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SYNOPSIS

Evidence from pioneering animal research
has suggested that the amygdala .is involved in
the processing of aversive stimuli, particularly
fear-related information. Fear is central in the
evolution of the mammalian brain: it is auto-
matically and rapidly elicited by potentially
dangerous and deadly events. The view that the
amygdala shares the main characteristics of
modular systems, e.g. domain specificity,
automaticity, and cognitive impenetrability, has
become popular in neuroscience. Because of its
computational properties, it has been proposed
to implement a rapid-response ‘fear module’. In
this article, we review recent patient and neuro-
imaging data of the human brain and argue that
the fundamental criteria for the amygdala to be
a modular system are not met. We propose a
different computational view and suggest the
notion of a specific involvement of the human
amygdala in the appraisal of relevant events
that include, but are not restricted to, fear-
related stimuli. Considering the amygdala as a
‘relevance detector’ would integrate the ‘fear
module’ hypothesis with the concept of an
evolved neural system devoted to the processing
of a broader category of biologically relevant
stimuli. In primates, socially relevant events
appear to have become, through evolution, the
dominant elements of the amygdala’s domain of
specificity. ’
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PURPOSE AND OVERVIEW

The study of the functions of the amygdala has
exploded during the so-called ‘decade of the brain’.
During this period many new anatomical and
functional findings about the amygdala have been
obtained (see /10,11/). A marker of this interest is
that numerous reviews on the amygdala have been
published; these articles include reviews high-
lighting the amygdala’s contributions to emotion
/3,27,73/, vigilance-emotion relationships /34,1007,
memory /46,63,76/, attention /51/, fear conditioning
/26/, reward-based learning /18/ and social cogni-
tion /2,4,13/. In the present review, we challenge
one of the major features of the current theories of
the human amygdala by proposing a different
hypothesis about its computational profile and
domain of specificity. In order to do so, we adopt a
perspective that takes into account data from
cognitive neuropsychology and functional brain
imaging in humans. After a short presentation of
the dual route architecture in which the amygdala is
involved, we show that the definition of the
amygdala’s specific domain of processing is highly
controversial and propose a perspective that may
help to resolve this debate.

A DUAL ROUTE ARCHITECTURE
TO THE AMYGDALA

Pioneering animal studies have provided an
important contribution to the understanding of the
anatomical and functional structure of the amyg-.
dala. The primate amygdala is an almond-shaped
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nuclear complex composed of at least 13 nuclei
located in the anterior part of the medial temporal
lobe in the limbic system /12/. These nuclei are
heterogeneous and do not constitute an integrated
functional system /97/. However, the basolateral
amygdala, which is composed of lateral, basal and
accessory basal nuclei, seems to constitute a system
of this kind; it was even proposed “to think of the
amygdala as the ‘basolateral amygdala™ [34/.
In the primate, the latter set of nuclei receives
information from the thalamus and all sensory
cortices /12/. Moreover, amygdalofugal projections
to sensory-related cortices are massive, and an
analysis of connectivity suggested that the amyg-
dala makes output projections to all but eight of the
cortical areas in the macaque /109/. The complexity
of the amygdala itself and its widespread connec-
tions with other structures are a function of
evolution and vary considerably from one species
to another /17,40/. Nevertheless, anatomical and
functional evidence suggests that a dual route
architecture involving the amygdala is conserved
amongst vertebrate species. This architecture con-
sists of a direct subcortical pathway and an indirect
cortical pathway to the amygdala.

Experiments of auditory fear conditioning in
rats have shown the existence of a direct subcortical
pathway from the auditory thalamus to the
amygdala /61/. Brain imaging studies (e.g. /32/; see
206/) and patient data /21/ confirmed a role of the
human amygdala in fear conditioning. Critical
results were obtained by Morris, Ohman, and Dolan
70/ (see also /67/) who showed that regions of the
pulvinar and superior colliculus covaried positively
with amygdala activation during masked visual
presentations of conditioned faces. These results
led the authors to the conclusion that the emotional
value of visual stimuli could be detected by a
colliculo-pulvinar-amygdala pathway. Results from
de Gelder and colleagues /35,36/ showing that
recognition of emotional stimuli is possible in a
blindsight patient also suggest that this pathway
exists in humans. The existence of projections from
the pulvinar to the amygdala in primates /53/ is
consistent with this observation.

The connections from the cortex conveying
complex cognitive information to the amygdala /12/
constitute the indirect pathway /61/. Brain imaging

studies highlighted the importance of this route
from the thalamus throngh the cortex to the
amygdala. Pessoa and colleagues /77/ suggested
that the critical pathway for the evaluation of
emotional expression proceeds from the primary
visual cortex to extrastriate areas, including fusi-
form and superior temporal sulcus, and then to the
amygdala. Moreover, using an instructed fear
paradigm in which an event is associated with an
aversive outcome through verbal communication
only, Phelps and colleagues /80/ suggested that
when a frightening stimulus is encountered, the
cortical representation of fear is conveyed to the
amygdala through the insular cortex, leading to the
expression of fear.

A major functional difference between these
two pathways is that the lower-order direct pathway
provides the amygdala with rapid and coarse
representations while cortical inputs inform the
amygdala with a slower and refined top-down
message. On the basis of this functional difference,
constraints on the character of emotional processes
can be formulated. Indeed, the subcortical pathway
would implement processes that require neither
intention nor attention and may be defined as auto-
matic, while the cortical, more indirect, pathway
would compute cognitively integrated information.

THE AMYGDALA AND THE
DOMAIN-SPECIFICITY HYPOTHESIS

From an evolutionary perspective, cognitive
functions are often described as functionally
independent modules rather than in terms of
general-purpose mechanisms /33/. Modules are
rapid, automatic, domain-specific cognitive sysiems
designed by evolution to solve specific adaptive
problems encountered recurrently in the environ-
ment. According to evolutionary neuroscience, the
amygdala constitutes the central structure of a
modular system in the mammalian brain shaped by
evolution to respond to potentially fearful and
threatening stimuli. Kjelstrup and colleagues /57/
recently introduced their article by stating that “The
experience of anxiety and fear is controlied by a
modular neural system (...). The amygdala plays a
pivotal role in this system.” Similarly, Ohman and
Mineka /74/ argued that “The amygdala is a fear
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module ... having an ancient evolutionary origin and
it served animals with primitive brains long before
more recent biological families with more well
developed covtices emerged.. Basically, the fear
module is a device for activating defensive
behaviour and associated psychophysiological
responses and emotional feelings to threalening
stimuli.”

The majority of animal studies support the view
that the amygdala is part of a system specialised for
rapidly triggering physiological states related to
threat or danger, e.g., a snake or an unfamiliar adult
male monkey. Temporal lobe lesions including the
amygdala produce extensive behavioural, social
and emotional changes in non-human primates. As
expressed in the Kliiver-Bucy syndrome, primates
show enhanced approach behaviour, hyperorality
and hypersexuality as well as reduced fear /58,99/.
In this syndrome, stimuli are still perceived as
objects, but they no longer elicit normal affective
responses /13/. The Kliiver-Bucy syndrome gener-
ally ascribed to amygdala lesions is in fact likely
caused by damage to the fibres of passage coursing
through the amygdala. For example, Meunier and
colleagues /64/ showed that selective neurotoxic
bilateral amygdala lesions sparing efferent projec-
tion fibres to the temporal pole, the entorhinal and
perirhinal areas, induce inadequate and inappropri-
ate emotional responses to social stimuli, such as
enhanced submission and approach behaviour or
reduced fear and aggression.

As largely documented by patient studies /8,9,
25,27,28,56,108/, bilateral damage to the amygdala
may impair the processing of fear expressed by the
face. Moreover, several neuroimaging studies have
confirmed the role of the amygdala in the pro-
cessing of fearful faces /24,29,68,69,77,81,83,98,
101,105/ and in fear conditioning /26/. A less
robust finding is the one showing that patients with
an amygdala lesion are impaired in the processing
of fear expressed by voice. A lesion study /93/
reported impaired recognition of non-verbal vocal
signals of fear in a patient with bilateral amygdala
damage. Conversely, Anderseon and Phelps /14/ as
well as Adolphs and Tranel /5/ failed to observe
such an impairment in the auditory domain. Never-
theless, Phillips and colleagues /82/ showed that
non-verbal vocal fear-related stimuli activate the
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amygdala. Moreover, the findings from a functional
magnetic resonance imaging (IMRI) study /37/
suggest that the amygdala plays an integrative role
during cross-modal emotional processing of fear
expressed simultaneously by voice and face. Clearly,
further experiments arc necessary in order to
conclude whether the amygdala processes both
visual and auditory emotional information in the
same way.

The amygdala is also necessary in learning to
associate neutral stimuli with fear responses, as
consistently revealed by conditioning experiments
in animals and humans /26,61/. This means that
although the amygdala may be genetically program-
med to detect evolutionary salient fear-related
stimuli, it allows, through associative learning
processes, a wider range of stimuli and situations to
activate fear responses.

So far, a vast corpus of evidence shows that the
amygdala is involved in fear processing, supporting
the notion that fear-related stimuli constitute the
amygdala’s domain of specificity. However, the
fact that a given brain region is consistently
involved in the processing of a specific category of
stimuli does not necessarily mean that this brain
region is selectively dedicated to that domain of
stimuli. As discussed by Carmel and Bentin /31/,
clear criteria are needed to verify any hypothesis
about the functional specificity of brain activity and
its link to a particular cognitive mechanism. From
an experimental perspective, a key criterion is to
show that differences in the activation of a brain
region obtained for the proposed domain of specif-
icity cannot be found across domains for which the
particular brain response is not supposed to be
specific. For instance, consider the hypothesis that
measures of amygdala activity reflect amygdala
specificity in the processing of fear-related stimuli.
In this case, a key criterion to verify this hypothesis
would be to show that the differences obtained in
amygdala activation for the processing of fear-
related versus neutral stimuii are never found when
comparing amygdala activation for the processing
of non-fear-related versus neutral stimuli. Two
lines of research, described below, refute the view
of the amygdala as a fear module.

The first line of research shows that fear is not
the only negative emotion that is subserved by the
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amygdala. Although a deficit in recognition of
fearful faces is often observed in patients with
amygdala deficits, it is now well documented that
recognition of other negative emotions, such as
anger and sadness, can also be defective /42,85/. As
shown by fMRI studies, the processing of faces
expressing sadness /22/ and of disgusting pictures
90/, as well as the subjective experience of
negative emotions /62,91/, activate the amygdala.
Other aversive, but not specifically fear-related
stinuli, such as olfactory stimuli /87,110/, gustat-
ory stimuli /111/, visually presented words /49/,
and complex visual scenes /52/, were also shown
to evoke amygdala response. Sustained amygdala
activity was shown in response to negative (but not
specifically fear-related) information in depressed
individuals /94/. Scott and colleagues /93/ reported
the case of a patient with bilateral amygdala
damage who showed impaired recognition of anger
from both facial and vocal stimuli, Moreover, two
recent fMRI studies reported amygdala activation in
response to schematic /106/ and real /107/ angry
faces. .

From the ‘fear module’ hypothesis, one can
formulate the following operational prediction: the
more a visual stimulus induces fear in an observer,
the more the amygdala should be activated.
Consider now the logical proposal that an angry
face looking at an observer should make him/her
more frightened than a fearful face. This proposal is
based on the reasoning that an angry face with a
direct gaze is a threat that should induce the fear of
being attacked, whereas a fearful face with a direct
gaze by itself does not constitute a threat. Hence,
according to the ‘fear module’ hypothesis, an angry
face with a direct gaze would produce stronger
amygdala activation than a fearful face with a direct
gaze, simply because the former is more frightening
than the latter (see also /100/). Contrary to this
prediction, Whalen and colleagues /102/ found that
the amygdala responds less to faces expressing
anger than to faces expressing fear. Interestingly,
Phan and colleagues /78/ reported amygdala
activation only when subjective ratings were
incorporated in the analysis of brain activation
as individualised regressors. This finding clearly
indicates that activation of this structure is
associated with subjective arousal and that

individual variability between and within particip-
ants enhances the sensitivity for detecting amygdala
responsiveness.

In the attemnpt to account for the large corpus of
data demonstrating that the amygdala is not only
associated with the processing of fear-related
stimuli, it has been argued that the amygdala’s
domain of specificity is composed of a wider range
of unpleasant stimuli. According to Paradiso and
colleagues /75/, it would be implicated in the
processing of highly arousing negative emotions,
but not in the evaluation of positive events.

The next line of research that we review refutes
both the ‘fear module’ view and the ‘arousing
negative emotions’ view. As also documented by a
large body of evidence, the amygdala’s domain of
computation is far from being restricted to negative
emotions. In animals, the amygdala is implicated in
learning and processing the rewarding values of
events (for review see /18/). In humans, Bechara
and colleagues /20/ showed that patients with bi-
lateral lesions of the amygdala exhibited abnormal
skin conductance responses following both positive
and negative reinforcement (gaining or losing
money in a gambling task). Critically, human brain
imaging studies support this view. In Table 1, we
present human neuroimaging studies showing that
the amygdala’s domain of computation is not
restricted to stimuli eliciting regative emotions.
Indeed, amygdala activation is also correlated with
the processing of positive events, such as happy
faces /24,29,45,59,77,106,107/, positive words /49/,
positive pictures /30,43,47,48/, pleasant tastes /72/
or expectation of pleasant tastes /71/, erotic film
excerpts /19,55,86/, amusement-inducing films /1,
86/, and reward /95,112/. In an fMRI study
performed by two of the present authors /112/,
regional brain activity was investigated when
healthy human participants were given feedback on
their performance during a simple response time
task in a fictitious competitive tournament. In this
study, changes in the frequency of rewarding
(*win”) or aversive (‘lose’) words used as feedback
resulted in a modulation of amygdala activation.
Specifically, increased winning was associated with
left amygdala activation, whereas increased losing
was associated with right amygdala activation. In
this study, it clearly appeared that the amygdala is
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activated by both negative and positive reinforce-
ments conveyed by.lexical stimuli. Two other brain
imaging reports that used stimuli whose emotional
value varied according to participants’ internal state
provide evidence that amygdala function is not
specifically tuned to negative contexts /60,66/.
LaBar and colleagues /60/ showed that the amyg-
dala was more activated by the visual presentation
of food-related stimuli when participants were in a
hungry state than when they were in a satiated state.
Morris and Dolan /66/ observed that amygdala
activation was positively correlated with recogni-
tion memory scores for food items and that
participants showed enhanced recognition of food
stimuli (relative to non-food) in a fasting state, This
enhanced recognition for food stimuli was
significantly reduced when participants were in a
satiated state.

Amygdala activation was also revealed by
experiments that did not manipulate the emotional
value of stimuli but still used biologically relevant
information. In particular, the amygdala was
recruited when participants were required to attrib-
ute mental states to other individuals /15/, to
process unknown faces /38/ or direct gaze /44, 103/,
to discriminate gaze direction /56/ and to process
racial outgroup faces /50,79/. Interestingly, an fMRI
study /104/ replicated patient data /7/ by showing
an involvement of the amygdala in response to
untrustworthy faces. This example is of particular
interest for two reasons. First, it is a clear case
showing that highly consistent findings can be
obtained from the behavioural study of brain-
damaged patients and from imaging of the normal
human brain. Second, these findings strongly sug-
gest that the amygdala 15 necessary for evaluating
socially relevant information. Adolphs and col-
leagues /7/ tested patients with amygdala iesions
and showed that they were impaired in judging the
trustworthiness of individuals from viewing their
neutral faces. More recently, Winston and col-
leagues /104/ asked participants to explicitly assess
the trustworthiness of neutral faces and found that
trustworthiness ratings, as provided by the particip-
ants themselves, correlated with BOLD signal
changes in the amygdala. When participants were
requested to assess the age of the very same neutral
faces, trustworthiness ratings also correlated with
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amygdala activity. Taken together, these findings
reveal that the amygdala is involved in both explicit
and implicit assessment of the social value of a
neutral face and that amygdala dysfunction impairs
social evaluation (see also /4/).

Activation of the amygdala was clearly found in
processing point-light sequences simulating mean-
ingful body motion versus non-biological move-
ment /23/. Greater activation of the amygdala was
also observed when hearing one’s own name, as
compared to a beep, during sleep than during a
wakeful state /84/. In a more recent study, Hamann
and colleagues /48/ showed that the amygdala was
activated by the processing of highly interesting
and unusual pictures even when they were
emotionally neutral. In conclusion, this body of
literatare provides convincing evidence of the
theoretical insufficiency of the ‘negative emotions’
view. '

THE AMYGDALA: RELEVANCE AND EMOTION

An important contribution of evolutionary
psychology to cognitive neuroscience is to premote
the view that evolution improved the performance
of the cognitive modules constituting the human
brain by restricting their domain of spectficity /39/.
From an evolutionary perspective, certain biolog-
ical stimuli acquired the property of eliciting
emotions because of their adaptive values /41/. In
particular, fear reactions are preferentially activated
by potentially aversive stimuli in order to promote
escape and avoidance. Hence, the view emerged
that the amygdala’s domain of specificity is
restricted to ‘evolutionary salient fear-related
stimuli® /74/. However, the recent patient and brain
imaging data reviewed in the present article
strongly suggest that the amygdala is neither a fear
module nor a negative-emotions-dedicated sub-
system. Indeed, differences in measures assumed to
reflect amygdala functions obtained for the ‘fear’
domain and the ‘negative emotions’ domain were
also found across domains for which the amygdala
response was not supposed to be specific (see Table
1). On the basis of this evidence. it is legitimate to
offer an alternative conceptual framework. Here,
we present two classes of plausible explanations for
the functions of the amygdala.
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TABLE 1

Brain imaging studies showing amygdala involvement in the processing of non-negative events

Study

Amygdala activation

Aalto et al. (2002) /1/

Passive viewing of amusement-inducing vs neutral films

Baron-Cohen er al. (1999) /15/

A theory of mind task* vs a gender decision task on photographs of eyes

*In the theory of mind task, participants were to decide for each stimulus which of
two simultaneously presented words best describes what the person in the
photograph was feeling or thinking,

Beauregard er al (2001)/1%/

Passive viewing of erotic vs neuiral film excerpts

Bonda ez ¢f. (1996) /23/

Looking carefully at point-light sequences simulating meaningful biological
body movement vs random motion

Breiter et al. (1996) /24/

Passive viewing of happy vs neutral faces

Canli ez al. (2002) /29/

Gender decision on happy vs neutral faces {amygdala activation correlated
with the degree of participants extraversion)

Canli et al (2001) /30/

Correlation between extraversion and amygdala activation to passive
viewing of positive vs negative pictures

Dubois et af. (1999) /38/

Gender decision on unknown vs known neutral faces

Garavan ef al. (2001) /43/

Passive viewing of positive {both low and high in arousal) vs neutral
pictures

George et al. (2001) /44/

Specific coupling between the fusiform gyrus and the amygdala, for direct
vs averted gaze during a gender decision task

Gorno-Tempini ef al. (2001) /45/

Explicit categorization of facial expressions on happy faces vs a control
taslc¥*

Gender decision task on happy faces vs a control task**

**In the control task, participants were requested to detect a white square in a
greyscale mosaic stimulus.

Hamann et al. (1999) /47/

Correlation of amygdala activity with memory enhancement for positive vs
interesting neutral pictures

Hamann et al. (2002) /48/

Postitive pictures vs neutral stimuli
High-interest, unusual neutral pictures vs neutral stimuli

Hamann & Mao (2002) /49/

Passive viewing of positive vs neutral words

Hart et al. (2000) /50/

Gender decision task on racial cutgroup vs ingroup neutral faces***

***Black or White participants were presented with neutral faces of Black or White
individuals. The reported amygdala activation was observed only during later
stimulus presentation.

Karama et al. (2002) /55/

Passive viewing of erotic vs neutral film excerpts
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Study

Amygdala activation

Kawashima et ol (1999) /56/

Discriminating the gaze direction (upwards or downwards) of neutral faces
vs deciding whether the left or right eye blinked

Kosaka et al. (2002) /539/

Judging among a happy and a neutral face which face was emotional vs a
control condition****

**¥%1n the control condition, the participants were instructed to discriminate the size
of two rectangles and indicate which one was larger.

LaBar et al. (2001) /60/

Viewing of foed stimuli by participants in a hungry vs satiated state
(the task was to press a button whenever cne of the objects blinked)

Morris & Dolan (2001) /66/

Positive covariation with recognition memory for food items (Participants
showed enhanced recognition of food stimuli relative to non-food in the
fasting state. Satiation significantly reduced the memory advantage for
food.)

O’Doherty et al. (2002) /71/

Anticipation of positive vs negative taste

O’Doherty et al. (2001} /72/

Receipt of sweet taste (1 M glucose) vs tasteless solution

Pessoa et al. (2002) /77/

Processing of neutral faces vs scrambled stimuli

Gender decision task on happy vs neutral faces

Processing of neutral faces in an attended vs unattended to faces
condition®****

Processing of happy faces in an attended vs unattended to faces
condition*****

#H***]n attended trials, participants performed a gender decision task. In unattended
trials, participants indicated whether two bars above the faces were of similar or
dissimilar orientations.

Phelps et al. (2000) /79/

Viewing of unfamiliar Black vs White faces by White participants

Portas ef al. (2000) /84/

Hearing one’s own name (compared with hearing a beep) during sleep vs
hearing one’s own name (compared with hearing a beep) while awake

Redouté et al. (2000) /86/

Passive viewing of sexually explicit vs neutral film excerpts
Passive viewing of humorous vs neutral film excerpts

Schneider ef al. (1997) /91/

Happy mood vs neutral induction

Schwartz ef al (2002) /927

Increased functional connectivity between the amygdala and the visual
cortex in a new untrained condition of visual texture discrimination

Wicker (2003) /103/

Processing of direct vs averted gaze in non-emotional faces

Wright ef al. (2002) /106/

Passive viewing of happy vs neutral schematic faces

‘Yang et al. (2002) 7107/

Gender decision task on happy vs neutral faces

Zalla et al. (2000) /112/

Increased presentation rate of the word « WIN»
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The first kind of explanation argues that the
amygdala implements as many processes as those
that are directly suggested by the variety of experi-
mental results. According to this view, a subregion
of the amygdala can still be considered as
implementing a fear module, but other parts of the
amygdala subserve processes that can hardly be
explained by the ‘fear module’ hypothesis. On the
basis of fMRI results, Canli and colleagues /29/
suggested the existence of two basic processes
within the amygdaloid structure, According to these
authors, the first process would be engaged con-
sistently across people in response to fearful
expressions and may reflect the importance of
detecting cues to potentially dangerous situations.
The second process would be engaged variably
across people, as a function of extraversion, in
response to happy expressions. It is true that the
amtygdala is composed of different nuclei that play
distinct roles in animal behaviour /34,97/. How-
ever, remarkable results obtained by Barton and
colleagues /17/ in three separate groups of mam-
mals suggested that evolutionary changes in the
volumes of amygdala components are strongly
correlated. This suggests that the amygdala should
be viewed as a structural and a functional unit.
Unfortunately, it is not possible to draw straight-
forward conclusions about the functional special-
isation of the human amygdala nuclei from either
lesion or brain imaging studies. Indeed, fo our
knowledge, no study on patients with a restricted
amygdala nucleus lesion has been reported in the

literature. Moreover, the spatial resolution of brain |

imaging techniques does not allow for a clear
assessment of nuclel functions in human (see /635,
102/,

Another argument that also speaks in favour of
the ‘multi-processes’ explanation is the existence of
the dual route to the amygdala described earlier.
The fact that the amygdala receives projections
from the subcortical and the cortical pathways
suggests that different processes may be engaged
depending on the type of information. Further
experiments that investigate the differential role of
both the colliculo-puivinar-amygdala and the insular-
amygdala pathways (see /70,80/) will help to clarify
the debate about the domain specificity of the
amygdata. However, the theoretical limitation of

this ‘multi-processes’ explanation is that it appears
implausible to explain the variety of results by a
one-to-one matching between each type of result
and each amygdalar nucleus or pathway. Therefore,
at some point, a common process that explains
different classes of results should be proposed.

The second kind of explanation argues that an
extensive analysis of the types of stimuli and tasks
associated with amygdala activation should help
delineate a common computational profile. Whalen
/100/ linked emotion to vigilance by proposing that
the amygdala may be especially involved in
increasing vigilance and attention based on stimul-
us ambiguity. According to this view, ambiguous
stimuli require more information to be gathered in
order for the organism to decide the appropriate
behaviour to engage in. Increased vigilance was
then defined as potentiated neuronal responsiveness
in sensory systems receiving inputs from the
amygdala /34,100,102/. Unlike angry faces, fearful
faces are both negative and ambiguous stimuli
because they signal an increased probability of
threat without providing clear information about its
source. In accordance with Whalen’s proposal,
Yang and colleagues /107/ predicted that facial
expressions other than fear, that might be inter-
preted as ambiguous, should also activate the
amygdala (e.g., when neither the source of sadness
nor happiness is present in facial stimuli). These
authors observed the amygdala activation in
response to happy, angry, sad, and fearful faces
compared to neutral faces and suggested that the
amygdala is implicated in processing biologicaily
relevant stimuli that have some presently unclear
predictive value. Similarly, Wright and colleagues
/106/ observed such an activation by using schem-
atic stimuli. Therefore, although angry faces are not
as ambiguous as fearful faces, they still have the
property to activate the amygdala but do so to a
lesser extent than fearful faces /102/.

The appraisal theories of emotion can enlighten
the contribution of the human amygdala to emotion
processing. The central proposal of these theories is
that the specificity and the differentiation of an
emotion mostly relies upon the cognitive evaluation
of the meaning and the consequences of a relevant
external event, within a specific context and
relationship to one’s own goals. The detection of
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relevance can be considered as the essential phase
of this evaluative process /89/. Substantial evidence
provided by several recent neuroimaging studies,
reviewed in this paper, strongly supports the view
that the computational profile of the amygdala
meets the psychological concept of a relevance
detector. An event is relevant for an organism if it
can significantly influence (positively or negat-
ively) the attainment of his or her goals, the
satisfaction of his or her needs, the maintenance of
his or her own well-being, and the well-being of his
or her species. According to this view, fearful and
angry faces represent relevant information because
they potentially obstruct one’s goal and signal the
presence of a danger for the organism and his or her
con-specifics.

An operational hypothesis can be formulated on

the basis of this proposal. We can hypothesise, for -

example, that the facial expression of anger is more
threatening for the observer if the gaze is directed
1o him/her rather than being averted, since this
could signify the danger of being attacked. In other
words, an angry face is more relevant if the gaze is
directed to the observer than averted. Therefore, an
angry face should elicit greater amygdala activation
in a direct than an averted gaze condition. Simil-
arly, in the case of facial expression of happiness,
we can hypothesize that a soctal message is
probably signalled to the observer by a direct, as
compared to an averted, gaze and should elicit
greater amygdala activation. However, in the case
of the facial expression of fear, a threat event is
more significant to the obsérver when signalied by
an averted, as compared to a direct, gaze since this
might indicate the presence of a threat next to the
observer and should elicit greater amygdala activa-
tion, We also propose that in the fear conditioning
paradigms, the neutral stimulus associated with the
fear event activates the amygdala not because it hay
acquired a frightening meaning, but because it
becomes, as the conditioned stimulus, highly
relevans in signalling the presence of a potential
threat. The result from Winston and colleagues
/104/ showing that the amygdala increased its
activity in response to untrustworthy faces is also
consistent with the ‘relevance hypothesis’. Using a
game-like paradigm, Kahn and coltaborators /54/
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suggested that the amygdala is active both in
appraisal of inherent value of choice and in warning
about prospective negative outcomes. Furthermore,
positive stimuli, such as happy faces, amusement-
inducing and erotic pictures or movies, can also be
relevant because of their intrinsic pleasantness
inviting the organism to engage the event. From
this perspective, some experimental data can be
differently analysed. For example, the Canli and
colleagues /29/ findings discussed above might be
interpreted not as revealing fwo different processes
but as reflecting the relevance of fearful faces.
Perhaps the more extraverted people are, the more
that happy faces are relevant to their goals and
needs. Results showing that the amygdala response
to food-related stitnuli varies according to the
internal state (hungry versus satiated) of particip-
ants /60,66/ is in accordance with this proposal.
Indeed, the relevance wvalue of food increases
significantly whenever participants desire it to
satisfy their needs. Consistently, in animals, the
amygdala responds to rewards such as the taste or
sight of food (see /18,71/).

Social events are also particularly relevant
within primate societies. As a result of the increase
of human social complexity, the amygdala’s domain
of specificity would have been enlarged to include
a broader category of relevant stimuli allowing the
expression of more complex emotional responses
and social skills. As shown by a larpe corpus of
data, social signals, a priori non-emotionally laden,
such as gaze direction, intentions, group adherence,
trustworthiness and facial familiarity, can activate
the amygdala /15,23,38,44,50,56,79,84/.

The experimental evidence reviewed in the
present paper suggests that the appropriate level of
analysis to determine the amygdala’s computational
profile should transcend the so-called “basic emotions’
level, according to which basic emotions (e.g., fear,
anger, sadness, disgust, and happiness) each relies
on specific brain and physiclogical mechanisms.
Indeed, both the brain-damaged and the brain
imaging data suggest that the human amygdala is
involved in the processing of events that are related
to several basic and complex emotions presumably
subserved by a common set of neural subsystems

/88/,
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CONCLUSION

Substantial evidence in non-primate animals has
underlined the crucial role of the amygdala in
processing fearful information. Although originally
shaped by evolutionary contingencies to respond to
specific stimuli, such as fear, to solve a restricted
set of problems, i.e., adopting defensive behaviour,
the primate amygdala may have evolved into a less
specialised system in order to cope with new
environmental problems. In this review, we argued
that a broader theoretical perspective that includes a
larger category of eliciting stimuli can account for
the critical adaptive role of the amygdala. The
debate regarding the functional specificity of the
amygdala is not resolved, but the data from human
studies suggest that the amygdala is concerned with
processing and labelling relevarmt stimuli that
include, but are not restricted to, fear-related
stimuli. Anatomically, the amygdala is ideally
located in the brain to act as a relevance detector.
The large variety of cortical and subcortical pro-
jections to and from the amygdala provide it with
information about the properties of the stimulus as
well as the ongoing goals/needs of the organism.
Although studies from animals have substantially
contributed to our understanding of the amygdala,
the study of emotions through lesion and neuro-
imaging studies in humans has led to additional
findings that have modified the interpretation of the
evolved role of the amygdala in human behaviour.
A better understanding of the computational profile
of the human amygdala will constitute the foun-
dation of an emergent cognitive neuroscience of
appraisal and decision-making.
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