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Abstract Faces convey a multitude of information in
social interaction, among which are trustworthiness and

attractiveness. Humans process and evaluate these two

dimensions very quickly due to their great adaptive
importance. Trustworthiness evaluation is crucial for

modulating behavior toward strangers; attractiveness

evaluation is a crucial factor for mate selection, possibly
providing cues for reproductive success. As both

dimensions rapidly guide social behavior, this study tests
the hypothesis that both judgments may be subserved

by overlapping brain networks. To this end, we conducted

an activation likelihood estimation meta-analysis on 16
functional magnetic resonance imaging studies pertaining

to facial judgments of trustworthiness and attractiveness.

Throughout combined, individual, and conjunction analy-
ses on those two facial judgments, we observed consistent

maxima in the amygdala which corroborates our initial

hypothesis. This finding supports the contemporary para-
digm shift extending the amygdala’s role from dominantly

processing negative emotional stimuli to processing

socially relevant ones. We speculate that the amygdala
filters sensory information with evolutionarily conserved

relevance. Our data suggest that such a role includes not

only ‘‘fight-or-flight’’ decisions but also social behaviors
with longer term pay-off schedules, e.g., trustworthiness

and attractiveness evaluation.

Keywords fMRI ! Meta-analysis ! Attractiveness !
Trustworthiness ! Amygdala

Introduction

The social brain hypothesis states that the emergence of
computationally more powerful brains cannot be explained

solely by the ensuing advantage in solving problems posed

by the physical environment. Rather, the advantage of
being able to form, and successfully cope with, increas-

ingly complex social systems may represent a key factor

driving the evolution of mammalian brains (Dunbar 1998;
Byrne and Whiten 1988; Dunbar and Shultz 2007b). It has

been hypothesized that human ancestors were more likely

to be killed by conspecifics than by individuals of other
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species (Wrangham and Peterson 1996; De Waal 2005;

Öhman 2009). This prompted the hypothesis that being
able to infer the states of mind in members of the own

species to predict forthcoming behavior represented a dis-

tinct evolutionary advantage (Frith and Frith 2010). Darwin
(1872) pioneered the idea that facial expressions of pri-

mates represent biologically evolved adaptations to send-

ing social information. The human facial musculature thus
seems to have coevolved with the corresponding decoding

machinery in the brain and behavioral responses (Dimberg
and Öhman 1996). Hence, being able to efficiently process

socially relevant information is an optimal adaptation to

complex social systems. Indeed, it has been shown that
facial judgments may be processed in less than 100 ms

(Bar et al. 2006; Willis and Todorov 2006).

Trustworthiness and attractiveness in a face convey
particularly pivotal social information. Assessing facial

trustworthiness is decisive because trusting an untrust-

worthy individual could have severe negative conse-
quences, whereas not trusting a trustworthy one means a

missed opportunity for cooperation (Cosmides and Tooby

1992, 2000). Assessing attractiveness is relevant for esti-
mating the reproductive fitness of a potential mating

partner, a critical factor when considering a prospec-

tive long-term commitment (Dunbar and Dunbar 1980;
Pawlowski and Dunbar 1999; Schillaci 2006), which is a

particularly risky and demanding social decision (Dunbar

and Shultz 2007a). Moreover, the fact that humans appear
to have universal standards of facial attractiveness within

and across cultures (Cunningham et al. 1995; Perrett et al.

1994) implies a biologically encoded mechanism rather
than an effect of enculturation (Thornhill and Gangestad

1999).

Mutual trust forms the basis for engagement in coop-
eration which is integral to daily life (Rilling et al. 2002)

and a prerequisite for cultural and social evolution.

Assessing an individual’s trustworthiness might be related
to a broader categorization into ‘good guy/bad guy’

(Todorov 2008), guiding approach versus avoidance

behavior (Chen and Bargh 1999; Cosmides and Tooby
2000). An overestimation of others’ approachability has

been reported in cases of bilateral amygdala (AM) lesion in

monkeys (Aggleton and Passingham 1981; Emery et al.
2001; Amaral 2003) and humans (Adolphs et al. 1998).

Together with hyperorality and hypersexuality, this became

known as the Klüver–Bucy syndrome (Devinsky et al.
2009; Klüver and Bucy 1939). Correlations between facial

trustworthiness and various other facial judgments, e.g.,

how caring, happy or dominant a person is (Todorov et al.
2008b; Adolphs 2002; Todorov and Duchaine 2008),

indicate that trustworthiness judgments may summarize

numerous derived trait inferences. It is highly unlikely,
though, that emotion alone drives the decision on

trustworthiness because the latter social judgment has been

shown to be separable from the effects of facial emotion
(Winston et al. 2002; Adolphs 2002).

Besides trust, attractiveness deeply shapes the way we

behave toward other people. For instance, attractive people
are more likely to receive favorable treatment from others,

earn higher salaries, and are expected to have better per-

sonality traits (Langlois et al. 2000). The ‘attractiveness
halo effect’ describes this advantageous overgeneralization

of beauty to an individual’s personality (Zebrowitz and
Montepare 2008). This may be a consequence of the

Darwinian mate value perceived in attractive humans,

motivating positively biased behavior in social interaction
(Cloutier et al. 2008). In fact, activation in the nucleus

accumbens (NA) was demonstrated in heterosexual males

in response to beautiful female, but not male, faces sug-
gesting a dissociation between the esthetic and (sexual)

reward assessment (Aharon et al. 2001; Franklin and

Adams 2010). In sum, attractiveness evaluation may not be
a subjective judgment of esthetics, such as that regarding

objects, but rather might reflect a purposeful social-

evolutionary adaptation of human behavior and brain
circuits.

It is possible that both trustworthiness and attractiveness

appraisal of others’ faces could be interwoven with the
brain’s reward circuitry, including the NA (Walter et al.

2005). That is, reward mechanisms may not only modulate

behavior toward basic survival needs, such as food and sex,
but also toward salient social cues (cf. Kampe et al. 2001;

Cardinal et al. 2002; Schilbach et al. 2010). Trusting

behavior has been studied in dyadic cooperation using
economic games. This repeatedly showed that activation

in the reward system seems to reflect the social relevance

of encountered cooperators and cooperative interaction
(Rilling et al. 2002; Decety et al. 2004; Singer et al. 2004).

The literature on attractiveness judgments, on the other

hand, directly related the appraisal of attractive faces to
increased reward processing (Aharon et al. 2001; Bray and

O’Doherty 2007; Kranz and Ishai 2006). Therefore, we

expect that a quantitative meta-analysis on trustworthiness
and attractiveness judgments likely reveals the NA as a

point of convergence. Confirming this hypothesis would

provide another argument that the reward circuitry does,
indeed, bridge the investigated two social judgments, and

thus perhaps, also links social judgments on faces with

motivation and behavioral relevance.
Trustworthiness and attractiveness ratings are positively

correlated (Todorov et al. 2008b). That is, attractive people

are likely to be evaluated as trustworthy, and vice versa. As
far as we know, however, no neuroimaging study has

conjointly investigated trustworthiness and attractiveness

judgments yet. Consequently, the present paper tests
whether the reported psychological relation can be
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extended to a neural relation between both judgments by

pooling results of many individual functional magnetic
resonance imaging (fMRI) experiments. The scarcity of

neuroimaging research on other social judgments, such as

intelligence or self-confidence, currently precludes com-
parison with a third complex evaluation. Note that neuro-

logical patient studies recently demonstrated that

trustworthiness and attractiveness judgments may be
selectively impaired by lesions involving the posterior

superior temporal sulcus (pSTS) and fusiform face area,
respectively (Iaria et al. 2008; Todorov and Duchaine

2008). This dissociation in early face processing suggests

that both judgments are to some degree differently imple-
mented on the neuronal level, contrasting the many

similarities.

Based on the evolutionary importance, social impact,
and highly correlated choice preferences, the present study

tested the hypothesis that common brain networks subserve

facial judgments of trustworthiness and attractiveness. To
this end, we conducted contrast and conjunction meta-

analyses according to the activation likelihood estimation

(ALE) algorithm on 16 functional magnetic resonance
imaging (fMRI) studies. The resulting foci of activation

were anatomically localized using probabilistic cytoarchi-

tectonic maps.

Materials and methods

Data used for the meta-analysis

We searched the Pubmed database (http://www.pubmed.

org) for PET and fMRI studies investigating the neural

correlates of evaluating facial trustworthiness and attrac-
tiveness. Both keyword searches (search strings: ‘‘attrac-

tiveness,’’ ‘‘attractive,’’ ‘‘beauty,’’ ‘‘beautiful,’’ ‘‘trust,’’

‘‘trustworthiness,’’ ‘‘PET,’’ ‘‘fMRI’’) and reference tracing
were performed. Inclusion criteria comprised full brain

coverage as well as absence of pharmacological manipu-

lations, brain lesions or mental disorders. Additionally,
studies were only considered if they reported results of

whole-brain group analyses as coordinates corresponding

to a standard reference space (Talairach/Tournoux, MNI).
Accordingly, a number of neuroimaging studies, although

within the thematic scope, were excluded from the present

meta-analysis because of inseparability from unrelated
psychological processes (Kirk et al. 2009), unobtainable

coordinates (Kampe et al. 2001), analyses that were

restricted to a priori defined regions of interest (Pinkham
et al. 2008a, b; Rupp et al. 2009a; Aharon et al. 2001; Iaria

et al. 2008; Ishai 2007; Liang et al. 2010) or lack of suit-

able experiments (Platek et al. 2009; Rupp et al. 2009b;
Tsukiura and Cabeza 2010a, b; Roberts et al. 2008; Smith

et al. 2010). The searches yielded a total of 16 eligible

fMRI studies (7 on trustworthiness; 9 on attractiveness)
with 43 experiments (18 on trustworthiness; 25 on attrac-

tiveness), assessing 390 subjects and reporting 268 foci of

activity.
Experiments were divided into two main categories

‘‘Trustworthiness’’ (144 subjects, 18 experiments, 96 foci)

and ‘‘Attractiveness’’ (246 subjects, 25 experiments, 172
foci). Additionally, all experiments were also divided into

two categories ‘‘Implicit’’ (281 subjects, 18 experiments, 71
foci) and ‘‘Explicit’’ (262 subjects, 25 experiments, 197

foci) independent of the type of judgment to be made. If an

experiment was performed with the subject knowing the
target of investigation (facial judgments of trustworthiness

or attractiveness), the experiment was classified as ‘‘Expli-

cit’’. If, on the other hand, the neurobiological response to
the assessment of those two facial judgments was examined

unknowingly to the subjects, the experiment was classified

as ‘‘Implicit’’. See Table 1 for details.
Our goal was to examine the core network of each

judgment in an unbiased fashion. Therefore, we aimed at

the consideration of heterogeneous experiments, such as
contrasts looking at differently pre-rated stimulus material,

correlations between psychological traits and the BOLD

signal, as well as explicit task-driven and implicit stimulus-
driven experiments.

Methodological foundation of the meta-analysis
algorithm

The reported coordinates were analyzed for topographic
convergence using the revised ALE algorithm for coordi-

nate-based meta-analysis of neuroimaging results (Eickhoff

et al. 2009; Turkeltaub et al. 2002; Laird et al. 2009a). The
goal of coordinate-based meta-analysis of neuroimaging

data is to identify brain areas in which the reported foci of

activation converge across different published experiments.
To this end, the meta-analysis determines if the clustering

is higher than expected under the null distribution of a

random spatial association of results from the considered
experiments while acknowledging the spatial uncertainty

associated with neuroimaging foci.

As the first step, reported foci were interpreted as centers
for 3D Gaussian probability distributions that capture the

spatial uncertainty associated with each focus. This uncer-

tainty is mostly a function of between-subject (due to small
sample sizes) and between-template variance (attributable

to different normalization strategies and templates across

laboratories). Defining this uncertainty was previously
the major drawback of ALE algorithms, since the size of the

modeled Gaussian distribution was set subjectively by the

investigator (Laird et al. 2005). This drawback has been
overcome in the revised implementation of the algorithm,
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based on empirical estimates of between-subject variability

and gauging the between-subject variance by the number of
examined subjects (Eickhoff et al. 2009). The between-

template variance was assessed in an empirical fashion

based on nine common normalization approaches (Eickhoff
et al. 2009) leading to an estimation of uncertainty attrib-

utable to differences in normalization algorithms between

neuroimaging laboratories.
In a second step, the probabilities of all activation foci in

a certain experiment were combined for each voxel,
yielding a modeled activation map (MA map). Voxel-wise

ALE scores resulted from the union across these MA maps

that delineated the convergence across experiments at each
particular location.

The third and last step distinguished between random

and ‘true’ convergence by comparing the ensuing ALE
scores against an empirical null distribution reflecting a

random spatial association between the experiments’ MA

maps. The within-experiment distribution of foci, how-
ever, was regarded to be fixed (Eickhoff et al. 2009; Laird

et al. 2009b). Thus, a random-effects inference was

invoked, focusing on the above-chance convergence
between different experiments (Eickhoff et al. 2009;

Caspers et al. 2010; Kurth et al. 2010). The resulting ALE

scores were tested against the earlier calculated ‘true’
ALE scores and cut-off at a cluster-level-corrected

threshold of p\ 0.05.

Additional conjunction and difference analyses were
conducted to explore how different meta-analyses relate to

each other. Conjunction analyses testing for convergence

between different meta-analyses employed inference by the
minimum statistic, i.e., computing intersection of the

thresholded Z-maps (Caspers et al. 2010). Difference

analyses calculated the difference between corresponding
voxels’ ALE scores for two sets of experiments. Then, the

experiments contributing to either analysis were pooled

and randomly divided into two analogous sets of experi-
ments. Voxel-wise ALE scores for these two sets were

calculated and subtracted from each other. Repeating this

process 10,000 times yielded a null distribution of recorded
differences in ALE scores between two sets of experi-

ments. The ‘true’ difference in ALE scores was then tested

against these differences obtained under the null distribu-
tion yielding voxel-wise p values for the difference. These

resulting non-parametric p values were thresholded at

p\ 0.001.
For cluster level correction, the statistical image of

uncorrected voxel-wise p values was first cut off by the

cluster-forming threshold. Then, the size of the supra-
threshold clusters was compared against a null distribution

of cluster sizes derived from simulating 1,000 datasets with

the same properties (number of foci, uncertainty, etc.) as
the original experiments but random location of foci. The

p value associated with each cluster was then given by the

proportion of clusters arising from randomly generated
pseudo-experiments.

Applying the ALE algorithm to selected studies

To examine the main effect of facial assessment, we

determined brain areas with consistent activation across
all studies on judgments of facial trustworthiness and

facial attractiveness considered together. The judgment-
specific convergence of results from experiments on

trustworthiness or attractiveness, respectively, was sub-

sequently delineated by separate ALE analyses. We then
carried out a conjunction analysis across the results for

trustworthiness and attractiveness judgments to determine

the intersecting neurobiological correlates of both facial
judgments. Finally, to investigate significant differences

in the consistent activity patterns of trustworthiness

judgments and attractiveness judgments, we conducted a
difference analysis with the separate analyses of both

facial judgments. As evidence points to an efficient and

automatic assessment of others’ facial trustworthiness and
facial attractiveness, we were also interested in charac-

terizing brain activity in automatic implicit facial judg-

ments as opposed to facial judgments by explicit demand.
Accordingly, we conducted separate ALE analyses, con-

junction analysis, and difference analyses on the same

experiment pool divided into the Implicit and Explicit
categories. For all results, the significance threshold was

set at p\ 0.05, corrected for multiple comparisons at the

cluster level.
Conducting a valid ALE meta-analysis critically

depends on choosing the appropriate input. As to this

study, for instance, one might object that any maximum
revealed in a brain area related to face processing may just

result from all input experiments employing facial stimuli.

It should be noted, though, that the majority of the incor-
porated contrasts were derived from subtraction between a

target conditions and a high-level control condition, which
excluded a priori the basal activity of the neural face-
processing circuitry (see Table 1 for details). Hence, con-

verging activity should be specifically related to the

assessment of facial trustworthiness and attractiveness
rather than face processing per se.

The anatomical localizations were obtained using the

SPM Anatomy Toolbox (Eickhoff et al. 2005a, 2007). By
means of a maximum probability map (MPM), activations

were assigned to the most likely cytoarchitectonic area.

Those maps are based on earlier studies about cytoarchi-
tecture, intersubject variability as well as quantitatively

defined borders of the areas. The cytoarchitectonic map of

the amygdala (Amunts et al. 2005) is the most important
one for the current analysis.
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Results

ALE analyses on facial judgments of trustworthiness

and attractiveness

Brain activity converging across both trustworthiness and

attractiveness judgments was found (cf. Fig. 1a; Table 2)

in the bilateral amygdala and right NA. Judgments of facial
trustworthiness consistently evoked activation in the right

and left AM, as well as left pSTS (Fig. 1b; Table 2). For

judgments of attractiveness, the analysis revealed con-
verging activation across studies in the right AM, right

OFC, as well as left and right IFG (Fig. 1c; Table 2). The

conjunction analysis across judgments of trustworthiness
and attractiveness revealed an overlap of activity in the

right AM (Fig. 1d; Table 2).

Convergence in the NA was significant for the pooled
experiments of the trustworthiness and attractiveness

group, but not in either group. This indicates that only the

combined foci of both judgments sufficed to survive sta-
tistical correction. Hence, this maximum was due to a

roughly balanced contribution of foci from both experi-

ment groups.
Contrasting the likelihood of activations in experiments

assessing judgments of trustworthiness and attractiveness,

respectively, yielded no significant regional effects
(Table 2). That is, there was no region that was signifi-

cantly more strongly associated with the trustworthiness,
respectively, attractiveness task in the current set of

studies.

ALE analyses on implicit and explicit facial judgments

Please note that the number of considered studies did not
allow us to investigate the implicit and explicit categories

in the individual pools of trustworthiness and attractiveness

experiments. Implicit facial judgments, orthogonal to the
trustworthiness and attractiveness categories, consistently

evoked activation in the right and left AM, as well as right

and left inferior frontal gyrus (IFG) (Table 3). Experiments
pertaining to explicit facial judgments converged likewise

in the right and left AM (Table 3). The conjunction anal-

ysis across implicit and explicit facial judgments revealed
an overlap of activity in the left AM (Table 3). Contrasting

the likelihood of activations in experiments concerning

implicit or explicit facial judgments, respectively, showed
two maxima in the right AM in the Implicit[Explicit

contrast (Table 3). However, no significant regional effect

was found in the Explicit[ Implicit contrast.

Probabilistic anatomical labeling

In all meta-analyses, we observed one consistent maximum

in the amygdala. The maxima of activation from analyses of

the Trustworthiness and Attractiveness categories was
consistently assigned to the cytoarchitectonically defined

(Amunts et al. 2005) superficial nuclei group (SF) of the

amygdala (Fig. 2) using the SPM Anatomy Toolbox
(Eickhoff et al. 2005a). Only the main effect of facial

assessment and the meta-analysis on the attractiveness

experiments showed an additional maximum that was

Fig. 1 Significant meta-
analysis results displayed on the
frontal, left and bottom surface
view of the MNI single subject
template for a the main effect of
facial assessment, b facial
judgments of trustworthiness,
c facial judgments of
attractiveness, and
d conjunction analysis of both
facial judgments
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assigned to the laterobasal nuclei group (LB) of the

amygdala (Table 2). The maxima in the analyses of the
Implicit and Explicit categories were also assigned to nuclei

of the amygdala: LB and SF were identified as

Table 2 Peaks of activations
for the main effect of facial
assessment, analyses on the
‘‘Trustworthiness’’ and
‘‘Attractiveness’’ categories, as
well as conjunction and
difference analyses between
these two categories

All peaks are assigned to the
most probable brain areas as
revealed by the SPM Anatomy
Toolbox (Eickhoff et al. 2005b,
2007; Amunts et al. 2005; Geyer
2004)

Macroanatomical location Cytoarchitectonic location MNI coordinates

x y z

Trustworthiness OR Attractiveness

R amygdala Amygdala (LB, 60%) 26 0 -22

R amygdala Amygdala (SF, 50%) 18 -8 -14

L amygdala Amygdala (SF, 100%) -18 -6 -18

R nucleus accumbens – 10 16 -2

Trustworthiness

R amygdala Amygdala (SF, 50%) 18 -8 -12

L amygdala Amygdala (SF, 100%) -18 -6 -18

L posterior superior temporal sulcus – -54 -34 -4

Attractiveness

R amygdala Amygdala (LB, 60%) 26 0 -22

R amygdala Amygdala (SF, 80%) 20 -6 -16

R medial orbitofrontal cortex – 2 42 -14

R inferior frontal gyrus – 38 28 18

L inferior frontal gyrus – -38 42 -14

Trustworthiness AND Attractiveness

R amygdala Amygdala (SF, 60%) 18 -6 -14

Attractiveness–Trustworthiness

– – – – –

Trustworthiness–Attractiveness

– – – – –

Table 3 Peaks of activations for the analyses on the ‘‘Implicit’’ and
‘‘Explicit’’ categories, as well as conjunction and difference analyses
between these two categories

Macroanatomical
location

Cytoarchitectonic
location

MNI
coordinates

x y z

Implicit

R amygdala Amygdala (LB, 60%) 26 0 -22

L amygdala Amygdala (SF, 100%) -18 -4 -18

R inferior frontal gyrus – 38 28 18

L inferior frontal gyrus – -38 34 16

Explicit

R amygdala Amygdala (SF, 50%) 18 -8 -14

L amygdala Amygdala (SF, 80%) -16 -8 -16

Implicit and Explicit

L amygdala Amygdala (SF, 90%) -16 -6 -18

Implicit–Explicit

R amygdala Amygdala (LB, 50%) 28 2 -26

R amygdala Amygdala (LB, 50%) 24 -2 -20

Explicit–Implicit

– – – – –

All peaks are assigned to the most probable brain areas as revealed by
the SPM Anatomy Toolbox (Eickhoff et al. 2005b, 2007; Amunts
et al. 2005; Amunts et al. 1999)

Fig. 2 One coronal sections through the T1-weighted MNI single
subject template at y = -6 in anatomical MNI space. Using the SPM
Anatomy toolbox, the resulting maxima in the amygdala have been
mapped onto the superficial nuclei group across all analyses of the
Trustworthiness and Attractiveness categories

216 Brain Struct Funct (2011) 215:209–223

123



cytoarchitectonic loci in the separate analysis of the Implicit

category, SF in the separate analysis of the Explicit cate-
gory, SF in the conjunction analysis of the Implicit and

Explicit categories, and LB in the Implicit[Explicit

contrast.
Moreover, foci in the amygdala have been assigned

probabilities between 50 and 100%, which increases the

confidence of convergence in this region in the corre-
sponding meta-analyses.

Discussion

Coordinate-based meta-analysis of functional neuroimag-

ing data has recently emerged as a novel tool to condense

the wealth of published neuroimaging experiments (for
review, see Wager et al. 2007). Using the ALE meta-

analysis approach on experiments related to judgments of

facial trustworthiness and facial attractiveness, we consis-
tently observed a convergence of reported activation foci in

the amygdala across all analyses. This corroborates the

hypothesis that these two socially and evolutionarily
important judgments based on facial aspects may be sub-

served by a common neural substrate. To the best of our

knowledge, this is the first neuroimaging-based integration
of trustworthiness and attractiveness evaluations and also

the first summary of the emerging literature in the field of

social judgments. We provide evidence that the behavioral
correlation of both judgments is related to common neural

correlates.

Judgments of facial trustworthiness

Our meta-analysis of experiments on judgments of facial
trustworthiness yielded overlapping activation in the pSTS

and AM. Activity in the pSTS is well in line with the

putative role of this region in mentalizing about other’s
likely intentions (Fletcher et al. 1995; Gallagher et al. 2000;

Brothers 1990), a key factor governing approach decisions.

On the other hand, the pSTS is also believed to specifically
process unstable facial features, such as emotion (Allison

et al. 2000). In the AM, facial features are apparently

appraised with larger AM activation being evoked the more
extreme (in either direction) a face is ranked on the trust-

worthiness scale, i.e., the higher this trait’s saliency (Said

et al. 2009; Todorov et al. 2008a). Yet, untrustworthy faces
elicit slightly stronger BOLD responses in the AM than

equally trustworthy ones (Adolphs 2002; Winston et al.

2002; Pinkham et al. 2008b). Further, Singer (2004) and
Rilling (2002) reported enhanced activation of the AM and

reward circuitry during exchange with individuals previ-

ously experienced as fair versus unfair. The authors con-
cluded that the social saliency of fair cooperators promotes

mutual cooperation in human societies by inherent reward.

This interpretation is consistent with our results, because
the main effect of facial assessment included activation in

the NA, an important node of the reward circuitry. Thus, the

behavioral consequence of perceiving trustworthy versus
untrustworthy faces appears to be influenced by the NA.

Taken together, we demonstrate that the pSTS, AM, and

NA seem to provide a core network for guiding behavior in
trust and cooperation.

Judgments of facial attractiveness

The analysis of fMRI experiments on attractiveness judg-
ments revealed converging activity in the medial orbito-

frontal cortex (OFC), IFG, and AM. Facial beauty might be

appraised in the OFC area according to reward value. IFG
activation was implicated in semantic aspects of face pro-

cessing (Chatterjee et al. 2009; Ishai et al. 2000, 2002;

Leveroni et al. 2000). Paralleling facial trustworthiness
evaluation, the AM strongly reacts not only to very attrac-

tive faces but also to very unattractive ones (Winston et al.

2007). Taken together, the AM generally responds to both
trustworthiness and attractiveness evaluation processes

leading to a convergence in this region.

The implication of the NA in attractiveness judgments
was strengthened by the main effect of facial assessment.

Neuroimaging research ascribes complex reward functions

to the NA, such as the evaluation of reward expectancy in
social, monetary, or drug rewards (Schultz et al. 1997;

Rademacher et al. 2010; Kampe et al. 2001). However, a

NA response to socially rewarding attractive faces was
found only in some (Cloutier et al. 2008; Aharon et al.

2001; Kampe et al. 2001; Bray and O’Doherty 2007; Kim

et al. 2007) but not all (O’Doherty et al. 2003; Winston
et al. 2007; Chatterjee et al. 2009; Kranz and Ishai 2006)

studies. Taking a broader perspective, overlapping activa-

tion in the NA in trustworthiness and attractiveness judg-
ments, found in the main effect of facial assessment,

suggests a general role of the reward circuitry in social

judgments.

The amygdala in social judgments

The AM,OFC, and temporal poles have early been theorized

to comprise the neural network for social information pro-

cessing (Brothers 1990). The AM expanded significantly in
size during primate evolution (Öhman 2009; Barton and

Aggleton 2000), and consequently has a more complex

anatomical structure than, e.g., the rodent AM (Barton and
Aggleton 2000; Crosby and Humphrey 1944; Stephan et al.

1987; Amaral 2002). This evolvement has been conjectured

to be closely related to the primate’s complex social
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environment (Amaral 2002). Needless to say, ALE meta-

analysis cannot directly test AM’s specialization for infor-
mation with evolutionary salience. However, we would like

to stress that the demonstrated convergence of two complex

social judgments in the AM resonates very well with the
AM’s ensuing critical importance in social decisions mak-

ing, earlier accounts on amygdalar enlargement and the

evolution in the non-human primate societies. Nevertheless,
research on the AM has been strongly driven by the impor-

tance of this structure for emotion processing; especially,
emotionally negative stimuli such as fearful and threatening

faces (Adolphs 1999; Morris et al. 1996; Phan et al. 2002;

LeDoux 2000; Gallese et al. 2004). In contrast, the involve-
ment of theAM in processing positive and appetitive sensory

information, such as trustworthy and attractive faces, has

been exploredmore slowly (Amaral 2002; Bonda et al. 1996;
Schneider et al. 1997).

Although we here concentrate on facial cues given that

most of the included studies used visual stimulation, am-
ygdalar responses are known to extend to non-visual input

modalities. Among others, this includes tastes (O’Doherty

et al. 2001), odorants (Wicker et al. 2003), hearing one’s
own name while asleep (Portas et al. 2000), laughing and

crying sounds (Sander and Scheich 2001), as well as

changing sound intensity (Bach et al. 2008). This is in line
with the AM being involved in relevance detection

regardless of the type of sensory input. Echoing its reaction

to attractive and unattractive faces, the AM also responds
to both pleasant and unpleasant music (Koelsch 2005; Ball

et al. 2007). It thus seems that the AM detects the socio-

emotional value (‘‘beauty’’) of sensory stimuli across visual
and auditory input modalities.

The AM’s laterobasal nuclei group (LB) is probably a

gatekeeper for visual, auditory, gustatory, and somatosen-
sory information (Solano-Castiella et al. 2010). The AM’s

superficial nuclei group (SF), however, was argued to be

closely related to processing social communication
(Goossens et al. 2009). This is supported by the SF’s

involvement in olfaction-based intraspecies communica-

tion in lower non-primate animals (Moreno and Gonzalez
2007). Concurrent with the LB’s role as input channel, we

found this nuclei group to be more active in bottom-up-

driven, i.e. implicit, fMRI experiments. That is, LB acti-
vation was observed in the meta-analysis on implicit but

not on explicit experiments. Additionally, the difference

analysis between these two approaches suggests that the
LB is more implicated in implicit experiments. Moreover,

the specific overlap between trustworthiness and attrac-

tiveness judgments in the SF further attests to the impor-
tance of this part of the AM in deciphering social signals.

The low number of studies focusing on the processing of

positive and social stimuli in the AM might be explained
by the less obvious long-term outcome of some social

decisions (Williams 2006). That is, positive trustworthiness

evaluation encourages direct investment in cooperative
social exchange, although this might amortize only years

later. In a similar vein, the adaptive attractiveness evalua-

tion appears to eventually aim at stable partnerships in
which the work load of maintaining the family will be

distributed fairly due to the partners’ genetic fitness. On the

other hand, negatively valenced traits, untrustworthiness
and unattractiveness, cause a more tangible direct avoid-

ance response without long-term outcomes. We, therefore,
extend earlier accounts on AM function by emphasizing

that the AM might also mediate approach behavior that

tends to only pay off in the long run.

A speculative evolutionary perspective

Disentangling ‘emotional’ and ‘social’ influences on the

human brain and behavior might be so difficult because

these concepts might poorly reflect reality as they overlap
in the goal of obtaining a better grasp of our environment

in order to increase pleasure, reduce pain, survive, and

reproduce (Williams 2006). The AM may potentially be
specialized to identify cues relevant to the human race for

obtaining this goal. This would explain why so many

ostensibly heterogeneous functions such as reward evalu-
ation (Baxter and Murray 2002), conditioning (LaBar et al.

1998), emotion (Phillips et al. 2003), and attention (Whalen

1998) all intersect in this brain area. Consistently, the
AM’s widespread anatomical connections predispose for

these heterogeneous and interwoven functions (LeDoux

2000; Pessoa 2008).
Sander et al. (2003) thus advocated a broader view of

the AM as a general significance detector. Ousdal et al.

(2008) recently proposed that the AM might privilege
sensory information that requires a behavioral response,

in addition to sensory information with general self-

relevance. In this context, it is not surprising that a large
part of the AM’s detector role is devoted to social stimuli

(Goossens et al. 2009), since accumulating evidence sug-

gests social interaction as the prime selection pressure in
primate evolution (Dunbar and Shultz 2007a). In line with

such a paramount role of the AM in complex social

behavior, our results confirm an important role of the AM
in the appraisal of facial (un-)trustworthiness, a basis for

whether or not to engage in cooperation, and of facial (un-)

attractiveness, a basis for more stable pair bonds.
Given the AM’s rich anatomical connections and its

apparent functional omnipresence in the modulation of

social behavior (Adolphs 2010), one could infer that it
facilitates those social behaviors that are most appropriate.

This interpretation would be in keeping with several other

findings. For instance, ratings on facial attractiveness are
consistent across cultures (Cunningham et al. 1995), and
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mean post hoc ratings on facial trustworthiness across an

entire group predict neural activation in the AM more
accurately than individual ratings (Engell et al. 2007).

These findings together with the demonstrated converging

activation across both facial judgments point to an adapta-
tion formed by the advantage in natural selection gained

from judicious social behavior. This would even hold true if

the AM responded solely to the valence in very (un-)trust-
worthy or (un-)attractive faces. Yet, the valence hypothesis

has been repeatedly challenged as a global description of
AM function (Ousdal et al. 2008; Cunningham et al. 2004;

Herry et al. 2007; Bach et al. 2008; Schiller et al. 2009;

Sergerie et al. 2008). For instance, the AM has been shown
to respond to rising but hardly to falling sound intensities

(Bach et al. 2008), questioning the notion that amygdalar

activity is generally triggered by events ‘‘off normalcy’’.

Methodological considerations

Several limitations of our results should be addressed.

Importantly, the amount of studies included in our meta-

analysis was limited, due to the rather recent development
of research on the neurobiology of social judgments on

faces. The majority of included studies were published

since 2007 (see Table 1 for details). Nevertheless, all results
reported here were statistically significant and survived

correction for multiple comparisons at the cluster level.

Meta-analyses, however, are necessarily based on the
available literature and may hence be affected by the

potential publication-bias disfavoring null results (Rosenthal

1979). Furthermore, all neuroimaging studies and conse-
quently meta-analyses thereof may be influenced by inter-

subject variability, e.g., personality traits (Simon et al. 2010),

gender or genotype (Hariri and Holmes 2006). Randomiza-
tion of these factors in sufficiently large samples is rare in

neuroimaging research due to logistical challenges.

Since the ALE meta-analysis approach is based on the
reported peak activations, a large part of spatial informa-

tion necessarily needs to be discarded. Image-based meta-

analysis overcomes this issue but the required full statistic
image data of all eligible experiments are seldom available

(Schilbach et al. 2008). Moreover, results of this method

are in good agreement with coordinate-based meta-analysis
approaches (Salimi-Khorshidi et al. 2009). This suggests

that coordinate-based meta-analysis algorithms such as

ALE are currently the most comprehensive approach for
summarizing neuroimaging findings in a particular field.

Conclusion

Convergent findings across fMRI experiments on judg-
ments of facial trustworthiness and facial attractiveness

were analyzed using ALE meta-analysis. We observed a

maximum of convergence in the AM across all analyses.
We thus demonstrated, probably for the first time, that the

known psychological commonalities of both judgments are

backed up by a conjointly engaged neurobiological sub-
strate, namely the right amygdala. These results also sup-

port the contemporary paradigm shift in the AM literature

extending the conceptualized role of this region from
detecting and evaluating negative to positive stimuli, from

emotional to social stimuli and from specific to behavior-
ally relevant stimuli. We then went on to argue for the

plausibility of this concept of AM function from an evo-

lutionary perspective. Although the AM is traditionally
viewed as a modulator of behavior in short-term fight-or-

flight-like settings, we tentatively extent this account by

suggesting an amygdalar influence on rather long-term
social behavioral tendencies, such as social exchange and

mate choice.
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