etkin & Wager, 2007). Other studies explicitly focus on dysregulation of a 

“fear circuit.” Here we again focus our attention on the fear-amygdala link, which has led to over 

150 publications examining the role of the amygdala in fear and anxiety. We are not arguing that 

the amygdala is uninvolved in the neural etiology of anxiety disorders; rather, we suggest that it 

is far from clear that amygdala dysregulation represents dysregulation in a “fear circuit” as such. 

Rather, the amygdala may be playing a more basic role that is general to multiple emotion 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       15 

 

categories and is transdiagnostic across disorders, a point we delve into later. 

Following the traditional model, emotion dysregulation arises in part from dysfunction within 

the “limbic system,” including structures such as the amygdala in anxiety and from the failure of 

the cortex to regulate such structures. For instance, heightened amygdala activation is observed 

across patients with social anxiety disorder (Birbaumer et al., 1998; Furmark et al., 2004; Phan, 

Fitzgerald, Nathan & Tancer, 2006; Stein et al., 2002) and post-traumatic stress disorder2 (PTSD; 

Rauch et al., 2000; Shin et al., 2006). Interestingly, heightened amygdala activation to negative 

stimuli is also observed in anxiety-prone individuals who are otherwise considered healthy 

(Stein, Simmons, Feinstein & Paulus, 2007). Consistent with the role of PFC in regulating the 

amygdala, diminished amygdala activity during emotion regulation tasks is associated with 

increased cortical thickness and greater white matter connectivity within prefrontal cortical areas 

(Foland-Ross et. al, 2010; Kim et al., 2011), suggesting that structural differences in the PFC 

predict reduced amygdala activity. In pathological anxiety, patients show reduced functional 

connectivity between the amygdala and frontocortical areas, such as the orbitofrontal cortex 

(Hahn et al., 2011). Patients with PTSD show a diminished ability to extinguish conditioned fear 

as compared to healthy controls, which is associated with weak recruitment of prefrontal cortical 

areas and reduced amygdala inhibition (Milad et al., 2009; Kolassa et al., 2007) and connectivity 

between the PFC and amygdala improves following successful treatment (see Clark & Beck, 

2010 for a review).  

Together, these findings suggest that subcortical and cortical structures, or some interplay 

between them, is important to regulated emotions. However, recent work suggests that the 

traditional approach may provide too narrow a lens for hypothesis testing and interpretation 
                                                
2 We recognize that the latest Diagnostic and Statistical Manual (DSM-5) no longer classifies PTSD as an anxiety 
disorder but instead as a “trauma- and stressor-related disorder.” However, given the previous scientific 
conceptualizations of PTSD as an anxiety-related disorder and evidence for some shared neural circuitry between 
PTSD and anxiety (e.g., Etkin & Wager, 2007), we discuss PTSD throughout our chapter. 
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when it comes to understanding processes underlying emotional dysregulation. A recent meta-

analysis (Sprooten et al., 2017) of 537 studies of case-control clinical examinations of mental 

disorders (including anxiety disorders, schizophrenia, bipolar disorder, major depressive 

disorder, and obsessive compulsive disorder) comprising observations derived from 21,427 

participants calls the central role of the amygdala in anxiety disorders into question. The meta-

analysis found some evidence for greater amygdala activation in anxiety disorders, but only 

when those studies that used region-of-interest (ROI) analyses were considered in the analysis. 

Regions of interest (ROIs) are a priori locations in the brain that are queried for activation during 

analysis, oftentimes using more lenient statistics. This is one manner by which traditional  

notions about brain function can influence the literature: Traditional assumptions about emotion-

brain linkages cause researchers to look to the amygdala for what would otherwise be 

subthreshold activation, and when such activation is found, it is concluded that amygdala 

dysfunction is central to a disorder. However, when meta-analyzing studies that performed 

whole-brain analyses without an a priori focus and using stricter statistical thresholds, there was 

not a strong link between greater amygdala activity and anxiety disorders across the literature. In 

fact, the link between amygdala activity and other disorders (e.g., bipolar disorder), was 

relatively stronger when considering whole-brain analyses. In contrast, structures such as the 

thalamus and hippocampus, which are less frequently linked to anxiety, showed relatively greater 

activation across anxiety (Sprooten et al. 2017). Of course, these findings come from a single 

meta-analysis, but they converge with recent arguments that psychiatric disorders arise not from 

emotion-specific circuits, but from a set of common large-scale brain networks (Menon, 2011). 

This idea is articulated in a constructionist approach to mind-brain correspondence (Lindquist & 

Barrett, 2012). 

Constructionism: Emotions as Emergent Phenomena 
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An alternative approach to understanding brain bases of emotion, and by extension, emotion 

dysregulation, is the TCE. The TCE is part of the broader class of “psychological 

constructionist” approaches to emotion (see Gendron & Barrett, 2009 for a historical review) and 

mind-brain correspondence more generally (Lindquist & Barrett, 2012). These approaches 

emerged in the history of psychology in attempts to explain failures of traditional approaches to 

account for existing empirical data on emotion (see Lindquist, 2013). 

The TCE draws from patterns of data described in the literature on emotions, without 

appealing to essentialist assumptions. The TCE and psychological constructionist models before 

it (see Duffy, 1941; Hunt, 1941; James, 1890; Schachter & Singer, 1962; Wundt, 1897/1998, see 

Gendron & Barrett, 2009; Lindquist, 2013 for a historical review), recognize that emotions do 

not have their own specific behavioral action tendencies (Baumeister et al., 2010; DeWall, 

Baumeister, Chester, & Bushman, 2016), facial behaviors (Jack et al., 2012; Jack et al., 2016), 

peripheral physiological signatures (Siegel et al., in press), or causal mechanisms in the brain 

(Guillory & Bujarski, 2014; Lindquist et al., 2012; Wager et al., 2015). These approaches also 

recognize heterogeneity within each emotion category. For instance, although traditional 

approaches assume that “fear” names a set of instances that share a key set of features with a 

common causal mechanism, some instances of fear feel good and some feel bad (Wilson-

Mendenhall et al. 2014), some involve an increase in heart rate and some involve a decrease 

(Kreibig, 2010), and some involve activity within the amygdala and some do not (Lindquist et 

al., 2012; Wager et al., 2008). Neural concomitants of different fear states (e.g., fear in a social 

context vs. fear in a physical context) are as dissimilar as neural concomitants of fear vs. anger 

(Wilson-Mendenhall et al., 2013). The TCE thus attempts to describe both similarities in 

objective measures (i.e., behaviors, facial expressions, peripheral physiology, brain activity; 

Barrett, 2006a, b; Barrett & Wager, 2006; Lindquist, 2013; Russell, 2003) that exist between 
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different emotion categories and differences that exist within emotion categories (Kreibig, 2010; 

Siegel et al., in press; Wilson-Mendenhall et al., 2013), all the while explaining why people 

subjectively experience emotions as relatively distinct from one another (e.g., people by and 

large experience fear as distinct from disgust; although see Barrett, 2006c for a discussion of 

individual differences). 

The TCE achieves this by defining emotions as loose, fuzzy categories that are imposed by 

the minds’ perceivers and emerge from a set of objectively measurable basic “elements” of the 

mind. One such element is core affect. Core affect is a product of the brain’s attempts to 

maintain homeostasis by marshalling changes in the body in relation to external events (see 

Barrett, 2017a; Kleckner et al., 2017). Experientially, core affect can be described as feelings of 

activation or deactivation of the autonomic nervous system and feelings of pleasantness or 

unpleasantness (see Barrett & Bliss-Moreau, 2009; Barrett, 2016; Diener, Larsen, Levine, & 

Emmons, 1985; Duffy, 1957; Lindquist et al., 2013; Ortony, Clore, & Collins, 1988; Russell, 

2003; Watson & Tellegen, 1985). Marshalling body changes to maintain homeostasis is 

experienced as activating, and depending on the context, sometimes unpleasant (e.g., in the face 

of a threat). In other cases, it might be experienced as activating and pleasant (e.g., in the case of 

pursuing a reward). All experiences have some core affective tone (Barrett & Bliss-Moreau, 

2009; Craig, 2009; Russell, 2003) including but not limited to the experience of emotion 

categories. For instance, although fear is experienced as distinct from disgust, the TCE 

hypothesizes that each involves similar core affect (e.g., feelings of high activation and 

unpleasantness). Properties of core affect can construed as basic features of consciousness 

(Duncan & Barrett, 2007; Russell, 2005) and via reciprocal efferent and afferent projections 

between the brain and peripheral nervous system, core affect can act as a barometer that allows 

an organism to know whether it should approach or avoid something (Barrett & Bliss-Moreau, 
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2009; Russell, 2003).   

The TCE predicts that the brain is always making meaning of core affect—sensations which 

are themselves ambiguous (Barrett, 2017a; MacCormack & Lindquist, 2017). To do so, the brain 

relies on the ongoing context outside the body, and prior experiences of which subjective 

experiences occurred in such contexts (Barrett, 2009; 2017a; Lindquist, 2013). A person thus 

experiences a specific emotion when he or she automatically and unconsciously makes meaning 

of (i.e., categorizes) their core affective sensations in given contexts (e.g., while delivering a 

speech) drawing on knowledge about specific emotion categories experienced in that context in 

the past (e.g., fear vs. excitement).  

The second “element” in emotion is categorization. Categorization is the basic process(es) 

through which the brain uses prior experiences (i.e., memories, semantic and concept 

knowledge) to make predictions about the meaning of sensations in the present. Categorization is 

used to refine the meaning of all sensory information, whether those sensations are external to 

the body (as in visual perception; Barrett & Bar, 2009) or internal sensations of core affect (e.g., 

Lindquist & Barrett, 2008). The TCE thus shares much in common with predictive approaches to 

the mind (e.g., Clark, 2013; Friston, 2010; Hohwy, 2013; Lupyan & Clark, 2015) insofar as it 

hypothesizes that top-down information from prior experience is used to assign meaning to core 

affect, and produce discrete experiences of emotion (anger, fear, etc.). Consistent with the TCE, 

categorization yields subjective differentiation of emotions, even when the underlying 

physiology is not categorical. How people categorize their affective states drives self-reported 

emotional experiences (Jamieson et al., 2010; Kirkland & Cunningham, 2012; Lee et al., in 

press; Lindquist & Barrett, 2008; Oosterwijk et al., 2009; 2012), shifts physiology (i.e., whether 

someone is threatened vs. challenged; Jamieson et al., 2010; Kassam & Mendes, 2013; 

Oosterwijk et al., 2009), and alters observed patterns of brain activity during emotions (e.g., 
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Lindquist et al., under review; Oosterwijk et al., 2012; Satpute et al., 2013a; 2013b; 2016; for a 

meta-analysis, see Brooks et al., 2017). Finally, the TCE hypothesizes that specific core affective 

sensations and category knowledge that are attended to and represented in any given instance 

alter ongoing emotional experiences.  

The third “element” in emotion is executive control. Executive control refers to attentional 

resources that allow an individual to selectively enhance some information and suppress other 

information (Mack & Rock, 1998). It is hypothesized that executive control helps a person select 

aspects of core affective representations, category knowledge, or external sensory representations 

for conscious experience in a given instance, and to suppress other, less related representations. 

For instance, executive control processes appear to be involved in selecting category knowledge 

during emotion (Brooks et al., 2017; Oosterwijk et al., 2012). One hypothesis is that executive 

control allows the brain to unite together representations of core affect, category knowledge, and 

sensations from external perceptions (e.g., vision) into a unified experience of an emotion (see 

Lindquist, 2013, for a discussion). Consistent with this hypothesis, aspects of a brain network 

associated with executive control called the frontoparietal network show greater connectivity 

with the fusiform gyrus, an area involved in viewing faces, during intense anger experiences. 

These findings suggest that during anger, participants may draw on prior experiences of anger 

that involve seeing the faces of their enemies (Lindquist et al., under review). In such situations, 

regions associated with executive control are helping to select these representations in the service 

of creating the experience of anger.  

Neural bases of emotions. Despite long-standing theoretical roots of psychological 

constructionist approaches to emotion, which began in the 19th Century (Dunlap, 1932; Harlow 

& Stagner, 1932; 1933; Spencer, 1855; 1894; Sully, 1892; see Gendron & Barrett, 2009 for a 

historical review), the TCE is the first such approach to be applied to understanding neural bases 
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of emotions  (Barrett & Satpute, 2013; Lindquist et al., 2012; Lindquist & Barrett, 2012; 

Touroutoglou et al., 2015; for a neuroscience-based constructionist theory of memory, see 

Schacter, Norman, & Koutstaal., 1998; Schacter, Addis, & Buckner, 2007; for a constructionist 

theory of vision, see Bar, 2004). Indeed, its historical predecessors were articulated before 

modern brain imaging—as described herein—was available. Neuroscience findings bolster and  

refine behavioral and peripheral physiological work supporting the TCE. Rather than assuming 

that specific emotion categories, such as fear, map onto singular neural mechanisms (e.g., 

anatomical regions within the brain; Davis, 1992; or multivariate “fingerprints;” Saarimäki et al., 

2015), the TCE hypothesizes that neural networks supporting more basic psychological 

processes such as core affect, categorization, and executive control contribute to emotional 

experiences. 

There is growing evidence in the neuroimaging literature for the TCE hypotheses. As noted 

above, meta-analyses of neuroimaging studies on emotion reveal that emotion categories such as 

anger, fear, sadness, disgust, and happiness do not correspond to specific anatomical regions 

(Lindquist et al., 2012; Vytal & Hamann, 2010). Critically, these meta-analyses reveal that 

during instances of emotion, there is activity within and across a set of common networks that 

also activate during other psychological functions (e.g., memory, semantics, visual perception, 

etc; see Barrett & Satpute, 2013; Lindquist & Barrett, 2012). For instance, a meta-analysis using 

data-driven techniques to detect patterns of co-activation across neuroimaging studies of emotion 

revealed a set of six functional groups that span both the subcortex and cortex (Kober et al., 

2008) (see Figure 7A-F). These functional groups did not correspond to specific emotions, but 

based on their functional neuroanatomy, appear to correspond to very basic psychological 

functions, many of which are predicted a priori by the TCE. Furthermore, these groups 

correspond to a set of “intrinsic” networks that are formed by the brain’s structural architecture 
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(Deco et al., 2011), develop over infancy and early childhood (Gao et al., 2015; Pendl et al., 

2015), are present across task domains (e.g., Habas et al., 2009; Seeley et al., 2007; Vincent et 

al., 2008) and exert constraints on information processing during emotion and cognition (Ciric et 

al., 2017; Cohen, 2017; Krienen et al., 2014;  Yeo et al., 2011; Yeo, Krienen, Chee, & Buckner 

2014).   

The first group identified in our meta-analysis (Kober et al., 2008), referred to as the core 

limbic3 group, comprised the amygdala, hypothalamus, ventral striatum and periaqueductal gray, 

all regions that contribute to visceromotor activation of the body via projections to the peripheral 

nervous system (Barrett & Simmons, 2015; Bujis & Van Eden, 2000). The second lateral 

paralimbic4 group comprised the mid- and anterior insula and posterior orbitofrontal cortex 

(OFC), which receive afferent information via brainstem nuclei from the peripheral nervous 

system to represent visceromotor changes in ongoing experience (i.e., interoception; Craig, 2009; 

Kleckner et al., 2017). Together, this set of brain regions and their functional neuroanatomy 

correspond to the psychological element of core affect. Interestingly, many of these same regions 

constitute the intrinsic salience network (SN) (Seeley et al., 2007; Yeo et al., 2011). Activity 

within the SN during rest predicts self-reported arousal to evocative images (Touroutoglou et al., 

2012), skin conductance responses (Kleckner et al., 2017), and reports of anxiety during 

scanning (Seely et al., 2007). This suggests functional relevance of this network to core affect. 

The third group identified in our meta-analysis (Kober et al., 2008), referred to as the medial 

posterior group, comprised the posterior cingulate cortex (PCC) extending into primary visual 

cortex, regions associated with self-referential processing and vision. The fourth group was the 

medial PFC group, comprised of the dorsal medial PFC (dmPFC), the pregenual ACC (pgACC), 
                                                
3 In Latin, the word limbic means border. Herein, when we speak of a limbic group, we are referring to brain tissue 
primarily bordering or constituting the subcortex. Critically, we are not referring to notions of a limbic system, as 
outlined in the triune brain concept.   
4 Paralimbic tissue is 3-layer cortical tissue that abuts limbic tissue. 
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and rostral dorsal ACC (rdACC). These regions are associated with self-referential processing 

(Lou et al., 2004; Moran et al., 2006) and representation of value (Knutson et al., 2005; Levy & 

Glimcher, 2011). These regions often co-activate together across studies, particularly studies of 

autobiographical memory and semantics (Binder et al., 2009; Spreng, Mar, & Kim, 2009; 

Svoboda, McKinnon, & Levine, 2006), and are thought to collectively represent the brain’s use 

of prior experiences to make meaning of internal and external sensations in the moment (Bar, 

2011). Together, this set of brain regions and their functional neuroanatomy correspond to the 

psychological element of categorization. These same regions also constitute the intrinsic default 

mode network (DMN; Spreng, Mar, & Kim, 2009). Activity of the DMN during rest predicts 

self-reflection (Northoff & Bermpohl, 2004), emotion regulation (Wager et al., 2008), and 

planning future behaviors (Spreng et al., 2009). Thus, this network is involved in combining 

representations of prior experiences for use in thinking about the self, categorizing ongoing 

emotional experiences, and projecting oneself into the future. 

Finally, the fifth group, referred to as the cognitive/motor group, comprised the right frontal 

operculum, bilateral inferior frontal gyrus (IFG), pre-supplementary motor area (pre-SMA), and 

left middle frontal gyrus. This set of brain regions and their functional neuroanatomy correspond 

to the psychological element of executive control5 (Nee et al., 2007; Wager et al., 2004). 

Notably, these regions constitute the intrinsic executive control network known as the 

frontoparietal network (Corbetta & Shulman, 2002). This set of brain regions co-activate in 

response to top-down control that gates attention to sensory stimuli of potential behavioral 

significance (from the body, prior experiences, or the world) in the moment (Aron et al., 2004; 

Nee et al., 2007). Activity of the frontoparietal network during rest predicts response inhibition 

                                                
5 We note that executive control processes are typically associated with  several brain regions, not only the ones we 
indicate here. In fact, regions from our cognitive/motor group emerged from data driven methods and were labeled 
with the network they best approximated. 
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(Nee et al., 2007), action selection (Corbetta & Shulman, 2002), and selection of semantic 

knowledge (Thompson-Schill et al., 1997). 

The TCE suggests that networks mapping onto functions including core affect, 

categorization, and executive control functionally interact during the experience of emotions. 

Growing evidence is consistent with this hypothesis. For instance, Raz et al. (2012) used a 

network cohesion approach to examine the inter- and intra-network connectivity of the core 

limbic group observed in Kober et al. (2008) (roughly mapping on to aspects of the salience 

network) and the mPFC (part of the default mode network). There was increased functional 

connectivity between these two networks during an instance of sadness and participants’ ratings 

of sadness additionally correlated with the degree of cohesion between these two networks. More 

recently, Raz and colleagues (2016) extended these findings to examine inter-network 

connectivity differences across different discrete emotions including anger, fear, and sadness. 

They examined connectivity within and between the SN and the DMN. Greater connectivity 

between dorsal parts of the SN (dorsal anterior insula, dorsal ACC) and aspects of the DMN 

extending into the subcortex (centromedial nucleus of the amygdala) was associated with more 

intense ratings of emotion during the experience of most instances of emotion. These findings 

provide some of the first evidence that networks associated with core affect and categorization 

interact during emotional experience. 

If emotions emerge from dynamic functional coupling of intrinsic neural networks, then the 

novel prediction of the the TCE is that emotion dysregulation in the context of psychopathology 

originates from perturbations in the domain-general networks that contribute to emotions. Other 

recent accounts link psychopathology to dysregulation in intrinsic networks (Menon, 2011), but 

the TCE offers predictions at both psychological and neural levels. In the case of anxiety, it 

predicts that dysfunction in basic psychological processes that support emotion experience, such 
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as core affect, categorization and executive control, as manifested by dysfunction in the neural 

networks that support these functions.  

Consistent with the TCE, preliminary evidence links anxiety disorders with alterations in 

functioning of the SN, DMN, and the frontoparietal network, which are hypothesized to support 

core affect, categorization, and executive control, respectively. Dysfunction in the anterior insula 

of the SN is thought to be a core feature of anxiety disorders (Paulus & Stein, 2006), suggesting 

an impairment in core affective processing, and in particular representation of afferent 

information from the viscera. Hyperactivity of the anterior insula of the SN is observed in 

individuals high in trait anxiety (Paulus & Stein, 2006; Stein et al., 2007) and individuals who 

score high on trait neuroticism (Feinstein, Stein, & Paulus, 2006). Neuroimaging work also 

shows decreased functional connectivity between the dACC—a region of the SN implicated in 

processing negative affect, pain, and cognitive control (Shackman et al., 2011)—and the 

amygdala, a subregion of the SN (Touroutoglou et al., 2012), among patients with generalized 

anxiety disorder at rest, relative to controls (Etkin et al., 2009). This suggests impairment in 

processing salient and potentially negatively valenced input. Furthermore, EEG studies report 

perturbed error-related brain activity in highly anxious individuals, specifically in the error-

related negativity (ERN), a component of the event related potential (ERP) observed following 

the commision of an error in reaction-time tasks and linked to the ACC (Yeung, Botvinick, & 

Cohen, 2004). Studies demonstrate enhanced ERN in tasks involving neutral, non-emotional 

stimuli in patients with generalized anxiety disorder (Weinberg et al., 2010), obsessive-

compulsive disorder (OCD; Xiao et al., 2011), and individuals with subclinical anxiety (Hajcak 

et al., 2003).These findings are consistent with increased functioning of the SN as a network 

important for detecting errors or conflict (Botvinick et al., 2001; Carter et al., 1999). 

Other work links anxiety disorders with alterations in the DMN. For instance, patients with 
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anxiety relative to healthy controls show reductions in brain activation within the PCC and 

mPFC of the DMN while at rest, and while listening to emotionally neutral and threat-related 

words (Zhao et al., 2007). Critically, increased connectivity between parts of the DMN (e.g., 

PCC) and the right amygdala, a component of the SN, is associated with PTSD symptoms and 

predicts future PTSD (Lanius et al., 2010). These findings could be evidence that individuals 

with PTSD are more likely to conceptualize core affective sensations (e.g., a beating heart) as 

specific emotional experiences (e.g., fear) than healthy controls, who might experience these 

sensations as transient bodily feelings and not emotional per se. Other evidence points to relative 

differences in the functional connectivity within the DMN (including the ACC and mPFC) and 

SN (including the amygdala), with lesser functional connectivity in the DMN in PTSD but 

greater functional connectivity within the SN (Sripada et al., 2012). 

Finally, many with anxiety disorders show altered function of the frontoparietal network and 

between this network and others. For instance, individuals high in trait anxiety show weaker 

functional connectivity relative to controls between regions of the SN (e.g., dACC), and the 

frontoparietal network (e.g., dlPFC) in an emotionally-neutral Stroop task (Basten et al., 2011). 

These results point to a general (non-threat related) impairment of attentional control in 

individuals high in trait anxiety. Similarly, aberrant functional connectivity patterns between 

regions of the frontoparietal network and the amygdala, a region within the SN (Touroutoglou et 

al., 2012), are observed in patients with generalized anxiety disorder (Etkin et al., 2009) and 

social anxiety disorder (Liao et al., 2010). Finally, patients with severe PTSD demonstrate 

impairments in disengaging the DMN and engaging the salience and frontoparietal networks 

during executive control tasks (Daniels et al., 2010). Together, these findings suggest that 

disorder might be characterized by a relative imbalance in processes linked to core affect vs. 

conceptualization vs. executive control. 
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Future Directions 

The TCE charts a path forward for future investigations into the brain bases of human 

emotion and emotion dysregulation. It offers predictions not offered by traditional approaches. A 

first prediction is that dysregulation will emerge not only from activity within intrinsic networks, 

but also among these networks. The TCE predicts that anxiety may be more than a disorder 

circumscribed by an anatomically-defined fear circuit, but perhaps more related to abnormal 

variation within networks that support core affective, categorization, and executive control 

processes. A second prediction is that dysregulation of intrinsic networks is transdiagnostic. This 

prediction shares ideas in common with Insel et al. (2010) and Menon (2011). Here, we focused 

on anxiety disorders for illustration, and point out that dysregulation of intrinsic networks spans 

not only anxiety disorders, but other disorders as well. For example, dysregulation of the salience 

network is observed in major depressive disorder (Manoliu et al., 2014) and schizophrenia 

(Palaniyappan & Liddle, 2012). To understand how dysregulation in these networks occurs 

across disorders, we first need to understand how much variation underlies “regulated” function 

of these networks. Evaluating these predictions relies not only on changing theoretical 

frameworks for understanding emotions and mental illness, but on relatively new analytic 

techniques in neuroimaging.  

Examining Interplay of Networks 

One new direction prompted by the TCE is to evaluate neural networks that underlie 

regulated emotions and their interactions. As reviewed above, evidence suggests that emotions 

emerge from interactive effects of broad scale networks. Yet to date, very few studies have taken 

a network-based approach to examining neural bases of emotions (although see Lindquist et al., 

under review; Raz et al., 2012; 2016; Touroutoglou et al., 2015). Neuroimaging is increasingly 

examining the function of intrinsic networks in psychopathology, but this research began as 
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exploratory, and to our knowledge, there is no unified effort to understand how within-network 

or between network activity changes as a function of disorder and what mental implications of 

these changes are. The TCE offers such a framework. Of course, ongoing work must continue to 

validate the approach and link psychological levels of analysis (e.g. core affect) to neural levels 

of analysis (e.g., activity of the salience network). Novel statistical approaches are also necessary 

to reach these aims. To study functional dynamics of networks and how they change across 

different emotional states (dynamic functional connectivity; see Cohen, 2017), researchers must 

use advanced multivariate statistics. For instance, functional connectivity examines how time 

series of activation within different brain areas covary with one another to form complex 

networks. Directed functional connectivity approaches (e.g., Gates & Molenaar, 2012; Gates et 

al., 2014) further allow researchers to examine lagged and contemporaneous correlations 

between these brain area “hubs” and how these change across emotional states (e.g., anger vs. 

fear). For instance, we can examine how hubs of the salience network (e.g., insula, amygdala, 

dACC) change in connectivity within one another across anger and fear in healthy individuals. 

Similar approaches can be used to examine between-network co-variation across different 

emotional states. For example, we can examine how the salience network changes its 

connectivity with the default mode network during fear vs. anger. By understanding these 

dynamics and how they manifest among different healthy affective (and even non-affective) 

states, we can begin to understand regulated functions of the brain. Next, we can systematically 

explore how these network dynamics become dysregulated in mental disorder. 

Variability in Emotions and Diagnostic Categories 

A second new direction prompted by the TCE is to examine and model variability 

underlying emotions, both in regulated and dysregulated forms across diagnostic groups. Most 

human imaging research focuses on group-level mean brain activity without considering 
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individual differences in the circuitry that is associated with emotions. Statistical brain maps 

computed across groups of people often do not capture explanatory individual-level information 

about behavior or cognitions (Mueller et al., 2013) and inter-subject variability is often implicitly 

treated as noise rather than biologically informative features of brain organization (Zilles & 

Amunts, 2013). The social and/or environmental context in which a phenomenon is taking place 

is rarely modeled or even considered (Guloksuz, Pries, & van Os, 2017; Shankman & Gorka, 

2015). These practices can lead to the false interpretation that a single process or set of processes 

is associated with a single emotion category, when in reality there may be different pathways to 

that emotion category across different people or even within the same person across instances. 

Growing neuroimaging research is consistent with the idea that there is  heterogeneity—and even 

degeneracy (Price & Friston, 2002)—in the brain responses associated with emotions between 

people and within people across contexts. Degeneracy refers to the biological principle whereby 

different processes produce the same outcome. As an example of degeneracy, different brain 

patterns exist for the same emotion categories experienced across different contexts (e.g., 

Wilson-Mendenhall et al., 2011). Clinically, there is growing evidence that separate brain 

processes produce the same outcomes (e.g., anxiety symptoms) (Fisher, 2015; Gates et al., 2014; 

Price et al., 2017). Moving forward, we should recognize and model such sources of variation 

and degeneracy if we are to better understand how variation in brain processes leads to 

dysregulated emotions. 

To study heterogeneity across categories (whether categories of regulated emotions such as 

fear and sadness or diagnostic categories such as anxiety and depression), researchers must use 

approaches that model different pathways to the same outcomes. Network-based sub-grouping 

approaches (e.g., Lane & Gates, 2017) arrive at group-level network solutions but also identify 

subgroups with different network patterns. We can examine how hubs of the salience network 
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(e.g., insula, amygdala, dACC) are connected differentially during fear in one context (e.g., 

social) vs. another (e.g., threat). Similar approaches can be used to examine between-network co-

variation across different emotional contexts (e.g., how the salience network changes its 

connectivity with the default mode network during social fear vs. threat). We can even examine 

how different network patterns predict similar degrees of reported anxiety within a sample (e.g., 

Doyle, Lane, Brooks, Wilkins, Gates, & Lindquist, in prep).  

Conclusion 

In this chapter, we reviewed contemporary models of emotion and their implications for what 

goes awry in the brain during emotion dysregulation. We focused on neuroimaging approaches, 

which have promise for understanding emotion and emotion dysregulation in awake, emoting 

humans. After roughly 25 years of research, we have made substantial discoveries. We look 

forward to future research that uses sophisticated network-based approaches to search for neural 

processes that contribute to both healthy and dysregulated emotion.  



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       31 

 

References 

Adolphs, R. (1999). The human amygdala and emotion. The Neuroscientist, 5, 125-137. 

Adolphs, R., Damasio, H., Tranel, D., & Damasio, A. R. (1996). Cortical systems for the 

recognition of emotion in facial expressions. Journal of Neuroscience, 16, 7678-7687. 

Adolphs, R., Gosselin, F., Buchanan, T. W., Tranel, D., Schyns, P., & Damasio, A. R. (2005). A 

mechanism for impaired fear recognition after amygdala damage. Nature, 433, 68-72. 

Adolphs, R., Tranel, D., Damasio, H., & Damasio, A. R. (1995). Fear and the human amygdala. 

Journal of Neuroscience, 15, 5879-5891. 

Amir, A., Lee, S. C., Headley, D. B., Herzallah, M. M., & Paré, D. (2015). Amygdala signaling 

during foraging in a hazardous environment. Journal of Neuroscience, 35, 12994-13005. 

Aron, A. R., Robbins, T. W., & Poldrack, R. A. (2004). Inhibition and the right inferior frontal 

cortex. Trends in Cognitive Sciences, 8, 170-177. 

Bar, M. (2004). Visual objects in context. Nature Reviews Neuroscience, 5, 617-629. 

Bar, M. (Ed.). (2011). Predictions in the brain: Using our past to generate a future. New York, 

NY: Oxford University Press. 

Barbas, H. (1995). Anatomic basis of cognitive-emotional interactions in the primate prefrontal 

cortex. Neuroscience & Biobehavioral Reviews, 19, 499-510. 

Barrett, L. F. (2006a). Emotions as natural kinds? Perspectives on Psychological Science, 1, 28-

58. 

Barrett, L. F. (2006b). Solving the emotion paradox: Categorization and the experience of 

emotion. Personality and Social Psychology Review, 10, 20-46. 

Barrett, L. F. (2006c). Valence as a basic building block of emotional life. Journal of Research 

in Personality, 40, 35-55. 

Barrett, L. F. (2016). Navigating the Science of Emotion. In H. Meiselman (Ed.), Emotion 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       32 

 

Measurement (pp. 31-63). Cambridge: Woodhead Publishing. 

Barrett, L. F. (2009). The future of psychology: Connecting mind to brain. Perspectives in 

Psychological Science, 4, 326-339. 

Barrett, L. F. (2017a). The theory of constructed emotion: An active inference account of 

interoception and categorization. Social Cognitive and Affective Neuroscience, 12, 1–23. 

Barrett, L. F. (2017b). How emotions are made: The secret life of the brain. New York, NY: 

Houghton Mifflin Harcourt. 

Barrett, L. F. (2017c). Functionalism cannot save the classical view of emotion. Social Cognitive 

and Affective Neuroscience, 12, 34-36. 

Barrett, L. F., & Bar, M. (2009). See it with feeling: Affective predictions during object 

perception. Philosophical Transactions of the Royal Society B: Biological Sciences, 364, 

1325-1334. 

Barrett, L. F., & Bliss-Moreau, E. (2009). Affect as a psychological primitive. Advances in 

Experimental Social Psychology, 41, 167-218. 

Barrett, L. F., Lindquist, K., Bliss-Moreau, E., Duncan, S., Gendron, M., Mize, J., & Brennan, L. 

(2007). Of mice and men: Natural kinds of emotion in the mammalian brain? Perspectives on 

Psychological Science, 2, 297-312. 

Barrett, L. F. & Satpute, A. (2013). Large-scale brain networks in affective and social 

neuroscience: Towards an integrative architecture of the human brain. Current Opinion in 

Neurobiology, 23, 361-372. 

Barrett, L. F., & Satpute, A. B. (in press). Historical pitfalls and new directions in the 

neuroscience of emotion. Neuroscience Letters. 

Barrett, L. F. & Simmons, W. K. (2015). Interoceptive predictions in the brain. Nature Reviews 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       33 

 

Neuroscience, 16, 419-429. 

Barrett, L. F., & Wager, T. (2006). The structure of emotion: Evidence from the neuroimaging of 

emotion. Current Directions in Psychological Science, 15, 79-85. 

Basten, U., Stelzel, C., & Fiebach, C. J. (2011). Trait anxiety modulates the neural efficiency of 

inhibitory control. Journal of Cognitive Neuroscience, 23, 3132-3145. 

Baumeister, R. F., DeWall, C. N., Vohs, K. D., & Alquist, J. L. (2010). Does emotion cause 

behavior (apart from making people do stupid, destructive things)?. In C. Agnew, D. 

Carlston, W. Graziano, & J. Kelly (Eds.), Then a miracle occurs: Focusing on behavior in 

social psychological theory and research (pp. 12-27). New York: Oxford University Press. 

Baxter, M. G., & Murray, E. A. (2002). The amygdala and reward. Nature Reviews 

Neuroscience, 3, 563-573. 

Beauchaine, T. P. (2015). Future directions in emotion dysregulation and youth 

psychopathology. Journal of Clinical Child and Adolescent Psychology, 44, 875-896. 

Beauchaine, T. P. (2015). Respiratory sinus arrhythmia: A transdiagnostic biomarker of emotion 

dysregulation and psychopathology. Current Opinion in Psychology, 3, 43-47.  

Beauchaine, T. P., & Zisner, A. (2017). Motivation, emotion regulation, and the latent structure 

of psychopathology: an integrative and convergent historical perspective. International 

Journal of Psychophysiology, 119, 108-118. 

Berking, M., & Wupperman, P. (2012). Emotion regulation and mental health: recent findings, 

current challenges, and future directions. Current Opinion in Psychiatry, 25, 128-134. 

Binder, J. R., Desai, R. H., Graves, W. W., & Conant, L. L. (2009). Where is the semantic 

system? A critical review and meta-analysis of 120 functional neuroimaging studies. 

Cerebral Cortex, 19, 2767-2796. 

Birbaumer, N., Grodd, W., Diedrich, O., Klose, U., Erb, M., Lotze, M., ...Flor, H. (1998). fMRI 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       34 

 

reveals amygdala activation to human faces in social phobics. Neuroreport, 9, 1223-1226. 

Blanchard, D. C., & Blanchard, R. J. (1972). Innate and conditioned reactions to threat in rats 

with amygdaloid lesions. Journal of Comparative and Physiological Psychology, 81, 281-

290. 

Botvinick, M. M., Braver, T. S., Barch, D. M., Carter, C. S., & Cohen, J. D. (2001). Conflict 

monitoring and cognitive control. Psychological Review, 108, 624-652. 

Brooks, J. A., Shablack, H., Gendron, M., Satpute, A. B., Parrish, M. H., & Lindquist, K. A. 

(2017). The role of language in the experience and perception of emotion: A neuroimaging 

meta-analysis. Social Cognitive and Affective Neuroscience, 12, 169-183. 

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, 2981-2990. 

Buijs, R. M., & Van Eden, C. G. (2000). The integration of stress by the hypothalamus, 

amygdala and prefrontal cortex: balance between the autonomic nervous system and the 

neuroendocrine system. Progress in Brain Research, 126, 117-132. 

Cannon, W. B. (1927). The James-Lange theory of emotions: A critical examination and an 

alternative theory. The American Journal of Psychology, 39, 106-124. 

Carter, C. S., Botvinick, M. M., & Cohen, J. D. (1999). The contribution of the anterior cingulate 

cortex to executive processes in cognition. Reviews in the Neurosciences, 10, 49-58. 

Chanes, L., & Barrett, L. F. (2016). Redefining the role of limbic areas in cortical processing. 

Trends in Cognitive Sciences, 20, 96-106. 

Ciric, R., Nomi, J. S., Uddin, L. Q., & Satpute, A. B. (2017). Contextual connectivity: A 

framework for understanding the intrinsic dynamic architecture of large-scale functional 

brain networks. Scientific Reports, 7, 6537. 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       35 

 

Clark, A. (2013). Whatever next? Predictive brains, situated agents, and the future of cognitive 

science. Behavioral and Brain Sciences, 36, 181-204. 

Clark, D. A., & Beck, A. T. (2010). Cognitive theory and therapy of anxiety and depression: 

Convergence with neurobiological findings. Trends in Cognitive Sciences, 14, 418-424. 

Clark-Polner, E., Johnson, T. D., & Barrett, L. F. (2016). Multivoxel pattern analysis does not 

provide evidence to support the existence of basic emotions. Cerebral Cortex, 27, 1944-

1948. 

Cohen, J. R. (2017). The behavioral and cognitive relevance of time-varying, dynamic changes 

in functional connectivity. NeuroImage. Epublished ahead of print.  

Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed and stimulus-driven attention in 

the brain. Nature Reviews Neuroscience, 3, 201. 

Craig, A. D. (2009). How do you feel -- now? The anterior insula and human awareness. Nature 

Reviews Neuroscience, 10, 59-70.  

Cunningham, W. A., & Brosch, T. (2012). Motivational salience: Amygdala tuning from traits, 

needs, values, and goals. Current Directions in Psychological Science, 21, 54-59. 

Damasio, A. R., Grabowski, T. J., Bechara, A., Damasio, H., Ponto, L. L., Parvizi, J., & Hichwa, 

R. D. (2000). Subcortical and cortical brain activity during the feeling of self-generated 

emotions. Nature Neuroscience, 3, 1049-1056. 

Daniels, J. K., McFarlane, A. C., Bluhm, R. L., Moores, K. A., Clark, C. R., Shaw, M. E., 

...Lanius, R. A. (2010). Switching between executive and default mode networks in 

posttraumatic stress disorder: Alterations in functional connectivity. Journal of Psychiatry 

and Neuroscience, 35, 258-266. 

Davidson, R. J., & Irwin, W. (1999). The functional neuroanatomy of emotion and affective 

style. Trends in Cognitive Sciences, 3, 11-21. 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       36 

 

Davis, M. (1992). The role of the amygdala in fear and anxiety. Annual Review of Neuroscience, 

15, 353-375. 

Deco, G., Jirsa, V. K., & McIntosh, A. R. (2011). Emerging concepts for the dynamical 

organization of resting-state activity in the brain. Nature Reviews Neuroscience, 12, 43-56. 

DeWall, C. N., Baumeister, R. F., Chester, D. S., & Bushman, B. J. (2016). How often does 

currently felt emotion predict social behavior and judgment? A meta-analytic test of two 

theories. Emotion Review, 8(2), 136-143. 

Diener, E., Larsen, R. J., Levine, S., & Emmons, R. A. (1985). Intensity and frequency: 

dimensions underlying positive and negative affect. Journal of Personality and Social 

Psychology, 48, 1253. 

Doyle, C., Lane, S., Brooks, J., Wilkins, R., Gates, K., & Lindquist, K. (in prep). Degenerate 

neural pathways for emotion: An application of the subgrouping GIMME algorithm. 

Duffy, E. (1941). An explanation of “emotional” phenomena without the use of the concept 

“emotion”. Journal of General Psychology, 25, 283-293. 

Duffy, E. (1957). The psychological significance of the concept of" arousal" or" activation.". 

Psychological Review, 64, 265-275. 

Duncan, S., & Barrett, L. F. (2007). Affect is a form of cognition: A neurobiological analysis. 

Cognition and Emotion, 21, 1184-1211. 

Dunlap, K. (1932). Are emotions teleological constructs?. The American Journal of Psychology, 

44, 572-576. 

Ekman, P. (1992). An argument for basic emotions. Cognition and Emotion, 6, 169-200. 

Ekman, P., & Cordaro, D. (2011). What is meant by calling emotions basic. Emotion Review, 3, 

364-370. 

Etkin, A., Prater, K. E., Schatzberg, A. F., Menon, V., & Greicius, M. D. (2009). Disrupted 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       37 

 

amygdalar subregion functional connectivity and evidence of a compensatory network in 

generalized anxiety disorder. Archives of General Psychiatry, 66, 1361-1372. 

Etkin, A., & Wager, T. D. (2007). Functional neuroimaging of anxiety: a meta-analysis of 

emotional processing in PTSD, social anxiety disorder, and specific phobia. American 

Journal of Psychiatry, 164, 1476-1488. 

Falls, W. A., Miserendino, M. J., & Davis, M. (1992). Extinction of fear-potentiated startle: 

Blockade by infusion of an NMDA antagonist into the amygdala. Journal of Neuroscience, 

12, 854-863. 

Fanselow, M. S. (1994). Neural organization of the defensive behavior system responsible for 

fear. Psychonomic Bulletin and Review, 1, 429-438. 

Feinstein, J. S., Adolphs, R., Damasio, A., & Tranel, D. (2011). The human amygdala and the 

induction and experience of fear. Current Biology, 21, 34-38. 

Feinstein, J. S., Buzza, C., Hurlemann, R., Follmer, R. L., Dahdaleh, N. S., Coryell, W. H., 

...Wemmie, J. A. (2013). Fear and panic in humans with bilateral amygdala damage. Nature 

Neuroscience, 16, 270-272. 

Feinstein, J. S., Stein, M. B., & Paulus, M. P. (2006). Anterior insula reactivity during certain 

decisions is associated with neuroticism. Social Cognitive and Affective Neuroscience, 1, 

136-142. 

Finn, E. S., Shen, X., Scheinost, D., Rosenberg, M. D., Huang, J., Chun, M. M., ...Constable, R. 

T. (2015). Functional connectome fingerprinting: identifying individuals using patterns of 

brain connectivity. Nature Neuroscience, 18 1664-1671. 

Fisher, A. J. (2015). Toward a dynamic model of psychological assessment: Implications for 

personalized care. Journal of Consulting and Clinical Psychology, 83, 825-836. 

Foland-Ross, L. C., Altshuler, L. L., Bookheimer, S. Y., Lieberman, M. D., Townsend, J., 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       38 

 

Penfold, C., ...Rasser, P. E. (2010). Amygdala reactivity in healthy adults is correlated with 

prefrontal cortical thickness. Journal of Neuroscience, 30, 16673-16678. 

Friston, K. (2010). The free-energy principle: a unified brain theory?. Nature Reviews 

Neuroscience, 11, 127-138. 

Furmark, T., Tillfors, M., Garpenstrand, H., Marteinsdottir, I., Långström, B., Oreland, L., & 

Fredrikson, M. (2004). Serotonin transporter polymorphism related to amygdala excitability 

and symptom severity in patients with social phobia. Neuroscience Letters, 362, 189-192. 

Gao, W., Alcauter, S., Smith, J. K., Gilmore, J. H., & Lin, W. (2015). Development of human 

brain cortical network architecture during infancy. Brain Structure and Function, 220, 1173-

1186. 

Gates, K. M. & Molenaar, P. C. M. (2012). Group search algorithm recovers effective 

connectivity maps for individuals in homogeneous and heterogeneous samples. NeuroImage 

63, 310-319. 

Gates, K.M., Molenaar, P. C. M., Iyer, S. P., Nigg, J. T., & Fair, D. A. (2014). Organizing 

heterogeneous samples using community detection of GIMME-derived resting state 

functional networks, PLoS One, 9, e91322. 

Gelman, S. A. (2009a). Learning from others: Children's construction of concepts. Annual 

Review of Psychology, 60, 115-140. 

Gelman, S. A. (2009b). Essentialist reasoning about the biological world. In A. Berthoz & Y. 

Christen (Eds.), Neurobiology of “Umwelt” (pp. 7-16). Berlin, Heidelberg: Springer. 

Gendron, M., & Feldman Barrett, L. (2009). Reconstructing the past: A century of ideas about 

emotion in psychology. Emotion Review, 1, 316-339. 

Gross, J. J., & John, O. P. (2003). Individual differences in two emotion regulation processes: 

Implications for affect, relationships, and well-being. Journal of Personality and Social 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       39 

 

Psychology, 85, 348. 

Gross, J. J., & Thompson, R. A. (2007). Emotion regulation: Conceptual foundations. In J. J. 

Gross (Ed.), Handbook of emotion regulation (pp. 3-24). New York: Guilford Press. 

Guillory, S. A., & Bujarski, K. A. (2014). Exploring emotions using invasive methods: Review 

of 60 years of human intracranial electrophysiology. Social Cognitive and Affective 

Neuroscience, 9, 1880-1889. 

Guloksuz, S., Pries, L. K., & Van Os, J. (2017). Application of network methods for 

understanding mental disorders: Pitfalls and promise. Psychological Medicine, 47, 2743-

2752. 

Habas, C., Kamdar, N., Nguyen, D., Prater, K., Beckmann, C. F., Menon, V., & Greicius, M. D. 

(2009). Distinct cerebellar contributions to intrinsic connectivity networks. Journal of 

Neuroscience, 29, 8586-8594. 

Hahn, A., Stein, P., Windischberger, C., Weissenbacher, A., Spindelegger, C., Moser, E., 

...Lanzenberger, R. (2011). Reduced resting-state functional connectivity between amygdala 

and orbitofrontal cortex in social anxiety disorder. NeuroImage, 56, 881-889. 

Harlow, H. F., & Stagner, R. (1932). Psychology of feelings and emotions. I. Theory of feelings. 

Psychological Review, 39, 570–589. 

Harlow, H. F., & Stagner, R. (1933). Psychology of feelings and emotions. II. Theory of 

emotions. Psychological Review, 40, 184–195 

Hayes, D. J., & Northoff, G. (2011). Identifying a network of brain regions involved in aversion-

related processing: A cross-species translational investigation. Frontiers in Integrative 

Neuroscience, 5, 49. 

Hermundstad, A. M., Bassett, D. S., Brown, K. S., Aminoff, E. M., Clewett, D., Freeman, S., 

…Grafton, S. T. (2013). Structural foundations of resting-state and task-based functional 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       40 

 

connectivity in the human brain. Proceedings of the National Academy of Sciences, 110, 

6169-6174. 

Herry, C., Bach, D. R., Esposito, F., Di Salle, F., Perrig, W. J., Scheffler, K., ...Seifritz, E. 

(2007). Processing of temporal unpredictability in human and animal amygdala. Journal of 

Neuroscience, 27, 5958-5966. 

Hohwy, J. (2013). The predictive mind. New York, NY: Oxford University Press. 

Hunt, W. A. (1941). Recent developments in the field of emotion. Psychological Bulletin, 38, 

249-276. 

Huth, A. G., Nishimoto, S., Vu, A. T., & Gallant, J. L. (2012). A continuous semantic space 

describes the representation of thousands of object and action categories across the human 

brain. Neuron, 76, 1210-1224. 

Insel, T. R. (2014). The NIMH Research Domain Criteria (RDoC) Project: Precision medicine 

for psychiatry. American Journal of Psychiatry, 171, 395-397. 

Insel, T., Cuthbert, B., Garvey, M., Heinssen, R., Pine, D. S., Quinn, K., ...Wang, P. (2010). 

Research domain criteria (RDoC): Toward a new classification framework for research on 

mental disorders. American Journal of Psychiatry, 167, 748-751. 

Izard, C. (1992). Basic emotions, relations among emotions, and emotion-cognition relations. 

Psychological Review, 99, 561-565. 

Jack, R. E., Garrod, O. G., Yu, H., Caldara, R., & Schyns, P. G. (2012). Facial expressions of 

emotion are not culturally universal. Proceedings of the National Academy of Sciences, 109, 

7241-7244. 

Jack, R. E., Sun, W., Delis, I., Garrod, O. G., & Schyns, P. G. (2016). Four not six: Revealing 

culturally common facial expressions of emotion. Journal of Experimental Psychology: 

General, 145, 708-730. 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       41 

 

James, W. (1890). The principles of psychology. New York: Henry Holt and Company. 

Jamieson, J. P., Mendes, W. B., Blackstock, E., & Schmader, T. (2010). Turning the knots in 

your stomach into bows: Reappraising arousal improves performance on the GRE. Journal of 

Experimental Social Psychology, 46, 208-212. 

Kashdan, T. B., & Steger, M. F. (2006). Expanding the topography of social anxiety: An 

experience-sampling assessment of positive emotions, positive events, and emotion 

suppression. Psychological Science, 17, 120-128. 

Kassam, K. S., Markey, A. R., Cherkassky, V. L., Loewenstein, G., & Just, M. A. (2013). 

Identifying emotions on the basis of neural activation. PloS One, 8, e66032. 

Kassam, K. S., & Mendes, W. B. (2013). The effects of measuring emotion: Physiological 

reactions to emotional situations depend on whether someone is asking. PloS One, 8, e64959. 

Keltner, D., Ekman, P., Gonzaga, G. C., & Beer, J. (2003). Facial expression of emotion. In R. J. 

Davidson, K. R. Scherer, & H. H. Goldsmith (Eds.), Handbook of affective sciences (pp. 415-

432). New York, NY: Oxford University Press. 

Kim, M. J., Loucks, R. A., Palmer, A. L., Brown, A. C., Solomon, K. M., Marchante, A. N., & 

Whalen, P. J. (2011). The structural and functional connectivity of the amygdala: From 

normal emotion to pathological anxiety. Behavioural Brain Research, 223, 403-410. 

Kirkland, T., & Cunningham, W. A. (2012). Mapping emotions through time: How affective 

trajectories inform the language of emotion. Emotion, 12, 268-282. 

Kleckner, I. R., Zhang, J., Touroutoglou, A., Chanes, L., Xia, Chengie, Simmons, W. K., 

…Barrett, L. F. (2017). Evidence for a large-scale brain system supporting allostasis and 

interoception in humans. Nature Human Behavior, 1, 0069. 

Klüver, H., & Bucy, P. C. (1937). "Psychic blindness" and other symptoms following bilateral 

temporal lobectomy in Rhesus monkeys. American Journal of Physiology, 119, 352-353. 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       42 

 

Knutson, B., Taylor, J., Kaufman, M., Peterson, R., & Glover, G. (2005). Distributed neural 

representation of expected value. Journal of Neuroscience, 25, 4806-4812. 

Kober, H., Barrett, L. F., Joseph, J., Bliss-Moreau, E., Lindquist, K., & Wager, T. D. (2008). 

Functional grouping and cortical–subcortical interactions in emotion: a meta-analysis of 

neuroimaging studies. NeuroImage, 42, 998-1031. 

Kolassa, I. T., & Elbert, T. (2007). Structural and functional neuroplasticity in relation to 

traumatic stress. Current Directions in Psychological Science, 16, 321-325. 

Kragel, P. A., & LaBar, K. S. (2015). Multivariate neural biomarkers of emotional states are 

categorically distinct. Social Cognitive and Affective Neuroscience, 10, 1437-1448. 

Kreibig, S. D. (2010). Autonomic nervous system activity in emotion: A review. Biological 

Psychology, 84, 394-421. 

Krienen, F. M., Yeo, B. T., & Buckner, R. L. (2014). Reconfigurable task-dependent functional 

coupling modes cluster around a core functional architecture. Philosophical Transactions of 

the Royal Society B, 369, 20130526. 

Kring, A. M. (2008). Emotion disturbances as transdiagnostic processes in psychopathology. In 

M. Lewis, J. M. Haviland-Jones, & L. F. Barrett (Eds.), Handbook of emotion (3rd ed., pp. 

691-705). New York, NY: Guilford Press. 

Kring, A. M., & Mote, J. (2016). Emotion disturbances as transdiagnostic processes in 

psychopathology. In L. F. Barrett, M. Lewis, J. M. Haviland -Jones (Eds.), Handbook of 

Emotion (4th ed., pp. 653-669). New York, NY: Guilford Press. 

Kuhn, T. (1961). The function of measurement in modern physical science. Isis, 52, 161-193. 

Kuhn, T. (1977). The essential tension. Chicago, IL: University of Chicago Press.  

LaBar, K. S., LeDoux, J. E., Spencer, D. D., & Phelps, E. A. (1995). Impaired fear conditioning 

following unilateral temporal lobectomy in humans. Journal of Neuroscience, 15, 6846-6855. 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       43 

 

Lane, S. T., & Gates, K. M. (2017). Automated selection of robust individual-level structural 

equation models for time series data. Structural Equation Modeling: A Multidisciplinary 

Journal, 24, 768-782. 

Lanius, R. A., Bluhm, R. L., Coupland, N. J., Hegadoren, K. M., Rowe, B., Theberge, J., 

...Brimson, M. (2010). Default mode network connectivity as a predictor of post-traumatic 

stress disorder symptom severity in acutely traumatized subjects. Acta Psychiatrica 

Scandinavica, 121, 33-40. 

LeDoux, J. E. (1995). Emotion: Clues from the brain. Annual Review of Psychology, 46, 209-

235. 

LeDoux, J. (2007). The amygdala. Current Biology, 17, R868-R874. 

LeDoux, J. E. (2012). Rethinking the emotional brain. Neuron, 73, 653-676. 

LeDoux, J. E. (2013). The slippery slope of fear. Trends in Cognitive Sciences, 17, 155-156. 

LeDoux, J. E., Cicchetti, P., Xagoraris, A., & Romanski, L. M. (1990). The lateral amygdaloid 

nucleus: Sensory interface of the amygdala in fear conditioning. Journal of Neuroscience, 10, 

1062-1069. 

Lee, D. (2013). Decision making: From neuroscience to psychiatry. Neuron, 78, 233-248. 

Lee, J. Y., Lindquist, K. A., & Nam, C. S. (2017). Emotional granularity effects on event-related 

brain potentials during affective picture processing. Frontiers in Human Neuroscience, 11, 

133. 

Lee, K., Lindquist, K. A., & Payne, B. K. (2017). Constructing bias: Conceptualization breaks 

the link between implicit bias and fear of Black Americans. Emotion. Published ahead of 

print.  

Levy, D. J., & Glimcher, P. W. (2011). Comparing apples and oranges: Using reward-specific 

and reward-general subjective value representation in the brain. Journal of Neuroscience, 31, 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       44 

 

14693-14707. 

Liao, W., Chen, H., Feng, Y., Mantini, D., Gentili, C., Pan, Z., ...Gong, Q. (2010). Selective 

aberrant functional connectivity of resting state networks in social anxiety disorder. 

NeuroImage, 52, 1549-1558. 

Lin, D., Boyle, M. P., Dollar, P., Lee, H., Lein, E. S., Perona, P., & Anderson, D. J. (2011). 

Functional identification of an aggression locus in the mouse hypothalamus. Nature, 470, 

221-226. 

Lindquist, K. A. (2013). Emotions emerge from more basic psychological ingredients: A modern 

psychological constructionist model. Emotion Review, 5, 356-368. 

Lindquist, K. A., & Barrett, L. F. (2008). Constructing emotion: The experience of fear as a 

conceptual act. Psychological Science, 19, 898-903. 

Lindquist, K. A., & Barrett, L. F. (2012). A functional architecture of the human brain: Insights 

from Emotion. Trends in Cognitive Sciences, 16, 533-540. 

Lindquist, K. A., Gendron, M., Oosterwijk, S., & Barrett, L. F. (2013). Do people essentialize 

emotion? Individual differences in emotional essentialism and consequences for  emotional 

complexity. Emotion, 13, 629-644.  

Lindquist, K.A., Pendl, S., Brooks, J.A., Wilkins, R., W., Kraft, R., & Gao, W. (under review). 

Dynamic functional connectivity of intrinsic networks during emotions. 

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, 5, 1910-1922. 

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). Psychological Bulletin, 139, 255-263.  



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       45 

 

Lindquist, K. A., Wager, T. D., Kober, H., Bliss-Moreau, E., & Barrett, L. F. (2012). The brain 

basis of emotion: A meta-analytic review. Behavioral and Brain Sciences, 35, 121-143. 

Logothetis, N. K. (2008). What we can do and what we cannot do with fMRI. Nature, 453, 869-

878. 

Lou, H. C., Luber, B., Crupain, M., Keenan, J. P., Nowak, M., Kjaer, T. W., ...Lisanby, S. H. 

(2004). Parietal cortex and representation of the mental self. Proceedings of the National 

Academy of Sciences, 101, 6827-6832. 

Lupyan, G., & Clark, A. (2015). Words and the world: Predictive coding and the language-

perception-cognition interface. Current Directions in Psychological Science, 24, 279-284. 

MacCormack, J. K., & Lindquist, K. A. (2017). Bodily contributions to emotion: Schachter’s 

legacy for a psychological constructionist view on emotion. Emotion Review, 9, 36-45. 

Mack, A., & Rock, I. (1998). Inattentional blindness. Cambridge, MA: MIT press. 

MacLean, P. D. (1949). Psychosomatic disease and the" visceral brain": Recent developments 

bearing on the Papez theory of emotion. Psychosomatic Medicine, 11, 338-353. 

Manoliu, A., Meng, C., Brandl, F., Doll, A., Tahmasian, M., Scherr, M., ...Riedl, V. (2014). 

Insular dysfunction within the salience network is associated with severity of symptoms and 

aberrant inter-network connectivity in major depressive disorder. Frontiers in Human 

Neuroscience, 7, 930. 

Martin, R. C., & Dahlen, E. R. (2005). Cognitive emotion regulation in the prediction of 

depression, anxiety, stress, and anger. Personality and Individual Differences, 39, 1249-

1260. 

Menon, V. (2011). Large-scale brain networks and psychopathology: A unifying triple network 

model. Trends in Cognitive Sciences, 15, 483-506. 

Menon, V., & Uddin, L. Q. (2010). Saliency, switching, attention and control: A network model 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       46 

 

of insula function. Brain Structure and Function, 214, 655-667. 

Milad, M. R., Pitman, R. K., Ellis, C. B., Gold, A. L., Shin, L. M., Lasko, N. B., ...Rauch, S. L. 

(2009). Neurobiological basis of failure to recall extinction memory in posttraumatic stress 

disorder. Biological Psychiatry, 66, 1075-1082. 

Moran, J. M., Macrae, C. N., Heatherton, T. F., Wyland, C. L., & Kelley, W. M. (2006). 

Neuroanatomical evidence for distinct cognitive and affective components of self. Journal of 

Cognitive Neuroscience, 18, 1586-1594. 

Motta, S. C., Goto, M., Gouveia, F. V., Baldo, M. V., Canteras, N. S., & Swanson, L. W. (2009). 

Dissecting the brain's fear system reveals the hypothalamus is critical for responding in 

subordinate conspecific intruders. Proceedings of the National Academy of Sciences, 106, 

4870-4875. 

Mueller, S., Wang, D., Fox, M. D., Yeo, B. T., Sepulcre, J., Sabuncu, M. R., ...Liu, H. (2013). 

Individual variability in functional connectivity architecture of the human brain. Neuron, 77, 

586-595. 

Myin-Germeys, I., Oorschot, M., Collip, D., Lataster, J., Delespaul, P., & van Os, J. (2009). 

Experience sampling research in psychopathology: opening the black box of daily life. 

Psychological Medicine, 39, 1533-1547. 

Nee, D. E., Wager, T. D., & Jonides, J. (2007). Interference resolution: Insights from a meta-

analysis of neuroimaging tasks. Cognitive, Affective, and Behavioral Neuroscience, 7, 1-17. 

Northoff, G., & Bermpohl, F. (2004). Cortical midline structures and the self. Trends in 

Cognitive Sciences, 8, 102-107. 

Ochsner, K. N., & Gross, J. J. (2008). Cognitive emotion regulation: Insights from social 

cognitive and affective neuroscience. Current Directions in Psychological Science, 17, 153-

158. 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       47 

 

Oosterwijk, S., Lindquist, K. A., Anderson, E., Dautoff, R., Moriguchi, Y., & Barrett, L. F. 

(2012). States of mind: Emotions, body feelings, and thoughts share distributed neural 

networks. NeuroImage, 62, 2110-2128. 

Oosterwijk, S., Rotteveel, M., Fischer, A. H., & Hess, U. (2009). Embodied emotion concepts: 

How generating words about pride and disappointment influences posture. European Journal 

of Social Psychology, 39, 457-466. 

Ortony, A., Clore, G. L., & Collins, A. (1988). The cognitive structure of emotions. Cambridge: 

Cambridge university press. 

Palaniyappan, L., & Liddle, P. F. (2012). Does the salience network play a cardinal role in 

psychosis? An emerging hypothesis of insular dysfunction. Journal of Psychiatry and 

Neuroscience, 37, 17-27. 

Panksepp, J. (2016). The psycho-neurology of cross-species affective/social neuroscience: 

Understanding animal affective states as a guide to development of novel psychiatric 

treatments. Current Topics in Behavioral Neuroscience, 30, 109-125. 

Panksepp, J. (1982). Toward a general psychobiological theory of emotions. Behavioral and 

Brain Sciences, 5, 407-422. 

Panksepp, J. (1998). Affective neuroscience: The foundations of human and animal emotions. 

New York, NY: Oxford University Press. 

Panksepp, J., & Watt, D. (2011). What is basic about basic emotions? Lasting lessons from 

affective neuroscience. Emotion Review, 3, 387-396. 

Paré, D., & Quirk, G. J. (2017). When scientific paradigms lead to tunnel vision: lessons from 

the study of fear. NPJ Science of Learning, 2, 6-13. 

Paulus, M. P., & Stein, M. B. (2006). An insular view of anxiety. Biological Psychiatry, 60, 383-

387. 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       48 

 

Pendl, S., Salzwedel, A., Goldman, B., Barrett, L. F., Lin, W., Gilmore, J., & Gao W. (2017). 

Emergence of a hierarchical brain during infancy reflected by stepwise functional 

connectivity. Human Brain Mapping 38, 2666-2682. 

Pernice, V., Staude, B., Cardanobile, S., & Rotter, S. (2011). How structure determines 

correlations in neuronal networks. PLoS Computational Biology, 7, e1002059. 

Pessoa, L. (2008). On the relationship between emotion and cognition. Nature Reviews 

Neuroscience, 9, 148-158. 

Phan, K. L., Fitzgerald, D. A., Nathan, P. J., & Tancer, M. E. (2006). Association between 

amygdala hyperactivity to harsh faces and severity of social anxiety in generalized social 

phobia. Biological Psychiatry, 59, 424-429. 

Phelps, E. A., & LeDoux, J. E. (2005). Contributions of the amygdala to emotion processing: 

From animal models to human behavior. Neuron, 48, 175-187. 

Poyo Solanas, M., Zhan, M., Vaessen, M., Hortensius, R., Engelen, T., & de Gelder, B. (2017). 

Looking at the face and seeing the whole body. Neural basis of combined face and body 

expressions. Social Cognitive and Affective Neuroscience, 13, 135-144. 

Price, C. J., & Friston, K. J. (2002). Degeneracy and cognitive anatomy. Trends in Cognitive 

Sciences, 6, 416-421. 

Price, R. B., Gates, K., Kraynak, T. E., Thase, M. E., & Siegle, G. J. (2017). Data-driven 

subgroups in depression derived from directed functional connectivity paths at rest. 

Neuropsychopharmacology, 42, 2623-2632. 

Price, R. B., Lane, S., Gates, K., Kraynak, T. E., Horner, M. S., Thase, M. E., & Siegle, G. J. 

(2017). Parsing heterogeneity in the brain connectivity of depressed and healthy adults 

during positive mood. Biological Psychiatry, 81, 347-357. 

Rauch, S. L., Whalen, P. J., Shin, L. M., McInerney, S. C., Macklin, M. L., Lasko, N. B., 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       49 

 

...Pitman, R. K. (2000). Exaggerated amygdala response to masked facial stimuli in 

posttraumatic stress disorder: a functional MRI study. Biological Psychiatry, 47, 769-776. 

Raz, G., Touroutoglou, T., Wilson-Mendenhall, C., Gilam, G., Lin, T., Gonen, T., …Barrett, L.F. 

(2016). Functional connectivity dynamics during film viewing reveal common networks for 

different emotional experiences. Cognitive, Affective, and Behavioral Neuroscience, 16, 709-

723. 

Raz, G., Winetraub, Y., Jacob, Y., Kinreich, S., Maron-Katz, A., Shaham, G., …Hendler, T. 

(2012). Portraying emotions at their unfolding: A multilayered approach for probing 

dynamics of neural networks. NeuroImage, 60, 1448-1461. 

Ross, L., & Ward, A. (1996). Naive realism in everyday life: Implications for social conflict and 

misunderstanding. In E. S. Reed, E. Turiel, & T. Brown (Eds.), The Jean Piaget symposium 

series. Values and knowledge (pp. 103-135). Hillsdale, NJ, US: Lawrence Erlbaum 

Associates, Inc. 

Russell, J. A. (2003). Core affect and the psychological construction of emotion. Psychological 

Review, 110, 145-172. 

Russell, J. A. (2005). Emotion in human consciousness is built on core affect. Journal of 

Consciousness Studies, 12, 26-42. 

Russell, J. A. (2009). Emotion, core affect, and psychological construction. Cognition and 

Emotion, 23, 1259-1283. 

Saarimäki, H., Gotsopoulos, A., Jääskeläinen, I. P., Lampinen, J., Vuilleumier, P., Hari, R., 

...Nummenmaa, L. (2015). Discrete neural signatures of basic emotions. Cerebral Cortex, 26, 

2563-2573. 

Satpute, A. B., Nook, E. C., Narayanan, S., Shu, J., Weber, J., & Ochsner, K. N. (2016). 

Emotions in “black and white” or shades of gray? How we think about emotion shapes our 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       50 

 

perception and neural representation of emotion. Psychological Science, 27, 1428-1442. 

Satpute, A. B., Shu, J., Weber, J., Roy, M., & Ochsner, K. N. (2013). The functional neural 

architecture of self-reports of affective experience. Biological Psychiatry, 73, 631-638. 

Satpute, A. B., Wager, T. D., Cohen-Adad, J., Bianciardi, M., Choi, J. K., Buhle, J. T., …Barrett, 

L. F. (2013). Identification of discrete functional subregions of the human periaqueductal 

gray. Proceedings of the National Academy of Sciences, 110, 17101-17106. 

Schachter, S., & Singer, J. (1962). Cognitive, social, and physiological determinants of 

emotional state. Psychological Review, 69, 379. 

Schacter, D. L., Addis, D. R., & Buckner, R. L. (2007). Remembering the past to imagine the 

future: the prospective brain. Nature Reviews Neuroscience, 8, 657-661. 

Schacter, D. L., Norman, K. A., & Koutstaal, W. (1998). The cognitive neuroscience of 

constructive memory. Annual Review of Psychology, 49, 289-318. 

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. Journal of Neuroscience, 27, 2349-2356. 

Sehlmeyer, C., Schöning, S., Zwitserlood, P., Pfleiderer, B., Kircher, T., Arolt, V., & Konrad, C. 

(2009). Human fear conditioning and extinction in neuroimaging: a systematic review. PloS 

One, 4, e5865. 

Shackman, A. J., Salomons, T. V., Slagter, H. A., Fox, A. S., Winter, J. J., & Davidson, R. J. 

(2011). The integration of negative affect, pain and cognitive control in the cingulate cortex. 

Nature Reviews Neuroscience, 12, 154-167. 

Shankman, S. A., & Gorka, S. M. (2015). Psychopathology research in the RDoC era: 

Unanswered questions and the importance of the psychophysiological unit of analysis. 

International Journal of Psychophysiology, 98, 330-337. 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       51 

 

Sharp, C., Monterosso, J., & Montague, P. R. (2012). Neuroeconomics: A bridge for 

translational research. Biological Psychiatry, 72, 87-92. 

Shin, L. M., Rauch, S. L., & Pitman, R. K. (2006). Amygdala, medial prefrontal cortex, and 

hippocampal function in PTSD. Annals of the New York Academy of Sciences, 1071, 67-79. 

Siegel, E. H., Sands, M. K., Van den Noortgate, W., Condon, P., Chang, Y., Dy, J., Quigley, K. 

S., & Barrett, L. F. (in press). Emotion fingerprints or emotion populations? A meta analytic 

investigation of autonomic features of emotion categories. Psychological Bulletin. 

Spencer, H. (1855). Principals of psychology. London: Longman, Brown, Green & Longmans. 

Spencer, H. (1894). Principals of psychology. New York: D. Appelton & Company. 

Spreng, R. N., Mar, R. A., & Kim, A. S. (2009). The common neural basis of autobiographical 

memory, prospection, navigation theory of mind, and the default mode: A quantitative meta-

analysis. Journal of Cognitive Neuroscience, 21, 489-510. 

Sprooten, E., Rasgon, A., Goodman, M., Carlin, A., Leibu, E., Lee, W. H., & Frangou, S. (2017). 

Addressing reverse inference in psychiatric neuroimaging: Meta-analyses of task-related 

brain activation in common mental disorders. Human Brain Mapping, 38, 1846-1864. 

Sripada, R. K., King, A. P., Welsh, R. C., Garfinkel, S. N., Wang, X., Sripada, C. S., & Liberzon, 

I. (2012). Neural dysregulation in posttraumatic stress disorder: Evidence for disrupted 

equilibrium between salience and default mode brain networks. Psychosomatic Medicine, 74, 

904-911. 

Stein, M. B., Goldin, P. R., Sareen, J., Zorrilla, L. T. E., & Brown, G. G. (2002). Increased 

amygdala activation to angry and contemptuous faces in generalized social phobia. Archives 

of General Psychiatry, 59, 1027-1034. 

Stein, M. B., Simmons, A. N., Feinstein, J. S., & Paulus, M. P. (2007). Increased amygdala and 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       52 

 

insula activation during emotion processing in anxiety-prone subjects. American Journal of 

Psychiatry, 164, 318-327. 

Striedter, G. F. (2005). Principles of brain evolution. Sunderland, MA: Sinauer Associates. 

Sully, J. (1892). The human mind: Vol. 2. London: Longmans, Green, & Company. 

Svoboda, E., McKinnon, M. C., & Levine, B. (2006). The functional neuroanatomy of 

autobiographical memory: A meta-analysis. Neuropsychologia, 44, 2189-2208. 

Thompson-Schill, S. L., D’Esposito, M., Aguirre, G. K., & Farah, M. J. (1997). Role of left 

inferior prefrontal cortex in retrieval of semantic knowledge: a reevaluation. Proceedings of 

the National Academy of Sciences, 94, 14792-14797. 

Touroutoglou, A., Bliss-Moreau, E., Zhang, J., Mantini, D., Vanduffel, W., Dickerson, B. & 

Barrett, L. F. (2016). A ventral salience network in the Macaque brain. NeuroImage, 132, 

190-197. 

Touroutoglou, A., Hollenbeck, M., Dickerson, B. C., & Barrett, L. F. (2012). Dissociable large-

scale networks anchored in the right anterior insula subserve affective experience and 

attention. NeuroImage, 60, 1947-1958. 

Touroutoglou A., Lindquist K. A., Dickerson B. C., Barrett L. F. (2015). Intrinsic connectivity in 

the human brain does not reveal networks for “basic” emotions. Social Cognitive and 

Affective Neuroscience, 10, 1257-1265. 

Tovote, P., Fadok, J. P., & Lüthi, A. (2015). Neuronal circuits for fear and anxiety. Nature 

Reviews Neuroscience, 16, 317-331. 

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, 397-405. 

van Den Heuvel, M. P., Mandl, R. C., Kahn, R. S., Pol, H., & Hilleke, E. (2009). Functionally 

linked resting-state networks reflect the underlying structural connectivity architecture of the 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       53 

 

human brain. Human Brain Mapping, 30, 3127-3141. 

Vazdarjanova, A., & McGaugh, J. L. (1998). Basolateral amygdala is not critical for cognitive 

memory of contextual fear conditioning. Proceedings of the National Academy of Sciences, 

95, 15003-15007. 

Vincent, J. L., Kahn, I., Snyder, A. Z., Raichle, M. E., & Buckner, R. L. (2008). Evidence for a 

frontoparietal control system revealed by intrinsic functional connectivity. Journal of 

Neurophysiology, 100, 3328-3342. 

Vytal, K., & Hamann, S. (2010). Neuroimaging support for discrete neural correlates of basic 

emotions: A voxel-based meta-analysis. Journal of Cognitive Neuroscience, 22, 2864-2885. 

Wager, T. D., Barrett, L. F., Bliss-Moreau, E., Lindquist, K., Duncan, S., Kober, H., ...Mize, J. 

(2008). The neuroimaging of emotion. In M. Lewis, J. M. Haviland-Jones, & L. F. Barrett 

(Eds.), Handbook of Emotion (3rd ed., pp. 249-271). New York, NY: Guilford Press. 

Wager, T. D., Davidson, M. L., Hughes, B. L., Lindquist, M. A., & Ochsner, K. N. (2008). 

Prefrontal-subcortical pathways mediating successful emotion regulation. Neuron, 59, 1037-

1050. 

Wager, T. D., Jonides, J., Reading, S. (2004). Neuroimaging studies of shifting attention: A 

meta-analysis. NeuroImage, 4, 1679-1693. 

Wager, T. D., Kang, J., Johnson, T. D., Nichols, T. E., Satpute, A. B., & Barrett, L. F. (2015). A 

Bayesian model of category-specific emotional brain responses. PLoS computational 

Biology, 11, e1004066. 

Watson, D., & Tellegen, A. (1985). Toward a consensual structure of mood. Psychological 

Bulletin, 98, 219. 

Waugh, C. E., Hamilton, J. P., & Gotlib, I. H. (2010). The neural temporal dynamics of the 

intensity of emotional experience. NeuroImage, 49, 1699-1707. 



 
 
 

NEUROIMAGING OF EMOTION DYSREGULATION                       54 

 

Wilson-Mendenhall, C. D., Barrett, L. F., & Barsalou, L. W. (2013). Neural evidence that human 

emotions share core affective properties. Psychological Science, 24, 947-956. 

Wilson-Mendenhall, C. D., Barrett, L. F., & Barsalou, L. W. (2013). Situating emotional 

experience. Frontiers in Human Neuroscience, 7, 1-16. 

Wilson-Mendenhall, C. D., Barrett, L. F., Simmons, W. K., & Barsalou, L. W. (2011). 

Grounding emotion in situated conceptualization. Neuropsychologia, 49, 1105-1127. 

Wundt, W. (1998). Outlines of psychology (C. H. Judd, Trans.). Bristol, UK: Thoemmes Press. 

(Original work published 1897). 

Yeo, B. T., Krienen, F. M., Chee, M. W., & Buckner, R. L. (2014). Estimates of segregation and 

overlap of functional connectivity networks in the human cerebral cortex. NeuroImage, 88,  

212-227. 

Yeo, B. T., Krienen, F. M., Sepulcre, J., Sabuncu, M. R., Lashkari, D., Hollinshead, M., ...Fischl, 

B. (2011). The organization of the human cerebral cortex estimated by intrinsic functional 

connectivity. Journal of Neurophysiology, 106, 1125-1165. 

Yeung, N., Botvinick, M. M., & Cohen, J. D. (2004). The neural basis of error detection: conflict 

monitoring and the error-related negativity. Psychological Review, 111, 931-959. 

Zhao, X. H., Wang, P. J., Li, C. B., Hu, Z. H., Xi, Q., Wu, W. Y., & Tang, X. W. (2007). Altered 

default mode network activity in patient with anxiety disorders: an fMRI study. European 

Journal of Radiology, 63, 373-378. 

Zilles, K., & Amunts, K. (2013). Individual variability is not noise. Trends in Cognitive Sciences, 

17, 153-155. 


