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Emotion: although there is no consensus definition of the term ‘emotion’, it is

frequently defined in terms of a temporary change in affect or feeling state,

elicited by an affectively salient situation, that involves coordinated, multiple

systems, including physiology, brain activity, behavior, and (in humans)

conscious experience. These changes typically facilitate adaptive behavioral

responses, such as approach or avoidance. A key related distinction is between

emotion recognition (perceiving an emotion in another individual) and

emotional experience (one’s own emotions).

Valence: refers to the degree of pleasantness/positivity vs unpleasantness/

negativity associated with an emotion.

Arousal: in the context of emotional arousal, refers to the strength of

experienced emotion, ranging from calm to excited.

Psychological construction theories of emotion: emphasize that types of

emotion emerge from a construction process, in which basic psychological

operations, such as perception, attention, and memory, combine to create

emotional meaning, influenced by social and linguistic factors.

Dimensional theories of emotion: propose that emotional states can be

accurately represented by a small number of underlying affective dimensions,

most commonly two (arousal and valence).

Discrete theories of emotion: propose that there exists a small number of

separate emotions, characterized by coordinated response patterns in

physiology, brain, and facial expression. Basic emotions are a subset of

discrete emotions proposed to be the most elemental and adaptive, culturally

universal, and to have an inherited, biological basis in the brain. Six basic

emotions have been most frequently suggested: happiness, sadness, anger,

disgust, fear, and surprise.

Activation likelihood estimation (ALE): a type of coordinate-based meta-

analysis used to summarize the location of consistent findings across multiple

neuroimaging studies. Findings from individual studies, represented as sets of

three-dimensional coordinates of maximal brain activation, are modeled as

probability distributions. The degree of spatial overlap across multiple studies

is then estimated, producing a map that indicates the degree of convergence of

results across studies.

Multivariate pattern analysis (MVPA): a neuroimaging analysis method that

uses powerful pattern-classification algorithms to decode information con-

cerning cognitive and affective representations from patterns of activity

distributed across multiple brain loci. This contrasts with standard analysis

methods that focus on establishing relationships between individual brain loci

and cognitive variables. MVPA can accurately decode the information currently

represented in an individual’s brain, such as information about a viewed object

or information being retrieved from long-term memory.

Conceptual act model: a particular psychological constructionist model of

emotion that proposes that emotions arise from the combination of ‘core

affect’ (mental representation of bodily changes, associated with arousal and

valence) with a categorization process that determines the emotional meaning

of core affect, incorporating past experience and the current situation.

Categorization creates a meaningful interpretation of core affect, which can

be experienced as a discrete emotion, such as fear, an affective feeling of high

arousal, or even as a non-affective sensation, such as stomach upset. Although

the conceptual act model has a dimensional basis, categorization can produce
A longstanding controversy in the field of emotion re-
search has concerned whether emotions are better con-
ceptualized in terms of discrete categories, such as fear
and anger, or underlying dimensions, such as arousal
and valence. In the domain of neuroimaging studies of
emotion, the debate has centered on whether neuroim-
aging findings support characteristic and discriminable
neural signatures for basic emotions or whether they
favor competing dimensional and psychological con-
struction accounts. This review highlights recent neuro-
imaging findings in this controversy, assesses what they
have contributed to this debate, and offers some prelim-
inary conclusions. Namely, although neuroimaging
studies have identified consistent neural correlates as-
sociated with basic emotions and other emotion mod-
els, they have ruled out simple one-to-one mappings
between emotions and brain regions, pointing to the
need for more complex, network-based representations
of emotion.

Controversies over emotion theories
The nature of emotion has been debated for more than
twenty-five centuries. A major debate has focused on the
nature of the basic units of emotion and whether these
units are essentially dimensional or discrete [1]. Discrete
emotion views (see Glossary) propose that there exists a
limited number of distinct emotion types, each with specific
characteristic properties, as opposed to a continuum of
emotional states [2]. One highly influential type of discrete
emotion theory, basic emotion theory [3–8], proposes a
limited set of basic emotions (for example, happiness,
sadness, anger, fear, disgust, and surprise) that are uni-
versal, biologically inherited, and have unique physiologi-
cal and neural profiles that distinguish them from one
another. By contrast, the other major theoretical position,
represented by dimensional theories of emotion, concep-
tualizes emotions as arising from combinations of more
fundamental dimensions, such as emotional arousal
(strength or intensity of emotion) and emotional valence
(degree of pleasantness or unpleasantness), in combination
with cognitive processes, such as appraisal and attribution
of meaning [9–14]. For example, dimensional views pro-
pose that a basic emotion such as fear emerges from a
combination of negative valence, high arousal, and other
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attributes that are not specific to the category of fear per se
[15–21].

Despite the large empirical literature that has
attempted to determine which of these theories better
a wide variety of emotion states, including discrete emotions, albeit via a

completely different process than in basic emotion models.
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explains emotional phenomena, there remains a lack of
consensus. Basic emotion theory proposes that basic emo-
tions should be reflected in consistent and discriminable
patterns of psychophysiological responses and brain activ-
ity [8,22–25]. Accordingly, several studies have sought
consistent and specific psychophysiological correlates for
basic emotions [23,26,27]. Intuitively, it might seem that
differences between basic emotions, such as fear and sad-
ness, should be relatively easy to detect, because of the
apparent ease with which we discern these emotions in
ourselves and others. Contrary to this intuition, reviews of
early studies concluded that psychophysiological studies
failed to find consistent and specific correlates for basic
emotions [28,29], in contrast with the relatively well-estab-
lished psychophysiological correlates of emotional arousal
(e.g., skin conductance response) and valence (e.g., facial
muscle activity) dimensions [14,30,31]. Although recent
psychophysiological studies using multivariate approaches
[23,26] have been much more successful in differentiating
emotions, this lack of early success motivated a search for
alternative approaches.

Most recently, this debate has moved to the domain of
neuroimaging. Because emotions are ultimately mediated
by brain mechanisms, it should be possible to map basic
emotions onto their underlying brain mechanisms [32–34].
Neuroimaging can assess activity and functional connec-
tivity across the entire brain as different emotional states
unfold across time and is potentially better able to identify
biological correlates for basic emotions. The mapping of
emotions to their brain representations is part of a larger
goal of mapping all mental processes onto their correspond-
ing brain mechanisms [35–39].

This review highlights recent developments and trends
in this continuing debate over emotion theories and how
they can be mapped onto patterns of brain activity. The
first part of this review discusses key relevant findings
from neuroimaging studies and meta-analyses regarding
the brain representation of emotions and evaluates the
degree to which these findings support different emotion
theories. In the second part, broader implications are
discussed, including the important role of functional net-
works and multivariate analyses, the complementary role
of other approaches, such as neuropsychological lesion and
nonhuman animal studies, and finally, outstanding issues
and directions for future research. As will be discussed,
neuroimaging studies have identified consistent neural
correlates associated with basic emotions and other emo-
tion models. Rather than being specialized for one type of
emotion, however, individual brain regions often contrib-
ute to multiple emotions, ruling out simple one-to-one
mappings between emotions and brain regions and point-
ing to the need for more complex, network-based repre-
sentations of emotion.

Neuroimaging meta-analyses
Ideally, in order to identify consistent and discriminable
activations associated with each emotion category, multi-
ple emotions should be elicited and contrasted within a
single neuroimaging study [40,41]. However, very few
neuroimaging studies have examined multiple emotions
in the same experiment in a manner that allows testing
directly the predictions of basic emotion theories [42,43],
leading to a search for other methods to test these predic-
tions. Meta-analyses that assess function-location corre-
spondences can help overcome this limitation in the
neuroimaging literature, because they allow activation
patterns associated with individual emotions to be com-
pared across different studies [37,44]. Neuroimaging meta-
analyses can be used to identify neural patterns associated
with emotion states that are consistent and discriminable
and, because they pool effects across multiple studies,
meta-analyses can substantially reduce problems fre-
quently associated with neuroimaging studies, including
low experimental power and small sample sizes [37].

Current neuroimaging meta-analysis methods, such as
the activation likelihood estimation (ALE) method, quan-
titatively assess relationships between functions such as
emotion and regional brain activations [37,45–47]. Such
meta-analyses are referred to as function-location meta-
analyses, because the primary interest is in the spatial
distribution and clustering of functional activation across
brain loci. The ALE method collects neuroimaging studies
that have targeted specific functions and extracts the
three-dimensional brain activation coordinates from
reported statistical contrasts (e.g., sadness vs neutral emo-
tion), converting them into representative statistical brain
maps [37]. Spatial overlap (consistency) of activations
within emotion conditions and significant differences be-
tween emotion (discriminability) can then be assessed
using permutation methods.

These meta-analysis methods were used to evaluate the
predictions of basic emotion theories in a recent study by
Vytal and Hamann [43]. This study combined a large
number of neuroimaging studies of basic emotions to de-
termine the extent to which basic emotion categories are
associated with consistent and discriminable brain activa-
tion patterns, as predicted by basic emotion theories. To
assess consistency, brain activation loci were identified,
the activity of which was most consistently and strongly
associated with the five basic emotions happiness, sadness,
anger, fear, and disgust (few neuroimaging studies of
surprise exist, precluding analysis of this basic emotion).
Activation maps for each pair of emotions were contrasted
statistically to test the prediction that each basic emotion
category is discriminable from other emotions.

The results generally supported the predictions of basic
emotion views. Each basic emotion was characterized by
consistent neural correlates, and each emotion could be
discriminated from each of the other emotions in pairwise
contrasts. Figure 1 illustrates representative consistency
maps and a map of regions differentiating two emotions
(only one axial level is shown; for full results, see [43]).
Importantly, the structure-function correspondences iden-
tified in the meta-analysis overlapped substantially with
structure-function correspondences identified using other
approaches, such as neuropsychological lesion studies and
nonhuman animal models, providing converging evidence
for basic emotion accounts. For example, among the most
prominent findings were that fear was consistently associ-
ated with activation of the amygdala; disgust with activa-
tion of the insula, ventral prefrontal cortex, and amygdala;
sadness with activation of medial prefrontal cortex; anger
459
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Figure 1. Brain maps of consistent and discriminable activations for basic emotions. The upper row shows brain regions (regions in color) where activations across multiple

neuroimaging studies spatially converged in an activation likelihood analysis (see text for description), indicating regions of consistent activation for each emotion relative

to a non-emotional baseline condition (adapted from [43]). Activation clusters are shown superimposed on a single representative axial slice from a standard structural MRI

image (at z = -8 in a standard anatomical space [100]; see [43] for full results). The lower row illustrates a selected result from the discriminability analysis, which statistically

contrasted the maps for each basic emotion in pairwise analyses. Blue-scale clusters indicate regions where activation was significantly more likely for fear than sadness

(e.g., the cluster in the bilateral amygdala); red-scale clusters show the opposite contrast. All pairwise contrasts between basic emotions yielded regions of differential

activation likelihood, indicating discriminable activations for each emotion.
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with activation of orbitofrontal cortex; and happiness with
activation of rostral anterior cingulate cortex.

These findings are generally consistent with those of
two earlier, smaller meta-analyses that used different
meta-analysis methods [48,49]. Both studies found limited
evidence for consistent associations between brain regions
and basic emotions, and one study was also able to dis-
criminate between several basic emotions, although its
analysis method was not able to localize these differences
to specific brain regions [49].

Dimensional and psychological construction theories
A recent study by Lindquist and colleagues [18], the most
extensive meta-analysis to date, reexamined the neuroim-
aging evidence for basic emotions and arrived at different
conclusions. Their meta-analysis combined three different
meta-analysis methods to assess consistency and discrim-
inability: an analysis similar to ALE, a frequency analysis,
and logistic regressions that determined which emotion
categories predicted increased regional activity. In line
with previous meta-analyses [43,48,49], evidence for con-
sistent regional brain activations corresponding with each
basic emotion category was found, even though the degree
of consistency varied across basic emotions. However, no
evidence was found to support the prediction that basic
emotions have discriminable neural correlates. Instead,
every region that was activated for a given basic emotion
was also activated for at least one other basic emotion.

As an alternative to the basic emotions view, the
authors detailed a conceptual act model [17,19,20], a par-
ticular psychological construction view, in which emotions
emerge from combinations of more basic psychological and
460
neural components (Box 1). The meta-analytical findings
were interpreted as being more consistent with the con-
ceptual act model and with the interactions of six function-
al groups identified in a previous meta-analytic study [50],
mediating processes such as core affect and conceptualiza-
tion (Figure 2). Unlike other meta-analyses that focus on
mappings between individual, predefined emotions to
brain activation patterns, this earlier study used a novel,
entirely data-driven approach that avoided the use of
emotion labels, such as fear and sadness. By examining
patterns of co-activation across a large number of neuro-
imaging studies investigating emotion, they identified six
functionally distributed groups that they proposed to act as
functional building blocks for the generation of emotional
states.

Comparing the Lindquist et al. meta-analyses with the
previous meta-analysis by Vytal and Hamann [43] reveals
key similarities, but also differences that illustrate how the
interpretation of evidence for basic emotions depends on the
criteria used for evaluation. Both studies found evidence of
consistent activations for basic emotions, using similar
meta-analysis methods (closely related activation likelihood
and activation density analyses). Each study tested emotion
discriminability in markedly different ways, however, con-
trasting activation maps between all possible emotion pairs
in one case [43], and contrasting each emotion with the
average of all other emotions in the other [47].

Although methodological differences complicate direct
comparisons between studies [51], a reasonable conclusion
is that the meta-analytic evidence for discriminable neural
correlates for basic emotions is currently inconclusive.
In general, whereas meta-analytical findings have been



Box 1. Dimensional and discrete models of emotion

Dimensional and discrete theories of emotion are in fact families of

related theories. For example, the most commonly proposed dimen-

sional view posits the dimensions of valence (pleasantness) and

arousal (emotion strength) [13,56], but alternate dimensions, such as

positive and negative activation, have also been proposed. Dimen-

sional theories differ in the minimum number of dimensions needed

to represent emotion and the ways in which dimensions combine

with other processes to create emotional experience [20,21]. An

attractive feature of dimensional approaches is their parsimony and

their applicability across multiple domains. Dimensional approaches

have also proven to be empirically powerful, successfully accounting

for a wide range of emotion effects [14,90,91].

Similarly, although the most commonly encountered discrete

emotion theory, basic emotions, posits six basic emotions (happi-

ness, sadness, fear, anger, disgust, and surprise), other discrete

emotion theories have posited a different number of emotions

[5,22,25]. Basic emotion theories propose that these emotion

categories are biologically inherited and are basic in the sense that

they cannot be broken down into constituent psychological ele-

ments.

To illustrate how basic emotions can be represented within a

dimensional framework, Figure I shows how basic emotions can be

represented as a combination of dimensions. For example, the figure

illustrates different instances of basic emotions (e.g., seeing a snake

or baby), with each instance located in the two-dimensional space

created by the arousal and valence dimensions. For reference, an

emotionally neutral stimulus with minimal arousal and neutral

valence is also shown (chair; grey rectangle). Different instances of

a basic emotion can also vary in arousal and valence. For example,

viewing a sunset may elicit happiness that is more moderate in

arousal and valence than viewing a baby. The combination of arousal

and valence information is not proposed to be the sole determinant of

emotion states. Rather, these emotional building blocks are com-

bined with other information and processes, such as appraisal and

attribution, to create emotions [92].

A current debate in the neuroimaging literature is between discrete

emotion views and psychological construction views (which originate

from dimensional accounts). Psychological construction views, such

as the conceptual act model, reject the notion that basic emotions are

innate and biologically basic. Instead, they propose that instances of

fear and other emotions result from the combination of ‘core affect’

(representations of somatic changes, experienced as valence and

arousal) with other basic psychological processes that are not specific

to emotion, such as attention and categorization [18]. This process of

psychological construction results in specific instances (exemplars) of

emotions that individuals experience as fear or other emotions,

through a process markedly different from the triggering of biological

affect programs posited by basic emotion theories [4].
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Figure I. Representing basic emotions within a dimensional framework. Dimensional models can represent instances of basic emotions, for example, fear elicited by a

snake (green rectangle), in terms of variation along affective dimensions (e.g., arousal and valence), in combination with additional evaluative processes, such as

appraisal and attribution that specify affective significance [92].
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interpreted as supporting aspects of basic emotion theories
and the conceptual act model [18], neither view has so far
received unequivocal support [52]. New neuroimaging stud-
ies directly contrasting the predictions of different emotion
models using the same data will be key to evaluating the
relative merits of emotion models.

Until recently, meta-analyses of the affective dimen-
sions of arousal and valence dimensions were precluded
because of the relative lack of neuroimaging studies ma-
nipulating both dimensions independently [53,54]. Several
such studies have recently appeared [55–60], however,
setting the stage for a meta-analysis and providing pre-
liminary information regarding the neural correlates of
these dimensions. An initial view proposed that arousal
and valence are represented separately, with amygdala
activity tracking increasing arousal and different orbito-
frontal cortex (OFC) regions representing positive (medial
OFC) and negative (lateral OFC) valence [54,61]. Subse-
quent studies suggested a more complex representation
that involves multiple regions in the representation of
arousal, valence, as well as their interaction, implying that
these dimensions are not represented independently
[53,55–57]. For example, amygdala activation correlated
with increasing arousal for words regardless of valence, but
activity in other regions, including medial OFC and puta-
men, tracked the interaction of arousal and valence [53].
461
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Figure 2. Six distributed functional groups consistently activated in a data-driven meta-analysis of emotion processing. In contrast to all of the other neuroimaging meta-

analyses considered in this review, Kober et al. [50] adopted a unique data-driven approach to determine the functional organization of brain regions consistently activated

in emotion tasks from 162 studies. A multi-level kernel-based approach was used to assess functional groupings across progressively broader spatial scales, from voxels to

functional subregions, regions, and finally the functional group level across the brain. This procedure identified six functionally distributed groups that have been proposed

by the conceptual act model to function as building blocks for the generation of emotional states [19,29]. The construction process is hypothesized to start with core affect (a

lateral paralimbic group and a core limbic group), which is then processed further and given situation-specific conceptual meaning (medial posterior and medial prefrontal

cortical groups) and participates in interactions with a functional group mediating attentional and linguistic function. A sixth group (occipital/visual group) is involved

jointly in visual processing and attention to emotional stimuli. These functional groups derived from neuroimaging data independent of emotion categories represent an

intriguing alternative approach to conceptualizing neural mechanisms mediating emotion.
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Mapping emotions to networks
Two key issues in the debate over emotion models concern
the type of mapping proposed and whether this mapping is
at the level of individual brain regions or networks of
regions. In the most basic type of mapping, each element
of a given model is mapped onto a single brain region’s
activity [62]. Many neuroimaging studies investigating
emotion have adopted this approach. The most commonly
proposed mappings between the elements of dimensional
and basic emotion theories and individual brain regions
are illustrated in Figure 3 (left panel) [19,45,49]. However,
it has become increasingly clear from meta-analyses and
other evidence that approaches to mapping emotions that
rely on simple one-to-one mappings between emotion cat-
egories and individual brain regions are ultimately insuf-
ficient and that more complex mappings are required to
account for affective neuroimaging findings [52,62–64].
Individual regions can participate in multiple emotions
and individual emotions can map onto activity in multiple
regions [32]. For example, meta-analyses have demon-
strated that disgust maps onto activations across multiple
brain regions [18,43] and that the amygdala is associated
with both positive and negative emotion [65–67], as well as
with the basic emotions fear and disgust [68,69].

Meta-analytical findings suggest that a more appropri-
ate level of mapping between emotion and brain is the level
of functional networks [18,43]. This dovetails with other
reviews that have suggested a need to shift to networks of
462
interacting regions as the basic unit of analysis and map-
ping for both emotion and cognition [62,63,70–72]. As
illustrated in Figure 3 (right panel), such regional net-
works can share brain regions, and their components can
carry out different aspects of emotion processing, with each
component assuming different functional roles and com-
putations depending on the particular configuration of the
currently active network. For example, the amygdala (red
box) is recruited during both fear and disgust [18,43]. This
co-activation may reflect overlapping processes, or alter-
natively, the amygdala may take on different processing
attributes in different network configurations [73]. A
region’s function can also be further influenced by individ-
ual differences, such as age and sex [74], as illustrated by a
recent meta-analysis that found substantial sex differ-
ences in amygdala involvement (and other regions) for
positive and negative emotions [75].

These considerations have prompted suggestions that
the evaluation criteria and even the definitions of basic
emotion categories may require modification. For example,
the fact that brain regions can take on different functions
at different times has led to the suggestion that regions can
be functionally specialized for a given emotion, playing an
emotion-specific role at a particular time, but playing other
(possibly non-affective) roles at other times [52,64]. This
contrasts markedly with the functional specificity criterion
that has been used to evaluate basic emotion models
[18,43], which requires a given region to have a specific



Box 2. Neuropsychological lesion studies and emotion

models

Because neuroimaging studies cannot establish that brain regions

are essential for a function such as emotion, the insights gained

from neuroimaging studies require further corroboration from

studies that can support causal claims, such as those that use

neuropsychological approaches with patients with focal brain

lesions [93,94]. Conversely, lesion studies have sometimes reported

functional dissociations, where damage to a specific region is

associated with impairment in one emotion but not others, which

suggest one-to-one mappings between specific emotions and

individual regions, contrary to the findings of neuroimaging studies.

An illustrative recent case is that of patient SM, a woman with

focal bilateral amygdala lesions. SM shows a striking absence of

overt fear behavior and a highly impaired experience of fear in daily

life [95,96]. These impairments in fear experience were also specific

to fear, as SM was normal when tested on other basic emotions.

Impairments in experiencing fear were found across a wide range of

potent fear-eliciting stimuli and situations, including exposure to

live snakes and spiders, fear-inducing films and locations, and real-

life experience sampling. Single case studies have well-known

limitations, and these findings require replication before more

definitive conclusions can be drawn regarding basic emotion views

more generally. Also, other studies of patients with bilateral

amygdala lesions have not described similar emotion deficits

[89,97]. Differences in emotion assessment methods and the fact

that patient SM sustained her lesions during development may

explain these differing findings. Similarly emotion-specific impair-

ments have also been reported for the perception and experience of

the basic emotion disgust in patients with lesions to the basal

ganglia and insula [98,99]. Such isolated impairments in individual

emotions and other neuropsychological findings can serve an

important role as constraints on the development of theories based

on neuroimaging findings and illustrate the ongoing challenge of

integrating emotion findings from different methods.
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Figure 3. Levels of mapping between emotion models and the brain. The left panel illustrates the most commonly proposed one-to-one mappings between elements of

emotion theories and individual brain regions [18,43]. For example, amygdala activation typically correlates with emotional arousal [101], whereas activation in the

orbitofrontal cortex correlates with emotional valence [102]. As noted in the text, these one-to-one mappings run afoul of numerous experimental findings that show that,

for example, fear consistently activates regions other than the amygdala, and the amygdala in turn is associated with several emotion processes. Such difficulties with one-

to-one mappings have motivated a shift to more complex interrelationships, such as functional networks. For example, in the right panel, network mappings may involve

individual brain regions (small rectangles) participating in networks that carry out the processing mediating different emotions. An individual region, such as the amygdala

(red rectangle) can participate in multiple networks and that region’s role can be modulated according to the currently active network configuration. These network

dynamics have important implications for evaluating the neuroimaging evidence for different emotion theories.
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emotional function to the exclusion of other emotional or
cognitive functions, at all times. A further suggestion has
been that basic emotion categories may turn out to map
onto multiple subtypes of coherent emotion networks, and
that splitting these categories to better reflect such net-
works may be needed [52,76] (but see also [19,29]). These
possibilities suggest promising avenues for future devel-
opment of basic emotion models.

Multivariate approaches to emotion representations
Neuroimaging meta-analyses have not yet begun to examine
correspondences between emotions and networks of brain
regions, although multivariate meta-analysis methods have
been applied in cognitive domains [77–79] and the data-
driven meta-analysis discussed previously [50]. Therefore,
whether basic emotion theories will gain greater support
from assessment of network-level correspondences remains
an open question. Multivariate pattern classifiers and ma-
chine learning algorithms represent a promising approach to
detect highly distributed activation patterns corresponding
to emotions [80–82]. An excellent illustration of this ap-
proach is a recent neuroimaging study that identified mul-
tivariate activation patterns in medial prefrontal cortex and
left superior temporal sulcus corresponding to basic emotion
categories (anger, disgust, fear, happiness, and sadness)
[83]. Moreover, these patterns were invariant across stimu-
lus modality (face, body, or voice) and the perceived intensity
of the emotion [83], and were found in the absence of sys-
tematic emotion related activation differences in these
regions, highlighting the ability of these methods to detect
otherwise inaccessible representations [84].

This shift towards network-level analyses and multi-
variate approaches to analyzing brain activity parallels the
same trend in studies of emotion that use psychophysio-
logical approaches [23,85]. For example, a recent pattern
classification study found substantial evidence for discrim-
inable patterns corresponding to basic emotions, which
were also invariant across different emotion induction
methods and individuals [23].

Neuroimaging meta-analyses have important limita-
tions and cannot fully substitute for a lack of directly
relevant neuroimaging studies [37,47]. New neuroimaging
463



Box 3. Emotion in nonhuman animals

Much of what is known regarding the neural systems mediating

basic emotions such as fear comes from neuroscience studies of

nonhuman animals [91]. A wide variety of techniques have

addressed the neural mechanisms underlying fear behavior and

fear learning, down to the level of molecular pathways. For

example, in the well-studied case of fear conditioning, a neutral

stimulus (tone) that predicts an aversive stimulus (shock) spurs

associative learning in the lateral nucleus of the amygdala, which in

turn projects to an array of structures (hypothalamus, periaqueduc-

tal grey, brainstem) that mediate signs of fear such as freezing.

These basic neural fear circuits are similar across species from

rodents to humans.

The fact that humans share these specialized, inherited neural

mechanisms for fear and other emotions is often interpreted as key

support for basic emotion theories [25]. However, an alternative

view challenges this conclusion, pointing out that an emotion such

as fear can elicit any of several adaptive responses, such as freezing,

avoidance, or even attack [18]. Because these responses depend on

different neural circuits, by this view, it cannot be concluded that the

sole neural basis of fear has been identified, unless one posits

multiple neural bases of fear. Regardless of the outcome of such

debates, this example illustrates the complexities of making

inferences from animal models of emotion to humans. The degree

to which animal findings will inform ongoing debates regarding the

nature of human emotion will depend on the strength and validity of

such between-species inferences.
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studies targeted at the issues discussed in this review will
thus be essential. In addition, neuroimaging methods as-
sess correlations between emotions and brain regions, not
whether these regions are functionally essential [41,86,87].
Thus, converging evidence from studies using other meth-
ods, such as neuropsychological studies of patients with
focal brain lesions (Box 2) and studies with nonhuman
animals (Box 3), will ultimately need to be integrated with
findings from neuroimaging to arrive at comprehensive
emotion models [88,89].

Concluding remarks
This review has highlighted the contributions of neuroim-
aging studies to recent debates over emotion theories and
the representation of emotion in the human brain (see Box
4 for future research directions). Neuroimaging analyses
have identified several brain regions consistently associ-
ated with different basic emotions, as well as neural
Box 4. Questions for future research

� Network-based and multivariate pattern classification approaches

are a promising next step in elucidating how elements of emotion

models map onto brain processes. How can these approaches

best be implemented at the level of individual neuroimaging

studies and in meta-analyses?

� Neuropsychological lesion approaches can provide converging

evidence addressing whether regions identified by neuroimaging

are critical for specific emotion processes. However, the emotion

processes associated with a given brain region can differ

markedly depending on the method used, raising the challenge

of integrating and reconciling findings across approaches.

� Direct comparison of the predictions of competing emotion

models in neuroimaging studies are needed to complement the

findings of meta-analyses.

� How can elements of basic emotion and psychological construc-

tion accounts be combined into hybrid accounts?
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correlates for affective dimensions. Such information
allows prediction of the brain regions likely to be activated
during a particular emotion. However, predicting and
distinguishing emotions from neuroimaging data has
proven more challenging, in part because brain regions
can participate in multiple emotions. This lack of one-to-
one correspondences between emotions and brain regions
has motivated a theoretical shift towards the investiga-
tion of network-level emotion representations, which can
provide more appropriate and sensitive tests of the pre-
dictions of emotion models. Relatedly, multivariate meth-
ods have shown promise in decoding distributed networks
representing basic emotions. Neuroimaging has played an
important role in informing emotion theories, but the
ultimate assessment of these theories requires a broader
evaluation of evidence from multiple approaches, such as
neuropsychological lesion and nonhuman animal studies.
In conclusion, the contributions of neuroimaging to
debates over the nature of emotions and their brain re-
presentation have already motivated new theoretical
directions which in turn are likely to influence the evolu-
tion of new theories about how the human brain generates
and represents emotions.
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