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The study of personality inferences from facial appearance has a long history in psychology
(Hollingworth, 1922; Secord, 1958; Shepherd, 1989). Work at the beginning of the 20th century
was primarily focused on the accuracy of these inferences (Hollingworth, 1922; Laird, 1927;
Pintner, 1918). In the fifties, the focus of research shifted to the cognitive mechanisms underlying
such inferences (Secord, 1958). Subsequent social cognition research has followed this tradition
with a focus on inferences of social categories (e.g. sex, age, race) and the implications of these
inferences for social interaction (e.g. Eberhardt et al., 2006; Macrae et al., 2005; Quinn and
Macrae, 2005). Parallel to this research, evolutionary and ecological psychologists have produced
a large body of research on the determinants and consequences of facial attractiveness and facial
maturity (Perrett et al., 1998; McArthur and Apatow, 1983; Montepare and Zebrowitz, 1998;
Rhodes, 2006; Thornhill and Gangestad, 1993; also Penton-Voak and Morrison, Chapter 33;
Zebrowitz, Chapter 3, this volume). Finally, with advances in cognitive neuroscience methaods
and the emergence of social neuroscience research (Adolphs, 2003), there have been multiple
recent studies probing the neural correlates of personality inferences from faces (e.g. Adolphs
et al., 1998; Aharon et al., 2001; Engell et al., 2007; O’Doherty et al., 2003; Said et al., 2009b;
Winston et al., 2002).

In this chapter, we review several lines of research on personality impressions from faces. We
discuss research on the accuracy of these impressions (first section: “The accuracy of personality
impressions from faces”), the social consequences of these impressions (second section:
“Consequences of personality impressions from faces”), the automaticity of forming these
impressions (third section: “The automaticity of personality impressions from faces”), recent
patient and functional magnetic resonance imaging (fMRI) studies exploring the neural basis of
these impressions (fourth section: “Neuroimaging and patient studies of personality impressions
from faces”), dimensional approaches to personality impressions from faces (fifth section:
“Dimensional approaches to face evaluation”), and potential sources of individual differences in
evaluation of faces (sixth section: “The role of individual differences in face evaluation”).

The accuracy of personality impressions from faces

1t has been known for a long time in psychology that people agree on their personality impres-
sions from faces (Hollingworth, 1922, chapter 3). However, consensus or reliability of judgments
is not equivalent to accuracy or validity of these judgments. A detailed review of the accuracy of
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judgments from facial appearance is beyond the scope of this chapter.! Instead, we briefly review
selected studies and note the methodological challenges facing research on accuracy.

Early studies on the accuracy of judgments were conducted in the context of personnel
sclection and tested the relationship between judgments of intelligence from photographs and
intelligence measures (Hollingworth, 1922; Laird, 1927). The evidence for the accuracy of
judgment was mixed, with some studies failing to find a significant relationship (Laird, 1927,
Chapter 6) and some studies finding modest positive correlations between judgments and IQ
measures (Pintner, 1918). A meta-analysis of these early studies found an average correlation
of .30 (Zebrowitz et al., 2002).

However, many of the earlier studies had methodological flaws (Shepherd, 1989). For example,
in the study reporting the highest correlations between individual judgments of intelligence and
1Q measures, the variance of 1Q was unrepresentative of the general population, ranging from 18
to 171 for 11 individuals { Gaskill et al., 1927).2 The correlation was almost perfect for individuals
with 1Q below 100 but negative for individuals with 1Q above 100. Interestingly, recent studies
have shown that judgments of intelligence correlate with measures of intelligence only for indi-
viduals below median attractiveness (Zebrowitz and Rhodes, 2004). This finding was predicted
by the “bad genes” hypothesis, which posits that unattractive faces signal poor genetic fitness
(e.g. individuals with Down syndrome).

In general, better controlled recent studies have confirmed the relationship between judgments
of intelligence and 1Q measures, although the correlations were weaker and were only valid for
some age groups (e.g. childhood) but not others (e.g. later adulthood). Moreover, attractiveness
accounted for these correlations, suggesting that people rely on attractiveness to infer intelligence
(Zebrowitz et al., 2002). Because attractiveness happens to be weakly correlated with intelligence,
judgments of intelligence predict actual intelligence.

Studies in social and personality psychology have also tested whether trait inferences from faces
correlate with self-reports. Several studies have reported moderate correlations for self-reports
of approachability, warmth, power and extraversion (Berry, 1991; Berry and Brownlow, 1989;
Penton-Voak et al., 2006). However, other studies have failed to find significant correlations for
agreeableness, conscientiousness (Pound etal., 2007), and suggestibility (Bachmann and Nurmoja,
2006). Studies have also used behavioral measures with one study finding positive but weak cor-
relations between judgments of honesty and willingness to participate in experiments involving
deception of other subjects (Bond et al., 1994) and another failing to find a significant relationship
between judgments of honesty and observationally assessed honesty (Zebrowitz et al., 1996).

It is instructive to consider the question of accuracy in the context of studies in which subjects
made personality judgments from dynamic video clips of social interaction (Carney et al., 2007),
materials much richer than still images of faces. Although subjects were accurate—the accuracy
increased for longer clips and clips drawn from the middle and the end of the 5-min interaction—
the accuracies of judgments made after 5-s clips from the first minute of the interaction were low,
with correlations of —0.12 for positive affect, 0.11 for negative affect, 0.07 for neuroticism, 0.02
for extraversion, 0.21 for openness to experience, —0.03 for agreeableness, 0.12 for conscientious-
ness, and 0.10 for intelligence.

I Unfortunately, to the best of our knowledge, there are no comprehensive reviews of research on the accu-
racy of personality impressions from still images of faces. There are, however, reviews on the accuracy of
person impressions based on various materials, including dynamic videos, voice recordings, and still

images. For a recent review, see Hall et al. (2008).
2 For an unbiased estimate of the strength of the true relationship, the variability in the sample of faces
should be representative of the variability of faces in the population (Hénekopp et al., 2006).
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Recently, there has been a renewed interest in the accuracy of personality impressions with
some studies suggesting that sexual orientation (Rule and Ambady, 2008) and aggressiveness
(Carré and McCormick, 2008; Carré et al., 2009; Sell et al,, 2009} can be inferred from faces at
better than chance accuracy. The latter studies are particularly interesting because a plausible
biological mechanism can be postulated in light of evidence that testosterone treatment of
adolescents leads to increased craniofacial growth (Verdonck et al., 1999) and that fluctuations in
testosterone correlate with aggressive behavior (Pound et al., 2008).

Although there is evidence for accuracy in some trait judgments, there is no evidence for
accuracy in other judgments. Why, then, do people make these inaccurate judgments, and why
are they made so reliably? One of the most intriguing explanations is the overgeneralization
hypothesis (Zebrowitz, Chapter 3, this volume). Under this hypothesis, certain traits that are accu-
rately revealed by face qualities such as emotion, age, or identity are erroneously perceived in
people who merely resemble one of those categories. For instance, there is evidence that neutral
faces that resemble the emotion anger are perceived as being low on the affiliation trait, whereas
neutral faces that resemble the emotion happiness are perceived as high on affiliation (Montepare
and Dobish, 2003; see also Said et al., 2009b). Similarly, babyfaced adults are perceived as having
traits consistent with baby stereotypes, such as low social dominance and low intellectual capacity
(McArthur and Apatow, 1983; Montepare and Zebrowitz, 1998). The overgeneralization hypoth-
esis is not mutually exclusive with accuracy of impressions, and there is evidence that the two
phenomena may interact in interesting ways. Initially inaccurate overgeneralizations can trigger a
self-fulfilling prophecy, in which social interactions influenced by face impressions may lead to
the actual development of the expected traits (Snyder et al., 1977). Conversely, there is evidence
that in some cases, such as with adolescent baby-faced boys, a self-defeating prophecy can be trig-
gered, leading to the behavioral development of the opposite of the perceived face trait (Zebrowitz
etal,, 1998a). A more complete discussion of these and other issues relating to overgeneralization
can be found in Zebrowitz, Chapter 3, this volume.

To summarize, the degree to which trait inferences from faces are accurate will depend on the
trait dimension, with some traits showing accuracy (e.g. extraversion) and others not (e.g. agree-
ableness). Currently, it is not clear what factors determine the degree of accuracy (see Hall et al.,
2008). Even if trait judgments predict actual measures of personality, the correlations are fairly
low for individual judges. The average correlations between judgments and personality measures
are often obtained at the aggregated level of subjects. That is, the personality measures for the
target faces are correlated with the mean personality judgments across subjects. As a general
statistical rule, this aggregation produces higher correlations than correlations at the level of
individual subjects (Dawes, 1970; Honecopp, 2006). The latter are much weaker and for many
subjects negative (e.g. Hollingworth, 1922; Pintner, 1918). For example, in one study, the range of
correlations of individual judgments of intelligence and measures of intelligence was from —0.63
t0 0.52 with a median correlation of 0.10 (Pintner, 1918). Moreover, facial cues that may have
predictive utility are often overweighted in judgments. For example, the magnitude of the correla-
tions between perceived intelligence and attractiveness is two to three times higher than the mag-
nitude of the correlations between actual intelligence and attractiveness (Zebrowitz et al., 2002).

The most important methodological challenge facing research on accuracy concerns the
sampling of the stimuli. It would be generally easy to select faces for which people show either
good or dismal accuracy (see Laird, 1927, chapter 6, for examples). To establish that judgments
are accurate though, one needs to ascertain the representativeness of the stimuli, a condition that

would be difficult to satisfy in many situations.
Finally, researchers need to specify the mechanisms through which positive (or negative)
correlations between trait inferences from faces and personality characteristics develop. These
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could range from self-fulfilling (Zebrowitz, 1999) and self-defeating prophecy effects, the latter
producing negative correlations (Collins and Zebrowitz, 1995; Zebrowitz et al., 1998a,b), to
effects of frequent expressions of specific emotions on facial structure (Malatesta et al., 1987).

Consequences of personality impressions from faces

Whether or not trait inferences from faces are accurate, they affect important social outcomes,
The effects of attractiveness on various social outcomes have been extensively documented
(Langlois et al., 2000). For example, attractive people have better mating success, job prospects,
and earning potential than their less fortunate peers (Dipbovye et al.1977; Fricze et al., 1991;
Hamermesh and Biddle, 1994; Pashos and Niemitz, 2003; Rhodes et al., 2005). There is also an
extensive literature on the effect of baby-faced appearance on social outcomes (Montepare and
Zebrowitz, 1998; Zebrowitz, 1999). For example, in small claims court, baby-faced people were
less likely to be found at fault than their mature-faced peers when they denied responsibility for
intentional but not negligent actions (Zebrowitz and McDonald, 1991),

These findings clearly suggest that people act on their impressions from facial appearance
(Hassin and Trope, 2000). The effects of appearance on social outcomes may be partly attributa-
ble to halo effects (Nisbett and Wilson, 1977), global evaluations that can influence the percep-
tion of specific traits. For example, attractiveness correlates with perceptions of intelligence,
friendliness, and a host of other social evaluations (Fagly et al., 1991). Similarly, babyfaced appear-
ance correlates with perceptions of honesty, intelligence, assertiveness, approachability, and
many other evaluations (Montepare and Zebrowitz, 1998). Thus, variations on these basic
dimensions can give rise to specific trait inferences relevant to the specific context. For example,
attractive people may be perceived as more competent and, hence, paid a “premium” for their
performance (Hamermesh and Biddle, 1994). Facially mature looking people may be perceived as
more dominant (Keating and Bai, 1986; Keating et al., 1981), and these perceptions can influence
their professional outcomes such as military rank attainment (Mazur and Mueller, 1996; Mazur
et al., 1984; Mueller and Mazur, 1996). Similar halo effects may operate for social categories too.
For example, several studies have found that race stereotypical face features predicted sentencing
decisions (Blair et al., 2004; Eberhardt et al., 2006), presumably by activating general stereotypes
that affected specific decisions.

However, variations on general dimensions such as attractiveness and facial maturity may not
be sufficient to account for all effects of impressions from faces on social outcomes. For example,
there have been a number of recent studies showing that inferences related to competence and
leadership predict electoral success (Antonakis and Delgas, 2009; Ballew and Todorov, 2007; Little
etal.,2007), even when variations on general dimensions are controlled (Hall etal., 2009; Poutvaara
etal., 2009; Todorov et al., 2005; for a review see Olivola and Todoroy, 2010). One of the surpris-
ing findings of this research was the specificity of the effects. People generally report that compe-
tence is the most important attribute for a politician and inferences of this attribute, but not
inferences of attributes considered unimportant, predict electoral success (Hall et al., 2009).
Moreover, inferences of competence remain a significant predictor of electoral success even when
the analysis contrals for age, babyfaced appearance, attractiveness, face familiarity, and a dozen
personality impressions from the faces of political candidates (Olivola and Todorov, 2010).

How personality impressions {rom faces affect social outcomes appears to depend on the
specific context of choices. The research findings suggest that the decision context determines
the primary dimensions of importance and that inferences along these dimensions affect
decisions (Brownlow, 1992; Brownlow and Zebrowitz, 1990; DeBruine, 2002; Little et al., 2007).
For example, in the context of a war voters prefer masculine and dominant looking leaders.




THE AUTOMATICITY OF PERSONALITY IMPRESSIONS FROM FACES

Conversely, in the context of peace they prefer feminine and intelligent looking leaders (Little
et al., 2007). Thus, researchers interested in predicting how impressions from faces affect deci-
sions need to first determine the relevant personality dimensions for the context and then
measure impressions on these dimensions.

The automaticity of personality impressions from faces

Facial attractiveness is one of the most thoroughly studied face properties (Rhodes 2006; Langlois
et al., 2000; Penton-Voak and Morrison, Chapter 33, this volume) and the initial studies on the
efficiency of impressions from faces focused on judgments of attractiveness (Locher et al., 1993;
Olson and Marshuetz, 2005). Locher et al. (1993) showed that 100 ms exposure to faces was
sufficient for subjects to discriminate between different levels of facial attractiveness. Olson and
Marshuetz (2005) replicated these findings using extremely short subliminal exposures to faces
(13 ms) suggesting that attractiveness is extracted automatically from facial appearance.

The findings that attractiveness can be perceived after brief exposures to faces have been
extended to personality inferences (Ballew and Todorov, 2007; Bar et al., 2006; Todorov et al.,
2009; Willis and Todorov, 2006). In addition to attractiveness, Willis and Todorov (2006) studied
four other judgments: likeability, trustworthiness, competence, and aggressiveness. For all
five judgments, judgments made after 100 ms exposure to faces were highly correlated with
judgments made in the absence of time constraints. Additional time exposure did not improve
these correlations. However, with increased exposure, judgments on different traits become less
correlated with each other, suggesting that additional time allowed the subjects to form more
differentiated impressions.

Bar et al. (2006) studied judgments of threat and intelligence. They showed that judgments
of threat made after 39 ms exposure correlated highly with judgments made after 1700 ms. In
contrast, judgments of intelligence made after brief exposures were much less consistent with
judgments made after longer exposures. These findings suggest that survival-related traits with
respect to immediate threat may have an advantage in visual processing over other traits.

Todorov et al. (2009, Exp. 2) studied judgments of trustworthiness after time exposures rang-
ing from 17 ms to unlimited time. Similar to the findings of Bar et al. (2006), who did not observe
consistency in judgments after extremely brief, subliminal exposures to faces (26 ms), Todorov
et al. did not observe significant correlations between judgments made after 17 ms exposure and
judgments made in the absence of time constraints. However, the correlation was significant for
33 ms exposure and increased as a sigmoid function of time exposure. The correlation increased
dramatically with the increase in exposure from 33 to 100 ms and reached a plateau after 167 ms
exposure.

At first blush, the findings of Bar et al. {2006) and Todorov et al. (2009) suggest that trait judg-
ments from faces are not made after subliminal exposure, in contrast to judgments of attractiveness
(Olson and Marshuetz, 2005). However, two possible reasons for the failure to obtain significant
effects for trait judgments after subliminal exposure are that explicit judgment tasks may not be
sensitive enough to detect such effects and that the face stimuli used in the studies were not
extreme enough. In fact, in the study by Olson and Marshuetz (2005), the mean difference
between attractive and unattractive faces was 5 points on a 10-point scale and the distributions
were completely non-overlapping.

Todorov et al. (2009, Exp. 3) used faces generated by a computer model of face trustworthiness
(OQosterhof and Todorov, 2008) in a subliminal priming paradigm. Extremely trustworthy or
untrustworthy versions of faces were presented for 20 ms and immediately masked by the neutral

version of the face, which was presented for 50 ms The subject’s task was to judge the latter face.
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Todorov et al. found that neutral faces were perceived as more trustworthy when they were preceded
by trustworthy primes than when preceded by untrustworthy primes. This was the case even though
an objective test of awareness failed to find any evidence for the awareness of the primes.

The findings reviewed in this section show that people can make a variety of trait inferences
after extremely brief exposures to emotionally neutral faces, suggesting that such inferences are
made automatically. There are several outstanding questions in this research. First, it is possible
that the minimum time exposure of visual information necessary to make a trait judgment
depends on the specific trait dimension. As argued by Bar et al. (2006), survival related trait infer-
ences might have a visual advantage over other inferences. A second and related question is to
what extent person inferences made after minimal exposure to faces are about specific traits (e.g,
trustworthiness) or global dimensions (e.g. valence) (Todorov et al., 2009; Willis and Todoroy
2006). As we outline in the section “Dimensional approaches to face evaluation” (see also
Oosterhof and Todorov, 2008; Todorov et al., 2008a), trait inferences from faces are highly cor-
related with each other and it is possible that after extremely brief exposures, people make global
valence related inferences rather than specific trait inferences. The specificity of inferences may
also depend on the decision context and the relevance of the trait to this context (see section
“Consequences of personality impressions from faces”). Finally, we know little about how social
judgments are computed within a single glance of a face. Such rapid processing can rely on holis-
tic information (Bar et al., 2006; Abbas and Duchaine, 2008; Santos and Young, 2008; Todorov
et al,, 2010) feature information (Cloutier et al., 2005; Cloutier and Macrae, 2007; Martin and
Macrae, 2007; Schyns et al.,, 2008), or a combination of both (see also Rossion and Michel, Chapter
12; Tanaka and Gordon, Chapter 10, this volume).

Neuroimaging and patient studies of personality impressions
from faces

Most of the cognitive neuroscience research on social judgments from faces has been on
perceptions of attractiveness and trustworthiness (Adolphs et al., 1998; Aharon et al., 2001;
O’Doherty et al., 2003; Todorov and Engell, 2008). Several fMRI studies have attempted to iden-
tify brain regions that show variable responses to different levels of facial attractiveness. A hypoth-
esis in most of these studies is that perceptions of attractiveness should be related to activation in
reward-related brain regions. Consistent with this hypothesis, the medial orbitofrontal cortex
(mOFC) activated reliably across these studies, with greater activation as attractiveness increased
(Cloutier et al., 2008; Kranz and Tshai, 2006; O’Doherty et al., 2003; Winston et al., 2007).
Conversely, the lateral orbitofrontal cortex (I0FC) showed greater activation with decreasing
levels of attractiveness (Cloutier et al., 2008; O’Doherty et al,, 2003). This dissociation has been
interpreted in light of evidence that mOFC activates in response to abstract monetary reward
while the IOFC activates to abstract monetary punishment (O’Doherty etal., 2001). According to
this interpretation, mOFC activates to attractive faces because they are rewarding, and 10FC
activates to unattractive faces because they are not rewarding, However, the distinction between
IOFC and mOFC is not a strict dissociation. There is evidence that rewarding gustatory stimuli
can activate the I0FC (O'Doherty et al., 2002) and a fairly lateral OFC response to attractive faces
has been found in one study (Aharon et al., 2001).

The nucleus accumbens (NAcc) has also been reported to respond more strongly to attractive
faces in several studies (Aharon et al., 2001; Cloutier et al., 2008) and, like the mOFEC, it has been
interpreted with reference to its known role in reward processing (Breiter et al., 1997; Schultz
2000). However, many attractiveness studies have not reported NAcc activation (Kampe et al.,
2001; Kranz and Ishai, 2006; ’Doherty et al., 2003; Winston et al., 2007). The reason for this
discrepancy is not entirely clear, but one possibility is that the studies that found it only showed
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faces of the opposite gender of the subject, whereas the studies that did not find it showed both
genders to each subject. As proposed by Cloutier et al. (2008), it may be possible that opposite
gender-only paradigms put subjects in more of a mate-seeking context in which attractive faces of
opposite gender are particularly rewarding.

The anterior cingulate cortex (ACC) shows greater activation to attractive faces than to
unattractive faces, according to two studies (Winston et al., 2007; Cloutier et al., 2008). Because
the ACC is known to generate and monitor autonomic states (Critchley, 2004; Teves et al., 2004),
it is possible that its activity during the presentation of attractive faces reflects autonomic arousal.
Support for this hypothesis comes from a study (Winston et al., 2007), in which only males
showed increased pupil dilation—an indicator of autonomic arousal—and increased ACC
activation to attractive faces.

Most studies on perceptions of face trustworthiness have focused on the amygdala, following a
study by Adolphs et al. (1998). Adolphs and his colleagues tested three bilateral amygdala damage
patients, other brain damage controls, and normal controls on perceptions of approachability
and trustworthiness. Relative to the controls, bilateral amygdala damage patients showed a spe-
cific bias to give high ratings of trustworthiness and approachability to faces that were judged by
normal controls as untrustworthy and unapproachable. In addition, participants who are given
an intranasal dose of oxytocin, which is believed to work in part by dampening amygdala activity
(Kirsch et al., 2005), make higher judgments of trustworthiness than controls (Theodoridou
etal., 2009). Interestingly, in contrast to bilateral amygdala damage patients, some developmental
prosopagnosics (Duchaine, Chapter 42, this volume) are able to make normal trustworthiness
judgments (Todorov and Duchaine, 2008). These findings suggest that the neural systems that
underlie face evaluation and processing of facial identity are at least partially dissociable.

Several fMRI studies with normal participants have confirmed the amygdala’s involvement in
perceptions of trustworthiness (Engell et al., 2007; Winston et al., 2002). Winston and his col-
leagues (2002) showed that the amygdala’s response decreased with the trustworthiness of faces,
as assessed by the subjects’ judgments of the faces after the brain imaging session. Importantly,
this was the case independent of the subjects’ task in the scanner: judging trustworthiness or age
of faces. Engell and his colleagues (2007) replicated the findings that the activation in the amygdala
decreased with face trustworthiness, using only an implicit task to rule out the possibility that
performance on implicit trials was influenced by prior performance on explicit trials. They also
showed that the amygdala’s response to face trustworthiness was driven by structural properties
of the face that signal trustworthiness across perceivers rather than by idiosyncratic components
of trustworthiness judgments (see section “The role of individual differences in face evaluation”).
Todorov et al. (2008a) replicated these findings, using faces generated by a computer model of
face trustworthiness.

Although all initial fMRI studies reported a linear amygdala response to face trustworthiness,
two subsequent studies found a non-linear response (Said et al., 2009a; Todorov et al., 2008b).
Using an explicit evaluation task, Said and colleagues showed that the response to extremely
trustworthy and untrustworthy faces was larger than the response to faces in the middle of the
continuum, although the response was more sensitive to differences at the negative end of the
continuum. Using an implicit evaluation task, Todorov and colleagues (2008b) found a similar
quadratic response in the left but not the right amygdala.

A similar non-linear response in the amygdala has also been observed for attractiveness
(Winston et al., 2007 ). Most studies on attractiveness have either compared the effect of attractive
faces to unattractive faces, or have looked at linear effects of attractiveness along a continuum. As
noted in Winston et al. (2007), this may be the reason that so few studies have identified an amy-
gdala response to attractiveness. Drawing from evidence that the amygdala responds both to
positive and negative stimuli (Baxter and Murray, 2002}, Winston et al. (2007) found quadratic
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effects of attractiveness in the amygdala, such that it responded strongly to very attractive and
very unattractive faces, but weakly to faces in the middle of the continuum. Cunningham and his
colleagues (Cunningham et al., 2008) have also observed a non-linear amygdala response to the
valence of person names. Moreover, they found that the response was sensitive to the current
goals of the subject. For instance, if the subject’s task was to attend to the positivity rather than the
negativity of the names, the response to positivity was enhanced.

What are we to make of all the consistencies and inconsistencies in the neuroimaging literature
on attractiveness and trustworthiness? Although it is true that some regions such as the mOFC
and NAcc activate in multiple studies on attractiveness, many other studies do not report them,
and in any case the interpretation in studies that do find them is not always clear. Similar issueg
of interpretation confront research on face trustworthiness. Although the amygdala has been
implicated in multiple studies, it is not clear under what conditions the amygdala’s response is
linear or non-linear, and there is surprisingly little overlap in activated regions other than the
amygdala across studies.

Two main conclusions can be drawn from the literature. First, because of the diversity of results,
loaking for an “attractiveness network” or “trustworthiness network” may notbe the best approach,
As we argue below (section “Dimensional approaches to face evaluation”), some of the observed
findings may be reinterpreted as responding to face valence or other general face qualities rather
than to specific trait attributes. Further, there doesn’t seem to be a set of brain regions that consist-
ently varies with attractiveness or trustworthiness, at least at statistically significant levels; rather,
the brain is engaged in diverse ways that heavily reflect task and motivational context. The chal-
lenge for future research would be to specify how context variables affect neural processes of face
evaluation. Second, to the extent that some brain regions are more involved than others, neuroim-
aging does not tell us whether activation in these regions is necessary for social judgments, or
merely a downstream consequence of judgments computed in other regions. As has been often
noted, case studies of patients with localized brain damage can provide the causal information
{Shallice, 1988) that neuroimaging cannot provide (Poldrack, 2006; Sarter et al., 1996).

Dimensional approaches to face evaluation

As mentioned above, trait judgments from faces are highly correlated with each other. For
example, it is almost impossible to find social judgments that are uncorrelated with judgments of
trustworthiness. Moreover, these correlations are sizeable (e.g. 0.83 with judgments of emotional
stability, 0.75 with judgments of attractiveness, —0.76 with judgments of aggressiveness, 0.63 with
judgments of intelligence, etc.; see Qosterhof and Todorov 2008). These high correlations suggest
that there is a simple dimensional structure that accounts for most of the variance in social
judgments. Using principal components analysis (PCA) on judgments of both natural and
computer generated faces, Qosterhof and Todorov (2008) have shown that the first two compo-
nents, best interpreted as valence/trustworthiness and power/dominance, account for most of the
variance in judgments. This solution corresponds to other dimensional models of social percep-
tion (Fiske et al., 2007; Vigil, 2009; Wiggins, 1979; Wiggins et al., 1989). Trustworthiness judg-
ments were closest to the first component and dominance judgments to the second component.
For example, the correlations of trustworthiness judgments with the first and second compo-
nents, derived from a PCA of 11 other trait judgments excluding trustworthiness and dominance,
were 0.92 and —0.10, respectively. In contrast, dominance judgments were highly correlated with
the second (0.87) but not with the first component (—0.20). The finding that trustworthiness
judgments may serve as a proxy of general valence evaluation suggests that the amygdala may be
involved not in assessments of face trustworthiness per se but in assessments of general valence in
the service of approach/avoidance responses by the perceiver (Todorov, 2008).
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This hypothesis was tested and confirmed by Todorov and Engell (2008). They reanalyzed the
fMRI data from Engell et al. (2007) as a function of a large set of trait judgments. In the original
study, the subject’s ostensible task was to memorize faces and, hence, the instructions did not bias
subjects to attend to a specific trait dimension. Todorov and Engell first selected face responsive
voxels and then computed the average response in the face responsive regions to each face. Then
they analyzed the correlations between the response to faces in face-selective regions and trait
judgments of these faces. As shown in Figure 32.1, almost all trait judgments correlated with the
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Fig. 32.1 The relation between the amygdala’s response to emotionally neutral faces and variations

of these faces on trait dimensions. (a) A coronal brain slice showing face responsive voxels in

bilateral amygdala. (b) An intensity color plot showing correlations between the response in left and

right amygdalae to faces and trait judgments of these faces. The first two columns show zerc-order

correlations and the fourth and fifth cclumns show partial correlations controlling for the valence

content of the judgments. The third column shows the correlations between trait judgments and a |
valence component derived from a principal components analysis of the judgments. The traits are
ordered according te their correlations with the valence companent. Scatter plots of the amygdala’s
respanse to faces (c for right and d for left) and their values on the valence component. Fach point
represents a face. Reproduced from Todorov and Engell, The role of the amygdala in implicit
evaluation of emotionally neutral faces, 2008, Social Cognitive and Affective Neuroscience, with
permission from Oxford University Press.
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amygdala response to faces. Positive traits correlated with decreases in the response and negative
traits correlated with increases in the response. Moreover, the magnitude of the correlation varied
systematically as a function of the valence content of the judgments, as assessed by the shared
variance of the judgments with the first component of a PCA of the judgments. The more evalu-
ative the judgment, the more strongly the amygdala was engaged. After controlling for the valence
content of the judgments, the correlations between the amygdala response and trait judgments
were no longer significant. The same pattern of responses was observed in a number of regions in
occipital and inferior temporal cortices, although the magnitude of the correlations was smaller,

Given that judgments of trustworthiness and dominance are good approximations of the
general dimensions of face evaluation, Oosterhof and Todorov (2008) built computer models
representing how faces change along these dimensions (Figure 32.2). Specifically, they used a
data-driven model in which faces are represented as points in a multidimensional space (Blanz
and Vetter, 1999 and 2003; O’ Teole, Chapter 2, this volume; Singular Inversions 2006; Vetter and
Walker, Chapter 20, this volume). This model can generate an unlimited number of faces that are
each linear combinations of the model dimensions. Judgments of randomly generated faces can
be used to construct a novel dimension that is optimal in representing face variations along a
particular social dimension.

Using this approach, Qosterhof and Todorov (2008; see also Todorov et al., 2008b) created
dimensions that varied optimally in perceived trustworthiness and dominance. By investigating
the range of faces along these dimensions, they showed that these judgments are based on
similarity to facial cues that have adaptive significance. As shown in Figure 32.2d, exaggerating
faces along the trustworthiness dimension resulted in angry faces on the negative end and in
happy faces on the positive end of the dimension. (For convergent evidence from dynamic stim-
uli, see Oosterhof and Todorov, 2009). This finding suggests that valence evaluation of faces is
based on cues initiating approach/avoidance behavior by the perceiver (Fridlund, 1994).
Exaggerating faces along the dominance dimension resulted in extremely masculine, mature faces
on the dominant end and in extremely feminine, baby-faced faces on the submissive end of the
dimension. This finding is consistent with a rich body of evidence about the importance of neo-
tenous and sexually dimorphic features in face perception (Perrett et al., 1998; McArthur and
Apatow, 1983; Rhodes 2006; also Penton-Voak and Morrison, Chapter 33; Zebrowitz, Chapter 3,
this volume). In general, the findings suggest that inferences along the valence/trustworthiness
dimension are about the intentions of the person with respect to potential harm and inferences
along the power/dominance dimension are about the capacity of the person to implement these
intensions (cf. Fiske et al., 2007).

Dimensional approaches provide a parsimonious, powerful framework for the study of face
evaluation. However, they may not be sufficient to account for judgments in specific contexts
(Todorov, 2009). That is, while these models focus on identifying the commonalities among
various judgments, interesting behavioral effects may be due to variance that is specific to a
judgment, and not shared with general components. Further, the strong claim of dimensional
models is that specific judgments can be represented within the dimensional framework. In fact,
Oosterhof and Todorov (2008) showed that judgments of threat could be represented as a linear
combination of untrustworthiness and dominance. However, their model was not particularly
good at representing judgments of attractiveness, extraversion, and competence within the two-
dimensional framework.

Finally, it is important to provide convergent evidence from other computer models (see Said
et al., 2009a). For example, the computer model used by Qosterhof and Todorov (2008) is based
on shape information and is not good at representing texture, an important determinant of face
perception. Other techniques such as PCA methods (Brahnam, 2005) and reverse correlation
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Fig. 32.2 Computer modeling of social judgments of faces. (a) lllustration of how the face model
represents faces. Left: a surface mesh with fixed topology superimposed on the average face. Right:
an expanded view of a section of the mesh, along with direction vectors specifying the linear
changes in the vertex positions for the surface for one of the m =50 shape dimensions. (b} A set
of n random faces can be obtained by linear combinations of the m shape components, and
represented in an n by m matrix. These dimensions are extracted from a principal component
analysis of shape variations of the vertex positions and do not necessarily have inherent
psychological meaning. Each row of the matrix cantains the set of m weighting coefficients
corresponding to a particular face. {c) Each of the n faces is rated by participants on a trait
dimension and given an average score yj. Multiplication of the social judgments vector by the set of
randomly generated faces yields a dimension that is optimal in changing faces on the trait
dimension, which can be controlled with a tunable constant k. The figure shows the generation of
one face along the trustworthiness dimension. (d) A two-dimensional maodel of evaluation of faces.
Examples of & face with exaggerated features on the two orthogonal dimensions—trustworthiness
plotted on the x-axis and dominance plotted on the y-axis—of face evaluation. The changes in
features were implemented in a computer model based on trustworthiness and dominance
judgments of n = 300 emoticnally neutral faces {Oosterhof and Todorov, 2008). The extent of face
exaggeration is presented in SD units. The faces on the diagonals were obtained by averaging the
faces on the trustworthiness and dominance dimensions. The diagonal dimension passing from the
2nd to the 4th quadrant was nearly identical to a dimension based on threat judgments of faces.
The other diagonal dimension passing from the 1st to the 3rd quadrant was similar to dimensicns
empirically obtained from judgments of likeability, extraversion, and competence. Reprinted from
Trends in Cognitive Sciences, Todorov, Said, Engell, and Oosterhof, Understanding evaluation of
faces on social dimensions, © 2008 with permission from Elsevier.
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methods (Gosselin and Schyns, 2001; Mangini and Biederman, 2004), in which subjects make
decisions on noisy images, may be particularly useful for discovering the cues used for face
evaluation in a data-driven way. Reverse correlation methods have already been used to discover
the cues used for judgments of expressions of emotions, gender, and identity (Schyns et al., 2002;
Smith et al., 2005). They can also be used to study social judgments. For example, Dotsch et al.
(2008) have used these methods to reveal the prototypical face representations of stigmatized
out-groups.

The role of individual differences in face evaluation

As described in the first section, there is a surprising amount of consensus in judgments from
faces, although this consensus varies as a function of the judged trait (Oosterhof and Todorov,
2008). The common statistic typically used to report consensus in judgments is Cronbach’s
alpha—a measure of the consistency of raters. However, as noted by Honekopp (2006), this
statistic describes reliability across samples of judges® and it is not clear how to interpret it at the
level of individual raters. In fact, given a large sample of raters, Cronbach’s alpha can be very high
even when the inter-rater agreement is very low. Typically, the inter-rater agreement is not very
high. For example, this agreement ranged from 0.09 to 0.47 (correlation coefficients) across 15
different trait judgments (Qosterhof and Todorov, 2008).# That is, the average shared variance
between pairs of raters ranged from 0.8% to 22.1%. Thus, despite consensus in trait judgments,
a large proportion of variance in these judgments is unaccounted for. Recent empirical work
suggests that some of this variance may be attributable to individual differences (Engell et al.,
2007; Honekopp 2006). For example, Honekopp (2006) estimated that half of the meaningful
variance in attractiveness judgments is due to consensus contributions and half to idiosyncratic
contributions.

We know very little about the sources of idiosyncratic variation in face evaluation. Whereas
computer models of social judgments (Brahnam, 2005; Qosterhof and Todorov, 2008), which
rely on averaging of judgments across judges, may be particularly appropriate for discovering
consensual cues and their possible evolutionary and cultural origin, they may not be the best
approach to capture cues to individual variations in judgments. Because the latter cues would
differ across individuals, they would not be revealed in an average judgment. A key area for future
research is the investigation of the determinants of individual variation in social judgments from
faces. Likely candidates for these determinants are self-resemblance, similarity to faces of people
with known personality dispositions, and individual differences in perceiver personality.?

Several studies have shown that faces that have been subtly manipulated to resemble the self (by
morphing faces with the self face) are evaluated and treated more positively than control faces

3 One way to understand this statistic is in terms of the agreement between the face ratings of two different
groups of subjects. For example, an alpha of 0.90 indicates that this is the expected correlation between the
mean observed face ratings (averaged across subjects) and the mean ratings of a new group of subjects with
the same sample size.

4 Tt should be noted that the subjects in Oosterhof and Todorov (2008) rated the faces three times and the
agreement was computed from their mean ratings for each face. This procedure typically increases inter-
rater agreement and, correspondingly, reliability. The inter-rater agreement from the first face ratings of
the subjects was more modest, ranging from 0.04 to 0.35 across the 15 traits.

5 For aninteresting treatment of individual differences in face evaluation from the perspective of a Gibsonian
approach in terms of social affordances and perceivers’ attunements, see Zebrowitz (Chapter 3, this

volume).
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(Bailenson et al., 2006, 2008; DeBruine, 2002, 2005; Krupp et al., 2008). For example, subjects
perceive self-resembling faces as more trustworthy (DeBruine, 2005), show more trusting behav-
iors in economic games with self-resembling partners (DeBruine, 2002; Krupp et al., 2008), and
are more likely to vote for political candidates who resemble them (Bailenson et al., 2006, 2008).

The second source of idiosyncratic face evaluation may derive from learning about other
people. While impressions of unfamiliar people are certainly influenced by their facial appearance
(see sections “Consequences of personality impressions from faces” and “The automaticity of
personality impressions from faces”), this does not mean these impressions are not changeable in
light of new information (Todorov and Olson, 2008). In fact, such impressions can be rapidly
changed based on minimal information (Bliss-Moreau et al., 2008; Johnson et al., 1985; Todorov
et al., 2007; Todorov and Uleman, 2002, 2003, 2004). These processes are probably adaptive:
people should be able to rapidly learn about other people and overwrite initial impressions. In
addition, there is evidence that personality information can affect the evaluation of physical
appearance (Gross and Croften, 1977; Hassin and Trope, 2000; Kniffin and Wilson, 2004;
Paunonen, 2006). For instance, learning that someone is kindhearted or mean influences judg-
ments of physical attractiveness (Hassin and Trope, 2000).

Given the importance of learning and consistent with the familiar face overgeneralization
hypothesis {Zebrowitz, Chapter 3, this volume; Zebrowitz and Collins, 1997), an interesting
possibility is that knowledge of familiar others can generalize to novel faces that resemble the faces
of these others. Consistent with this possibility, Andersen and colleagues have demonstrated that
participants’ impressions of familiar others are affected by the similarity of those others to
participants’ own significant others (Andersen and Baum, 1994; Andersen and Cole, 1990).
However, they have not yet investigated the role of physical similarity in this process. Indeed,
there are very few experimental studies showing that experience with one set of faces leads to
changes in judgments of another set of faces (Hill et al., 1990; Lewicki, 1985; Jones et al., 2007). In
one such study, Hill et al. (1990) created an association between the length of faces and their
fairness and then showed that this association influenced judgments of novel faces. In a more
recent study, Jones et al. (2007) showed subjects composite faces whose constituent faces had
been previously associated with either neutral or aversive sounds, They found that subjects
preferred composites of faces previously paired with neutral sounds over composites of faces
previously paired with aversive sounds. Together, these studies suggest that experience with
familiar others may influence judgments about novel faces that resemble these familiar others.

Finally, perceiver goals, insofar as they persist through time, may also contribute to idiosyncratic
variance in the evaluation of faces. For instance, the desire for certain personality characteristics
(e.g. assertiveness) in a partner has been found to influence judgments of facial attractiveness.
Specifically, Little et al. (2006) found that compaosites made from faces that were judged as
attractive by individuals who value certain personality traits are seen as expressing those traits to
a greater extent than composites from people who do not value those traits. Although trait
judgments tend to be highly correlated with each other (see section “Dimensional approaches to
face evaluation™), this study suggests that the relationship between specific judgments and overall
evaluation may differ in a meaningful way across perceivers (see also Little and Perrett, 2002).

Traditionally, the focus of face evaluation research has been on the cues in the face that “signal”
specific evaluations across perceivers. However, there is a large individual variation in these
evaluations and, as we argued, this variation can originate in specific individual experiences with
faces and self-resemblance. Future research needs to use statistical models (e.g. Honekopp, 2006)
to partition the variance in judgments of faces to variance due to consensus or properties of the
face and variance due to the judge or idiosyncratic variance and then experimentally test what
variables differentially affect these two sources of variance.
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‘ Summary and conclusions

| People routinely make personality inferences from facial appearance, even though these inferences
are not necessarily accurate. In the first section, we reviewed evidence for the accuracy of these
inferences. Although there have been studies finding positive relationships between judgments
from faces and measures of personality (Berry, 1991; Berry and Brownlow, 1989; Penton-Voak
et al., 2006), there have been other studies failing to find such relationships (Bachmann and
Nurmoja, 2006; Pound et al., 2007; Zebrowitz et al., 1996) and some finding negative relationships
{(Collins and Zebrowitz, 1995; Zebrowitz et al., 1998a,b). The most important methodological
challenge for studies on accuracy is ascertaining the representativeness of face stimuli. This repre-
sentativeness is a precondition for estimating the true relationship between personality inferences
from faces and measures of personality. The most important conceptual challenge for studies on
accuracy is positing plausible biological and social interaction mechanisms that can lead to posi-
tive or negative relationships between face inferences and measures of personality.

Although personality impressions from faces are not necessarily accurate, they affect important
social outcomes ranging from sentencing decisions to electoral success (Blair etal., 2004; Eberhardt
et al., 2006; Olivola and Todorov, 2010). In the second section (“Consequences of personality
impressions from faces”), we reviewed evidence for the impact of these impressions. Interestingly,
the degree to which personality inferences predict social outcomes depends on whether these
inferences match the specific context of decision. For example, voters believe that competence is
the most important attribute for a politician and inferences of competence from facial appear-
ance, but not likeability, predict electoral success (Olivola and Todorov, 2010; Todorov et al.,
2005). An important question for future research is how face inferences are integrated with other
person information in decisions.

In the third section (“The automaticity of personality impressions from faces”), we reviewed
studies showing that personality inferences are formed after extremely brief exposures to faces,
suggesting that these inferences are automatic. For example, such inferences can be formed after
as little as 40 ms exposure to faces (Bar et al., 2006; Todorov et al., 2009). Important questions for
future research include whether some inferences have advantage in visual processing over other
inferences and whether inferences made after rapid exposure are global, evaluative inferences
linked to approach/avoidance responses rather than specific trait inferences.

In the fourth section (“Neuroimaging and patient studies of personality impressions from
faces™), we reviewed cognitive neuroscience studies probing the neural basis of personality
impressions from faces. Evidence from these studies suggests that such inferences engage brain
regions implicated in reward-related and affective processing. However, although some regions—

medial OFC in studies on attractiveness and amygdala in studies on trustworthiness—are consist-
ently activated in f/MRI studies, there is little overlap in other activated regions. The main challenge
for future studies is to specify how context variables—task and motivational context—affect the
processes of face evaluation and whether different processes engage different functional brain
networks.

Although people make multiple trait inferences from faces, these inferences are highly inter-
correlated. In the fifth section (“Dimensional approaches to face evaluation”), we reviewed recent
dimensional approaches that posit that specific trait inferences can be represented within a two-
dimensional space defined byvalence/trustworthiness and power/dominance evaluation (Todoroy
et al., 2008b). Further, we reviewed evidence from data-driven methods that inferences along
these dimensions are based on similarity to expressions signaling approach/avoidance behaviors
and features signaling physical strength, respectively. Convergent evidence from other data-
driven methods is needed to confirm these hypotheses. Finally, although dimensional models
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provide a parsimonious framework for the study of face evaluation, they may not be sufficient to
account for face evaluation in specific contexts (see the second section).

The approaches reviewed in the fifth section are particularly useful for modeling consensus con-
tributions to face evaluation or the facial properties that are uniformly perceived across perceivers
to signal a specific quality. In the final section (“The role of individual differences in face evalua-
tion”), we reviewed an ignored aspect of face evaluation: the idiosyncratic contributions of the
perceivers to face evaluation. Findings that self-resemblance, learning, and personality differences
affect the evaluation of faces suggest that these may be some of the determinants of idiosyncratic
evaluation of faces. The challenge for future studies is to experimentally demonstrate these links.

The human face is a source of perennial fascination as a window to personality. Many people
still believe that faces provide accurate information about personality and that important decisions
can be based on this information (Hassin and Trope, 2000), although individual judgments are
weakly correlated at best with personality measures. These impressions are formed rapidly, are
consistent across observers, and are predictive of important social outcomes. The consistency in
impressions is based on cues with adaptive significance such as similarity to emotional expressions
(Montepare and Dobish 2003; Said et al., 2009b), neotenous features (Zebrowitz et al., 2003) and
kin resemblance (DeBruine 2002, 2005).
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