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Functional neuroanatomy of emotions:
A meta-analysis
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The application of functional neuroimaging to the study of human emotion has yielded valuable data;
however, the conclusions that may be drawn from any one study are limited. We applied novel statis-
tical techniques to the meta-analysis of 106 PET and fMRI studies of human emotion and tested pre-
dictions made by key neuroscientific models. The results demonstrated partial support for asymmetry
accounts. Greater left-sided activity was observed for approach emotions, whereas neural activity asso-
ciated with negative/withdrawal emotions was symmetrical. Support was also found for affect program
emotion accounts. The activation distributions associated with fear, disgust, and anger differed signif-
icantly. These emotions were most consistently associated in activity in regions associated with selec-
tive processing deficits when damaged: the amygdala, the insula and globus pallidus, and the lateral or-
bitofrontal cortex, respectively. In contrast, the distributions for happiness and sadness did not differ.
These findings are considered in the context of conceptualizations of the neural correlates of human

emotion.

The relatively recent introduction of functional neuro-
imaging (FNI) to the neuroscientific study of mental pro-
cesses has been accompanied by a surge of interest in the
neuroscience of human emotion. Previous research in the
field of affective neuroscience relied on lesion methods,
pharmacological manipulations,and electrophysiological
studies conducted both in laboratory animals and in human
volunteers. The results of these studies formed the basis
for a number of neuroscientific models of emotion that
continue to guide contemporary research in this rapidly
growing field. Here, we describe a meta-analysis of rel-
evant FNI studies in order to assess key neuroscientific
accounts of human emotion. We begin by describing sev-
eral single- and multisystem neuroscientific models of
emotion that make testable predictions at the level of the
central nervous system (CNS).

Single-System Models of Emotion

One of the most prominent and widely accepted early
theories of structure—function relationshipsis MacLean’s
(1949, 1952) pioneering limbic system theory of emotion,
which considered “every variety of affect” to be mediated
by a specialized group of brain structures that collectively
formed an integrated neural system (albeit with three
major subdivisions;MacLean, 1993,2001). Although the
limbic system concept continues to permeate current
thinking about how the brain mediates emotion, its va-
lidity has been questioned on both anatomical (LeDoux,
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1991; Reiner, 1990) and theoretical (Calder, Lawrence,
& Young, 2001) grounds. Recent studies in the field of
affective neuroscience suggest that the limbic system
model may no longer be sufficient, at least in its most
specific form, and yet the broader concept of a unitary
emotion system remains attractive to many investigators
(Damasio, 1998; Panksepp, 2000).

An alternative single-system model, and arguably one
of the earliest models of emotion lateralization, is the
right-hemisphere (RH) hypothesis (Mills, 1912; Sackeim
& Gur, 1978; Schwartz, Davidson, & Maer, 1975). In its
earliest form, this hypothesis highlighted a critical role
for the RH in all aspects of emotion processing, includ-
ing both positive and negative emotions. For example,
behavioral studies in humans have shown that emotions
are expressed more intensely on the left side of the face
(Sackeim & Gur, 1978) and that RH damage has been as-
sociated with impaired recognition of facial expressions
of emotion (Mandal, Mohanty, Pandey, & Mohanty, 1996).
It should be noted that not all studies have demonstrated
a reliable emotion—RH link (Mandal, Asthana, Tandon,
& Asthana, 1992), and interested readers are referred to
the following source for further reading in this area
(Borod, Zgaljardic, Tabert, & Koff, 2001). More recently,
several variants of this early hypothesis have begun to
emerge. For example, some theorists maintain that the
RH may be more specifically involved in the perception
and expression of emotion, rather than in its experience,
and that posterior regions may be especially important
(Adolphs, Damasio, Tranel, & Damasio, 1996; Borod
et al., 1998; Borod et al., 2001; Heller, Nitschke, &
Miller, 1998). Yet otherinvestigators have suggested that
the RH is specialized for the processing of highly arous-
ing, unpleasantemotions, such as anger and fear (Adolphs,
Russell, & Tranel, 1999).
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It could be argued that these refinements of the RH
hypothesis reflect a more general shift in the way theo-
rists have begun to conceptualize the neural bases of
emotion. Indeed, many investigatorshave begun to move
away from thinking in terms of an integrated neural sys-
tem that codes all emotional processes toward thinking
in terms of individual neural systems coding distinct di-
mensions of emotion or different affect programs. Ex-
amples of key dual- and multisystem models of this sort
will be detailed below.

Dual-System Models of Emotion

At a psychological level of explanation, dimensional
accounts consider all emotions to be represented by a
small number of dimensions that code for such constructs
as valence (positive vs. negative), pleasure (pleasant vs.
unpleasant), or emotional arousal (calm vs. excited). Al-
though many investigators support the presence of a two-
dimensional system that can be applied to the recogni-
tion of emotion from multiple modalities (Russell &
Bullock, 1985) and to emotional experience (Russell,
1980), more complex models of this sort have also been
described (Green & Salovey, 1999; Russell & Barrett,
1999; Watson, Wiese, Vaidya, & Tellegen, 1999).

A convergence of evidence from studies of patients
with brain damage (Robinson & Manes, 2000), brain-
based behavioral studies of patients with emotional dis-
orders (Heller & Nitschke, 1997), and EEG investigations
of infants, healthy volunteers, adult clinical populations,
and rhesus monkeys (Davidson, 1984; N. A. Fox &
Davidson, 1986; Kalin, Larson, Shelton, & Davidson,
1998) suggests that positive and negative emotions are
implemented by neural systems that are at least partially
separable. Some models do not specify the precise
neural representation of positive and negative emotions
in any detail, only that different substrates are expected
for both, whereas others assume differential involvement
of the left hemisphere (LH) and the RH in coding differ-
ent emotion dimensions (Davidson, 1984; Sackeim
et al., 1982). Although the particular details differ from
theory to theory, perhaps the most influential and well-
specified dimensional theory is the valence asymmetry
model (Davidson, 1984). This model argues for differen-
tial contributions of left and right cortical regions in pos-
itive and negative emotions, respectively, with particular
involvement of anterior or frontal brain regions. In this
context, itis important to note that some researchers have
drawn a distinction between emotion experience, on the
one hand, and the perception or expression of emotion,
on the other. Whereas the RH is believed to be critical in
the perception and expression of emotion, as was noted
above (Adolphs et al., 1996; Borod et al., 1998; Borod
et al., 2001; Heller et al., 1998), the valence asymmetry
model has typically been associated not only with the ex-
perience and expression of emotion (Davidson, Ekman,
Saron, Senulis, & Friesen, 1990), but also with individ-
ual differences in affective style (Davidson, 1998).
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Yet other dimensional theorists have argued that emo-
tions, and human behavior more generally, are psycho-
logical processes organized around approach and with-
drawal action tendencies (Carver, Sutton, & Scheier,
2000; Davidson, 1998; Lang, Bradley, & Cuthbert, 1997;
Schmidt & Schulkin, 2000). Approach and withdrawal
are considered to be basic response patterns fundamen-
tal to all complex adaptive behavior (Carver et al., 2000;
Kinsbourne, 1978; Schneirla, 1959). In the context of
human emotion, the approach system facilitates appeti-
tive or goal-directed behavior and generates certain
forms of positive affect that are approach related (David-
son & Irwin, 1999). The withdrawal system, on the other
hand, facilitates the withdrawal of an individual from
sources of aversive stimulation and generates certain
forms of negative affect that are related to withdrawal
(Davidson & Irwin, 1999).

As in the case of positive and negative emotions, a num-
ber of theorists have proposed distinct neuroanatomical
underpinnings for approach and avoidance motivation
(Cloninger, 1987, behavioral activation and behavioral
inhibition systems; Davidson, 1998, approach and with-
drawal systems; J. Gray, 1982, behavioral approach and
behavioralinhibitionsystems; Lang, Bradley, & Cuthbert,
1990, appetitive and aversive systems). The approach-
withdrawal model represents a variation of the valence
asymmetry model and applies only to a subset of such
emotions, with differential involvement of left- and right-
sided anterior neural activity in approach- and withdrawal-
related emotions, respectively. Although many investiga-
tors seem to equate positive and negative emotions with
approach and withdrawal (Mendoza & Ruys, 2001), oth-
ers have offered critical distinctions, arguing that con-
sideration of emotion in terms of its associated action
tendency puts the emphasis on goal-directed emotion,
rather than on postgoal attainment (Davidson, 1998;
Davidson & Sutton, 1995). In contrast to postgoal emo-
tions, such as satiation and guilt, other emotions—for ex-
ample, curiosity and fear—are specifically related to ap-
proach and withdrawal. It should be noted that Lang and
colleagues include postgoal emotions in their appetitive
category (Lang et al., 1997). Alternative theories of
emotion lateralization have also been presented by other
investigators, but a comprehensive overview of these
models is beyond the scope of this article, and interested
readers are referred to the following sources, among oth-
ers (Buck, 1999; Gainotti, Caltagirone, & Zoccolotti,
1993; Silberman & Weingartner, 1986).

In contrast to the considerable amount of research at-
tention dedicated to the study of emotional valence or
action tendency, the neural correlates of emotional
arousal have been neglected, and in fact, many studies
confound these two dimensions of emotion. However, it
has been suggested that arousal is reflected in overall
levels of activation and that increased visual cortex acti-
vation may be a reliable index of the overall state of emo-
tional arousal, especially in studies that employ visual
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emotional stimuli (Lang et al., 1998), although it should
be noted that other researchers have suggested that emo-
tional arousal is associated more specifically with activ-
ity of the amygdala (Gainotti et al., 1993; Williams et al.,
2001).

Multisystem Models of Emotion

By direct contrast with the dimensional models of
emotion described above, categorical accounts argue for
the existence of a small set of discrete emotions medi-
ated by central affect programs (Darwin, 1872; Ekman,
1992, 1999; Izard, 1971; Panksepp, 2000; Tomkins,
1982). Ekman’s affect programs include the emotions of
fear, disgust, anger, happiness, sadness, and surprise
(Ekman & Friesen, 1982; Ortony & Turner, 1990). The
term affect program refers to a (neural) mechanism that
stores patterns for and triggers complex emotional re-
sponses that are often quick, complex, organized, and
difficult to control. The basis for a limited set of affect
program emotions arose out of research indicating that
they are invariant across cultures and are represented by
distinctive facial expressions (Ekman, 1992; Izard,
1971). Such a perspective is not necessarily incompati-
ble with the dimensional frameworks described above.
At least some dimensional theorists would argue that
particular patterns of basic emotions tend to co-occur
(Diener, 1999).

Ekman (1999) has argued that an important goal of
neuroscientific study should be to identify unique pat-
terns of CNS activity for each of the affect program emo-
tions. In recent years, progress has been made on this
front. Unlike broad dimensions of emotion, which have
been linked to neural activity on a hemispheric basis,
discrete emotions have been linked to activity in discrete
neural regions or systems. As has been reviewed by
Calder et al. (2001), recent neuropsychological case
studies demonstrate impaired recognition of facial ex-
pressions of discrete emotions and emotional experience
following specific brain lesions. This has been shown
most convincingly for the emotions of fear (Adolphs,
1999; Adolphs, Tranel, Damasio, & Damasio, 1994;
Adolphs, Tranel, et al., 1999; Bechara et al., 1995;
Calder et al., 1996; Schmolck & Squire, 2001; Spren-
gelmeyer et al., 1999) and disgust (Calder, Keane,
Manes, Antoun, & Young, 2000; J. M. Gray, Young,
Barker, Curtis, & Gibson, 1997). For example, lesions to
the amygdala and surrounding regions produce impair-
ments in the recognition of facial expressions of fear, as
well as fear responses, whereas lesions to circuitry that
includes the gustatory insula and the basal ganglia lead
to deficits in recognizing signals of disgust and in dis-
gust responses. Although some preliminary work has
begun to show that anger, too, may be linked to activity
of a distinct neural system (Lawrence, Calder, Mc-
Gowan, & Grasby, 2002), regions considered critical for
the recognition of happiness, sadness, or surprise have not
yet been identified. The notion of central affect pro-
grams is also important for Panksepp’s (2000) theory of
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emotion, but the details of his theory cannot be readily
tested with the present data set.

As was noted above, evidence for the neural models
presented has come from behavioral, lesion-based, and
electrophysiological methodologies. Modern advances
in FNI techniques afford new possibilities for the study
of human emotions in intact populations, and naturally,
there has been a tremendous increase in the number of
such studies over the last decade. Considered in isola-
tion, however, no one study can hope to characterize
fully the neural basis for human emotion, since any con-
clusions that can be drawn may be specific to a certain
experimental paradigm (e.g., fear conditioning), to a spe-
cific emotion condition (e.g., happiness), or to a particu-
lar subset of the population (e.g., women). An additional
limitation of a typical neuroimaging study is that its con-
clusions are often severely compromised by limited sta-
tistical power. Thus, it is not yet clear to what extent the
data emerging from recent positron emission tomogra-
phy (PET) or functional magnetic resonance imaging
(fMRI) studies might be consistent with these (or other)
models, models that could continue to be useful in guid-
ing our developingunderstanding of the neurobiology of
human emotions.

One viable solution to these problems is to apply
function-location meta-analytic techniques to large num-
bers of neuroimaging studies that address human emotions
(P. T. Fox, Parsons, & Lancaster, 1998). Function-location
meta-analysis is typically used in the collective analysis
of FNI data combined from multiple studies, in place of
the standard effect-size meta-analysis, because it is the
location, rather than the magnitude, of the effect that is
of primary interest. An important benefit of function—
location meta-analysis is that the exclusion of negative
data has very little effect on the results (P. T. Fox et al.,
1998). Function-location meta-analysis additionally
provides the experimenter with increased statistical
power and includes information on large numbers of par-
ticipants, something that cannot be achieved in any sin-
gle neuroimaging experiment. It allows researchers to
recognize heterogeneity in research findings (P. T. Fox
etal., 1998; Moller & Jennions, 2001), to identify neural
regions that are recruited across different emotion con-
ditions (Cabeza & Nyberg, 2002), and to view the entire
“landscape” of emotion studies. Advocates of meta-
analytic techniques have argued that new hypotheses re-
garding elementary mental operations and their associated
neural circuitry can also be generated via meta-analysis
and that these can, in turn, be tested and confirmed by
subsequent, prospective experiments (Cabeza & Nyberg,
2000; P. T. Fox et al., 1998).

Here, we present a meta-analysis of the FNI literature
on emotion processing in healthy volunteers, with a par-
ticular emphasis on the relationship of the regional dis-
tribution of neural activity to existing neural distribution
models of human emotion. Our meta-analysis was
guided by a number of specific hypotheses. First, we ex-
pected to find evidence for RH dominance in emotion
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processing—an effect potentially restricted to neuro-
imaging studies of emotion perception and/or posterior
regions of the brain. Second, we predicted differences in
the three-dimensional (3-D) distributions of neural ac-
tivity associated with (1) positively versus negatively va-
lenced emotions, (2) approach versus withdrawal emo-
tions, and (3) the affect program emotions of fear, anger,
disgust, happiness, and sadness. We applied novel statis-
tical techniques to our data set in order to test these pre-
dictions. Third, superimposed upon the right-lateralized
network for emotion, we expected to find evidence for
hemispheric differences in the neural representation of
positively and negatively valenced emotions or, perhaps
more strongly, approach and withdrawal action tenden-
cies. And finally, we anticipated the presence of specific
associations between certain affect program emotions
(fear and disgust) and specific neural regions (the amyg-
dala and the insula/basal ganglia, respectively) that have
been identified in previous neuropsychological investi-
gations, as has been described above.

METHOD

Scope of Studies Included

In this meta-analysis, we have included neuroimaging studies
that focus on emotional processes or employ emotional tasks or par-
adigms. Depending on the particular framework, the term emotion
has been used to refer to the perception and interpretation of emo-
tion signals, subjective emotion experience, or the behavioral ex-
pression of emotions, each of which might have different neural
substrates. Here, we combine studies from each of these perspec-
tives, and the term emotional is used to describe any stimulus or
paradigm not considered to be emotionally neutral in tone, but pos-
itive or negative in valence or related to approach or avoidance ac-
tion tendencies. Studies focusing on motivational phenomena, such
as reward and punishment, pain, or sexual motivation, have been
excluded, except in instances in which independent emotion ratings
indicated changes in valence or action tendency. All studies were
conducted using H,'>O PET or fMRI.

Studies considered for inclusion were initially identified by com-
puterized and manual search of electronic databases (MEDLINE,
PsychLit, and Web of Science ISI) and relevant journals, covering
the period January 1994 to December 2001. To allow ease of com-
parison between studies, our data set was restricted to those studies
that reported their findings in a standardized anatomical space ac-
cording to the atlas of Talairach and Tournoux (1988) or the Mon-
treal Neurological Institute/International Consortium for Brain
Mapping (Brett, Johnsrude, & Owen, 2002; Collins, Neelin, Peters,
& Evans, 1994). Potential studies were further considered with the
following constraints in mind.

1. The studies chosen were limited to those assessing emotion in
healthy volunteers; patient studies and pharmacological or dietary
manipulations of emotional state were not included (e.g., trypto-
phan depletion or procaine-induced emotional states, respectively).

2. Because experimental and control tasks that involve very differ-
ent processes are likely to show a broad range of differences in brain
activity—only some of which are likely to be related to the partic-
ular factor the experiment is intended to investigate— we included
only those studies that employed matched neutral control condi-
tions. Studies comparing emotional experimental conditions with
much simpler control conditions (e.g., resting state) were excluded.

3. Neuroimaging studies measuring activity in the whole brain
and region-of-interest (ROI) studies were included in asymmetry
analyses as long as standard coordinates were given, but ROI stud-
ies were excluded from the KS3 and regional analyses described
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below, primarily because the absence of activity in unsampled brain
regions is not informative in restricted region studies. Thus, ROI
studies have been identified in Table 1, and details concerning the
specific brain regions targeted in individual studies have been noted.

4. Presentation of results has been limited to regional activation
changes (as revealed by task comparison or image subtraction
method, parametric designs, and brain—behavior correlations); data
on changes in functional or effective connectivity have been ex-
cluded, as have studies reporting only an interaction between emo-
tion and time, rather than a main emotion effect (e.g., Simpson
et al., 2000; Tabert et al., 2001). The statistical approach(es)
adopted for individual studies should be evident from the “Specific
Contrasts” column of Table 1.

5. Only activation data were included in the relevant analyses;
deactivation data were excluded.

6. In order to sidestep debate concerning what constitutes neural
activity of “significant” magnitude, we have included all changes
in signal that the authors of individual papers have labeled “signif-
icant.” These changes were based on peak voxel maxima effects,
regardless of cluster extent.

In total, we analyzed data from 106 neuroimaging studies of
emotion processing (62 PET and 44 fMRI) in healthy volunteers,
yielding 181 separate contrasts and 1,167 activation peaks. Table 1
details the studies included in this meta-analysis. For each experi-
ment included, we have provided information about the following
(from left to right): (1) neuroimaging method (e.g., PET or f MRI),
(2) the number and sex of participants, (3) the experimental para-
digm employed (e.g., emotion perception, induced mood, condi-
tioned fear, emotional decisions/judgments, or memory for emo-
tional materials), (4) the specific contrasts of interest and the
targeted emotion, valence, or action tendency (e.g., happiness, anger,
positive emotion, withdrawal emotion, etc.), and (5) the modality of
stimulus material presentation (e.g., visual, auditory, olfactory, or
gustatory).

Data Analysis

When combining data for a meta-analytic review, it is important
to ensure that a common coordinate system is adopted across all
studies. As was noted above, we have restricted our data set to those
studies presenting 3-D activation maxima in millimeters from the
anterior commissure for the x-, y-, and z-planes (x, right[ +]/left[ —];
y, anterior[ +]/posterior[ —]; z, superior[ +]/inferior[ —]). However,
the precise standardized coordinate system can differ according to
the specific analysis software used in individual studies. For exam-
ple, whereas SPM95 uses the standardized coordinate system of Ta-
lairach and Tournoux (1988), SPM96 and SPM99 use a slightly
larger standardized brain from the Montreal Neurological Institute
(MNI,; Brett et al., 2002; Collins et al., 1994). Thus, we have con-
verted all peak activation coordinates into MNI space, using the
transformation algorithm TAL2MNI developed by Matthew Brett
(http://www.mrc-cbu.cam.ac.uk/Imaging/) and used in previous
meta-analytic research (see Brett, Christoff, Cusack, & Lancaster,
2001; Calder et al., 2001; Duncan & Owen, 2000). Three types of
analysis were conducted, depending on the particular hypothesis
under consideration.

1. Testing for differences in the 3-D activation patterns across dif-
ferent emotion conditions . The standard Kolmogorov—Smirnov sta-
tistic (KS1) is the basis of a well-known nonparametric statistical
test for assessing differences of distribution between two sets of
data. This test compares the empirical distribution functions of the
two samples of numerical data on the x-axis. At each test point 7'on
the x-axis, there is an empirical difference or discrepancy in the pro-
portions of the two samples that lie in one or the other of the two
sections of the x-axis to either side of 7. The KS1 statistic is the
maximum of this discrepancy across all possible T's on the x-axis.
A KS1 value of, say, .28 means that there is a section of the x-axis
on which there is a difference of 28% between the fractions of the
two samples contained in that section and that this is the biggest
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such difference that could be found across all sections of the x-axis.
Under the null hypothesis that the two samples come from the same
unknown distribution, the KS1 statistic can be used in a signifi-
cance test in which the null hypothesis is rejected for large values
of KS1. The significance of KS1 can be assessed against a known
asymptotic distribution or by means of a bootstrap (approximate
permutation) test (Praestgaard, 1995). In the latter case, the two data
samples are combined, a large number (here 1,000) of new random
samples of the same sizes as in the original data are constructed,
and their KS1 statistics are calculated. An estimated p value for the
observed KS1 statistic is calculated from the fraction of the simu-
lated KS1 values that are at least as large as the observed one. The
p value is used to make a Fisher-type significance test. Aside from
small errors in estimation of the p value, if the bootstrap KS1 test
is used in a Neyman—Pearson hypothesis-testing framework with
prespecified size « , its false positive rate will be exactly « . Because
of the nonspecific nature of the alternative to the null hypothesis,
the fact that the KS1 test is significant does not translate into a spe-
cific localized difference in the two underlying distributions.

The 3-D Kolmogorov—Smirnov statistic (KS3), which has been
used in previous meta-analytic research (Duncan & Owen, 2000),
is a generalization of the above KS1 construction to testing for
equality of the distributions of two samples of xyz-data. The discrep-
ancy of the distribution at a point 7 in xyz-space is the largest of the
differences in the fractions of the two samples that lie in each of the
eight subdivisions (octants) created by the three orthogonal planes
through T parallel to the xy-, xz-, and yz-planes. The KS3 statistic
is the maximum of this discrepancy for all possible 7's in xyz-space.
Unlike KS1, KS3 does not in general have a null-hypothesis distri-
bution that is independent of the common distribution (Fasano &
Franceschini, 1987), and the bootstrap version of the KS3 test is in-
dicated. A KS3 value of, say, .28 means that there is an octant of the
xyz-space in which there is a difference of 28% between the frac-
tions of the two samples contained in that section and that this is the
biggest such difference that could be found across all octants. In the
analyses that are reported here, KS3 is calculated using algorithms
coded in the MATLAB language that incorporate binary search tree
methods that reduce the overall computational requirements. Al-
though the bootstrap KS3 has the same lack of bias in false positive
rate as KS1, it also lacks specificity as to how or where the distrib-
utions differ. Specific aspects of comparative spatial distributions
can be tested by more familiar nonparametric tests, such as the bi-
nomial test and the chi-squared test.

For each of the following comparisons, we used the KS3 to com-
pare the 3-D distribution of activation foci for each emotion cate-
gory, in turn, with each of the others: (1) emotion valence (positive
vs. negative emotions), (2) action tendency (approach vs. with-
drawal emotions), and (3) affect program emotions (fear vs. disgust
vs. anger vs. happiness vs. sadness). The positive emotions cate-
gory included emotional stimuli or responses that could be de-
scribed as positive and were related to such emotions as love, hap-
piness, pleasantness, and humor. The negative emotions category
included emotional stimuli and responses related to such emotions
as sadness, anger, fear, anxiety, and unpleasantness. The contrasts
included for approach and withdrawal emotions mapped quite
closely onto those included for positive and negative emotions, re-
spectively, but there were two notable exceptions. First, anger was
included in the approach emotions category, since it is thought by
some investigators to involve predominantly approach motivational
tendencies (Depue & Iacono, 1989). Second, studies targeting sad-
ness were not included in our withdrawal emotions category, since
it has been suggested that sadness is characterized by a reduction in
approach-related, rather than heightened avoidance, behavior
(Depue & Iacono, 1989; Lane, Reiman, Ahern, Schwartz, & David-
son, 1997). The specific contrasts and studies included for each of
these categories are detailed in Table 1.

2. Testing for hemispheric differences . In order to assess the RH
hypothesis of emotion described in the introduction, we computed
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the total number of activation peaks in anterior (y > 0) and poste-
rior (y < 0) regions of the LH and the RH for all of the studies in-
cluded in this meta-analysis. This strategy was also applied to those
emotion conditions for which the spatial distributions were found to
differ significantly on the basis of the KS3 test described above or for
which neuroscientific theory postulates hemispheric differences. The
binomial or sign test was then used to test for straightforward
left-right differences, and also where relevant, the chi-squared test
was used to assess whether any observed asymmetries were more
marked for anterior than for posterior brain regions. The results re-
ported for binomial tests are one-sided, unless specified otherwise.

3. Regional specialization for discrete emotions. We tested for a
relationship between activation of specific neural regions and each
of the affect program emotions—fear, disgust, anger, happiness,
and sadness— Dby determining the most consistently activated region
for each emotion. The most consistently activated region for each
emotion was defined as the brain region that was reported as sig-
nificantly active in the largest proportion of studies for each affect
program emotion. By way of illustration, if the amygdala, for ex-
ample, was active in, say, 75% of fear studies (irrespective of size
of cluster or number of peaks in each individual study), the cere-
bellum in 40% of fear studies, the anterior cingulate cortex (ACC)
in 63% of fear studies, and so on, the amygdala would be consid-
ered the most consistently activated region for the emotion of fear.
Restricted region studies were not included in this analysis.

Anatomical labels for each 3-D activation point were determined
in the following way. First, all points were transformed into Ta-
lairach coordinates (using the MNI2TAL algorithm of Matthew
Brett where necessary). Labels were assigned to activation points
by direct comparison with the atlas of Talairach and Tournoux
(1988), together with the aid of the on-line Talairach Daemon Data-
base (Lancaster et al., 2000). In addition, the ACC was divided into
three subdivisions, following recently established criteria (Paus,
Koski, Caramanos, & Westbury, 1998; Paus et al., 1996): (1) a caudal
ACC division, (2) a rostral supracallosal ACC region (this region
included parts of the dorsomedial prefrontal cortex, but excluded
the supplementary motor area and frontal polar regions [Ongiir,
Ferry, & Price, 2003; Paus et al., 1998] ), and (3) a subcallosal ACC
region (this region also included caudal regions of the medial or-
bitofrontal cortex [OFC; Ongiir et al., 2003] ). In addition, we followed
Small (Small et al., 1999) in defining a combined insula—frontal-
opercular region, which was distinct from a lateral orbitofrontal re-
gion (the latter region including Talairach BA 47).

It should be emphasized before proceeding that the results of the
KS3 and our regional analysis represent different ways of consid-
ering the same data set. Thus, if the KS3 indicates that Emotion A
and Emotion B differ in terms of their 3-D patterns of neural activ-
ity and the regional analysis further shows that Brain Region X is
most consistently active for Emotion A, but not for Emotion B, it
does not necessarily follow that this single change or many are pro-
ducing the significant KS3 result.

For each of the above analyses, the data were collapsed across emo-
tion perception (visual, auditory, etc.) and production/experience.
By production, we refer not only to voluntary production, but also
to reflexive or passive emotional responses. Where relevant to the
specific hypothesis under consideration, additional analyses were
performed on a subset of studies that employed facial expressions
of emotion as stimuli, since analysis of this subset of emotion stud-
ies provides a potentially “cleaner” test of the hypotheses outlined
in the introduction.

RESULTS

Right-Hemisphere Hypothesis

Table 2 details the total number of activation peaks, as
a function of left/right hemisphere and anterior/posterior
regions of the brain, for each of the emotion categories
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Table 2
Frequency of Reported Activation Maxima (x-, y-, and z-Coordinates)
for Each of the Emotion Conditions, as a Function of
Left/Right Hemisphere and Anterior/Posterior Regions of the Brain

Emotion Total Total Maxima Summary Counts
Condition Studies Reported Region Left Right
All emotion 106 1,163 whole brain 589 547
anterior 227 226
posterior 355 312
Positive 30 237 whole brain 126 106
anterior 55 54
posterior 69 48
Negative 81 788 whole brain 391 378
anterior 146 140
posterior 241 232
Approach 36 307 whole brain 165 134
anterior 74 64
posterior 89 66
Withdrawal 62 509 whole brain 251 256
anterior 82 88
posterior 167 164
Fear 30 221 whole brain 112 129
anterior 30 41
posterior 81 88
Disgust 7 97 whole brain 51 46
anterior 15 12
posterior 35 33
Anger 9 74 whole brain 41 30
anterior 20 10
posterior 21 2
Happiness 12 81 whole brain 46 32
anterior 21 11
posterior 24 20
Sadness 14 164 whole brain 78 73
anterior 39 35
posterior 77 71

Note—Anterior and posterior peaks are defined within the Talairach coordinate system as y >0
and y <0, respectively. In addition, coordinates with x = 0 or y = 0 were excluded in the asym-

metry counts.

across all studies. Analysis of maxima for all studies in
which emotional processes were investigated, collapsed
across perception and production/experience of emotion,
failed to reveal a greater frequency of right- relative to
left-sided maxima. Instead, more left- than right-sided
activations were observed (L = 589, R = 547), although
a binomial test revealed that this difference was not sig-
nificant (p = .11) and did not vary as a function of ante-
rior versus posterior brain regions [ 2(1) = 1.05,p = .33].
Figure 1A shows the widespread pattern of neural activ-
ity associated with all the emotional processes and tasks
represented by the studies included in this meta-analysis.

The total numbers of left- and right-sided activation
peaks for the subset of studies employing facial expres-
sions of emotion are presented in Table 3. Analysis of
this restricted subset of studies did not demonstrate a
critical role for the RH in the perception of emotion ei-
ther, with approximately equivalent numbers of activa-
tion maxima in the LH and the RH for both anterior (L =
33, R =35) and posterior (L =75, R = 81) brain regions
[x 2(1) =0.004, p = .95].

Valence: Positive Versus Negative Emotions
The spatial distributions associated with positive and
negative emotions (Figure 1B) were not found to differ

significantly on the basis of the KS3 analysis (KS3 =.123,
p=.14).

With respect to hemispheric effects (see Table 2),
greater left- than right-sided activity was not found in the
analysis of positive emotions (L = 126, R = 106; p = .10,
one-sided). The distribution of x-coordinates for nega-
tive emotions was relatively symmetrical as well (L =
391, R = 378; p > .3] for both anterior and posterior re-
gions [; 2(1) = 0.001, p = .52, one-sided].

Application of the binomial test to the subset of stud-
ies that employed facial expressions did not reveal sig-
nificant differences in hemispheric asymmetry for either
positive or negative emotions (see Table 3; p > .15, one-
sided).

Action Tendency: Approach Versus Withdrawal
Emotions

Application of the KS3 test to the entire data set re-
vealed a significant difference in the spatial distributions
associated with approach and withdrawal emotions
(KS3 =.174,p < .001; Figure 1C).

The numbers of left- and right-sided maxima for stud-
ies targeting examples of approach and withdrawal emo-
tions are presented in Table 2. A subsequent and more
refined hemispheric analysis of these data demonstrated
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Figure 1. Three-dimensional scatterplots showing distributions of activation foci for contrasts associated with (A) all emotions,
(B) positive/negative valence emotions, and (C) approach/withdrawal emotions.

significantly greater left- than right-sided activation for
approach emotions (L = 165,R = 134; p <.05), although
this pattern was not restricted to anterior brain regions
[x 2(1) = 0.43, p = .3]. The numbers of left- and right-
sided peak maxima were not found to differ in the analysis
of withdrawal-related emotions (L =251,R =256;p > .3),
nor did they vary as a function of anterior—posterior re-
gions of the brain [, 2(1) = 0.22, p = .35, one-sided].

As can be seen from Table 3, when only the studies
that employed facial expressions of emotion were con-
sidered, there appeared to be a greater number of right-
relative to left-sided maxima for withdrawal emotions in
posterior brain regions, though this was not significant
(p = .14). Although slightly more left- relative to right-
sided maxima were observed for approach emotions, this
association did not achieve significance either (p = .10,
one-sided; see Table 3).

Affect Program Emotions

The results of the KS3 analyses comparing each affect
program emotion with each of the others, in turn, are
presented in Table 4. The 3-D distributions for fear ver-
sus disgust were found to differ significantly, as were the
spatial distributions for fear versus anger and fear versus
sadness (but not fear vs. happiness). Furthermore, the
spatial distribution for disgust was found to differ not only
from fear, but also from anger, happiness, and sadness.
The 3-D activation pattern for anger differed signifi-
cantly from that for sadness and approached significance
for that for happiness. By contrast, no significant differ-
ence was found between the spatial distributions for hap-
piness and sadness.

Although the affect program emotions have not typi-
cally been considered in the context of asymmetric mod-
els of emotion, analysis of certain affect program emo-
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Table 3
Frequency of Reported Activation Maxima (x-, y-, and z-Coordinates)
for Each of the Emotion Conditions From Only Those Studies
That Used Facial Expressions of Emotion as Stimuli

Emotion Total Total Maxima Summary Counts
Condition Studies Reported Region Left Right
All emotion 20 230 whole brain 111 118
anterior 33 35
posterior 75 81
Positive 6 22 whole brain 10 11
anterior 3 1
posterior 7 10
Negative 12 163 whole brain 76 87
anterior 27 27
posterior 47 58
Approach 10 70 whole brain 39 30
anterior 10 7
posterior 28 23
Withdrawal 8 131 whole brain 60 71
anterior 19 19
posterior 39 50
Fear 10 90 whole brain 43 46
anterior 14 11
posterior 29 35
Disgust 4 41 whole brain 16 25
anterior 5 8
posterior 10 15
Anger 5 24 whole brain 12 12
anterior 6 5
posterior 6 7
Happiness 6 22 whole brain 10 11
anterior 3 1
posterior 7 10
Sadness 3 3 whole brain 2 1
anterior 0 1
posterior 2 0

Note—Coordinates with x = 0 or y = 0 were excluded in the asymmetry counts.

tions that have clear associations with certain action ten-
dencies (e.g., fear—withdrawal, disgust—withdrawal,
anger—approach; see Frijda, 1986) was thought to pro-
vide a “cleaner” test of whether brain function is lateral-
ized for approach and withdrawal. On the basis of prior
research, a binomial test was employed to analyze frontal
maxima only. This revealed greater left- than right-sided
activity for both happiness (p = .05) and anger (p =.05;
see Table 2). In contrast, the other affect program emotions
were associated with relatively symmetrical patterns of
neural activity (p values > .25). In Figures 2A-2E, we
plot the distribution of activation foci for each affect pro-
gram emotion.

As was described above, we also tested for the pres-
ence of regional clustering associated with each of the
discrete emotions. We determined the most consistently
activated brain region (or regions, in cases in which more
than one region was activated in the same proportion of
studies) for each emotion and then computed the percent-
age of studies for each of the other emotions in which
that same region was activated. Figure 3A illustrates the
most consistently activated regions for each of the dis-
crete emotions: (1) fear—amygdala, (2) disgust-insula/
operculum and globus pallidus, (3) anger—lateral OFC,
(4) happiness—rostral supracallosal ACC/dorsomedial
PFC, and (5) sadness—rostral supracallosal ACC/dorso-

Table 4
Results of Three-Dimensional Kolmogorov-Smirnov Statistic Analyses (KS3) for
Comparison of Each Affect Program Emotion With Each of the Others in Turn

Fear Disgust Anger Happiness Sadness
KS3 p KS3 p KS3 p KS3 p KS3 p
Fear
Disgust .24 .008
Anger 31 .002 .30 .013
Happiness .19 18 24 .05 24 .093
Sadness .23 .002 .27 .004 .28 .003 13 .85
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Figure 2. Three-dimensional scatterplots showing distributions of activation foci for contrasts associated with (A) fear, (B) disgust,
(C) anger, (D) happiness, and (E) sadness. Filled symbols represent activations in regions most frequently associated with each par-
ticular emotion across studies. OFC, orbitofrontal cortex; RSACC, rostral supracallosal anterior cingulate cortex; DMPFC, dorso-
medial prefrontal cortex.
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Figure 3. The proportion of studies targeting each of the affect program emotions associ-
ated with activation of the regions associated most consistently with each of those emotions:
(1) the amygdala, (2) the insula/operculum, (3) the globus pallidus, (4) the lateral or-
bitofrontal cortex (OFC), and (5) the rostral supracallosal anterior cingulate cortex
(RSACC)/dorsomedial prefrontal cortex (DMPFC). This is shown in panel A for all studies
targeting the affect programs and in panel B for the more focused subset of studies that used
facial expressions of emotion as stimuli.
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medial PFC. In Table 5, the mean (and standard deviation)
MNI xyz-coordinates are provided for each of the above
discrete emotion-region pairings.

A similar pattern of findings was demonstrated in the
more focused analysis of studies employing facial ex-
pressions of emotion. It can be seen from Figure 3B that
the associations reported above between (1) fear and the
amygdala, (2) disgust and the insula/operculum, (3) dis-
gust and the globus pallidus, and (4) anger and the lateral
OFC emerged in this smaller subset of the data. Specif-
ically, the amygdala was active in five out of eight fear
studies, but in fewer than one study for each of the other
affect program emotions. Both the insula/operculum and
the globus pallidus were reported as significant in four
and five of the seven studies targeting disgust, respec-
tively, whereas activations of other regions for this emo-
tion were far more variable. Similarly, the lateral OFC
was active in all four of the studies targeting anger, al-
though the lateral OFC was also active in a significant
proportion of fear studies (62.5%). Although the ACC
figured prominently in studies targeting happiness (two
out of four), the small number of studies that included
sad facial expressions (three) and associated maxima
makes it difficult to draw any reasonable conclusions.

While the general pattern of findings in this restricted
analysis broadly reflects that seen in the larger analysis
of all the affect program emotions described above, it
could be argued that the face data are slightly less clear,
due to the inclusion of smaller numbers of studies in this
analysis.

Spatial Smoothing

Because the extent of spatial smoothing varies from
one study to the next and because this can contribute to
the number of significant activation foci, we felt it im-
portant to ensure that levels of smoothing did not vary
dramatically across the different emotion conditions. We
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computed the mean size of spatial smoothing filter
(FWHM) for each of our emotion conditions for those
studies that provided the necessary information. The re-
sults of this analysis confirmed that the mean smoothing
levels for positive and negative emotions did not differ
significantly [positive = 12.1 mm, negative = 12.6 mm,;
t(75) = —0.36, p = .7], nor did the means for approach
and withdrawal emotions [approach = 12.8 mm, with-
drawal = 12.2 mm; #(60) = 0.43, p = .7]. Mean smooth-
ing levels were not found to vary significantly across the
affect program emotions either [F(4,39)=1.7,p = .19].

DISCUSSION

The main aim of the present study was to consider col-
lectively the results of a large number of neuroimaging
studies of emotion conducted in healthy volunteers, in
order to assess the viability of existing neuroscientific
accounts of emotion and, specifically, their ability to ac-
count for recent and relevant human brain-mapping data.
Thus, by combining data obtained from a wide range of
emotion studies, studies that targeted different emotion
conditions and employed a variety of experimental para-
digms, we investigated the degree to which neural systems
were associated with general emotional processing, dif-
ferent emotion dimensions, or distinct affect program emo-
tions. Below, we will present in more detail the findings of
this meta-analysis and consider their implications for
single-, dual-, and multisystem models of human emotion.

Limbic System Theory of Emotion

The earliest and most prominent neuroscientific the-
ory of emotion is MacLean’s (1949, 1952) limbic system
theory, which proposed a specialized group of neural
structures working collectively to form a unitary emotion
system (albeit comprised of three major subdivisions;
MacLean, 1993). This theory does receive limited sup-

Table 5
Means (M) and Standard Deviations of x-, y-, and z-Coordinates (Montreal Neurological Institute)
for Neural Regions Most Consistently Activated by Each of the Affect Program Emotions

X y z
L/R M SD M SD M SD
Fear-amygdala L —24 8 -6 +4 -17 +7
R 19 +5 -8 +6 —18 +6
Disgust—insula/operculum L —37 +3 5 +8 4 +8
R 39 +5 =5 +11 5 +6
Disgust—globus pallidus L - - -
R 19 +5 -6 +9 0 +6
Anger—lateral OFC L —38 +12 27 +7 -8 +6
R 40 38 -12
Happiness—-RSACC/DMPFC L -6 +6 40 +8 23 +13
R 5 +3 45 +4 22 +11
Sadness—RSACC/DMPFC L -6 +5 44 +5 26 +10
R 9 +7 43 +4 28 +13

Note—Midline (x = 0) coordinates were excluded from these analyses. L, left; R, right; OFC, orbitofrontal
cortex; RSACC, rostral supracallosal anterior cingulate cortex; DMPFC, dorsomedial prefrontal cortex.
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port in the present study in that many of the structures
MacLean considered to be important for emotion were
activated (e.g., the amygdala and the ACC), althoughnot
necessarily in line with predictions from MacLean’s
model. It is rather striking that many non-“limbic” areas
were activated as well (e.g., the basal ganglia and the
cerebellum). Indeed, one of the most important findings
to emerge in this meta-analysis was the remarkably
widespread pattern of neural activity associated with
emotion processing. Although one could argue that the
wide range of emotional stimuli, tasks, and paradigms
adopted by individual studies might be expected to pro-
duce such a distributed network of neural activity, it
should be emphasized that only those studies employing
carefully chosen neutral baseline conditions were in-
cluded in this meta-analysis. Thus, it is very unlikely that
the extensive pattern of neural activity associated with
emotion in general can be understood simply in terms of
the diverse assortment of tasks used to study this pro-
cess, especially given the remarkable degree of selectiv-
ity and specificity associated with certain emotions su-
perimposed upon this distributed system of brain activity,
as will be discussed below.

Right-Hemisphere Hypothesis of Emotion

Other investigators have argued, on the basis of ex-
tensive neuropsychological research conducted in brain-
damaged individuals, that the RH (and the posterior re-
gion in particular) is critically important in the neural
representation of emotion (Adolphs et al., 1996; Borod
et al., 1998; Borod et al., 2001; Heller et al., 1998). As
with the limbic system model, this single-system model
did not receive convincing support in the present analy-
sis of all the studies targeting emotional processes, since
approximately equivalent numbers of left- and right-
sided maxima were observed. Importantly, this finding
emerged despite the predominance of studies targeting
negative or withdrawal-related emotions, refuting the
idea that the RH might be specialized for the processing
of highly arousing, unpleasant emotions (Adolphs, Rus-
sell, & Tranel, 1999).

A further refinement of the RH model posits that RH
function is more important for the perception of emotion
than for the experience and production or expression of
emotion (Adolphsetal., 1996;Borod et al., 1998; Borod
et al., 2001; Heller et al., 1998). We conducted a more
focused analysis of only those neuroimaging studies em-
ploying facial expressions of emotion, in order to assess
this hypothesis directly. Once again, the results of these
analyses failed to demonstrate a critical role for the RH
in the perception of emotion and, instead, revealed ap-
proximately equivalentnumbers of activation maxima in
the LH and the RH for both anterior and posterior brain
regions.

Dual-System Models of Emotion

Valence and action tendency. A distinction has been
drawn between positive and negative emotions at both
psychological and neural levels of explanation. For ex-
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ample, the valence asymmetry hypothesis (Davidson,
1984) argues for differential involvement of left and
right brain regions in positive and negative emotions, re-
spectively—a relationship considered to be particularly
pronounced for anterior brain regions. We first tested for
adifference in the 3-D distributions of neural activity as-
sociated with positive and negative emotions, only to
confirm the null hypothesis of no difference between the
two conditions. We then conducted a more focused test
of the pooled data set by comparing the total numbers of
left- and right-sided activation foci for the positive ver-
sus the neutral emotions and the negative versus the neu-
tral emotions contrasts. This combined analysis of the
pooled data provided little support for the valence asym-
metry hypothesis: The pattern of neural activity associ-
ated with both positive and negative emotions was found
to be relatively symmetrical.

The lack of support obtained for this model is perhaps
unsurprising, given the differences in motivational di-
rection, or action tendency, that have been assigned to
different emotions. For example, sadness, although a
negative emotion, is thought to be associated with a re-
duction in the approach motivational system (Henriques
& Davidson, 2000; Henriques, Glowacki, & Davidson,
1994; Lane, Reiman, Ahern, et al., 1997). Anger, although
also negative, is associated with a tendency to approach
the stimulus that is inducing this emotion (Harmon-
Jones & Allen, 1998; Harmon-Jones & Sigelman, 2001;
Heilman, 1997). It has been suggested that consideration
of emotion in terms of its associated action tendencies
(approach or withdrawal/avoidance) may be much more
profitable than a classification based on valence, at least
in terms of its predictive power in the field of affective
neuroscience (Cacioppo, Gardner, & Berntson, 1999;
Davidson, 1998; Heilman, 1997; Lang et al., 1997). This
hypothesis received some support in the analysis of our
pooled data set, since the KS3 test demonstrated distinct
3-D distributions of activation foci for approach and with-
drawal emotions. However, only partial support was
found in the hemispheric analysis, with greater left- than
right-sided activity observed for approach-related emo-
tions and symmetrical activity observed for withdrawal-
related emotions. At a finer grain of analysis, greater left-
than right-sided activity was observed for both happiness
and anger. Interestingly, asymmetry effects were re-
stricted to anterior brain regions only when these affect
program emotions were considered separately.

Other theorists have considered the neurobiological
substrates of approach and withdrawal (Cloninger, 1987;
J. Gray, 1982; Kinsbourne, 1978; Lang et al., 1990;
Schneirla, 1959), although such models are not readily
amenable to testing with the present data set. Although
the precise substrates differ according to the particular
theoretical position, the idea that approach and with-
drawal emotion—motivation systems rely on different
brain systems is a common theme—a concept that re-
ceives some support in the present study. On a slightly
different note, Buck (1999, 2002) has suggested that a
distinction between prosocial and selfish motivations
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may be necessary to explain hemispheric differences in
brain activity associated with emotion, although other
investigators have argued that this distinction is unlikely
to extend hemispheric models of experienced emotion in
any meaningful way (J. R. Gray, 2002). In any case, one
could argue that classifying emotions in general on the
basis of their associated action tendencies might not be
entirely productive, even though it might be useful for
particular emotions. First, this classification applies to
only some emotions and, so, cannot be used as a general
emotion taxonomy. Second, it is not always clear how
one should go about classifying emotions into one cate-
gory or the other. For example, although fear is associ-
ated with withdrawal, it is also associated with approach
to safe places (Blanchard & Blanchard, 1994). Another
potential difficulty is that action tendencies may be
overly inclusive, encompassing a number of behaviors
that are distinct from the emotions—that is, it cannot dis-
tinguish between analogy (common function) and ho-
mology (common origin; Griffiths, 1997).

There are further explanations for why asymmetry
models (Davidson, 1998; Davidson & Irwin, 1999) re-
ceived only partial supportin the present study; it is pos-
sible that the majority of studies have confounded emo-
tional valence (or action tendency) and arousal or that
different methodologies (e.g., EEG vs. neuroimaging)
may differ in their sensitivity for detecting laterality dif-
ferences. An alternate possibility is that our database in-
cluded studies in which the perception and experience of
emotion were investigated. Davidson (1998) has argued
that the valence (or action tendency) model applies to ex-
perienced emotion or differences in affective style and
that resting brain asymmetries predispose people to re-
spond in certain ways to emotional stimuli or events.
Given that the experience of emotion is heterogeneous
and takes multiple forms (Lambie & Marcel, 2002), it is
not entirely clear how emotion experience should be op-
erationally defined in the context of meta-analysis. Fur-
thermore, it appears that the perception/recognition of
emotions in others is dependent on the experience of that
affect in the viewer, as supported by paired emotion
recognition—experience deficits (Lawrence & Calder, in
press). It is further possible that the laterality effects that
have emerged primarily in EEG research, lesion studies,
and brain-based behavioral studies reflect asymmetric
brain function at a finer level of analysis. Each cerebral
hemisphere, or indeed frontal lobe, is a large neural re-
gion that supports a wide range of cognitive functions.
Thus, it does not seem unreasonable to speculate that the
asymmetries demonstrated in EEG, lesion, and behav-
ioral studies may be due to underlying asymmetries of
more specialized regions of the brain. Given the absence
of a priori hypotheses concerning the precise location of
such a relationship, however, we did not feel that a
largely post hoc and exploratory analysis of our data on
a region-by-region basis was warranted. It is addition-
ally possible that such asymmetries may not be a general

MURPHY, NIMMO-SMITH, AND LAWRENCE

phenomenon of all emotions but might, instead, be spe-
cific to particular ones, an issue addressed above.

The visual cortex and emotional arousal. It has
been suggested that arousal might not be mediated by a
particular neural structure but may, instead, be related to
the overall state or level of neural system activity (Lang
et al., 1998). For example, one important influence of
emotional arousal is on the functioning of primary and
secondary visual processing areas—areas that act upon
visual stimuli at a relatively early stage of perceptual pro-
cessing. This posited association between emotional stim-
ulus material and activity of early perceptual areas re-
ceived support in the present study. Activity of the visual
cortex was reported in almost 50% of studies targeting
the different discrete emotions, when compared with
matched neutral conditions. In addition, the temporal cor-
tex (due to the fusiform gyrus, in many cases) was active
in a significant proportion of the studies. This hypothesis
receives further supportin the substantially greater num-
ber of posterior than anterior maxima reported for each of
our emotion conditions (see Table 2). One criticism that
has been leveled against the suggestion that motivational
centers may act to enhance early processing following ini-
tial identification of appetitive or aversive stimuli is that
the emotional stimuli are often more complex, colorful,
and interesting than their neutral counterparts. In the
present study, this association held for emotional versus
neutral facial expressions as well, suggesting that this is
the case even for stimuli that were perceptually matched.
According to a biased competition view of attention (De-
simone & Duncan, 1995), heightened visual cortex ac-
tivity for emotional stimuli would give them a competi-
tive advantage in information processing.

Affect Program Emotions and
Regional Specialization

As was noted above, there was clear evidence to support
the presence of separate spatial distributions associated
with each of the following affect program emotions: fear,
disgust, and anger. In contrast, no significant difference
was found between the spatial distributionsassociated with
happiness and sadness. These findings were comple-
mented by a demonstration of relatively distinct emotion—
region pairings for the emotions of fear, disgust, and
anger, but common regions for happiness and sadness.
Importantly, the findings that emerged in this large-scale
analysis of neuroimaging studies mirror quite closely
those previously found in neuropsychological studies.

Fear and the amygdala. As was noted above, the
present study showed good evidence for regional spe-
cialization of three discrete emotions: fear, disgust, and
anger. We predicted an association between fear and the
amygdala; activity of this neural region was reported in
approximately 40% of all the fear studies and in over
60% of a subset of the studies that employed facial ex-
pressions of emotion as stimuli. Although other neural
regions were also active in a substantial proportion of



FUNCTIONAL NEUROANATOMY OF EMOTIONS

fear studies (e.g., the ACC and the OFC), amygdala ac-
tivity was remarkably selective for fear, with fewer than
20% of the disgust, anger, happiness, or sadness studies
reporting activity of this region (see Figure 3).

The observed association between fear and the amyg-
dala is consistent with the results of lesion and electro-
physiological studies conducted in humans and labora-
tory animals (Calder et al., 2001). In patient studies, for
example, lesions of the amygdala have been found to dis-
rupt the recognition of facial signals of fear (Adolphs
et al., 1994; Calder et al., 1996), as well as the acquisi-
tion and expression of fear responses (Bechara et al.,
1995; Labar, Ledoux, Spencer, & Phelps, 1995). Simi-
larly, in a number of mammals, the amygdala mediates
fear responses. Although the amygdala has been shown
to be involved in the perception and experience of fear,
the precise functional role of this neural region remains
a debated issue. Some investigators have identified the
amygdala as a general “threat detector” (Amaral, 2002)
or “fear module” (Ohman & Mineka, 2001), whereas other
investigators have maintained that the amygdala is not
involved specifically in the detection of threat but is as-
sociated with emotional arousal more generally (Gai-
notti et al., 1993; Hamann, Ely, Hoffman, & Kilts, 2002;
Hamann & Mao, 2002; Heller et al., 1998; Ohman, 1986;
Williams et al., 2001). It was not possible to address the
latter issue empirically in our meta-analysis, since emo-
tion and arousal were confounded in the majority of
studies that compared high-arousal positive or negative
stimuli with low-arousal neutral stimuli. However, given
that anger can be considered a high-arousal emotion
(Russell, 1980) and that the amygdala was active in a
very small proportion of the anger studies, it seems rea-
sonable to conclude that the amygdala may be more
specifically involved in fear processing than in process-
ing the arousal componentof emotional stimuli. Clearly,
an important goal for future neuroimaging studies of
emotion should be to vary emotional arousal while hold-
ing emotional valence constant, so that this long-standing
debate can be addressed and the precise functional role
of the amygdala can be determined.

Disgust and the insula/globus pallidus. A similar
level of specificity was demonstrated in studies targeting
disgust, as is shown by the results of the KS3 analysis.
Specifically, the 3-D distribution of activation foci for
disgust differed not only from that associated with fear,
but also from those associated with anger, happiness,
and sadness. The insula, in particular, was active in over
70% of the disgust studies, but in fewer than 40% of the
studies targeting each of the other discrete emotions. The
globus pallidus was also active in over 70% of the dis-
gust studies, but in fewer than 25% of the studies target-
ing the other affect program emotions. Although consid-
erably fewer studies have addressed the neurobiology of
disgust, relative to that of fear, it is important to note that
in our more focused analysis of only those studies em-
ploying facial expressions of disgust, both the insula and
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the globus pallidus were active in four and five (out of
five) studies that targeted this emotion, respectively.

As for fear, there is a very close correspondence be-
tween the regions specified in neuroimaging studies of
disgust and those identified in patient-based studies. The
basal ganglia, in particular, has been assigned an impor-
tantrole in the recognition of disgust on the basis of stud-
ies of patients with Huntington’ disease (HD), a neuro-
genetic disorder affecting the basal ganglia in its early
stages. It has been shown that HD patients demonstrate a
disproportionately severe impairment in recognizing sig-
nals of disgust (J. M. Gray et al., 1997; Sprengelmeyer
etal., 1996; Sprengelmeyer et al., 1997). Furthermore, a
recent case study of N.K., a patient with a known focal
lesion of the basal ganglia and the insula, showed a
highly selective deficit in both facial and vocal expres-
sions of disgust, together with atypical reported experience
of this emotion (Calder et al., 2000). Involvement of the
insula in processing disgust is especially interesting
given this region’s documented role in gustatory func-
tion (Pritchard, Macaluso, & Eslinger, 1999; Small et al.,
1999) and Rozin and colleagues’ suggestion that disgust
has arisen from a more primitive distaste system (Rozin
& Fallon, 1987; Rozin, Lowery, & Ebert, 1994). In rats,
lesions to the homologous region of the gustatory insula
disrupt the distaste response (Kiefer & Orr, 1992), as do
lesions of the globus pallidus (Hernadi, Karadi, Faludi,
& Lenard, 1997).

Anger and the lateral OFC. In studies targeting
anger, lateral OFC activity was reported in a higher pro-
portion of studies of anger, relative to other emotions.
This distinction between the neural systems involved in
anger and fear argues against the idea that there is a
neural system specialized for the processing of highly
arousing, unpleasant emotions, of which fear and anger
are two exemplars (Adolphs, Russell, & Tranel, 1999).
This result is consistent with recent evidence indicating
that focal lateral OFC lesions may be specifically asso-
ciated with changes in aggressive behavior in humans
(Blair, 2001; Blair & Cipolotti, 2000; Brower & Price,
2001). Similarly, comparative studies have demonstrated
alterations in aggressive behavior following lateral OFC
lesions in different species of monkey (Butter & Snyder,
1972; Kamback, 1973; Raleigh, Steklis, Ervin, Kling, &
McGuire, 1979).

A General Role for Anterior Cingulate and
Medial Prefrontal Cortices in Emotion

Whereas some neural regions demonstrated a relative
specialization for the discrete emotions of fear, disgust,
and anger, as was discussed above, others appeared to
play a much more general role in coding for a number of
emotions. Indeed, the 3-D distributions of neural activ-
ity for happiness and sadness were not found to differ
significantly, with the rostral supracallosal ACC/dorso-
medial PFC most consistently activated for studies tar-
geting these two emotions. Importantly, this neural re-
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gion was also active in a significant proportion of stud-
ies targeting the other discrete emotions.

An important issue raised by this finding is whether
there are certain cognitive or affective processes, com-
mon to a range of emotions, that are mediated by the
ACC or medial prefrontal regions. In contrast to the
within-function approach typically adopted in neuro-
imaging studies, this type of cross-function approach has
been advocated by a number of investigators in order to
specify why the same brain region is recruited by differ-
ent conditions (Cabeza & Nyberg, 2002). Such an ap-
proach has proved enormously successful in the work of
Duncan and Owen (2000), in which common regions of
the PFC were engaged for a broad range of task de-
mands. This finding subsequently led to the develop-
ment of the adaptive-coding model (Duncan, 2001), in-
dicating that a similar approach could fruitfully be
applied to help constrain and generate theories of gen-
eral processes in affect.

It is certainly the case that data from patient studies
(Damasio, 1994; Hornak, Rolls, & Wade, 1996; Keane,
Calder, Hodges, & Young, 2002; Rolls, 1999) emphasize
an important role for the frontal lobes (including the
ACC) in processing emotional cues in general. For exam-
ple, MacLean (1993; see also Lane, Reiman, Ahern, etal.,
1997) considered emotion experience to be mediated by
the ACC, Damasio (1994) has focused on the contribu-
tion of the ventromedial PFC to emotion, Rolls (1999)
has posited a general role for the OFC in emotion, and
others have suggested that the systems involved in cod-
ing individual emotions may feed into more general
emotion systems in the frontal cortex (Sprengelmeyer,
Rausch, Eysel, & Przuntek, 1998). If this is correct, we
would expect to see general emotion recognition and ex-
perience impairments following frontal cortex damage,
which appears to be the case (Damasio, Tranel, & Dama-
sio, 1990; Hornak et al., 1996; Keane et al., 2002).

Before proceeding, it should be noted that the present
findings show some correspondence but also striking
differences to those reported in another recent meta-
analysis of 55 emotion studies (Phan, Wager, Taylor, &
Liberzon, 2002). Both studies show a reliable and spe-
cific association between (1) fear and the amygdala and
(2) disgust and the basal ganglia, although the present
study showed a similar level of insula involvement for
the latter emotion. Where these two studies begin to di-
verge is in their findings for happiness and sadness. Phan
et al. found that the basal ganglia, in addition to playing
an important role in disgust, were consistently activated
for happiness too. This finding contrasts with the asso-
ciation between happiness and the rostral supracallosal
ACC reported here, although ACC activity was not re-
stricted to this emotion and was, instead, active across
the full range; nor was the association between sadness
specific to the subgenual region, but was, as for happi-
ness, most consistently activated in the rostral supracal-
losal ACC. The present study also obtained an important
association between anger and the lateral OFC, an asso-

MURPHY, NIMMO-SMITH, AND LAWRENCE

ciation not reported in this earlier study. We offer two
possible explanations for the above discrepancies. First,
the present study restricted its analysis to only those
studies that had a carefully controlled neutral baseline
condition, whereas the earlier study did not. Second, the
present findings were based on a much larger sample of
106 studies. Although the increased power resulting
from this feature of the present study would not be ex-
pected to make a substantial difference for the category
of fear, which contained 30 studies, it might be expected
to change the pattern of findings associated with cate-
gories containing a smaller number of studies, such as
happiness or anger. The present study further substanti-
ates differences in the patterns of neural activity associ-
ated with (1) approach and withdrawal and (2) the affect
program emotions through its application of the objec-
tive KS3 test.

Limitations of This Meta-Analysis

In the introduction, we argued that a major strength of
function-location meta-analysis is that inclusion of in-
formation on large numbers of participants provides the
experimenter with tremendous statistical power. In a way
that is not possible in any single neuroimaging study,
meta-analysis allows the investigator to identify neural
regions that are recruited across different emotion con-
ditions and to view the entire “landscape” of emotion
studies. As with most research methods, however, meta-
analysis suffers from a number of important limitations,
and the present study is no exception. A potential short-
coming of the present meta-analysis is that adoption of a
rather coarse classification scheme (valence, action ten-
dency, and discrete emotions) means that, within each of
these categories, a wide array of experimental paradigms
were used. This raises the possibility that differences in
brain regions associated with different emotion condi-
tions could, in fact, be due to differences in the para-
digms used to study them. Although the present study
did not investigate the effects of specific paradigms on
patterns of brain activity directly, it can be seen from
Table 1 that a wide variety of paradigms has been used in
each of the emotion conditions. Furthermore, this issue
has been addressed explicitly in previous meta-analytic
work (Phan et al., 2002); however, the brain regions
found to be specifically associated with any particular
paradigm or emotion induction method in that study are
not the same regions as those observed here. The only
possible exception was the ACC, which was found by
Phan and colleagues to be associated with autobio-
graphical recall. In the present study, the ACC was active
across a range of discrete emotions, suggesting that dif-
ferences in paradigms across emotion conditions were
not driving this effect. Although this aspect of our study
can be viewed as a limitation, it can also be seen as a
strength. Indeed, our guiding strategy was to examine
the extent to which rather abstract classifications can be
usefully applied to the understanding of the neural orga-
nization across all instances of emotions.
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Another issue to consider in the context of meta-
analysis is the extent to which any findings may be due
to differences in the degree of smoothing and statistical
significance thresholds. These factors do not pose diffi-
culties for asymmetry comparisons, since smoothing and
significance levels tend not to change across hemi-
sphere, but should be considered in the context of our
KS3 and regional analyses. Although the contribution of
significance levels was more difficult to ascertain (dif-
ferent thresholds have frequently been used for different
brain regions in the same study), the average size of
smoothing filter was not found to differ significantly
across the different emotion conditions. This result indi-
cates that the present findings are unlikely to be due to
such confounds in our data set. Null results should also
be interpreted with caution in meta-analyses of neuro-
imaging data, although it should be emphasized that this
limitation is likely to pose far greater problems for sin-
gle neuroimaging studies that are compromised by lim-
ited statistical power.

Finally, ascribing anatomical labels to coordinates in
stereotaxic space is problematic for all imaging studies
(Brett et al., 2002). The studies included in the present
analysis used different stereotaxic templates (MNI and
Talairach), and so a transformation was required to
match between templates. This has a potential for inac-
curacy (Brett et al., 2002). Anatomical labels were as-
signed by reference to the Talairach atlas, together with
the divisions of the ACC, insula/operculum, and lateral
OFC distinctions of Paus et al. (1998; Paus et al., 1996)
and Small et al. (1999), respectively. However, a wide
range of neuroanatomical variation is known to occur in
humans, which is not captured by the use of an atlas de-
rived from a single brain. Future meta-analyses will ben-
efit from the development of a label-based maximum
probability atlas of the human brain. Nevertheless, it is
encouraging that even our relatively crude labeling
method was able to yield rather specific and consistent
region—emotion pairings for fear (amygdala), disgust
(insula/operculum, globus pallidus), and anger (lateral
OFC) that correspond well with lesion data on these
emotions and their homologues.

Summary and Overall Conclusions

It is now possible to return to our guiding question: In
what ways have recent FNI studies contributed to our un-
derstanding of human emotion? As was noted in the intro-
duction, the degree to which existing single-, dual-, and
multisystem models are useful in predicting the neural
structure of emotion space was of primary interest.

The widespread distribution of neural activity associ-
ated with emotion in general, irrespective of the task or
paradigm employed in any individual study, suggests that
the limbic system theory of emotion cannot account for
the whole of neuroimaging data. Similarly, the combined
data from extant neuroimaging studies of emotion failed
to support a special role for the RH or right posterior re-
gions of the brain in emotion or even emotion perception.
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Partial support was demonstrated for dual-system mod-
els of emotion processing. A variant of the Kolmogorov—
Smirnov statistic appropriate for 3-D data indicated that
although the patterns of neural activity associated with
positive and negative emotion do not differ, attempts to
delineate discrete neural systems for approach and with-
drawal action tendencies are likely to be more promis-
ing. At a more refined level of analysis, approach emo-
tions were associated with greater relative left- than
right-sided hemisphere activity, whereas neural activity
observed for negative and withdrawal emotions was
symmetrical. The asymmetry observed for approach
emotions was restricted to anterior brain regions only
when each affect program emotion was considered sep-
arately, with happiness and anger demonstrating a greater
number of left- relative to right-sided frontal activations.
Together, these findings suggest that the above single-
and dual-system theories of structure—function relation-
ships may be too coarse, in terms of both their neural un-
derpinnings and the aspect of emotion under consider-
ation, and that, instead, a more intricate relationship
between emotion and regional specialization may obtain.

Arguably, considerable support was found for the affect
program accounts of emotion: The distributions of activa-
tion foci associated with the emotions of fear, anger, and
disgust were significantly different from each other and
from happiness and sadness. Furthermore, these emotions
were most consistently activated in regions that, when
damaged, are associated with selective emotion deficits:
fear, the amygdala; disgust, the insula/operculum and the
globus pallidus; and anger, the lateral OFC. The distrib-
utions for happiness and sadness did not differ, with ac-
tivations clustered around the supracallosal ACC (and
the dorsomedial PFC), an area possibly involved in pro-
cessing emotion more generally. Although we are not of
the opinion that the affect program emotions are repre-
sented by entirely distinct neural circuits, it seems rea-
sonable to conclude that the underlying neural systems
are separate in part. This interpretationis broadly consis-
tent with approaches to emotion in which at least certain
affect program emotions may be represented as distinct
psychological and neural systems having clear homolo-
gies in other mammals. We think that the imaging data,
together with neuropsychological evidence, suggest the
existence of particular emotion systems—systems that
are isolable, specialized, and internally cohesive and that
are involvedin (but not necessarily exclusively dedicated
to) fear, disgust, and anger. Whether these systems are iso-
morphic with Ekman’s (1992, 1999) affect programs is
as yet unclear. Certainly, at least at the level of resolution
of functional imaging data, there appear to be interesting
differences between fear, disgust, and anger, on the one
hand, and happiness/sadness, on the other.

The present findings have clear implications for the
study of human emotion, emphasizing the utility of
meta-analytic techniquesin assessing the contribution of
neuroimaging investigations to our developing under-
standing of its neural correlates and in generating new
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hypotheses regarding the brain’s role in emotion process-
ing. By combining FNI data across different emotional
conditions and experimental paradigms, meta-analysis
allows us to overcome many of the shortcomings that are
typically associated with any single neuroimaging study.
It is our hope that the present findings will be useful in
the design of future brain-imaging experiments on the
neural basis of human emotions.
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