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Summary 

Since antiquity, scholars have sought to understand emotions by studying their biological 

basis.  Assumptions within affective neuroscience, the study of how the creates emotion, have 

changed over time as neuroimaging methods and computation improved. Models of the brain 

basis of emotion have also been influenced by the interplay of psychological theories that differ 

fundamentally in their philosophical approaches. One family of theories, typological views of 

emotion, map specific emotions to discrete brain structures and functions; in a different 

approach, constructionist views of emotion examine how the brain’s structural and functional 

principles constrain how it can create emotions.  

Initial investigations in affective neuroscience suggested that subcortical regions (e.g., 

amygdala, insula) processed a select few emotions (e.g., fear, disgust). However, with 

advancements in computational methods, researchers were able to demonstrate that emotions 

engaged large-scale and domain-general brain systems. More recently, these advancements led to 

the discovery that neural patterns associated with a particular emotion, like fear, shift due to 

contextual factors. This work challenges the assumption that fear, disgust, sadness, anger and so 

on can be distinguished from one another through observation of a specific pattern of neural 

activity; the patterns of activity observed for a specific emotion are highly variable. In the wake 

of these technological and theoretical advancements, affective neuroscience might be in the 

midst of a paradigm shift—where older ideas about the brain basis of emotions are giving way to 

newer models of how the brain creates emotions, and mental experience, more generally.  
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Introduction 

How does the brain create emotion? Scholars have sought the biological basis of 

emotions such as “anger” and “fear” since as early as Hippocrates and his four humors. Today, 

our understanding of how the brain creates the mind have certainly expanded far beyond the 

notion that certain bodily substances—such as black bile—would be related to emotional 

dispositions such as sadness. Indeed, after decades of progress and accumulating data, the field 

of affective neuroscience—a branch of neuroscience dedicated to understanding the 

neurobiological basis of emotions, reward, value, and other related psychological constructs—

has learned more about how the brain creates these quotidian experiences. Such knowledge has 

important bearing on our understanding of mental health and wellness and may even shed light 

on how the brain creates the mind, more generally.  

Key Terms and Definitions 

In this chapter, we review advancements in affective neuroscience over the past few 

decades to weigh in on current understanding about the brain basis of emotions. We draw 

primarily from findings using functional magnetic resonance imaging (fMRI), a neuroscience 

method that tracks changes in blood oxygenation to estimate blood flow to regions of the brain in 

response to stimuli and during different mental states. fMRI relies on the Blood-Oxygenated 

Level Dependent (BOLD) signal, which is a robust albeit indirect physiological marker of brain 

activation (Logothetis & Wandell, 2004). Of course, fMRI is not the only method for studying 

the brain basis of emotions and has crucial caveats and limitations. However, unlike methods that 

study the neural basis of “survival behaviors” in non-human animals (see (LeDoux & Daw, 

2018) or methods that rely on naturally occurring or medically necessary lesions in humans with 

brain pathology (see Damasio, Adolphs, & Damasio, 2003),  fMRI gives scientists the 
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unparalleled ability to non-invasively observe changes in neuronal activity in conscious, healthy 

humans (Raichle, 2001). Granted, the temporal resolution of fMRI is slower than that of 

EEG/MEG, but fMRI studies can also reveal both spatial and temporal relationships across the 

whole brain, which is useful for understanding how interactions within and between brain 

regions can give rise to psychological functions. fMRI studies of emotion have been available 

since the 1990’s when they became the primary method of non-invasively studying human 

emotions, which means that the field of affective neuroscience has roughly 30 years’ worth of 

data at its disposal for evaluating the brain basis of emotion. As we discuss, the knowledge 

generated by fMRI studies and their interpretation has changed over time as data has 

accumulated and as neuroimaging methods and computation have correspondingly improved.   

Despite centuries’ worth of debate about the nature of emotion (see Gendron & Barrett, 

2009), scientists still tend to disagree about what an “emotion” is. Throughout this chapter, we 

use the term “emotion” to refer to discrete mental states that people experience as feelings within 

their own bodies, that impact their own perceptions and behaviors, and that they may label with 

terms such as (in English), “anger,” “fear,” or “happiness.” Part of the confusion about what 

emotions are arises because the word “emotion” can refer to both an emotion category (e.g., 

“anger”) and an instance of that category (e.g., feeling angry at a disrespectful stranger) in 

common parlance (Barrett & Lida, in press). A category is a group of objects, events, or 

instances that share similar features (Hoemann, Wu, et al., 2020; Murphy, 2002). The features 

that define a category can be both physical (e.g., chemical changes, visceromotor movement) and 

abstract (e.g., motivations, appraisals, value). An instance of a category refers to an object or 

event that is an exemplar of the category, but these instances are situation-bound, meaning that 

the features of that instance are embedded within and thus specific to a particular moment or 
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context (Barrett & Lida, in press). For example, the word “red” names a category that 

encompasses a wide variety of hues, brightnesses, and saturations, while an instance of seeing 

“red” could be the specific wavelengths of light you see when you look at an apple hanging from 

a tree on a bright, sunny day. This instance differs from the instance of “red” you see at a 

stoplight in the dark of night, or even the instance of red you see on that same apple on a cloudy 

day. 

In affective neuroscience, a category such as “anger” refers to the abstraction across 

instances that form a prototypical instance of "anger." Of course, what is considered prototypical 

of a category might be culture- and person-specific. In many Western cultures, we think of anger 

as prototypically involving feelings of unpleasantness and high arousal, a furrowing of the brow 

and widening of the mouth to speak or yell, an increased heart rate and breathing rate, increased 

blood flow that reddens the skin of the face, clenched fists and outstretched hands, and the urge 

to punch or aggress against someone. Yet instances of “anger” are situation-specific and 

incredibly heterogeneous (e.g., anger at a stranger vs. at your child vs. at the opponent sports 

team all involve different facial expressions, physiology, behaviors and internal qualia).  

We also differentiate between "emotion” and the term “affect”, which refers to a more 

global feeling that is typically characterized by two psychological dimensions: valence (feeling 

pleasure vs. displeasure) and arousal (feeling activated vs. still; Barrett & Bliss‐Moreau, 2009; 

Russell, 2003). While the specific meanings of emotion categories vary widely across cultures 

and languages, emotion categories widely share features of affect across cultures (Jackson et al., 

2019; Yik et al., 2023). Affect is also not unique to emotion, but is thought to be the brain’s 

abstract representation of the state of the body (Feldman et al., 2024; Shaffer et al., 2022) and 

contributes to perception, attitudes, decisions, and other so-called “cognitive” states. Some also 
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argue that affect is a core feature of consciousness (Barrett & Bar, 2009; Barrett & Bliss‐Moreau, 

2009; Damasio, 1999; Russell, 2003). Thus, an understanding of how the brain represents affect 

may shine light on how the brain contributes to an understanding of consciousness, more 

generally.  

The Brain Basis of Emotion: Historical Influences and Emerging Consensus  

Empiricism is always implicitly or explicitly shaped by theory, and the collection and 

interpretation of data produced by neuroimaging studies of emotion has been influenced across 

history by the interplay of psychological theories that differ fundamentally in their philosophical 

approaches. On the one hand are theories that use the hypothetico-deductive method to try to 

map brain structures and functions to the psychological categories that are named by human 

experiencers (e.g., “emotions,” “fear,” “anger”). That is, these theories take the psychological 

categories used commonly in daily discourse as scientific categories to be explained by brain 

data. We call these typological views of emotion (see Barrett & Theriault, in press); examples 

of it in the literature are “basic emotion theory” (e.g., Ekman, 1992; Ekman & Cordaro, 2011; 

Levenson, 1999), “discrete emotion theory” (e.g., Izard, 1977; Tomkins, 1962, 1963), and 

“primary emotional affects” (Panksepp, 2004, 2016) (see Shiota, 2024 for discussion of these 

typological views).  

On the other hand, are theories that try to inductively discern from the data how human 

psychological experiences come to be; these theories take psychological categories that are 

named by human experiencers to be folk categories, but not scientific categories that “carve 

nature at its joints” (cf., Plato, Phaedrus 265e) or categories which can be directly observable in 

the structure of biology. In the case of affective neuroscience, for instance, these approaches 

examine how the brain’s structural and functional principles constrain how it can create the 
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experiences that some (but not all) humans refer to as “anger,” “fear,” “sadness,” etc. Such 

theories assume that categories such as “emotions,” “fear,” “anger” and so on are human 

constructions. Here, we refer to these as constructionist views of emotion (see Gendron & 

Barrett, 2009 for discussions of types of constructionist theories and more background on 

different philosophical assumptions between basic emotion and constructionist approaches). 

Examples of such views include “the theory of constructed emotion” (Barrett, 2017; Lindquist et 

al., 2022), the “Ortony, Clore and Collins (OCC)” model (Clore & Ortony, 2013), “the 

psychological construction of emotion” model (Russell, 2003), and the “entangled brain 

perspective” (Pessoa, 2023). With these methodological and theoretical forces in mind, we 

traverse the history of affective neuroscience and what is currently known about how the brain 

may create human emotions (see Figure 1 for a schematic). 
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Figure 1. A schematic of shifts in understanding of the brain basis of emotions from the late 20th century to the beginning of the 

21st century.  Shifts from the localization of function to specific brain regions or circuits (A) to search for multivoxel patterns (B) 

to network-based understandings of emotion (C-D) to a situated understndings of those network patterns (D) were each the 

confluence of both theory and methodological advancements. In the final sections, we discuss the current research that is forming 

what comes after section D. Figure adapted from Lindquist & Barrett (2012). 
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Early Evidence for the Typology View and the Localization of Function 

Early fMRI investigations into how sensations and perceptions emerged from the brain 

were conducted under the assumption of typological models of brain function. Due to notions 

from lesion studies that observed psychological deficits following relatively circumscribed brain 

damage, these earliest neuroimaging studies made assumptions of functional modularity: that a 

discrete brain region (e.g., fusiform face area) performs a single mental function (e.g., processing 

faces) (Bergeron, 2007; Fuster, 2000). The earliest affective neuroscience studies were no 

exception. Throughout the 20th century, emerging evidence from lesion studies (e.g., Adolphs et 

al., 1994; Hitchcock & Davis, 1986; K. LaBar et al., 1995; Raleigh et al., 1979) and electrical 

stimulation studies (e.g., Halgren et al., 1978; Mos et al., 1982; Panksepp, 1986; Sem-Jacobson, 

1968) in non-human animals and humans alike were interpreted as evidence that specific 

emotion categories could be localized to specific anatomical brain structures, largely within the 

confines of the so-called “limbic system” (see Panksepp, 1998 for a review).i These lesion- and 

stimulation-based findings contributed support to typological theories that hypothesized that 

emotions such as “fear” and “anger” were each supported by specific anatomical structures.  

Based on these findings, affective scholars hypothesized that an instance of emotion such as 

“fear” emerged when subcortical regions of the brain were triggered by perceptions of an 

external stimulus, coordinating discrete response patterns in physiology, facial musculature, 

behavior, and subjective experience that are associated with a certain emotion category 

(Panksepp et al., 1998). In some of the models of emotion emerging during this time, emotion 

categories were localized to specific brain regions (e.g., Calder, 2003), while other models 

emphasized emotion categories as being rooted in anatomically-wired neural circuits that 

included multiple structurally connected brain areas (e.g., Adolphs, 2002; Izard, 1993; Panksepp 
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et al., 1998). Overall, these models largely situated emotions within the brainstem, subcortical 

structures of the brain (i.e., the amygdala, hypothalamus, insula, ventral striatum, periaqueductal 

gray) as well as a select few cortical areas like the orbitofrontal cortex (Dalgleish, 2004; 

Panksepp et al., 1998).  

The hypothetico-deductive method did not alone influence interpretations of functional 

modularity in affective neuroscience. These interpretations were furthermore constrained by the 

computational methods used in early neuroimaging studies (e.g., Bergeron, 2007; Dunn & 

Kirsner, 2003), which tended to reveal activation in relatively circumscribed brain structures and 

thus reinforced typological theories and assumptions of functional modularity. This led to the 

interpretation that clusters of brain activity that were relatively localized to certain anatomical 

brain regions were the brain center for that emotion category (e.g., the amygdala and fear, Davis, 

1992; Whalen, 1998; the insula and disgust, Phillips et al., 1997; Wicker et al., 2003). In other 

cases, anatomically defined regions of interest (e.g., the amygdala) were specifically targeted as 

regions of interest, due to the hypothesized links to specific emotions (e.g., LaBar et al., 1998; 

Morris et al., 1996). Collectively, these methods contributed to the typological theory hypothesis 

that certain emotion categories were consistently and specifically associated with certain 

relatively circumscribed brain anatomy (for a discussion see Barrett et al., 2007; Lindquist & 

Barrett, 2012). 

With both the accumulation of increasing numbers of fMRI studies of emotion and 

advances in computational power, meta-analytic summaries could empirically test the 

typological hypothesis that an emotion category such as “fear” is consistently and specifically 

associated with activation within the amygdala. Very early meta-analytic summaries of the 

neuroimaging literature on emotion concluded that the body of evidence supported a consistent 
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and specific link between activation within certain brain structures and certain emotion 

categories (e.g., Phan et al., 2004). Yet other subsequent meta-analytic reviews containing more 

data failed to find evidence for consistent and specific associations between functional activation 

within specific neuroanatomically-defined structures and the experience of specific emotion 

categories (Kober et al., 2008; Lindquist & Barrett, 2012). For a brain region to be the neural 

circuit for a specific emotion category, it would have to evince both consistent and specific 

activation during all instances of that emotion category (see Lindquist et al., 2012 for a 

discussion). Instead, this work demonstrates that individual brain regions are associated with 

multiple emotion categories, and that one emotion category engages more than one brain region 

across studies (see Kober et al. 2008; Hamann, 2012; Lindquist et al. 2012). 

As one illustrative example, when summarizing the entire neuroimaging literature on 

emotion published between 1992-2007, Lindquist and colleagues (2012) found that the amygdala 

was not consistently and specifically associated with experiences of fear across the literature. 

The right amygdala had activation greater than expected by chance in only about 30% of 

experimental contrasts assessing the experience of fear whereas the left amygdala showed greater 

activation than chance in 0% of those contrasts. Instead, the right amygdala showed the most 

consistent activation for experiences of disgust, reflecting a roughly 52% activation rate across 

studies of disgusting experiences and the left showed the most consistent activation for 

experiences of anger, reflecting a roughly 33% activation rate across studies of angering 

experiences. These sorts of findings began to draw into question typology accounts that had 

hypothesized and found a 1:1 association between emotion categories and specific neuroanatomy 

for many years.  
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These inductive analyses were complemented by analyses of other sources of data from 

other modalities (e.g., behavior, facial expressions, peripheral physiology; Barrett, 2006) which 

failed to find evidence for discrete patterns associated with English language emotion categories. 

The brain-based meta-analyses also coincided with methodological advances in computation that 

moved neuroimaging from a focus on univariate analyses to multivariate analyses assessing 

patterns of brain activation between regions spread throughout the brain. Thus, the initial 

typology models of the 20th century began to give way to models which assumed that the neural 

representation of emotion was more distributed; few affective neuroscientists in the early 21st 

century now subscribe to the strong localization of function that predominated 20th century 

affective neuroscience, even if this work was foundational in early affective neuroimaging. 

From Localization of Function to Distributed Representations 

Evidence disconfirming the strong localization of function in emotion also could not have 

emerged without simultaneous methodological advances in network neuroscience, a field in 

which scientists examine how multivariate relations between various levels of neurobiological 

activity (e.g., neuronal firing, BOLD timeseries within brain regions) give rise to large-scale 

brain systems (see Barrett & Satpute, 2013; Bassett & Sporns, 2017). In neuroimaging, 

application of network methods has revealed evidence for sets of “intrinsic networks”, large-

scale communities of brain regions that show consistent low-frequency functional correlations 

when participants are “at rest” or not engaging in an experimental task. These findings, when 

paired with knowledge of structural connections between brain regions gleaned from non-human 

animal models and human white matter tract mappings, led to the conclusion that regions with 

correlated BOLD timeseries act as functionally wired units (e.g., Biswal et al., 2010; Bullmore & 

Sporns, 2009; Fox & Raichle, 2007; Sporns et al., 2004).  
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Findings spanning the human neurosciences revealed that these intrinsic networks were 

also activated during a variety of experimental tasks, including tasks involving autobiographical 

memory (e.g., (Buckner et al., 2008; Spreng et al., 2009), cognitive control (e.g., Cole et al., 

2013; Zanto & Gazzaley, 2013), and visual attention (e.g., Corbetta & Shulman, 2002; Shulman 

et al., 2010), suggesting that they serve domain-general functions (Cole et al., 2014). This work 

challenged the idea that brain regions independently performed mental functions and instead 

demonstrates that mental processes depend on the functional interactions within and between 

distributed brain networks (Bressler & Menon, 2010; Sporns, 2014). Early constructionist 

theories deduced from the meta-analytic summaries of the emotion neuroimaging literature that 

these domain-general networks may similarly support emotions (Barrett & Satpute, 2013; Kober 

et al., 2008; Lindquist & Barrett, 2012; Pessoa, 2008).  

Indeed, evidence establishing the brain’s domain-general functional architecture ushered 

in a paradigm shift in the understanding of the brain basis of emotion. For one, the domain-

generality of these intrinsic networks begins to finally puts to rest notions that emotion categories 

map onto one specific brain region or neural network. Networks that are seemingly linked to 

emotions are also linked to “cognitive” brain functions and vice versa. For instance, the so-called 

“salience network” has been associated with interoception and visceromotor regulation and 

representation of bodily sensations (Seeley, 2019; Uddin, 2016). It is thus not surprisingly 

associated with emotions (Barrett, 2017; Clore et al., 2021; Feldman et al., 2024; MacCormack 

& Lindquist, 2017; Satpute & Lindquist, 2019). Yet, its involvement is also observed across 

myriad “cognitive” tasks that have affective implications, such as those that involve the 

mobilization of internal resources for tracking goal-relevant stimuli (Lamichhane et al., 2016; 

Menon & Uddin, 2010). Indeed, its nodes within the anterior mid-cingulate cortex (associated 
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with somatovisceral engagement and motor movement), subgenual anterior cingulate cortex 

(associated with somatovisceral engagement) and anterior insula (associated with somatovisceral 

representations) make it well-suited for a role in generating and representing internal visceral 

states in the service of behavioral demands (see Lindquist & Barrett, 2012; Seeley et al., 2007).  

In contrast, the default mode network is best known for its role in autobiographical 

memories, semantic representation, social perception and representation, prediction of the future, 

and context-specific visual perception (see Buckner et al., 2008; Spreng et al., 2009). It has been 

less traditionally associated with emotion per se, although data and theories from the early 21st 

century clearly demonstrate its role in emotion (see Amft et al., 2015; Satpute & Lindquist, 

2019). Indeed, the default mode network’s assortment of anterior and medial brain tissue has 

structural features that make it well-suited to represent abstract, heteromodal summaries of prior 

experiences (Satpute & Lindquist, 2019). In particular, the medial prefrontal cortex and anterior 

temporal pole possess fewer neurons that are less densely packed when compared to structures 

elsewhere in the brain (i.e., in many unimodal sensory cortices, e.g., primary visual cortex;  

(Finlay & Uchiyama, 2015). As a result, the default mode network is well-suited to represent 

low-dimensional summaries of information from the sensory modalities, a function that may be 

especially important to emotion. We return to this point later.  

Finally, research points to the role of the frontoparietal control network and dorsal 

attention network in emotion. These networks are associated with cognitive control and visual 

attention, respectively (see Corbetta & Shulman, 2002; Dixon et al., 2018). Although executive 

control has long been associated with emotion regulation in the affective neuroscience literature 

(e.g., Ochsner et al., 2012), it has not traditionally been associated with emotion experience (also 

known as “emotion generation”), although those views are shifting in light of evidence for its 
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involvement in the generation of emotional experiences. Indeed, evidence suggests that the 

frontoparietal control network is relatively more engaged during the experience of emotion than 

during emotion regulation (J.-X. Zhang et al., 2023), a fact that defies the notion that its main 

purpose is to “regulate” so-called “irrational” emotional behaviors.   

A separate, but distinct, multivariate analytical method called multivariate pattern 

analysis has also begun to shine light onto the distributed neural representation of emotions. 

Unlike network-based approaches that examine patterns of correlated BOLD activity across 

regions spanning the brain, multivariate pattern analyses tend to examine how BOLD signal 

dynamics within voxels of the brain within a region or spanning regions encode types of stimuli. 

This approach uses the pattern of increased or decreased activation within voxels that form a 

brain region to compute an overall multivariate summary associated with a stimulus class (e.g., 

“fear”) (Haxby, 2012; Norman et al., 2006). 

 In one type of multivariate brain modelling, scholars use supervised machine learning 

methods to reveal whether the pattern of voxel activations and deactivations associated with one 

stimulus class is clear enough across trials to accurately predict the stimulus class associated with 

held out (un-analyzed) brain activity. In contrast to standard univariate fMRI analyses, which 

focus on identifying which brain regions on average show increased significant activity to an 

emotion category relative to some baseline, pattern classification takes a set of labelled 

multivarate patterns and learns to differentiate patterns associated with one emotion category 

from patterns associated with other emotion categories (Azari et al., 2020). When applied to 

emotion categories, pattern classification studies can “predict” with relatively high accuracy 

whether brain activity patterns spanning voxels belong to one category of emotion (e.g., “fear”) 
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versus multiple others (e.g., anger, disgust, love, etc.) (e.g., Hamann, 2012; Kassam et al., 2013; 

Kragel & LaBar, 2014; Nummenmaa & Saarimäki, 2019). 

Like the network-based findings, when applied to affective neuroscience, the multivoxel 

analyses reveal important new discoveries. Although some typology studies taking the 

hypothetico-deductive approach have interpreted evidence for multivoxel pattern findings as 

evidence for the typology hypothesis that emotion categories are biologically evolved and innate 

(e.g., Adolphs & Anderson, 2018; Saarimäki et al., 2022).  One logical problem with this 

conclusion is that pattern classification studies can reveal evidence for the neural representation 

of categories that are clearly cultural artifacts (e.g., bicycles v. cars); this finding challenges the 

notion that finding a brain pattern for a category reveals anything about a biologically-evolved 

representation of that category.  

Others have criticized multivoxel pattern analyses of emotion categories on other grounds 

because multivoxel patterns reflect statistical summaries of patterns of brain activation across 

instances of a category and across individuals; see Azari et al., 2020; Clark-Polner et al., 2017; 

Kragel et al., 2018 for further discussion). For instance, a recent paper showed that distinct 

multivoxel patterns exist for different situated instances of fear (fear of heights, fear of spiders, 

and fear of social threats) and that only about 2% of voxels explain situation-general experiences 

of fear (Wang et al. 2024). Rather, these studies collectively tell us how the brain uses tissue that 

is distributed across the cortex and subcortex to represent certain types of content, including, but 

not limited to, emotions (Satpute & Lindquist, 2019). 

From Distributed Representations to the Interplay of Networks 
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Collectively, the multivariate findings—whether using a network-based approach or a 

multivariate pattern approach—have moved affective neuroscience further from its beginnings 

based in functional modularity. Instead, emerging evidence characterizes the pattern associated 

with instances of emotion as a dynamic array of brain regions within a specific whole-brain 

context (as in Ciric et al., 2017). Collectively, these network-based findings are quite 

inconsistent with the typology view of emotion; rather, they suggest that instances of emotion, 

even instances of the same emotion category, emerge through dynamic functional interactions 

between neural networks (see Lindquist & Barrett, 2012).  

Indeed, there is now growing evidence that instances of an emotion category are best 

represented as a functional assembly of within- and between-network patterns of functional 

connectivity in the brain. For instance, meta-analytic evidence finds on average greater 

functional co-activation amongst regions within the dorsal attention network and default mode 

network during anger when compared to a similarly valenced emotion such as fear (Wager et al., 

2015). In contrast, fear, when compared to anger, is on average characterized by greater 

functional co-activation within both a basal ganglia network and a sensorimotor network (Wager 

et al., 2015). Other individual studies link self-reported state anxiety with increased connectivity 

within the salience and default mode networks (Saviola et al., 2020) and state anxiety associated 

with social anxiety disorder to connectivity between nuclei of the basal ganglia and regions of 

the frontoparietal control and salience networks (Anteraper et al., 2014).  

In a recent study, Doyle and colleagues (2021) specifically revealed patterns of brain 

connectivity that characterized both between-emotion category differences and differences 

between instances of the same emotion category. Using a data-driven subgrouping procedure, 

they found that feelings of anger and anxiety that were induced via an autobiographical scenario 
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immersion technique were associated with different connectivity patterns among and within 

subnetworks of the salience, default mode, frontal parietal network, and dorsal attention network. 

Critically, such differences were not only revealed between the emotion categories (averaging 

over instances of that category), but also within each emotion category (differentiating amongst 

instances within that category). Specifically, within the anxiety induction, there were different 

subgroups of within and between network patterns; these patterns were identified in a data-

driven fashion based exclusively on their network-based patterns of connectivity, and were not 

attributable to differences in the intensity or quality of emotions felt by participants nor to stable 

differences between individuals across emotions. As a case in point, whereas anxiety was in 

general associated with connectivity within aspects of the default mode network and between 

basal ganglia, somatomotor, salience, and right frontoparietal control network, two different 

subgroups were identifiable within this category-level average pattern. Specifically, subgroups 

differed in the extent to which they had connectivity amongst sub-networks comprising the 

default mode network. These types of network-based findings, in which researchers are 

examining complex within- and between-network patterns of connectivity during different 

emotions, increasingly represents the current state of the science in the early 21st century. 

Clearly, we have traversed much terrain since the early days of fMRI studies in affective 

neuroscience. These findings collectively suggest that while the brain encodes emotions that 

humans name in common parlance (e.g., “anger,” “fear,” “joy”), its structure hardly seems to 

respect those categories. That is, emotion categories seem to emerge from the complex interplay 

between brain networks that themselves are linked to very general functions. What remains in 

question for scientists now is how these within- and between-network functional dynamics are 
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governed. Very new research based in predictive processing models of brain function are 

suggestive, although this work is still in its infancy. 

Predictive Processing Models of Brain Function 

To understand why and how distributed neural networks interact to create emotions, we 

first take a step back to examine what the field of neuroscience has revealed about the principles 

of brain function, more generally, in the past few decades. Here, the affective neuroscience work 

is squarely influenced by the constructionist theoretical perspective, which seeks to understand 

how the basic principles of brain function might constrain the brain’s creation of human 

experiences of “anger,” “fear,” “joy,” etc. We briefly introduce readers to this general approach 

and close by stating its implications for affective neuroscience. 

Predictive Processing: A Precis  

There is a growing consensus in cellular and computational neuroscience that the brain 

engages in predictive processing, a general signal processing strategy in which data is 

compressed to remove redundant information and conserve energy (Bastos et al., 2012; Clark, 

2013; Friston, 2010; Sterling & Laughlin, 2015). Evidence from neuroscience, physiology, and 

ecology suggest that brains likely acquired predictive processing over the course of evolutionary 

history as a way to manage the metabolic costs of sensing and adapting to complex demands on 

processing (Bullmore & Sporns, 2012; Sterling & Laughlin, 2015). Specifically, as single cell 

and then multi-cellular organisms evolved increasingly complex and more metabolically 

demanding physiological systems (e.g., capacity for movement), selection pressures favored 

development of a central nervous system (i.e., brain) to model and regulate the energetic needs of 

the body (Shaffer et al., 2022; Sterling & Laughlin, 2015). A regulator of a complex system 

efficiently achieves regulation by generating an internal representational model of the system, 
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and updating the model when it is incorrect (i.e., learning; Bechtel & Bich, 2021; Clark, 2013; 

Sterling & Laughlin, 2015).  

Predictive processing frameworks of emotion thus propose that the brain stores 

information based on learned patterns of sensory and motor input to generate predictions about 

future incoming sensory data and adaptive motor actions (Barrett, 2017; Theriault et al., 2020). 

The brain identifies patterns within internal visceromotor (i.e., termed “interoceptive”) and 

external sensory input (vision, audition, olfaction, etc.), then recreates the patterns’ structure and 

function to draw upon in the future, resulting in an internal “generative” model of the world. The 

brain then uses that model to predictively regulate the body in response to changing situations in 

the world around it (Barrett, 2017). For instance, a brain might learn that in a back alley, a 

sudden sound (e.g., snarling) and sight (e.g., the mouth of a dog) should engender quick 

mobilization of the autonomic nervous system, skeletomotor system, and retreat. However, in a 

different context (while playing with a dog in the backyard), no such action is necessary.  

To achieve these functions, the brain thus needs structures that process incoming sensory 

signals from the body and world, and structures that generate, store, and apply an abstract model 

of the world based on prior experiences of those sensory signals. This is achieved via iterative 

connections between unimodal sensory regions - regions evolved to represent internal and 

external sensory signals in relatively high dimensions - and heteromodal association cortices 

such as the cortex contained in the default mode network. Evidence from comparative 

developmental neuroanatomy suggests that these brain regions are uniquely suited to represent 

low-dimensional summaries of unimodal sensory information given the structure, function, and 

development of these brain regions, both in utero and across primate evolution (for reviews see 

Finlay & Uchiyama, 2015; Katsumi et al., 2022; Satpute & Lindquist, 2019; Shaffer et al., 2022). 
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Indeed, regions such as medial prefrontal cortex, precuneus, and lateral temporal cortex that 

make up the default mode network have sparsely packed neurons and are late to develop both 

during neural tube development in utero and across mammalian brain evolution, suggesting that 

they may be uniquely suited for representing the sort of abstract, low-dimensional summary 

representations that have been associated with the default mode network throughout affective 

neuroscience studies of the 20th and 21st century. 

Relevant to the connectivity amongst networks of the brain, these heteromodal 

association areas sit atop the primate brain’s functional heterarchy.ii Neuroanatomical work 

mapping out the flow of information within primate cortex shows that the brain’s internal model 

or “predictions” about the meaning of upcoming sensory and motor events are represented in 

heteromodal brain regions that can represent highly compressed, low-dimensional information 

that is abstracted from the modalities (Barbas, 2015; Barrett, 2017; Barrett & Simmons, 2015; 

Feldman et al., 2024). Within this heterarchy, efferent predictions are generated based on 

incoming sensory information from the body and exteroceptive modalities and projected to 

sensory regions to shape the next wave of incoming sense data. If afferent information does not 

confirm the prediction, the unanticipated input generates prediction error that is propagated back 

up the neuroaxis to be encoded into the brain’s internal model (Barrett & Simmons, 2015). 

However, afferent sensory information that confirms predictions is effectively ignored, with the 

implication that a well-predicting internal model is an especially efficient one (Friston et al., 

2015; Shaffer et al., 2022).  

Implications for Affective Neuroscience 

Although predictive processing models are typically tested at the cellular level in non-

human animals (Barbas, 2015), advancements in computation and connectomics has led to a 
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surge of interest in studying how psychological functions emerge from functional gradients at 

various levels of neurobiological activity, including cytoarchitecture, gene expression, intrinsic 

functional and structural connectivity, and patterns of task-base activation (Bernhardt et al., 

2022; Haak et al., 2018; Huntenburg et al., 2018; Oligschläger et al., 2019; Shafiei et al., 2020).  

These data reveal multiple domain-general gradients in the brain that describe low-dimensional 

and continuous representations of functional variation spanning the whole brain. It is these 

gradients that appear to have important implications for our understanding of neural network 

functions underlying emotion, and indeed, probably all mental states.   

The general gradients of function observed in recent human neuroimaging studies, and 

replicating knowledge derived from comparative approaches, have important implications for 

modern network neuroscience models of emotion. Principle among these gradients is the 

“sensorimotor-association” gradient (also sometimes called “unimodal-transmodal” gradient; 

Margulies et al., 2016; C. Murphy et al., 2019; Vázquez-Rodríguez et al., 2019) . On the 

association end, brain regions that comprise the default mode network such as medial prefrontal, 

cingulate, precuneus, and middle temporal areas integrate multi-modal information to make 

predictions. Regions that comprise the frontoparietal network such as the lateral prefrontal and 

inferior parietal cortex fine-tune predictions by suppressing predictions when priors are very low. 

On the sensorimotor end, brain regions in primary sensory cortices process incoming sensations 

and send prediction errors back to association cortices (Katsumi et al., 2022; J. Zhang et al., 

2019).These data suggest that during emotion, flow of information through networks should 

move from default mode sub-regions to unimodal sensory regions such as visual cortex, auditory 

cortex, interoceptive cortex, and motor cortex.  
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Using a constructionist inductive approach to understand these dimensions suggests that 

brain regions involved in representing memory and concepts make meaning out of sensory 

information in a given context, shaping what is seen, heard, felt, and acted upon (Barrett, 2017; 

Satpute & Lindquist, 2019). Moreover, this process can be influenced by attention and goals 

relevant to higher-order contextual demands. These neural findings offer profound new 

understandings of how prior experiences, learning, cultural knowledge, and the power of the 

situational demands could be infusing the brain’s construction of emotional experiences, even 

before they are triggered by external sensory events.  

The Brain Basis of Emotion: Looking Towards the Future 

In the past two decades, research on the brain basis of emotion has moved beyond the 

assumption that discrete emotion categories like “fear” or “disgust” reside in subcortical 

structures alone. As outlined in this chapter, advances in technology, including technology that 

allowed researchers to study humans experiencing emotions in real time, such as functional 

magnetic resonance imaging (fMRI) and advancements in data computation, revealed that 

emotions emerge from dynamic, context-dependent interactions across distributed neural 

networks. These data suggest that neural representations of emotion engage regions involved in 

generating predictions of the future based on the past, regions involved in visceromotor 

engagement, and regions that help select amongst those predictions. This work has forwarded 

new hypotheses on the neural basis of emotions, leading to new distributed neural network 

models of emotion in the first decades of the 21st century, and even more recently, to new 

predictive processing models of emotion.   

Predictive processing models of emotion, like the theory of constructed emotion (Barrett, 

2017) and constructed mind approach (Shaffer et al., 2022), present exciting new methodological 
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challenges for the future of affective neuroscience. First, emerging constructionist models of the 

brain argue that all psychological phenomena, including emotion, are supported by large-scale 

functional interactions in the brain (Barrett & Satpute, 2019; Hutchinson & Barrett, 2019). In this 

chapter, we focus on functional interactions along a sensorimotor-to-association gradient, where 

brain regions perform various functions along a continuum from lower-level sensory processing 

to higher-level sensory integration and abstraction (e.g., Huntenburg et al., 2018). Tract-tracing 

and diffusion mapping studies confirm that intrinsic activity across measurement occasions, 

modalities, and subjects can be mapped onto this common sensorimotor-association gradient 

(e.g., (Haak et al., 2018; Katsumi et al., 2022). If affective neuroscience is to keep pace with 

advancements in cortical mapping, an important next step for future research will be 

understanding the spatiotemporal dynamics of this gradient during instances of emotion. To date, 

most connectivity gradient analyses examine functional processing at rest; few studies 

investigate whether the dimensions of the sensorimotor-association gradient are stable across 

tasks and no work, to our knowledge, examines whether it best represents brain activation during 

emotion. More targeted analysis of the sensorimotor-association gradient, leveraging 

multivariate approaches across different emotion task paradigms, will be required to test whether 

this gradient reflect neural activity during instances of emotion.  

In addition to the emerging consensus that psychological phenomena are supported by 

large-scale functional interactions that span the cerebral cortex, predictive processing models 

suggest that neural networks should not just be modeled in terms of static activity, but as 

“shifting populations of neurons” that are informed by previous brain states (p. 6, Barrett and 

Satpute, 2019). The brain generates expectations and predictions about incoming sensory 

information based on prior knowledge and experience, suggesting that past neural activity may 
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play a crucial role in shaping ongoing neural processes (Barrett, 2017; Friston, 2010; Lee et al., 

2021). As Lee and colleagues outline in their 2021 review, fMRI tasks assessing emotion have 

traditionally tended to focus on measuring brain responses to randomized stimuli in isolation, but 

they may not actively engage processes where the brain learns from these stimuli and adjusts its 

predictions accordingly (Lee et al., 2021). Moreover, emerging models of the intrinsic functional 

architecture of the brain suggest that connectivity within and between networks shifts over short 

periods of time (e.g., (Allen et al., 2014; Ciric et al., 2017). An important direction for future 

work will thus be to better understand the spatial and temporal variability contributing to the 

neural representations of emotion. 

Concluding Remarks 

Nearly two hundred years after the first works in affective neuroscience, the field finds 

itself at the crossroads of what might be a paradigm shift—where older ideas about the biological 

basis of emotions are giving way to newer models of how the brain creates emotions, and mental 

experience, more generally. While this paradigm shift toward predictive and context-sensitive 

neurobiological models of emotion requires new computational tools and experimental 

paradigms, the theory of constructed emotion provides a useful conceptual framework for 

answering the age-old question of how the brain creates emotion. We will no doubt continue to 

learn more as methods advance, but a cautionary tale from this literature is that methods and 

scientific philosophy together shape the generation of knowledge and its interpretation. 
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NOTES 

 
i Note that current models of brain function see the concept of the limbic system, in particular, and the 

triune brain concept, more generally, as outdated (Cesario et al., 2020; Chanes & Barrett, 2016). 
ii Note that the term heterarchical is preferred to hierarchical because it does not assume that projections exist in a 

single direction. See Lee et al. 2021 for a discussion. 


