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Abstract

B Deciding whether an unfamiliar person is trustworthy is one
of the most important decisions in social environments. We used
functional magnetic resonance imaging to show that the amyg-
dala is involved in implicit evaluations of trustworthiness of faces,
consistent with prior findings. The amygdala response increased
as perceived trustworthiness decreased in a task that did not
demand person evaluation. More importantly, we tested whether
this response is due to an individual’s idiosyncratic perception or

INTRODUCTION

People form person impressions from minimal informa-
tion (e.g., Uleman, Blader, & Todorov, 2005; Todorov &
Uleman, 2002, 2003, 2004; Hassin & Trope, 2000; Ambady,
Hallahan, & Rosenthal, 1995; Carlston, Skowronski, &
Sparks, 1995; Carlston & Skowronski, 1994; Ambady &
Rosenthal, 1992), and faces are a particularly rich source
of social information. One hundred milliseconds of ex-
posure to a neutral face is sufficient for people to make
a variety of trait judgments such as trustworthiness, com-
petence, and aggressiveness (Willis & Todorov, 20006),
and the time exposure can be even shorter for some
of these judgments (Bar, Neta, & Linz, 2006). Trait in-
ferences from faces are important because they often
predetermine the course of social interactions, and be-
havioral research has documented that the effects of
facial appearance on social outcomes are pervasive
(Todorov, Mandisodza, Goren, & Hall, 2005; Langlois
et al., 2000; Zebrowitz, 1999; Montepare & Zebrowitz,
1998; Hamermesh & Biddle, 1994).

Despite the wealth of behavioral data about the signif-
icance of trait impressions from faces, there is little re-
search about the neural mechanisms underlying these
impressions. The large body of cognitive neuroscience re-
search on face perception focuses either on face categori-
zation (e.g., Haxby et al., 2001; Kanwisher, McDermott, &
Chun, 1997; McCarthy, Puce, Gore, & Allison, 1997) and
recognition of facial identity (Hoffman & Haxby, 2000) or
on recognition of expressions of emotions (e.g., Adolphs,
2002; Calder, Lawrence, & Young, 2001; Blair, Morris,
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to face properties that are perceived as untrustworthy across in-
dividuals. The amygdala response was better predicted by con-
sensus ratings of trustworthiness than by an individual’s own
judgments. Individual judgments accounted for little residual var-
iance in the amygdala after controlling for the shared variance
with consensus ratings. These findings suggest that the amygdala
automatically categorizes faces according to face properties com-
monly perceived to signal untrustworthiness. Hl

Frith, Perrett, & Dolan, 1999; Sprengelmeyer, Rausch,
Eysel, & Przuntek, 1998; Lane, Reiman, Ahern, Schwartz,
& Davidson, 1997; Phillips et al., 1997; Morris et al., 1996).
An exception is research on perceptions of trustworthi-
ness. Adolphs, Tranel, and Damasio (1998) showed that pa-
tients with bilateral amygdala damage cannot discriminate
between trustworthy- and untrustworthy-looking faces,
suggesting that the amygdala plays a key role in decisions
of trustworthiness. Consistent with this finding, in a func-
tional magnetic resonance imaging (fMRI) study with nor-
mal individuals, Winston, Strange, O’Doherty, and Dolan
(2002) confirmed the involvement of the amygdala in judg-
ments of trustworthiness. Specifically, the study showed an
increased amygdala response to faces that the participants
subsequently rated as untrustworthy, implying that the
amygdala automatically tracks the trustworthiness of faces.

The amygdala is involved in multiple psychological func-
tions (Phelps & LeDoux, 2005) from learning of fear
responses (e.g., LeDoux, 2000) and consolidation of emo-
tional memories (McGaugh, 2004) to implicit evaluation
of stimuli (Vuilleumier, 2005; Sander, Grafman, & Zalla,
2003) and providing general vigilance functions (Amaral,
2002; Davis & Whalen, 2001; Whalen, 1998). The latter
functional role is entirely consistent with findings suggest-
ing that the amygdala plays a key role in perceptions of
trustworthiness in faces. Deciding whether an unfamiliar
person is trustworthy is one of the most important de-
cisions routinely faced in social environments. Perceived
trustworthiness determines whether to approach or avoid
the person and serves as a gating mechanism for social
interactions. In this study, we sought to replicate the
findings of Winston et al. (2002) using more stringent
fMRI procedures and to explore the determinants of the
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amygdala response to untrustworthy faces. Specifically, we
tested whether this response is due to an individual’s
idiosyncratic perception or to face properties that are per-
ceived as untrustworthy across individuals.

In Adolphs et al. (1998), faces were categorized as
trustworthy and untrustworthy based on ratings of trust-
worthiness averaged across normal individuals (consen-
sus ratings). In the study by Winston et al. (2002), the
neural response to faces was modeled as a function of
idiosyncratic judgments of trustworthiness collected after
the fMRI session. This distinction is important because
consensus trait ratings of faces reflect properties of the
face stimuli that signal untrustworthiness across individ-
uals. Individual judgments, on the other hand, reflect
both face properties commonly perceived to signal un-
trustworthiness (consensus contributions to judgments)
and face properties that signal untrustworthiness to the
specific individual (idiosyncratic contributions to judg-
ments). Psychometric studies of trait judgments from
faces show that these judgments contain both shared
variance with other judges and variance unique to the
individual judge (Honekopp, 2006). The amygdala can
respond to face properties that signal untrustworthiness
to the specific individual, as reflected in their judgments
of trustworthiness (Winston et al., 2002), or to face prop-
erties that signal untrustworthiness across individuals, as
reflected in aggregated ratings of trustworthiness.

Although individual judgments of trustworthiness are
correlated, there is large individual variation. We con-
ducted a study, described in detail below, in which 129
participants rated a standardized set of neutral faces
(Karolinska Directed Emotional Faces set; Lundqyvist,
Flykt, & Ohman, 1998) on trustworthiness. The average
correlation between individual judgments and the mean
for the remaining individuals was .52. Thus, consensus
ratings of trustworthiness aggregated across individuals
accounted for 27% of the variance of individual judg-
ments. If the amygdala responds to face properties that
signal untrustworthiness across individuals, consensus
ratings of trustworthiness should predict the amygdala
response to novel faces in individuals better than their
own judgments. In other words, individual judgments
should predict amygdala activity only to the extent that
they share variance with consensus ratings.

The first goal of the current fMRI experiment was to
investigate what better predicts an individual’s amygdala
response to novel faces: the individual’s own judgments
of trustworthiness or consensus ratings of trustworthi-
ness (i.e., the average rating of many individuals). In
addition to the main fMRI study, we conducted two
behavioral experiments. In the first, we established the
consensus ratings of trustworthiness of the faces used in
the fMRI study and demonstrated that consensus esti-
mates are robust with respect to the number of raters. In
the second, we showed that there is reliable variance in
individual judgments of trustworthiness that can be at-
tributed to idiosyncratic face perceptions.

The second goal of the fMRI experiment was to provide
a conceptual replication of the findings of Winston et al.
(2002), demonstrating more conclusively that the amyg-
dala automatically tracks the trustworthiness of novel
faces. In their study, participants viewed faces and were
instructed to either attend to the age or the trustworthi-
ness of the displayed face. These two trial types were
presented in different blocks and allowed the authors to
compare the amygdala response to implicit (age trials)
and explicit (trustworthiness trials) trustworthiness judg-
ments. They found that the amygdala tracks the trust-
worthiness of faces even when the perceiver is not
engaged in explicit trustworthiness judgments. However,
it is possible that the original finding was due to the par-
ticipants attending to trustworthiness even when in-
structed to attend to age. That is, once participants
were instructed to make explicit trustworthiness judg-
ments, they might have been unable to ignore this goal
during the implicit (age) trials, consistent with behavioral
experiments showing that goals can be easily primed
(Gollwitzer & Bargh, 2005). Given the counterbalancing
of the blocks across participants, implicit trials followed
explicit trials for half of the participants. Collapsing across
the latter implicit trials and the “pure” implicit trials (age
trials presented before trustworthiness trials) might have
overestimated the role of the amygdala in implicit judg-
ments of trustworthiness. The current design did not in-
clude any explicit trustworthiness judgments until after
the fMRI session had concluded.

In the current fMRI study, participants (different from
those in the behavioral experiments) viewed the faces
rated in the first behavioral study. Because we were
interested in implicit decisions of trustworthiness, par-
ticipants were told that the study was about face mem-
ory. Specifically, they were presented with blocks of
novel faces and asked whether a subsequently presented
test face was presented in the block (Figure 1). Thus, the
fMRI task did not demand any person evaluation. Fol-
lowing Winston et al. (2002), individual judgments of
trustworthiness were collected by having participants
rate the faces after the completion of the fMRI scanning
session.

METHODS
Behavioral Studies
Subjects

One hundred twenty-nine undergraduate students from
Princeton University participated in the first study for
partial course credit. Another 15 undergraduate stu-
dents participated in the second study.

Stimuli

Pictures were taken from the Karolinska Directed Emo-
tional Faces set (Lundgqvist et al., 1998). This database
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Figure 1. An example of a
stimulus presentation block.
Each block comprised a series
of 11 faces presented for

1 sec each. The interstimulus
interval was randomly chosen
(see Methods for parameters).
A red fixation cross appeared
following the presentation of
the 11th face. At 52 sec from
the start of the block, the red
fixation cross was replaced
with a 1-sec presentation of
the “test face.” Each block
concluded with a 12-sec

1 Block = 53 sec

Test Face

presentation of a fixation cross.

consists of 70 photographs of amateur actors, 35 women
and 35 men, between 20 and 30 years of age. In the
pictures, all actors wore gray T-shirts and had no beards,
mustaches, earrings or eyeglasses, or visible make-up.
We used frontal head-shot photographs of individuals
with neutral expressions and a direct gaze (see Figure 1
for examples). Of the 70 photographs, two photographs
of men were excluded due to poor lighting quality.
For the experiments, we also excluded two photographs
of women in order to have an equal number of male
and female photographs. The remaining 66 photographs
were used in the behavioral studies and in the fMRI
study.

We further conducted a validation study to establish
that the faces were perceived as neutral and not as
expressing emotions. Each face was categorized by 15
participants into one of seven mutually exclusive cate-
gories (angry, fearful, disgusted, neutral, surprised, hap-
py, and sad). In addition to the neutral expressions used
in the behavioral studies and the fMRI study, the valida-
tion study included the same faces expressing the six ba-
sic emotions (angry, fearful, disgusted, surprised, happy,
and sad). Thus, there were 462 trials (66 faces x 7 ex-
pressions: angry, fearful, disgusted, neutral, surprised,
happy, and sad). For each face, participants were asked
to decide among the seven categories. The study be-
gan with a demonstration of different facial expressions
and seven practice trials. The order of trials was ran-
domized for each participant. The interstimulus interval
was 1 sec.

All of the faces used in the behavioral and fMRI studies
were perceived as neutral. On average, each face was
categorized as neutral 95.05% (SD = 8). Thus, catego-
rizations of the faces as expressing emotions accounted
for less than 5% of the responses. The correct categori-
zation was significantly higher than the chance expec-
tation of 14% (1 out of 7 responses), #(65) = 97.56,
p < .001, and all of the misclassification errors (e.g., a
neutral face categorized as sad) were significantly lower
than chance, ts > 17.22, ps < .001. It should also be
noted that none of the six possible misclassification
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errors correlated with the consensus ratings of trustwor-
thiness. For example, it was not the case that neutral
faces that were categorized as angry were judged as less
trustworthy.

Procedures for Trait Judgments Studies

In both studies, participants were told that the study
was about first impressions and that there is no right
or wrong answer. They were encouraged to rely on their
“gut feeling” and to work as quickly as possible. The
order of the faces was randomized for each partici-
pant. Each face was presented at the center of the
screen with a question above the photograph “How
trustworthy is this person?” and a response scale be-
low the photograph. The response scale ranged from
1 (not at all) to 9 (extremely). The face was presented
on the screen until the participant’s response. The next
trial was presented after 1 sec. The average of the trust-
worthiness judgments (‘“‘consensus ratings”) from the
first study was used to weight the regressors in the fMRI
analysis.

In the second study, participants rated the faces twice
in two different blocks in order to estimate test-retest
reliability for individual participants and the variance
that can be attributed to idiosyncratic face perceptions.
The order of the faces was randomized within each
block and participants were asked to judge an unrelated
set of faces on a different trait dimension between the
two trustworthiness blocks to reduce the likelihood that
they would be responding by memory in the second
trustworthiness block.

fMRI Study
Subjects

Sixteen participants (5 women, mean age = 22.4 years),
different from the participants in the behavioral stud-
ies, were recruited from the community in and around
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Princeton University. The participants were all right-
handed and had normal or corrected-to-normal vision.
All participants gave informed consent prior to the ex-
periment and were fully debriefed at its completion in
accordance with the policies of Princeton University’s
Institutional Review Panel.

JMRI Task

Participants were told that the study was about face
memory. The task consisted of two data acquisition
runs. Each run contained six blocks of 11 face images
presented in random order. These were the 66 faces
used in the first behavior study. The order of the faces
was randomized for each participant. The faces were
projected onto a screen at the rear of the bore of the
magnet. Subjects viewed these images via an angled
mirror attached to the radio-frequency coil and placed
above their eyes. All runs began with a 12-sec presenta-
tion of a fixation cross. Within a block (see Figure 1),
each of the 11 faces was presented for 1 sec in a jittered
event-related fashion. Each interstimulus interval (ISI)
was randomly chosen from an exponential distribution
with target mean ISI = 3.5 sec and a minimum ISI =
1.5 sec. At the conclusion of each block, a red fixation
cross appeared on a white screen until a predetermined
time point (52 sec from the beginning of the block), at
which time another face (the test face) was presented
for 1 sec. The participant’s task was to report whether
the identity of the test face was the same as any of the
faces in that block. Each of the six blocks was separated
by a 12-sec rest period in order to allow hemodynamic
activity to return to baseline levels.

Bebavioral Task

After subjects were removed from the scanner, they
were shown each of the 66 faces and asked to rate each
face on trustworthiness using a Likert scale. These “in-
dividual judgments” were used to weight the regressors
in the fMRI analysis.

Image Acquisition

The blood oxygenation level-dependent signal was used
as a measure of neural activation. Echo-planar im-
ages were acquired with a Siemens 3.0-T Allegra head-
dedicated scanner (Siemens, Erlangen, Germany) with
a standard “‘bird-cage” head coil (TR = 2000 msec, TE =
30 msec, flip angle = 90°, matrix size = 64 x 64). Near
whole-brain coverage was achieved with 33 interleaved
3-mm axial slices. At the beginning of each scan session,
a high-resolution anatomical image (T1-MPRAGE, TR =
2500 msec, TE = 4.3 mseg, flip angle = 8°, matrix size =
256 x 256) was acquired for use in registering activity

to each subject’s anatomy and for spatially normalizing
data across subjects.

Image Analysis

One subject was excluded from the analysis due to
excessive head motion. Data were analyzed with analy-
sis of functional neuroimages (AFNI) (Cox, 1996) using
standard preprocessing procedures. Subject motion was
corrected using a six-parameter 3-D motion-correction
algorithm following slice scan-time correction. The data
were low-pass filtered with a frequency cutoff of 0.1 Hz
subsequent to spatial smoothing with a 6-mm full width
at half minimum Gaussian kernel. Finally, the signal was
normalized to percent signal change from the mean.

For statistical analysis, each stimulus time series was
convolved with a hemodynamic response function to
create a regressor for face perception. This regressor
controlled for general response to faces relative to the
baseline. In order to test for event-dependent responses,
a second regressor was created that scaled the predicted
response by the individual or consensus rating for each
face. That is, the first regressor estimated the mean
response to all faces, whereas the second regressor
estimated how the response to each face was modulated
by trustworthiness. In addition, regressors of noninter-
est were included in the multiple regression model to
factor out variance associated with mean, linear, and
quadratic trends in each run as well as subject head mo-
tion. The nine-parameter landmark method of Talairach
and Tournoux (1988) was used to spatially normalize
the activation maps across subjects. An independent-
samples ¢ test was performed on the coefficients sup-
plied by the multiple regression analysis for each subject
to test the significance of coefficients across all subjects.
We used the AlphaSim program included in AFNI in
order to correct for multiple comparisons. A minimum
cluster size of 162 mm? to achieve corrected significance
of p < .05 was determined by a Monte Carlo simulation
within our region of interest (bilateral amygdala), with a
voxelwise threshold of p < .01.

The initial analysis comprised two independent re-
gression models. In the first model, the neural response
to faces was modeled as a function of the individual
trustworthiness judgments of these faces. In the sec-
ond model, the neural response was modeled as a func-
tion of the consensus ratings of trustworthiness. In
the subsequent analysis, we first removed the effect of
consensus ratings on individual judgments. Specifically,
for each subject, we regressed their judgments on
consensus ratings and used the regression residuals as
a measure of “idiosyncratic judgments” of trustwor-
thiness. Then, we modeled the neural response as a
function of both consensus ratings and idiosyncratic
judgments. It should be noted that these two regressors
were completely uncorrelated. This regression model
yielded coefficients for the linear trends of both consen-
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sus ratings and idiosyncratic judgments. These coeffi-
cients represented the modulation of the signal relative
to the mean response to faces within each voxel. Our
criteria for regions showing significant linear modulation
were cluster size >270 mm® or 10 functional voxels and
p < .005 (uncorrected).

Finally, to compare the strength of the coefficients, we
conducted a region-of-interest analysis. For each subject,
we computed the average coefficients for the consen-
sus ratings and for the idiosyncratic judgments across
all voxels within an anatomically defined mask of the
amygdala. The amygdala mask was defined separately for
each subject by tracing the perimeter of the amygdala as
seen on coronal slices. The anterior border was defined
as the slice in which the gray matter of the amygdala was
no longer clearly distinguishable from the uncus. From
the anterior border, the mask extended posteriorly
below the optic tract and above the hippocampus until
the amygdala was no longer distinguishable from the
hippocampus. After defining the masks for each subject,
they were transformed into Talairach space in order to
report the spatial coverage. Each amygdala extended
on average in the anterior—posterior plane from y =
0.4 (SD = 1.8) toy = 10.4 (SD = 1.1), in the superior—
inferior plane from z = —5.8 (SD = 1.3) to z = —23.5
(SD = 1.8), and laterally from x = =9.5 (§SD = 1.8) to
x = *x31.8 (SD = 2.1).

These coefficients were submitted to a 2 (predictor:
consensus ratings vs. idiosyncratic judgments) x 2 (lat-
erality: left vs. right amygdala) analysis of variance.

RESULTS
Behavioral Data
Study 1

The average (consensus) ratings of trustworthiness were
highly reliable (Cronbach’s a = .98). The high reliability
is not surprising given the large number of raters (n =
129). However, the consensus ratings were robust with
respect to the number of raters. To estimate this ro-
bustness, we did a bootstrapping simulation with sample
sizes of 10, 20, and 30 raters. From the 129 raters, we
randomly drew 10 samples for each of the respective
sample sizes. Then, for each sample, we correlated the
mean judgments (sample consensus) with the mean for
all raters (consensus). The average correlations were .91
(SD = .02) for a sample of 10 raters, .95 (SD = .01) for a
sample of 20 raters, and .97 (SD = .006) for a sample of
30 raters. Thus, very few raters are needed to obtain a
reliable estimate of consensus ratings of trustworthiness.

Although the consensus ratings were highly reliable,
there was a large individual variation. To estimate the
shared variance between consensus ratings and individ-
ual judgments, for each participant we computed the
correlation between their judgments and the mean of
the judgments of the remaining participants. Then, we
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computed the mean and standard deviation (SD) for the
129 correlations. The mean correlation was .52 and the
SD was .18. Thus, consensus ratings of trustworthiness
aggregated across individuals accounted for 27% of the
variance of individual judgments. As in the case of the
stability of consensus ratings, data simulations showed
that the correlations between individual judgments and
consensus ratings were robust with respect to the num-
ber of raters needed to estimate the consensus. First,
we randomly divided the sample of 129 raters into two
groups of 15 and 114 raters, respectively. We used the
judgments of the 15 raters (this was the sample size for
the fMRI study) to estimate the average correlation
between individual judgments and consensus ratings.
From the remaining raters, we randomly drew 10 sam-
ples for each of the sample sizes of 10, 20, and 30 raters
to estimate the consensus. The average correlations be-
tween individual judgments and consensus ratings were
47 (SD = .02) for a sample of 10 raters, .50 (SD = .01)
for a sample of 20 raters, and .51 (SD = .02) for a sample
of 30 raters.

Study 2

Although there is prior evidence that individual trait
judgments from faces reflect both meaningful idiosyn-
cratic and consensus contributions (Honekopp, 2000),
we conducted a behavioral study, using the same analyt-
ic procedures as in the fMRI study, to estimate whether
the variance attributed to idiosyncratic components is
meaningful. The average correlation between the indi-
vidual judgments at Time 1 and Time 2 was .49 (SD =
.14). The average correlation between the trustwor-
thiness judgments at Time 1 and the consensus ratings
was .47 (SD = .11). More importantly, the correlation
between the consensus ratings and the individual judg-
ments at Time 2 was .51 (SD = .14). Thus, consensus
ratings were as strong predictor of individual judgments
at Time 2 as the individual judgments at Time 1. Because
individual judgments share variance with consensus
ratings, we removed the effect of consensus on individ-
ual judgments (at both Time 1 and Time 2) in regression
analyses conducted for each rater. We used the residuals
of these analyses as a measure of the idiosyncratic con-
tributions to individual judgments. The residuals at Time
1 predicted the residuals at Time 2, suggesting that idio-
syncratic contributions to individual judgments reflect
reliable variance attributable to the individual rather
than to measurement error only. The correlations be-
tween residuals at Time 1 and residuals at Time 2 were
positive for all 15 raters, and the average correlation
(r = .32, SD = .13) was significantly higher than zero,
t(14) = 8.76, p < .001, although smaller than the cor-
relations between consensus and judgments at Time 2,
t(14) = 4.61, p < .001, and judgments at Time 1 and
judgments at time 2 including the effect of consen-
sus, £(14) = 9.32, p < .001. (For all significance tests
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involving correlations, we used the Fisher z transforma-
tions of the raw correlations.)

JMRI Participants

The reliability of the judgments of trustworthiness of the
15 fMRI participants was high (Cronbach’s a = .81). The
correlations between the judgments of individual partic-
ipants and the consensus ratings from the first behav-
ioral study ranged from .26, p < .036 to .66, p < .001,
with an average correlation of .46 (SD = .12). These
correlations were comparable to the correlations from
the behavioral study.

fMRI Data

In two separate regression analyses, the amygdala re-
sponse was modeled as a linear function of individual
judgments and of consensus ratings. As shown in Figure 2,
the consensus ratings predicted a linear response in the
left and right amygdala (p < .005, uncorrected; p < .05
corrected within region of interest). The amygdala re-
sponse increased as the consensus ratings of trustworthi-
ness decreased in both regions (Figure 3).

Replicating Winston et al. (2002), as shown in Figure 4B,
the individual judgments predicted a linear response in
the left amygdala (p < .01, uncorrected for multiple com-
parisons). The amygdala response to novel faces increased
as the subjectively judged trustworthiness decreased.
Although both individual judgments and consensus rat-
ings predicted the linear trend, the area predicted by the
consensus judgments was larger and statistically more ro-
bust, as can be seen in the comparison of Figure 4B and
C. The slice used for Figure 4 is posterior to the maxi-
mum activation for the consensus ratings (Figure 2 and
Table 1), but this was the slice on which we can depict
both the activations for consensus ratings and individual
judgments.

® Right amygdala
——Linear trend (Right amygdala)

m Left amygdala
—— Linear trend (Left amygdala)

1 -
0.9 1
0.8
0.7 A
0.6 1
0.5 1
0.4
0.3 1
0.2 1
0.1

0

=0.1+
-0.2-

Signal change (%)

5.99

Mean trustworthiness

Figure 3. Blood oxygenated level-dependent response (% signal
change) in voxels in the amygdala showing a significant linear
trend as a function of consensus ratings of trustworthiness of novel
faces. To extract percent signal change, faces were divided into six
categories of 11 faces according to their perceived trustworthiness.
For example, the mean for the 11 least trustworthy faces was 3.05
(SD = .45) and the mean for the 11 most trustworthy faces was
5.99 (SD = .21) on a scale ranging from 1 (untrustworthy) to 9
(trustworthy).

As demonstrated above, individual judgments corre-
lated with consensus ratings. To test whether the effect
of individual judgments can be accounted for by their
shared variance with consensus ratings, we removed the
effect of consensus ratings from the individual judg-
ments in a regression analysis. The residuals of this
analysis are a measure of idiosyncratic perceptions of
trustworthiness uncorrelated with consensus ratings.
Modeling the amygdala response as a linear function
of these idiosyncratic judgments revealed a negligible
cluster of voxels in the left amygdala (p < .01, uncor-
rected for multiple comparisons; Figure 4D).

Figure 2. Implicit amygdala
response as a function

of consensus ratings of
trustworthiness. The results
of a ¢ test performed on the
coefficients of the linear trend
regressors yielded by the
regression analysis on the
individual data from each of
15 subjects for the consensus
ratings of trustworthiness.
Activity is overlaid on slices of a
standardized brain containing
the peak response for the

(A) left amygdala and for the

(B) right amygdala. The activity
extends into the medial
temporal lobe including the
parahippocampal gyrus and
the uncus.
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Figure 4. Implicit amygdala
response as a function of
perceived trustworthiness of
faces. The results of a ¢ test
performed on the coefficients
of the linear trend regressors
yielded by the regression
analysis on the individual
data from each of 15 subjects.
(A) Amygdala region of a
standardized brain. Areas

in the amygdala showing a
significant linear change as

a function of (B) individual
judgments of trustworthiness

of novel faces, (C) consensus
ratings of trustworthiness,
and (D) individual judgments
of trustworthiness after
removing shared variance
with consensus ratings.

To test whether the regression coefficients for the
linear trend are significantly different, we conducted a
region-of-interest analysis on all voxels in the amygdala
that showed a linear trend at p < .05 for either the
consensus ratings or the idiosyncratic judgments. We
compared across subjects the average coefficients in a 2
(predictor: consensus vs. idiosyncratic) x 2 (laterality:

left vs. right amygdala) analysis of variance. This analysis
showed that the consensus ratings coefficients (M =
—0.10, SO = 0.04) were significantly larger than the
idiosyncratic judgments coefficients (M = —0.06, SD =
0.06), F(1, 28) = 9.04, p = .006; other Fs < 1. Because
there were more significant voxels for the linear trend of
consensus ratings, the above test biases the analysis in

Table 1. Regions Showing Significant Linear Modulation Correlated with Consensus Ratings and Idiosyncratic Judgments

t Value

Cluster Size (mm’) kY y z

Regions showing significant linear modulation correlated with consensus ratings

Right amygdala® 6.83*
Left amygdala® 4.93%
Right parahippocampal gyrus 6.13*
Left parahippocampal gyrus 6.22%
Left uncus/parahippocampal gyrus 5.69%
Right middle temporal gyrus 4.94%*
Left inferior temporal gyrus 4.76%
Right middle occipital gyrus 5.08%*
Left middle occipital gyrus 6.00%*
Left middle occipital gyrus 5.25%
Right cuneus 4.72%

794 24 -1 —18
595 —-16 =5 —19
831 27 —28 —15
875 —36 —25 —15
1182 =30 1 =25
807 54 —67 2
355 —52 —65 -9
554 35 —87 b)
2514 -29 —84 2
308 44 —70 -6
277 11 —94 22

Regions showing significant linear modulation correlated with idiosyncratic judgments

Left middle frontal gyrus 4.74% 307 —43 54 10

Results are from the multiple regression model with both consensus and idiosyncratic predictors in the model ( p = .005, cluster size > 270 mm® or
10 functional voxels). The coordinates of the voxel with maximum # value are reported in Talairach space.

“This activation extended into the right uncus (full volume = 1677 mm?).
PThis activation extended into the left uncus (full volume = 858 mm?).

*» < .001.
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favor of these ratings. In order to remove this bias, we
conducted the same analysis on all voxels in the amyg-
dala. Although the average regression coefficients were
substantially reduced, the difference between the coef-
ficients for the consensus and idiosyncratic judgments
M = —0.05, SD = 0.03 vs. M = —0.03, SD = 0.03,
respectively) remained practically the same, F(1, 28) =
9.62, p = .004; other Fs < 1.

Table 1 lists all brain regions showing a significant
linear trend from the regression analysis using both
consensus ratings and idiosyncratic perceptions as pre-
dictors of neural activity. In addition to the observed
significant linear trend in the amygdala, consensus ratings
predicted a linear trend in a number of other regions
in the occipital visual cortex, the temporal cortex, and
parahippocampal areas. In all cases, the neural response
to faces increased as their trustworthiness decreased. In
contrast, the idiosyncratic judgments predicted activity
only in the frontal cortex. There were no clusters that met
our criteria for significance in the amygdala for the
idiosyncratic regressor. However, at p = .01, this regres-
sor yielded a 7 mm?® cluster in the left amygdala. At this
threshold, the idiosyncratic judgments also predicted ac-
tivity in the left temporal pole (219 mm® cluster).

DISCUSSION

Important social decisions can be made without delib-
eration, without intention to make the decision, and
in contexts not requiring the decision (Hassin, Uleman,
& Bargh, 2005; Bargh & Chartland, 1999). Judgments of
trustworthiness are formed after as little as 100 msec
exposure to a novel face (Willis & Todorov, 20006), char-
acterizing these judgments as fast, unreflective, effort-
less “system 1’ processes in contrast to slow, deliberate,
effortful “system 2"’ processes (Willis & Todorov, 2006;
Todorov et al., 2005; Kahneman, 2003). Consistent with
this research and replicating previous work (Winston
et al., 2002), our findings suggest that the amygdala
automatically tracks the trustworthiness of novel faces.
The amygdala response to faces increased as their trust-
worthiness decreased despite the fact that all faces dis-
played neutral expressions and participants engaged in
a memory task that did not require person evaluation.
These findings are consistent with the notion that the
amygdala is involved in rapid assessments of trustwor-
thiness that serve to bias attention (e.g., Vuilleumier,
2005; Anderson & Phelps, 2001) or approach/avoidance
behavior.

The amygdala is particularly sensitive to visual facial in-
formation (Adolphs & Tranel, 2003). Bilateral amygdala
damage patients show impairments in discrimination of
facial expressions of emotions but not in discrimination
of verbal descriptions of emotions (Anderson & Phelps,
2000; Adolphs, Tranel, Damasio, & Damasio, 1995) and,
in fact, facial information can interfere with their judg-

ments of the meaning of social interactions in complex
scenes (Adolphs & Tranel, 2003). Similarly, although the
amygdala is activated by the trustworthiness of faces
as shown here, it is not activated by descriptions of per-
sons as “‘immoral” or untrustworthy (Delgado, Frank, &
Phelps, 2005). However, in the case of trait judgments
from faces, it is not clear to what face properties the
amygdala is responding. In contrast to facial expressions
of emotions that can be characterized by specific con-
figurations of facial features (Ekman, 1982), trait judg-
ments are not well characterized and there is large
individual variation. Such judgments comprise both con-
sensus and idiosyncratic components (Honekopp, 2006),
and the amygdala response can, therefore, be due to
either an individual’s idiosyncratic perception, face
properties that are perceived as untrustworthy across
individuals, or a combination of the two. We showed
that the amygdala response is better predicted by con-
sensus ratings of trustworthiness averaged across many
individuals than by the participants’ own judgments of
trustworthiness. The analysis, in which consensus rat-
ings and idiosyncratic judgments were used to predict
amygdala activity, showed that individual judgments of
trustworthiness account for little residual variance in the
amygdala after controlling for the shared variance with
consensus ratings.

Clearly, consensus ratings are a better predictor of
amygdala activity than individual judgments (Figure 4).
One possible explanation for this result is that individual
judgments consist of meaningful variance shared with
other raters and measurement error. However, this ex-
planation is inconsistent with prior findings (Honekopp,
2006) and the findings of our second behavioral study. In
this study, we showed that idiosyncratic face perceptions
contribute meaningful variance to individual judgments in
addition to variance shared with other raters. At the same
time, these idiosyncratic contributions were smaller than
the consensus contributions. The latter finding suggests
that increasing statistical power would facilitate the iden-
tification of neural correlates of idiosyncratic perceptions
of trustworthiness. Future studies would need larger
samples and multiple trustworthiness judgments for each
participant. Collecting multiple judgments of the same
faces from fMRI participants would lead to more reliable
estimates of their idiosyncratic perceptions. For example,
in the current study, the measures of idiosyncratic per-
ceptions also contained error variance. Future investiga-
tions can estimate this error by asking participants to
provide repeated judgments of the faces.

Consensus in judgments reflects properties of the
stimulus, rather than idiosyncratic perception of the
judge, and these findings suggest that the amygdala
automatically codes face properties that signal untrust-
worthiness across individuals in a process akin to the
amygdala response to emotional faces (Adolphs, 2002;
Morris et al., 1996). Ultimately, it should be possible to
specify the physical characteristics of the face that
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trigger perceptions of untrustworthiness. However, in
the absence of formal representational models of social
attributes of faces specifying how faces should be mea-
sured, this would be a difficult task. In fact, research on
facial attractiveness suggests that behavioral ratings of
face averageness and face symmetry, attributes that are
much more easily specified than trait judgments, system-
atically covary with attractiveness and show higher valid-
ity in predicting attractiveness judgments than physical
measures of face averageness and symmetry (Rhodes,
2006). Given that consensus estimates are robust with
respect to the number of judges, as shown in our first
behavioral study, behavioral ratings of different trait at-
tributes can be used to search for neural correlates of
these attributes even though we currently lack sufficient
understanding of the physical properties of the face that
give rise to particular trait inferences.

Our findings are consistent with the notion that the
amygdala is involved in the initial automatic assessments
of trustworthiness based on facial features, but that
other neural systems, which are more closely linked
to idiosyncratic perception, modulate the amygdala’s
influence on behavior. The feasibility of such a role
for the amygdala is supported by evidence that it is
engaged in processing of fearful faces when these
faces are unattended (Vuilleumier, Richardson, Armony,
Driver, & Dolan, 2004; Williams, Morris, McGlone,
Abbott, & Mattingley, 2004; Vuilleumier, Armony, Driver,
& Dolan, 2001; but see Pessoa, McKenna, Gutierrez,
& Underleider, 2002), when the faces are presented
at rates which prevent explicit individual judgments
(Whalen et al., 1998, 2004; but see Pessoa, Japee, Sturman,
& Underleider, 2006), and when the faces are sup-
pressed from conscious perception in a binocular ri-
valry procedure (Pasley, Mayes, & Schultz, 2004; Williams
et al., 2004).

This leads to the interesting possibility that the amyg-
dala response to untrustworthy faces can be dissociated
from individual judgments of trustworthiness and, per-
haps, overt behavior. This possibility is consistent with
research in social psychology showing that implicit and
explicit social judgments can be dissociated (Greenwald
& Banaji, 1995). For example, implicit prejudice re-
sponses (not consciously endorsed by the person) cor-
relate with differences between the amygdala responses
to Black and White faces (Phelps et al., 2000), and at-
tempts to control implicit responses correlate with ac-
tivity in frontal regions (Cunningham et al., 2004). At the
same time, there are differences between trait judg-
ments from Caucasian faces as in the present research
and responses to faces of members of stereotyped out-
groups. Whereas in the latter case there can be a clear
cognitive conflict between implicit and explicit re-
sponses, in the former case there are no reasons for
such a conflict to be present.

An important goal for future research is to identify the
network of regions implicated in idiosyncratic judg-
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ments of trustworthiness. For example, in our study,
these judgments predicted activity in the lateral frontal
cortex (Table 1). At a lower significance threshold of
p = .01, these judgments also predicted activity in the
left temporal pole, a region that is involved in face
recognition and retrieval of biographical information
(Gallagher & Frith, 2003; Nakamura & Kubota, 1996).
To the extent that idiosyncratic perceptions of trustwor-
thiness originate in memories of familiar faces and that
knowledge of familiar people is automatically retrieved
in face perception (Gobbini & Haxby, 2007; Gobbini,
Leibenluft, Santiago, & Haxby, 2004), it is possible that
the trustworthiness of novel faces is computed as a
function of their similarity to familiar faces. One possi-
bility is that the initial response to faces is determined by
face properties commonly perceived to signal untrust-
worthiness and then modified by idiosyncratic percep-
tions determined by retrieval of specific face memories.
Interestingly, in a recent article, Sergerie, Lepage, and
Armony (20006) found that the right amygdala was in-
volved in encoding of faces, whereas the left amygdala
was involved in the retrieval of faces. We found that the
effect of consensus ratings was stronger in the right than
in the left amygdala, and that individual judgments pre-
dicted activity only in the left amygdala.

Methodological Implications

One of the defining features of social judgments is their
subjective nature (Ross & Nisbett, 1991). Yet, people
often agree in their judgments and it may be easier to
model the commonalities in judgments than their idio-
syncratic character. To draw an analogy with research on
emotions, most progress has been achieved by focusing
on specific processes rather than on the conscious ex-
perience of emotions (LeDoux, 2000). This article sug-
gests a general methodological approach for the study
of neural correlates of automatic social judgments. We
showed that behavioral judgments aggregated across
participants can predict individual neural responses to
novel faces. This finding suggests that neural responses
to implicitly inferred social attributes in one group of
participants can be modeled as a function of the judg-
ments of another group of participants. Faces can be
characterized on multiple social dimensions (Willis &
Todorov, 2006; e.g., trustworthiness, attractiveness, ag-
gressiveness) and large behavioral studies can be used
to map the social space of the face. For example, most
trait judgments are correlated and behavioral studies,
using multiple judges, multiple traits, and factor analytic
techniques, can identify orthogonal dimensions of social
perception of faces. Then, the empirically derived di-
mensions can be used to search for corresponding neu-
ral correlates in the brain.

This approach can also address the question about the
specificity of the amygdala response to untrustworthy-
looking faces. It may be the case that the amygdala is
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responding to the general valence of the face. For exam-
ple, Kim, Somerville, Johnstone, Alexander, and Whalen
(2003) found that surprised faces that were perceived
as negative (assessed by subjective ratings after the fMRI
session) evoked stronger activity in the right amygdala
than surprised faces that were perceived as positive. Ad-
dressing the question about the specificity of the amyg-
dala response would require a comprehensive approach
in which faces are rated on multiple dimensions, includ-
ing traits and emotions. It may turn out that one of the
fundamental factors of face perception is evaluation (cf.
Osgood, Suci, & Tennenbaum, 1957), and that this eval-
uation is tracked by the amygdala. The present findings
suggest that such an approach is possible.

Although existing neural models of face perception
(Haxby, Hoffman, & Gobbini, 2000) have been extended
to incorporate the role of prior person knowledge in face
perception (Gobbini & Haxby, 2007; Todorov, Gobbini,
Evans, & Haxby, 2007), they have not incorporated the
role of trait inferences. These inferences fall in between
the two major functional paths of face processing: iden-
tity recognition (tracking persons over time) and emotion
detection (social communication). Trait inferences share
with identity recognition the fact that they are about the
person, and share with emotion detection the fact that
they are affectively based. Characterizing these inferences
is essential for building comprehensive models of person
perception and social cognition and, ultimately, under-
standing the social brain.
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