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People routinely make various trait judgments from facial appearance, and such judgments affect
important social outcomes. These judgments are highly correlated with each other, reflecting the
fact that valence evaluation permeates trait judgments from faces. Trustworthiness judgments
best approximate this evaluation, consistent with evidence about the involvement of the amygdala
in the implicit evaluation of face trustworthiness. Based on computer modeling and behavioral
experiments, I argue that face evaluation is an extension of functionally adaptive systems for un-
derstanding the communicative meaning of emotional expressions. Specifically, in the absence
of diagnostic emotional cues, trustworthiness judgments are an attempt to infer behavioral in-
tentions signaling approach/avoidance behaviors. Correspondingly, these judgments are derived
from facial features that resemble emotional expressions signaling such behaviors: happiness
and anger for the positive and negative ends of the trustworthiness continuum, respectively. The
emotion overgeneralization hypothesis can explain highly efficient but not necessarily accurate
trait judgments from faces, a pattern that appears puzzling from an evolutionary point of view
and also generates novel predictions about brain responses to faces. Specifically, this hypothesis
predicts a nonlinear response in the amygdala to face trustworthiness, confirmed in functional
magnetic resonance imaging (fMRI) studies, and dissociations between processing of facial iden-
tity and face evaluation, confirmed in studies with developmental prosopagnosics. I conclude with
some methodological implications for the study of face evaluation, focusing on the advantages of
formally modeling representation of faces on social dimensions.
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Introduction

References to the belief that the nature of the mind
and human personality can be inferred from facial
appearance can be dated back to ancient Greece, Per-
sia, Rome, and China (McNeill 1998). At the end of
18th century, Johann Kaspar Lavater, a Swiss pastor,
wrote “Essays on physiognomy, designed to promote
the knowledge and love of mankind,” in which he de-
scribed how to read a person’s character from their
face. The book caused a craze in Europe. It under-
went more than 150 editions until 1940. As Darwin
noted in his autobiography, he was almost denied the
chance to take the historic Beagle voyage because of
this book. The captain of the ship, a fan of Lavater,
did not believe that a person with such a nose would
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possess “sufficient energy and determination” for the
voyage (Darwin 1887/1950, p. 36). In the 19th century,
the pseudo-science of physiognomy reached its apogee.
Cesare Lombroso, who provided his “scientific” testi-
mony at several trials, argued that “each type of crime is
committed by men with particular physiognomic char-
acteristics.” For example, “thieves are notable for their
expressive faces and manual dexterity, small wander-
ing eyes that are often oblique in form, thick and close
eyebrows, distorted or squashed noses, thin beards and
hair, and sloping foreheads” (Lombroso 1876/2006,
p. 51).

Although nowadays such notions strike most of us
as ludicrous, there is abundant research in social psy-
chology about the effects of facial appearance on social
outcomes (e.g., Blair et al. 2004; Eberhardt et al. 2006;
Hamermesh & Biddle 1994; Hassin & Trope 2000;
Little et al. 2007; Langlois et al. 2000; Montepare &
Zebrowitz 1998; Mueller & Mazur 1996; Zebrowitz
1999). Most of this work has been on the effects of
attractiveness (e.g., Langlois et al. 2000), but specific
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trait impressions also impact social outcomes. For
example, inferences of competence, based solely on
facial appearance, predict the outcomes of political
elections (Ballew & Todorov 2007; Hall et al. in press;
Todorov et al. 2005), and inferences of dominance
predict military rank attainment (Mazur et al. 1984;
Mueller & Mazur 1996).

In this article, I argue that evaluation of emotionally
neutral faces is an extension of functionally adaptive
systems for understanding the communicative mean-
ing of emotional expressions and explore the impli-
cations of this hypothesis for brain responses to faces.
I review evidence that a) trait judgments from faces,
in particular judgments of trustworthiness, are highly
efficient (Section I); b) trustworthiness judgments ap-
proximate the valence evaluation of faces that underlies
multiple social judgments (Section II); c) the amygdala
plays a key role in the automatic evaluation of faces
on trustworthiness (Section III); and d) exaggerating
the facial features that make a neutral face look trust-
worthy produces expressions of happiness, whereas ex-
aggerating the facial features that make a face look
untrustworthy produces expressions of anger (Section
IV).

The emotion overgeneralization hypothesis can
explain highly efficient but not necessarily accurate
trait judgments from faces, a pattern that appears puz-
zling from an evolutionary point of view (Section V)
and also generates novel predictions about brain re-
sponses to faces. Specifically, this hypothesis predicts a
nonlinear response in the amygdala to face trustwor-
thiness, a prediction confirmed in two functional mag-
netic resonance imaging (fMRI) studies (Section VI).
Second, the hypothesis predicts that it should be possi-
ble to observe dissociations between processing of facial
identity and face evaluation, a prediction confirmed in
studies with developmental prosopagnosics who are
unable to process facial identity but are able to make
trustworthiness judgments (Section VII). I conclude
with some methodological implications for the study of
face evaluation, focusing on the advantages of formally
modeling representation of faces on social dimensions
(Section VIII).

I. The Efficiency of Trait Judgments
from Faces

What is the minimal time exposure to a face suf-
ficient for people to form a person impression? We
studied five trait judgments from emotionally neutral
faces: likeability, trustworthiness, competence, aggres-
siveness, and attractiveness (Willis & Todorov 2006).
Prior studies have shown that judgments of physical

attractiveness can be made after extremely brief pre-
sentations of faces (Locher et al. 1993; Olson &
Marshuetz 2005). However, attractiveness is a property
of facial appearance, and it is not clear whether these
findings generalize to specific trait judgments such as
trustworthiness and competence.

We included attractiveness judgments as a bench-
mark against which to compare the efficiency of other
judgments. Faces were presented for 100, 500, or
1000 ms and participants were asked to make one of
the five judgments. For all five judgments, judgments
made after 100 ms exposure to faces closely agreed
with control judgments made in the absence of time
constraints. More importantly, this agreement did not
improve with additional time exposure, suggesting that
100 ms exposure is sufficient for people to form a reli-
able person impression. Additional time exposure had
the effect of increasing confidence in judgments.

The findings did not change when the analysis con-
trolled for the shared variance of trait judgments with
attractiveness. Importantly, the agreement for judg-
ments of trustworthiness was as high as the agreement
for judgments of attractiveness. The response times for
these two judgments were also almost identical and
faster than the response times for judgments of com-
petence, likeability, and aggressiveness, suggesting that
people are particularly efficient at making trustworthi-
ness judgments.

In a series of subsequent studies focusing on judg-
ments of trustworthiness (Todorov & Pakrashi, un-
der review), we tested whether exposure times shorter
than 100 ms are sufficient for these judgments. In fact,
in three experiments we found that even after 33 ms
exposure, judgments were better than chance in dis-
criminating trustworthy-looking from untrustworthy-
looking faces. In one of the experiments, we used 8
different presentation times ranging from subliminal
presentation of faces (17 ms) to unlimited viewing time.
As shown in FIGURE 1, judgments changed system-
atically as a function of time exposure. These judg-
ments were almost perfectly described by a sigmoid
function of time exposure, accounting for 95% of the
variance. Participants were unable to discriminate be-
tween trustworthy-looking and untrustworthy-looking
faces after subliminal exposure but were able to dis-
criminate after 33 ms exposure. With the increase in
exposure from 33 to 100 ms, the correlation between
judgments made after limited exposure and control
judgments made in the absence of time constraints
increased dramatically. This correlation improved rel-
atively little with the increase in exposure from 100 to
167 ms, and additional increases in time exposure did
not improve the correlation at all.
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FIGURE 1. Correlation of judgments of trustworthiness
made after limited time exposure to emotionally neutral
faces and control judgments made in the absence of time
constraints as a function of exposure time. Faces were pre-
sented for 17, 33, 50, 67, 100, 167, and 500 ms. Correla-
tions at the level of mean trustworthiness judgment averaged
across participants.

Bar and colleagues (2006) obtained similar find-
ings for judgments of perceived threat in emotionally
neutral faces. Judgments made after 39 ms (but not
judgments made after 26 ms) correlated highly with
judgments made after 1700 ms. As in our studies, par-
ticipants were not able to make trait judgments after
subliminal exposure to faces but were able to make
these judgments after presentation times that are at
the subjective threshold of visual awareness of faces
(Pessoa et al. 2006a; Pessoa et al. 2006b).

Bar and colleagues also showed that after rapid ex-
posures, threat judgments were predicted by judgments
of low spatial frequency (LSF) face images but not by
judgments of high spatial frequency (HSF) face images.
This finding is interesting because it suggests that such
judgments may be computed via fast coarse magnocel-
lular pathways, guaranteeing a processing advantage
for these judgments. Low frequency information may
be carried through either superior colliculus/pulvinar
subcortical pathways (Hamm et al. 2003; Vuilleumier
2005) or cortical pathways (Bar 2003; Pessoa 2005;
Pessoa et al. 2002). In the case of emotional expres-
sions, there is evidence that their perception depends
on LSF information (Schyns & Oliva 1999), and func-
tional neuroimaging studies suggest that the amygdala
is particularly sensitive to this information in the dis-
crimination of fearful from neutral faces (Vuilleumier
et al. 2003; Winston et al. 2003). In one of our ex-
periments, described in Section VI, we tested whether
the amygdala response to face trustworthiness is mod-
ulated by spatial frequency information (Said et al.,
under review).

To summarize, person impressions are formed after
face exposures shorter than 100 ms. Such exposure

times are not sufficient for saccadic eye movements
and, thus, do not allow for visual exploration of the face.
In other words, trait impressions formed after rapid
face presentations are “single glance” impressions.

II. What Do Judgments of
Trustworthiness Measure?

As the first three panels of FIGURE 2 show, judgments
of trustworthiness are highly correlated with other trait
judgments. For example, for a set of standardized neu-
tral faces (Lundqvist et al. 1998), trustworthiness judg-
ments correlate 0.75 with judgments of attractiveness,
−0.76 with judgments of aggressiveness, and 0.63 with
judgments of intelligence. In fact, it is very difficult
to find a trait judgment that is not correlated with
trustworthiness. These high correlations suggest that
trustworthiness judgments from faces may reflect the
general evaluation of the face or, at least, approximate
this evaluation rather well. Such valence evaluation
permeates social judgments (Kim & Rosenberg 1980;
Rosenberg et al. 1968; cf. Osgood et al. 1957) and is
one of the organizing principles of person impressions
(Wyer & Srull 1989).

A series of data-driven behavioral studies confirmed
the hypothesis that trustworthiness judgments approx-
imate the valence evaluation of faces (Oosterhof &
Todorov, under review). First, we identified trait di-
mensions that are spontaneously used to characterize
faces. Second, for each of these trait dimensions, a
group of participants rated emotionally neutral faces.
Third, the mean trait judgments were submitted to
a principal component analysis. The first principal
component accounted for 63% of the variance. All
positive judgments (trustworthy, emotionally stable, re-
sponsible, sociable, caring, attractive, intelligent, and
confident) had positive loadings. and all negative judg-
ments (weird, mean, aggressive, unhappy, and domi-
nant) had negative loadings on this component. Most
important, judgments of trustworthiness had the high-
est loading (.94), suggesting that these judgments best
approximate the valence dimension of face evaluation.
This was the case even when we excluded trustworthi-
ness judgments from the principal component analy-
sis. The correlation between the first principal com-
ponent (the evaluation factor) obtained from all trait
judgments except trustworthiness and trustworthiness
judgments was .94 (FIG. 2D), indicating that a single
trustworthiness judgment was sufficient to summarize
the evaluative information present in all other trait
judgments.

Thus, it appears that in situations where no con-
text is provided, trustworthiness judgments from faces
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FIGURE 2. Scatter plots of judgments of trustworthiness from emotionally neutral faces and (A) judgments of attrac-
tiveness, (B) judgments of aggressiveness, (C) judgments of intelligence, and (D) a latent evaluation factor, which is a
linear combination of judgments on 12 traits used to spontaneously categorize faces. Each point represents a face. The
judgments are plotted in standardized scores. The line represents the best linear fit.

reflect inferences about the positivity/negativity of
the face. If the valence evaluation of a stimulus is
directly linked to automatic approach/avoidance re-
sponses (Chen & Bargh 1999), then judgments of trust-
worthiness may serve precisely this function in so-
cial interactions: determining whether to approach
or avoid a stranger. In fact, Fenske and colleagues
(2005) showed that momentary associations of motor
approach/avoidance responses with faces affected sub-
sequent trustworthiness judgments of these faces. Faces
for which participants had to withhold a response were
rated as less trustworthy than faces for which they did
not have to withhold a response.

Adolphs and colleagues (1998) asked patients with
bilateral amygdala–damage to make trustworthiness
and approachability judgments (“how much would
they want to walk up to that person and strike up
a conversation”) from faces. The results were iden-

tical for these two judgments, and the correlation
between the mean control judgments was 0.89. Rel-
ative to three comparison groups (normal controls,
brain-damaged patients with no damage in the amyg-
dala, and patients with unilateral amygdala-damage),
the bilateral amygdala damage patients judged
untrustworthy-looking faces as trustworthy and “unap-
proachable” faces as approachable. This is consistent
with experimental primate research showing that bi-
lateral amygdala lesions lead to uninhibited approach
behaviors in social interactions (Amaral 2002; Emery
et al. 2001).

To summarize, the functional role of face evalua-
tion is to prepare one’s behavior in relation to the
other person. When clear emotional cues broadcast-
ing the intentions of the other person are absent,
judgments of trustworthiness are tantamount to an
approach/avoidance decision.
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III. The Neural Underpinnings of
Judgments of Trustworthiness

Three studies have implicated the amygdala in the
computation of trustworthiness judgments (Adolphs
et al. 1998; Engell et al. 2007; Winston et al. 2002).
The amygdala is involved in multiple psychological
functions (Phelps & LeDoux 2005) from learning of
fear responses and consolidation of emotional memo-
ries (McGaugh 2004) to implicit evaluation of stimuli
(Davis & Whalen 2001; Sander et al. 2003; Vuilleumier
2005; Whalen 1998). The findings suggesting that the
amygdala plays a key role in the evaluation of face
trustworthiness are consistent with the latter role.

As described above, patients with bilateral amyg-
dala damage show a bias to perceive untrustworthy
faces as trustworthy (Adolphs et al. 1998). Two sub-
sequent functional neuroimaging studies (Engell et al.
2007; Winston et al. 2002) confirmed the involvement
of the amygdala in face evaluation on trustworthi-
ness and, further, showed that faces are spontaneously
evaluated on this dimension. Winston and colleagues
(2002) asked participants to make explicit trustworthi-
ness judgments and implicit (with respect to trustwor-
thiness) age judgments of unfamiliar faces. Indepen-
dent of the task, the amygdala activity increased as
the subjective untrustworthiness of the faces increased.
The judgments of trustworthiness were collected after
the imaging experiment and the brain responses were
modeled as a function of these judgments.

We used a different implicit task and replicated the
Winston et al. findings (Engell et al. 2007). In our
experiment, participants were ostensibly engaged in
a memory task. They were presented with blocks of
faces and asked to indicate whether a test face was
presented in the preceding block or not. Judgments of
trustworthiness or person evaluation were never men-
tioned during the course of the experiment. Although
the task did not demand face evaluation, the amygdala
response to faces increased as the untrustworthiness of
the faces increased (FIG. 3).

In the same study, we also tested whether the amyg-
dala response is driven by face properties that signal
untrustworthiness across individuals or by an individ-
ual’s idiosyncratic perceptions of untrustworthiness.
Although people agree when making trait judgments
from faces, there is a large individual variation. For
example, for the set of faces that we used, the av-
erage correlation between individual judgments and
the mean judgments of the other individuals (consen-
sus judgments) was 0.52. We collected trustworthiness
judgments from a large sample of participants who
did not participate in the fMRI study and used the

mean judgments to predict the individual’s amygdala
response to the faces. These consensus judgments pre-
dicted the amygdala’s response better than the individ-
ual’s own judgments collected after the fMRI session.
There was little residual variance explained by individ-
ual judgments in the amygdala’s response after remov-
ing their shared variance with consensus judgments.
Because consensus judgments reflect properties of the
face rather than idiosyncratic perceptions of the judge
(e.g., Hönekopp 2006), we argued that the amygdala
response is driven in a bottom-up fashion by structural
properties of the face that convey cues for untrustwor-
thiness. This finding suggests that a more powerful
approach to modeling the amygdala’s response to face
trustworthiness is to use formal models for represent-
ing face trustworthiness rather than rely on individual
judgments, an approach that is outlined in the next
section.

IV. The Origins of Face Evaluation

Secord (1958) suggested that one of the mecha-
nisms for forming person impressions is “temporal
extension”—misattributing a momentary state of the
person to an enduring attribute. This hypothesis im-
plies that person impressions may be grounded in
momentary emotional expressions, and three empir-
ical studies provide support for this idea. Knutson
(1996) showed that emotional expressions were asso-
ciated with trait judgments of dominance and affilia-
tion. For example, faces expressing anger were rated
as more dominant. Two subsequent studies replicated
these findings (Hess et al. 2000; Montepare & Dobish
2003). Montepare and Dobish also showed that emo-
tion ratings of neutral faces correlated with trait ratings
of these faces.

Emotional expressions, among other things, broad-
cast behavioral intentions (e.g., Adams & Kleck 2005;
Fridlund 1994). Expressions of anger communicate
that the person should be avoided, and expressions
of happiness communicate that the person can be ap-
proached. For example, recent studies show that angry
faces trigger automatic avoidance responses (Adams et
al. 2006; Marsh et al. 2005). If face evaluation reflects
inferences of behavioral intentions related to one’s ap-
proach/avoidance behavior, as argued in Section II, it
may be derived from emotional expressions that sig-
nal approach/avoidance behaviors. Specifically, faces
that are evaluated negatively may contain subtle fea-
tures that resemble angry expressions and faces that
are evaluated positively may contain subtle features
that resemble happy expressions.
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FIGURE 3. Amygdala response as a linear function of face trustworthiness. Activity is overlaid on
slices of a standardized brain containing the peak response for (A) the left amygdala and for (B) the right
amygdala. (C) Blood oxygenated level-dependent response (% signal change) in voxels in the amygdala
showing a significant linear trend as a function of face trustworthiness. To extract percent signal change,
faces were divided into 6 categories according to their perceived trustworthiness. For example, the mean
for the least trustworthy faces was 3.05 (SD = 0.45) and the mean for the most trustworthy faces was
5.99 (SD = 0.21) on a scale ranging from 1 (untrustworthy) to 9 (trustworthy).

To test the hypothesis that face evaluation is an
overextension of the mechanisms for understand-
ing the communicative meaning of emotional ex-
pressions, we combined behavioral studies and com-
puter modeling (Oosterhof & Todorov, under review).
First, we built and validated a computer model for
representing face trustworthiness. Second, using this
model, we exaggerated the features that make a face
look trustworthy or untrustworthy and tested how
the perceptions of the face change as a function of
these features.

We used a data-driven statistical model based on
3D laser scans of faces, in which faces are repre-

sented as points in a multidimensional space (Blanz &
Vetter 1999; Singular Inversions 2006). We worked
with 50 dimensions (50 independent principal compo-
nents) representing 3D face shape. Using the model,
we randomly generated 200 emotionally neutral faces
with the constraint that the faces were Caucasian to
avoid the influence of ethnic stereotypes on judgments.
We asked participants to judge these faces on trustwor-
thiness and used the mean judgments to find a vector
(representing a weighted combination of the princi-
pal components) in the 50-dimensional face space
whose direction is optimal in changing trustworthiness
(FIG. 4A).
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FIGURE 4. (A) Examples of faces with exaggerated trustworthiness features. The faces in the center column were
randomly generated and then their features were exaggerated to decrease (left three columns) and increase (right three
columns) their perceived trustworthiness. These changes were implemented in a computer model based on trustworthiness
judgments of neutral faces. (B) Trustworthiness judgments of faces generated by the computer model. The judgments were
made on a 9-point scale, ranging from 1 (not at all trustworthy) to 9 (extremely trustworthy). (C) Intensity color plot showing
the emotion categorization of faces as a function of their trustworthiness. (D) Categorization of faces as angry, happy,
and neutral as a function of their trustworthiness. The x-axis in the figures represents the extent of exaggeration of facial
features in standard deviation units. Error bars show within-subjects standard error of the mean.

To validate that the model successfully manipulates
face trustworthiness, we randomly generated neutral
faces and produced untrustworthy and trustworthy
versions for each face. Then, we asked participants
to judge these faces on trustworthiness. As shown in
FIGURE 4B, trustworthiness judgments of faces tracked
the trustworthiness predicted by the model, although
people were more sensitive to changes in trustworthi-
ness at the low end of the spectrum than at the high
end. A quadratic monotonic function accounted for
99% of the variance of the mean judgments. That is,
although the physical distance between any two cat-
egories of faces was the same (1.5 SD), people were
better at discriminating faces at the negative end of the
trustworthiness dimension.

If face evaluation builds on the mechanisms un-
derlying perception of emotional expressions, then

exaggerating facial features that increase or decrease
perceived trustworthiness should produce faces with
emotional expressions (FIG. 4A). In other words, “neu-
tral” expressions should contain subtle features that re-
semble emotional expressions and that people interpret
to signify personality dispositions. To test this hypoth-
esis, we presented participants with extreme trustwor-
thy and untrustworthy versions of randomly gener-
ated neutral faces and asked them to classify the faces
as neutral or as expressing one of the six basic emo-
tions (FIG. 4C). The only responses above the chance
level were for the categories of neutral, angry, and
happy. The original faces (0 SD) were classified as
neutral (FIG. 4D). As the facial features become more
exaggerated, the neutral categorization approached
chance, and this was particularly clear on the neg-
ative end of the continuum. As the facial features
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become more exaggerated in the negative direction
(−8 SD), the faces were mostly classified as angry,
whereas the trustworthy facial features become more
exaggerated in the positive direction (+8 SD), the faces
were mostly classified as happy.

To summarize, although the model for represent-
ing face trustworthiness was a) based on judgments of
faces with neutral expressions and b) data driven with-
out a priori assumptions about which facial parts are
important for trustworthiness judgments, exaggerating
the features specific for trustworthiness produced faces
with emotional expressions. These findings suggest that
face evaluation is an overextension of the ability to
read emotional expressions. That is, trustworthiness
judgments are an attempt to infer behavioral inten-
tions and are derived from facial features that resemble
emotional expressions signaling approach/avoidance
behaviors. For the positive end of the trustworthiness
continuum, these are expressions of happiness. For the
negative end of the continuum, these are expressions
of anger.

The emotion overgeneralization hypothesis can ac-
count for rapid, efficient trait judgments from faces
that are not necessarily accurate, a pattern that ap-
pears puzzling from an evolutionary point of view
(Section V). This hypothesis also generates novel
predictions about brain responses to faces, namely
the amygdala response to face trustworthiness should
change as a nonlinear function (Section VI) and
it should be possible to observe dissociations be-
tween processing of facial identity and face evaluation
(Section VII).

V. Implications for the Accuracy
of Trait Judgments from Faces

Granted the notoriety of physiognomy, is there evi-
dence that judgments of trustworthiness from still im-
ages of faces are accurate? Berry (1990) found that
judgments of honesty from faces correlated with self-
reports and judgments of acquaintances. In the one
study measuring the trustworthiness of actual behav-
ior, judgments of honesty from faces accounted for
4% of the variance of behavior (Bond et al. 1994).
Bond and colleagues (1994) found that participants
who were rated as dishonest based on their pho-
tos were more likely to express willingness to partic-
ipate in experiments that involved deceiving another
participant. There are multiple possible pathways of
developing behavioral patterns that confirm social
expectations, and these can account for such corre-
lations (Zebrowitz 1999). For example, according to a

self-fulfilling prophecy perspective, a person with an
untrustworthy appearance who is consistently treated
as an untrustworthy individual may develop corre-
sponding behavioral responses. Of course, the op-
posite prediction can also be made, namely that
people may work hard to overcome stereotypes trig-
gered by their appearance, and there is evidence
for this self-defeating prophecy effect (Collins & Ze-
browitz 1995; Zebrowitz et al. 1998a; Zebrowitz et al.
1998b).

In the one longitudinal study on the accuracy of
trustworthiness judgments, Zebrowitz and colleagues
(1996) failed to find correspondence between judg-
ments of honesty from faces and clinical assessments
of honesty. Additional analyses showed positive cor-
relations for men with a stable appearance of hon-
esty across the life span, but negative correlations for
women with a stable appearance. It is interesting to
note that some evolutionary theories predict negative
correlations (Bond & Robinson 1988). Starting from
the argument that deception confers an adaptive ad-
vantage, they argue that people with nondeceptive
(trustworthy) faces can learn to be more successful liars
and, correspondingly, can develop deceptive personal-
ity traits as a result of positive reinforcement of their
deceptive behaviors.

From the point of view of the emotion overgeneral-
ization hypothesis, it is not necessary to have a reliable
relationship between trustworthiness judgments from
faces and measures of personality. To the extent that
these judgments are a measure of reading emotional
cues in “neutral” faces that are misattributed to sta-
ble personality dispositions, one should not expect that
they are accurate.

Finally, if one assumes that personality dispositions
are combinations of emotion tendencies (e.g., Plutchik
1980), it should be possible to find positive correla-
tions between facial appearance and personality dis-
positions. At the end of 19th century, Theodor Piderit,
a German physician who rejected Lavater’s physiog-
nomy, argued that because emotional expressions in-
volve exercising of facial muscles, frequent exercise
of these muscles could leave its permanent trace on
the face (cited in Fridlund 1994, p. 11). One hun-
dred years later, Malatesta and colleagues (1987) found
some support for this hypothesis. They showed that
posed neutral expressions of a sample of elderly sub-
jects were perceived as conveying specific emotions and
that these perceptions correlated with self-reports of
the frequency of experiencing the emotions. For exam-
ple, people who looked angry when posing for neutral
photos also reported high frequency of experiencing
anger.
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FIGURE 5. Amygdala response as a function of face trustworthiness. (A) Clusters in both amygdalae (y = 6) showing
a linear response to trustworthiness. The blue shading indicates more activity as trustworthiness decreases. (B) Clusters
(y = 8) showing significant quadratic effects of trustworthiness. Predicted quadratic response in clusters in the (C) right and
(D) left amygdala as a function of face trustworthiness and spatial frequency. The curves were generated by extracting the
mean parameter estimates of zero-order (presence of a face), linear, and quadratic effects from each spatial frequency
category within the functionally defined region of interest.

VI. Implications for the Amygdala
Response to Face Trustworthiness

In the first two functional neuroimaging studies on
the evaluation of face trustworthiness (Engell et al.
2007; Winston et al. 2002), the amygdala response was
modeled as a linear function of trustworthiness. As de-
scribed above, in both studies, this response increased
as the untrustworthiness of the faces increased. How-
ever, a number of functional neuroimaging studies have
found a stronger amygdala response to happy than to
neutral faces (e.g., Breiter et al. 1996; Pessoa, Japee,
Sturman, et al. 2006; Winston et al. 2003; Yang et al.
2002). These findings, coupled with our findings that
trustworthy faces have features resembling expressions
of happiness, suggest that trustworthy faces can evoke a
stronger amygdala response than faces in the middle of
the trustworthiness dimension. That is, one should ob-
serve a nonlinear response to face trustworthiness with
elevated responses to both extremely trustworthy and
untrustworthy faces. Modeling the amygdala response
as a linear function of face trustworthiness would miss
this effect. Thus, the first implication of the emotion
overgeneralization hypothesis for the amygdala’s re-
sponse is that this response should be a nonmonotonic
function of face trustworthiness given sufficient range
of trustworthiness.

In general, there is substantial evidence for the
attention-grabbing power of negative information (e.g.,
Fiske 1980; Skowronski & Carlston 1989; Pratto &
John 1991). In our own studies, as described above
(FIG. 4B), we found that people are more sensitive to

differences at the negative than at the positive end of
the trustworthiness dimension (Oosterhof & Todorov,
under review). From an evolutionary point of view, it is
more important to detect untrustworthy than trustwor-
thy individuals (cf., Cosmides & Tooby 1992), and our
findings are consistent with this view. The second im-
plication of the emotion overgeneralization hypothesis
is that the amygdala’s response should be more sensi-
tive to differences at the negative than at the positive
end of the trustworthiness dimension.

To test these predictions, we modeled the amygdala
response as a quadratic function of face trustworthi-
ness in two fMRI studies (Said et al. under review;
Todorov et al. under review). In the first study, we found
that the quadratic function provided a better fit of the
amygdala response than the linear function in both left
and right amygdala (FIG. 5). The amygdala response
was stronger to both trustworthy and untrustworthy
faces than to faces in the middle of the trustworthi-
ness dimension. However, consistent with the previous
findings of linear amygdala response to trustworthiness
(Engell et al. 2007; Winston et al. 2002), the amygdala
response was more sensitive to differences at the neg-
ative than at the positive end of the trustworthiness
dimension (FIG. 5C & D).

In this study, we also tested whether the amygdala
response was better predicted by LSF face images than
by HSF images. We found that both LSF and HSF
faces provided sufficient information to differentiate
faces on trustworthiness and that this was the case
for the behavioral and the functional neuroimaging
data. Trustworthiness judgments from both the HSF
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and the LSF images correlated with judgments from
unfiltered (broad spatial frequency faces) images. In
addition, as shown in FIGURE 5C, D, the amygdala
response for these images was similar, although at
the negative end of the trustworthiness dimension,
the slope was steeper for LSF images. One possible
reason for the discrepancy with the behavioral find-
ings of Bar et al. (2006), described in Section I, is
that we used a longer presentation time in our ex-
periment (200 ms as compared to 38 ms). In other
words, it is likely that the advantage in processing
of LSF images can only be seen after rapid exposure
to faces. Our findings suggest that the amygdala re-
sponse to face trustworthiness is robust with respect
to the informational input for exposures as short as
200 ms.

In our second fMRI study (Todorov et al. under re-
view), we used faces generated by a computer model for
representing trustworthiness. The development of this
model preceded the work of Oosterhof and Todorov
(under review), which was described in Section IV. As
it turned out, the two models converged on very sim-
ilar representations of trustworthiness. We asked par-
ticipants to judge computer-generated faces on trust-
worthiness and then regressed the mean judgments on
facial features that can be controlled (e.g., moving up or
down the inner part of the brow ridge) in the program
for face manipulation (FaceGen 3.1, Singular Inversions
2006). Based on the four features that showed the high-
est correlation with the judgments and also had low
correlations among them, we built a regression model
for predicting face trustworthiness. Then we generated
novel faces and manipulated the four features in both
directions of increasing and decreasing face trustwor-
thiness. The trustworthiness scores predicted by the
regression model were used as regressors in the fMRI
analysis.

As in Said and colleagues (under review), we found a
cluster of voxels in the left amygdala that showed a non
monotonic quadratic response to face trustworthiness
(FIG. 6). However, this was limited to the left amyg-
dala. A cluster of voxels in the right amygdala, which
showed the same response in Engell and colleagues
(2007), showed a significant linear trend. As the un-
trustworthiness of the faces increased, so did the right
amygdala response. The findings suggest that the right
amygdala may exhibit a more linear response than the
left amygdala. In Engell et al., the linear trend was
stronger for the right than the left amygdala, and in
Said et al. (FIG. 5C & D), the slope of the response to
untrustworthy faces was steeper in the right than in the
left amygdala. Possible laterality differences should be
addressed in future studies.

In the two studies described above, we found that
the amygdala response to face trustworthiness may be
better described as a quadratic rather than as a linear
function of trustworthiness and that this response is
more sensitive to differences at the negative than at
the positive end of the trustworthiness dimension. It is
interesting to note in the context of the latter find-
ing that the relatively poor discrimination between
trustworthy-looking and untrustworthy-looking faces
in bilateral amygdala damage patients is due to a bias to
perceive untrustworthy faces as trustworthy (Adolphs
et al. 1998; see also Section VII). This also seems to be
the case for people with Asperger syndrome (Adolphs
et al. 2001; White et al. 2006).

The findings from patient studies and functional
neuroimaging studies suggest that the amygdala is bet-
ter tuned to detecting differences in the negative va-
lence than in the positive valence of faces. This can
also explain the linear trends observed in the prior
studies. A linear trend can provide a reasonable fit of
data that are better described by a quadratic func-
tion with a steeper slope at the negative than at the
positive end of the trustworthiness dimension. This
question is revisited in the section on methodological
implications.

VII. Implications for Models of Face
Perception

Models of face perception posit different neural
pathways for processing of relatively invariant facial
features essential for recognizing identity and gender
and changeable facial features essential for recogniz-
ing emotions and gaze direction (Bruce & Young 1986;
Haxby et al. 2000; Perrett et al. 1992; but see Calder &
Young 2005 for an alternative view). Trait judgments
from faces do not fit neatly in this categorization. The
current findings suggest that face evaluation is sub-
served by the mechanisms underlying perception of
emotional expressions. Thus, it should be possible to
observe dissociations between processing of face evalu-
ation and facial identity. For example, given that there
are prosopagnosics who can recognize emotional ex-
pressions but not identity (Bentin et al. 2007; Damasio
et al. 1990; Duchaine et al. 2003; Humphreys et al. in
press; Tranel et al. 1988), there should be prosopag-
nosics who can make normal trustworthiness judg-
ments.

In fact, data from four individuals with developmen-
tal prosopagnosia, a condition characterized by face
recognition deficits due to a failure to develop face
recognition mechanisms (Behrmann & Avidan 2005;
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FIGURE 6. Amygdala response as a function of face trustworthiness. (A) Amygdala region of a standardized brain.
(B) A cluster in the right amygdala showing a significant linear response. This cluster showed the same linear response in
Engell et al. (2007). (C) A cluster in the left amygdala showing a significant quadratic response. (D) Predicted quadratic
response in the left amygdala cluster as a function of face trustworthiness. The curve was generated by extracting the mean
parameter estimates of zero-order (presence of a face), linear, and quadratic effects within the functionally defined region
of interest.

Duchaine & Nakayama 2006a), confirmed this predic-
tion (Todorov & Duchaine, under review). Although
all four prosopagnosics had a normal performance
on tests of low-level vision (Riddoch & Humpheys
1993), they had severe impairments in both long-term
memory for faces and perception of facial identity.
On five different measures—two measuring face mem-
ory problems and three measuring identity perception
problems—each prosopagnosic individual was more
than 2 standard deviations below the mean control
performance (Duchaine & Nakayama 2006b; Yovel &
Duchaine 2006). For example, as a group, they were
6.7 SD below the control mean on a recognition test of
famous faces and 3.1 SD below the mean on a recog-
nition test of newly learned faces (Bentin et al. 2007;
Duchaine & Nakayama 2006b). On a task requiring
the sorting of morphed faces in terms of similarity to a
target face (Duchaine et al. in press), they were 3.3 SD
below the control mean.

We asked the prosopagnosics to make trustworthi-
ness judgments of three different sets of faces. The
first set of faces was used to test patients with bilat-

eral amygdala damage (Adolphs et al. 1998). As shown
in FIGURE 7A, all four prosopagnosics showed normal
performance on this set of faces. To compare
their judgments with the judgments of the bilateral
amygdala-damage patients studied by Adolphs and
colleagues, we split the faces into the 50 most and the
50 least trustworthy faces. As described earlier, these
patients show a bias to perceive untrustworthy-looking
faces as trustworthy. Relative to our controls, their judg-
ments of untrustworthy faces were 2.8 SD above the
control mean. In contrast, the prosopagnosics’ judg-
ments of untrustworthy faces were within 1 SD of the
control mean. For both groups, the judgments of trust-
worthy faces were within 1 SD of the control mean
(FIG. 7B). Given that there are patients with bilateral
amygdala damage who process the identity of faces
normally (Adolphs et al. 1995), the results suggest a
possible double dissociation between encoding iden-
tity and face evaluation. This is not surprising in light
of the findings that these judgments reflect the detec-
tion of facial cues that resemble expressions of anger
and happiness.
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FIGURE 7. (A) Agreement between prosopagnosics’
judgments and control judgments of trustworthiness of faces.
The agreement is measured in Fisher z transformations of
the raw correlations between individual judgments and the
mean judgments of control participants. The error bar shows
1 standard deviation. Scores above the thick black line
indicate significant correlations. (B) Mean perceived trust-
worthiness of faces categorized as trustworthy and untrust-
worthy for four patients with bilateral amygdala damage
and four developmental prosopagnosics. The trustworthi-
ness was measured on a scale from −3 (untrustworthy) to
+3 (trustworthy). The error bars show standard error of the
mean.

The faces in the first set varied on a number of di-
mensions including hair, expression, gaze, and age. It is
possible that the prosopagnosics’ normal performance
on trustworthiness judgments can be accounted for by
reliance on these cues. To rule out this explanation,
we used two sets of standardized faces. In both sets,
the faces had direct gaze, neutral expression, and a
similar age. In the final set, the hair and facial blem-
ishes of all faces were removed, and the faces were
presented as grayscale images. Thus, the face sets con-
sisted of increasingly homogeneous face images in or-
der to force reliance on facial structure and complex-
ion. For both sets of faces, two of the prosopagnosics
showed typical trustworthiness judgments that agreed

with control judgments. The judgments of the other
two weakly agreed with control judgments, but even
their judgments were within the normal range of con-
trol performance. The prosopagnosics with worse per-
formance on the trustworthiness tests were not more
severely impaired with the facial identity tests than the
prosopagnosics with normal performance.

The findings suggest that the mechanisms underly-
ing face evaluation are separable from the mechanisms
underlying processing of facial identity. We tested de-
velopmental prosopagnosics, but these findings should
be extended to individuals with acquired prosopag-
nosia and defined brain lesions in inferotemporal cor-
tex.

VIII. Methodological Implications

The most important methodological implication of
our findings is the value of using data-driven formal
models for representing the variation of faces on social
dimensions. First, by exaggerating the facial features
that define the variation of a face on a specific di-
mension, one can discover the cues in the face that
are critical for judgments on this dimension. We ap-
plied this technique to judgments of trustworthiness,
but it can be applied to any other judgment. Second,
from an experimental point of view, these models allow
the researcher to have precise control over the facial
stimuli and to generate an unlimited number of faces.
This can lead to new discoveries and potential theory
advancement, as well as facilitate comparisons across
different studies. I illustrate the value of using models
for face representation with three examples.

First, as described in Section IV (FIG. 4B), we found
that participants were more sensitive to changes at the
negative than at the positive end of the trustworthi-
ness dimension, controlling for the distance between
faces on the trustworthiness dimension. A computer
model provides the means for objective scaling of dif-
ferences on a specific dimension and, consequently,
precise modeling of how judgments change as a func-
tion of this distance. Without a model for representing
face trustworthiness, we would not have been able to
discover that judgments are more sensitive to changes
at the negative end of the trustworthiness dimension.

Second, the finding that the amygdala response was
more sensitive to differences at the negative than at the
positive end of the trustwothiness dimension (Said et al.
under review; Todorov et al. under review) can partially
explain the linear trends observed in the prior studies
(Engell et al. 2007; Winston et al. 2002). However, one
variable that is critical about the observed amygdala
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response and that can vary across studies is the range of
face trustworthiness. Comparing behavioral ratings of
faces across studies to test for differences in this range
is not sufficient because people can shift their standard
of judgment as a function of the specific set of faces
(Biernat et al. 1991; Parducci 1965). In other words,
two face sets may have the same behavioral ratings in
two different studies but if judged within the same study
may be very different. In fact, in a behavioral study
conducted after the fMRI studies, we found that the
faces used by Said and colleagues had a higher range of
positivity than the faces used by Engell and colleagues
(2007). Such variables external to the experiment may
lead to different neural responses further complicating
comparisons across studies. Having a formal model
for representing face variations on the dimension of
interest can solve this problem, because different face
sets can be objectively scaled in terms of the model
representation.

Third, as described in Section III, trait judgments
from faces are highly correlated with each other. This
makes it very difficult to disentangle the specific contri-
butions of different judgments to neural responses. For
example, Winston and colleagues (2007) recently found
a nonlinear amygdala response to facial attractiveness.
However, given that trustworthiness and attractiveness
judgments are highly correlated (e.g., FIG. 2A), it is
possible that this response was driven by the shared
variance with perceptions of trustworthiness. The stan-
dard approach is to statistically control for the shared
variance among different judgments, but this can re-
duce the statistical power of experiments and, in cases
of specific trait judgments, it would be difficult to de-
cide on an a priori basis what judgments should be
controlled. The alternative is to experimentally rather
than statistically unconfound contributions of different
judgments. This can be easily achieved with formal
models that can produce an unlimited number of faces
varying on specific dimensions. Further, this would be
a shift from exploratory correlational approaches (e.g.,
Engell et al. 2007) to theory validation approaches.

In our research, we focused on the spontaneous
bottom-up valence evaluation of faces. This research
should be extended to testing a) theory-driven multi-
dimensional models of face evaluation using the same
modeling tools and b) the role of top-down evalua-
tion triggered by specific goals. For example, validated
models of interpersonal perception posit two funda-
mental dimensions of dominance and affiliation (e.g.,
Wiggins et al. 1989). Similarly, models of perception of
social groups posit two dimensions of competence and
warmth that mapped into assessments of group status
and group competition (Fiske et al. 2007).

Whether these dimensions obtained from behav-
ioral studies have specific neural correlates is an open
empirical question.

Finally, it would be important to integrate the
present research with research on social categorization.
Social category information such as age, gender, and
race is rapidly extracted from facial information (e.g.,
Cloutier et al. 2005; Ito, in press; Ito et al. 2004; Ito
& Urland 2003; Mason et al. 2006) and many models
of person perception make a fundamental distinction
between social category and individuating information
(Bodenhausen & Macrae 1998; Brewer 1988; Fiske &
Neuberg 1990; but see Kunda 1999). Social category
information can be easily manipulated in models of
face representation allowing for the identification of the
relative contributions of social category and individu-
ating (e.g., variations on trustworthiness) information
to both behavioral and neural responses.

Conclusions

Evaluation permeates social judgments, and its
functional role is to prepare the individual for an appro-
priate action. Evaluating emotionally neutral faces on
trustworthiness approximates the basic valence eval-
uation of faces and involves the amygdala. I argue
that this evaluation is grounded in the mechanisms for
perception of emotional expressions. Trustworthiness
judgments from faces reflect inferences of behavioral
intentions that signal approach/avoidance behaviors.
Specifically, these judgments are based on facial fea-
tures that resemble emotional expressions—happiness
and anger—that ordinarily signal approach and
avoidance behaviors, respectively. This emotion over-
generalization hypothesis can account for the persis-
tence and subjectively compelling character of trait
impressions from faces, as well as for rapid, efficient
judgments that are not necessarily accurate. Finally,
this hypothesis makes novel predictions about brain
responses to faces that were confirmed in fMRI studies
and studies with prosopagnosics.

We are in the beginning of the study of the neural
underpinnings of face evaluation. Although I focused
on findings about the role of the amygdala in face
evaluation, clearly there are multiple regions involved
in this evaluation. This chapter outlines a set of tools
that can be used to characterize the neural systems
underlying face evaluation. We should be able to build
formal representational models of any specific trait di-
mension (e.g., competence), decompose the face varia-
tion on this dimension to facial properties such as fea-
tures resembling emotional expressions and masculine
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/feminine face shape, and characterize the neural sys-
tems involved in the evaluation on this dimension.
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