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Abstract. The facial width-to-height ratio, a size-independent sexually dimorphic property of the
human face, is correlated with aggressive behaviour in men. Furthermore, observers’ estimates
of aggression from emotionally neutral faces are accurate and are highly correlated with the
facial width-to-height ratio. We investigated whether observers use the facial width-to-height ratio
to estimate propensity for aggression. In experiments la—lc, estimates of aggression remained
accurate when faces were blurred or cropped, manipulations that reduce featural cues but
maintain the facial width-to-height ratio. Accuracy decreased when faces were scrambled,
a manipulation that retains featural information but disrupts the facial width-to-height ratio.
In experiment 2, computer-modeling software identified eight facial metrics that correlated
with estimates of aggression; regression analyses revealed that the facial width-to-height ratio
was the only metric that uniquely predicted these estimates. In experiment 3, we used a
computer-generated set of faces varying in perceived threat (Oosterhof and Todorov, 2008
Proceedings of the National Academy of Sciences of the USA 105 11087 —11092) and found that as
emotionally neutral faces became more ‘threatening’, the facial width-to-height ratio increased.
Together, these experiments suggest that the facial width-to-height ratio is an honest signal of
propensity for aggressive behaviour.

1 Introduction

Despite the adage “don’t judge a book by its cover”, most people believe they can
accurately judge someone’s character from static facial cues (Hassin and Trope 2000).
Consensus in trait impressions can be achieved with minimal exposure to faces
(eg within 100 ms—Bar et al 2006; Willis and Todorov 2006; Rule and Ambady 2008a;
Carré et al 2009) and, for some traits, these judgments are accurate (eg extraversion
and conscientiousness— Penton-Voak et al 2006; Little and Perrett 2007; sociosexuality—
Boothroyd et al 2008; Stillman and Maner 2009; interest in children—Roney et al
2006; sexual orientation—Rule and Ambady 2008a; Rule et al 2008; fighting ability—
Sell et al 2009; and propensity for aggression—Carré et al 2009). Furthermore,
judgments based on the face are known to predict various social outcomes, including
election results (Todorov et al 2005; Ballew and Todorov 2007; Little et al 2007),
financial success (Rule and Ambady 2008b), military rank (Mazur et al 1984), and
sentencing decisions (Blair et al 2004).

Some of the facial cues that influence trait judgments have been identified. For
example, faces with large eyes, high eyebrows, small chins, and low vertical placement
of facial features are rated as being more ‘babyfaced’ (Zebrowitz 1997). However, there
is little support for the accuracy of estimates based on ‘babyfacedness’ (see Zebrowitz
and Montepare 2008, for review). We recently reported that the facial width-to-height
ratio, a size-independent sexually dimorphic property of the human face (Weston et al
2007), is correlated with aggressive behaviour among men tested in the laboratory
and among varsity and professional hockey players during competition (Carré and
McCormick 2008a). An earlier investigation of aggression among the Kung San hunter-
gatherer tribe from Namibia found that men with a violent history had wider faces
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(bizygomatic width, a component of the facial width-to-height ratio) than men without
a violent history (Christiansen and Winkler 1992). Further, observers were accurate in
estimating propensity for aggression on viewing photographs of the men whose aggres-
sive behaviour was measured in the lab, even when exposure to the stimulus faces was
limited to 39 ms (Carré et al 2009). Judgments of aggression were highly consistent
across observers and between men and women (no sex differences in ratings of aggres-
sion in the facial stimuli). In addition, the observers’ estimates of aggression were
highly associated with the facial width-to-height ratio of the stimulus faces. Thus, the
facial width-to-height ratio may serve as an ‘honest signal’ of propensity for aggression
that may be used to guide adaptive social behaviour (Carré et al 2009). However,
it remains possible that estimates of aggression from emotionally neutral faces are
based on other facial metrics that may or may not be correlated with the facial width-
to-height ratio.

In the following experiments, we used three approaches to investigate more fully
whether the facial width-to-height ratio is the basis for estimates of aggression or whether
other cues in the face convey the critical information. The first question was whether per-
ceivers can accurately predict aggression when the facial width-to-height ratio is preserved
but other facial cues (eg contour, facial features) are eliminated or their salience is
reduced and, conversely, when other facial cues remain intact but configural cues,
including the facial width-to-height ratio, are eliminated. In experiments la through Ic,
the facial stimuli were modified to eliminate facial contour (by cropping the images),
featural cues (by blurring the images), or the facial width-to-height ratio (by scrambling
the images). The second question was to what extent other facial cues are diagnostic
of aggression. In experiment 2, 61 metrics other than the facial width-to-height ratio
in the unmanipulated facial stimuli were quantified with the algorithm provided by
Facegen software; we then examined whether any of these 61 metrics were associated
with estimates of aggression. The third question was the extent to which faces manipu-
lated to be perceived as more/less threatening vary in facial width-to-height ratio.
In experiment 3 we analysed a set of faces generated by Oosterhof and Todorov (2008)
using the Facegen software in their investigations of cues in the face that convey
threat. Such a correspondence would be consistent with our hypothesis that perceivers
can use facial width-to-height ratio to predict threat, a trait that is conceptually related
to aggression.

2 Experiment 1. Modifications of facial stimuli to eliminate features or facial width-to-height
ratio

2.1 Method

2.1.1 Participants. All participants were undergraduate students who received either a
Can $5 honorarium or partial course credit for participation. Experiment la involved
eight women and eight men (mean age = 23.81 years, SD = 6.18 years); experiment
1b involved sixteen women (mean age = 19.38 years, SD = 1.41 years); experiment Ic
involved eighteen women and two men (mean age = 23.85 years, SD =4.77 years);
and experiment 1d involved sixteen women (mean age = 19.25 years, SD = 0.97 years).
Thus, experiment 1 consisted of four sub-experiments. All procedures were approved
by the university’s Research Ethics Board.

2.1.2 Stimuli. Photographs were obtained from a sample of 37 men for which aggres-
sive behaviour and facial width-to-height ratio was quantified previously (for more
detail, see Carré and McCormick 2008a). In brief, these men were volunteers from an
Introductory Psychology participant pool who received a Can $5 honorarium and partial
course credit for their participation. Aggressive behaviour was measured with a modified
version of the Point Subtraction Aggression Paradigm, a well-validated laboratory task
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(eg Cherek et al 1996). This task was designed to assess aggressive behaviour in response
to provocation (ie reactive aggression). In brief (see Carré and McCormick 2008b for
full description), participants were led to believe that they were playing a computer
game with another individual who was located in an adjacent room. Participants were
instructed that the goal of the game was to earn as many points as possible, and that
they would be compensated on the basis of the number of total points earned during
the task. Participants had three response options available to them: option 1 = point
reward, option 2 = point steal, and option 3 = point protection. Hitting option 1 a
hundred consecutive times caused their point-counter to enlarge, flash several times
with positive signs, and increase by one point, indicating that they earned a point.
Participants were instructed that, throughout the task, it may occur that their point-counter
turns red, flashes several times with negative signs, and decreases by one point, indicating
that the person paired with them stole a point. Participants were told the points stolen
from them would be added to their partner’s point-counter. In addition to option 1
(point reward), participants could also choose to select option 2 (point steal) or
option 3 (point protection). Hitting option 2 ten consecutive times would result in their
partner losing 1 point. However, participants were notified that, although their partner
would lose a point, they had been randomly assigned to the experimental condition
whereby the points that they stole would not be added to their point-counter. Hitting
option 3 ten consecutive times protected participants’ point-counter against point sub-
tractions (ie steal) for a variable amount of time.

Given that participants did not gain any financial reward from stealing, and that
stealing occurred in response to provocation, it can be inferred that stealing points served
to ‘punish’ one’s partner, and as such represents our primary measure of aggressive
behaviour. Our use of the term aggression in this context is consistent with the widely
held definition of aggression as “any form of behavior directed toward the goal of harming
or injuring another living being who is motivated to avoid such treatment” (Baron
and Richardson 1994, page 7). Importantly, the harm or injury does not need to be
physical in nature, but simply needs to be considered an aversive stimulus by the receiver.

The facial width-to-height ratio of the men was measured with NIH Imagel] soft-
ware and involved the landmarks originally used by Weston and colleagues (2007).
Specifically, the distance between the left and right zygion (bizygomatic width) was
divided by the distance between the upper lip and mid-brow (upper facial height)
to yield the facial width-to-height ratio. For the present experiments, as in our pre-
vious studies (Carré et al 2009), the sample of stimulus faces was reduced to include
only Caucasian men without facial hair (to avoid judgments based on stereotypes)
and displaying neutral expressions (n = 24, mean age = 19.08 years, SD = 1.41 years).
There was no bias in the selection of stimuli; in fact, the relationship between actual
aggression and facial width-to-height ratio is slightly reduced by the reduction in
sample size (from r = 0.38 with n = 37 total sample, to r = 0.31 in the reduced sample),
thereby providing a conservative test of our hypothesis. Faces were converted to 8-bit
grey-scale and were standardised by using a hairline —chin distance of 400 pixels and
placed within a black background.

Each original face (see figure la) was modified with Adobe Photoshop (version 6) to
create four new conditions. In the ‘chin/forehead crop’ condition (see figure 1b), forehead
and lower jaw were removed, but the facial width-to-height ratio was maintained. In the
‘side crop’ condition (see figure Ic), the width of the faces in ‘chin/forehead crop’ was
cropped again to exclude vertical information beyond the outer eyebrows (eg ears and
mid-jaw line), while maintaining the same rank order of the facial width-to-height ratio as
in the original faces and of the ‘chin/forehead crop’ (ie facial width-to-height ratios from
‘side crop’ were strongly correlated with facial width-to-height ratios from ‘chin/forehead
crop’, r = 0.95). These two conditions allowed us to examine whether any influence of
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Figure 1. Example of faces used in experiment 1: (a) unmanipulated, (b) chin/forehead crop, (c) side
crop, (d) blur, and (e) scramble.

the facial width-to-height ratio would be maintained in the absence of the external
contour. ‘Blur’ and ‘scramble’ face conditions (see figures 1d and le, respectively) were
based on the procedures in Hayward and colleagues (2008). ‘Blur’ faces were created
with a Gaussian filter with a radius of 3 pixels in Adobe Photoshop (as in Collishaw
and Hole 2000). ‘Blur’ faces retain configural information, including the facial width-
to-height ratio, but disrupt featural processing, so much so that, when faces are both
blurred and scrambled, recognition of facial identity drops to chance levels (Collishaw
and Hole 2000; Hayward et al 2008). ‘Scramble’ faces, designed to eliminate all config-
ural cues including the facial width-to-height ratio, were created by cutting each face
into 12 pieces and placing the pieces into one of four arrangements. Blurred faces allowed
us to examine the influence of the facial width-to-height ratio when potential featural
cues were reduced in salience; scrambled faces allowed us to examine the influence of
individual features in the absence of a face context.

2.2 Experiment la

2.2.1 Procedure. Stimulus faces were presented on a black background with E-Prime
software on a 14-inch LCD monitor and were approximately 17 cm wide by 20 cm high
(or 15.2 deg by 12.9 deg when viewed from 75 cm). Participants were told how the
aggressive behaviour of the men had been assessed. The unmanipulated facial stim-
uli were presented in random order for 1000 ms to familiarise the participants with
the range of faces. Next, each face within each stimulus condition was presented
for 2000 ms (fully randomised), after which the question “How aggressive would this
person be if provoked?” appeared on a black background along with a seven-point
Likert scale (1—not at all aggressive, to 7—very aggressive). Participants were given
unlimited time to make their response on a numerical keypad, which then caused the
next stimulus face to appear. Within each stimulus condition, faces were presented in
a random order and the order of conditions was semi-counterbalanced. Specifically,
‘chin/forehead crop’ and ‘side crop’ were always presented in blocks 1 or 2 with their
order counterbalanced, and ‘blur’ and ‘scramble’ were always presented in blocks 3 or 4
with their order counterbalanced.

2.2.2 Results. Cronbach’s o was calculated to examine the consistency of the ratings of
estimated aggression across individual participants. The estimates of aggression were
highly consistent across the sixteen individual observers for the ‘chin/forehead crop’, ‘side
crop’, and ‘blur’ conditions, but not for the ‘scramble’ condition (Cronbach’s o = 0.87, 0.83,
0.92, and 0.57, respectively). For each participant we calculated the correlation between
his/her estimate of aggression for the 24 faces and both the facial width-to-height ratio
and actual aggression of the stimulus faces. One-sample 7-tests were computed to test
the primary hypothesis that these correlations would be significantly different from the
null hypothesis (ie no association) in all conditions except the ‘scramble’ condition.
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The ¢-tests indicated that the correlations between the estimates of aggression by individual
participants and the facial width-to-height ratios of the targets were positive in all
conditions (ps < 0.001 for ‘chin/forehead crop’, ‘side crop’, and ‘blur’; p = 0.05 for
‘scramble’) and with actual aggression in all conditions (ps < 0.005) (see right panels
of figure 2 and figure 3, respectively). The 95% confidence intervals for the relationship
between estimated aggression and facial width-to-height ratio and estimated aggression
and actual aggression approached zero (ie between 0.0005 and 0.055) in only one of
the four conditions: ‘scramble’ faces. We also examined the individual components
of the facial width-to-height ratio: width (distance between left and right zygion) and
height (distance between mid brow and upper lip), in relation to estimates of aggres-
sion. Across all four conditions (‘chin/forehead crop’, ‘side crop’, ‘blur’, and ‘scramble’),
the facial width of the targets was positively correlated with observer estimates of
aggression (all ps < 0.01). For ‘chin/forehead crop’ and ‘side crop’, upper facial height
was negatively correlated with observer estimates of aggression (ps < 0.02).

Effect sizes (Cohen’s d) were calculated to examine the strength of the relationship
between the observers’ estimates of aggression and either the facial width-to-height
ratio, facial width, or facial height in each of the four conditions. Effect sizes indicated
that the facial width-to-height ratio was more strongly associated with observer
estimates of aggression than either the width or height alone. For the relationship
between estimates of aggression and facial width-to-height ratio, Cohen’s d = 3.29
for ‘chin/forehead crop’, 2.40 for ‘side crop’, 2.23 for ‘blur’, and 0.53 for ‘scramble’. For
the relationship between estimates of aggression and width, Cohen’s d = 0.81, 0.92,
1.78, and 0.84, respectively. For the relationship between estimates of aggression and
height, Cohen’s d = 1.17, 0.68, 0.36, and 0.29, respectively.

To investigate the effect of stimulus type, the above correlations were converted to
Fisher’s z-scores, and then repeated-measures ANOVA were computed to examine
whether the association between estimated aggression and facial width-to-height ratio
or estimated aggression and actual aggression differed across experimental conditions.
Stimulus condition was a factor in the relationship between estimated aggression
and facial width-to-height ratio (£ ,; = 11.24, p < 0.001). Planned comparison indi-
cated that the relationship was greater for ‘chin/forehead crop’ than for ‘scramble’
(t;s =4.46, p < 0.001), but did not differ between ‘chin/forehead crop’ and ‘side
crop’ (t;,5 =0.14, p =0.89) or ‘chin/forehead crop’ and ‘blur’ (7,5 =0.21, p = 0.84).
The relationship between estimated aggression and actual aggression did not differ
as a function of stimulus type, although the effect approached statistical significance
(F5,45 = 2.37, p = 0.08) with the relationship between estimated aggression and actual
aggression lowest for the ‘scramble’ condition.

For each stimulus face, we calculated the mean estimated aggression across
participants and correlated that with both the facial width-to-height ratio and actual
aggression of the stimulus faces. The mean estimated aggression of each stimulus face
across participants was significantly correlated with the facial width-to-height ratio
and with actual aggression in the ‘chin/forehead crop’, ‘side crop’, and ‘blur’ conditions
(all ps < 0.05), but not in the ‘scramble’ condition (ps = 0.07 and 0.08, respectively)
(see left panels of figures 2 and 3, respectively).

2.3 Experiment 1b

2.3.1 Procedure. In experiment la, the ‘blur’ and ‘scramble’ conditions always occurred
either third or fourth, after the ‘chin/forehead crop’ and ‘side crop’ and after a pre-test
exposure to the unmanipulated faces, thus providing significant opportunity for learning
to have occurred. In this experiment we investigated whether estimates of aggression
in the ‘blur’ and ‘scramble’ conditions would remain accurate when the possibility of
learning from exposure to the unmanipulated faces was reduced and when the stimulus
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Figure 2. Left panel: relationship between mean estimated aggression across participants and facial
width-to-height ratio (facial w/h ratio) for (a) chin/forehead crop, (b) side crop, (c) blur, and (d)
scramble. Right panel: relationship for each individual observer between estimated aggression and
facial width-to-height ratio (facial w/h ratio) for (a) chin/forehead crop, (b) side crop, (c) blur,
and (d) scramble. Black bars: female observers (n = 8); grey bars: male observers (n = 8). Shaded
areas represent the 95% confidence intervals (CI). Mean r-value of (a) = 0.47 (95% CI = 0.39-0.55);
mean r-value of (b) = 0.46 (95% CI = 0.35-0.56); mean r-value of (c) = 0.45 (95% CI = 0.34-0.56);
mean r-value of (d) = 0.13 (95% CI = 0.0005-0.26).
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Figure 3. Left panel: relationship between mean estimated aggression across participants and
actual aggression for (a) chin/forehead crop, (b) side crop, (c) blur, and (d) scramble. Right panel:
relationship for each individual observer between estimated aggression and actual aggression for (a)
chin/forehead crop, (b) side crop, (c) blur, and (d) scramble. Black bars: female observers (n = 8);
grey bars: male observers (n =8). Shaded areas represent the 95% confidence intervals (CI).
Mean r-value of (a) = 0.25 (95% CI = 0.14-0.36); mean r-value of (b) = 0.24 (95% CI = 0.14-0.33);
mean r-value of (¢c) = 0.29 (95% CI = 0.21 - 0.37); mean r-value of (d) = 0.14 (95% CI = 0.06 -0.23).
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exposure time for each condition was reduced from 2000 ms to 39 ms. The three stim-
ulus conditions used were the unmanipulated faces, and the ‘blur’ and ‘scramble’ faces
as in experiment la. Each of the 24 faces was presented in each condition for 39 ms
only. The unmanipulated condition was always presented first, and the order of the
‘blur’ and ‘scramble’ conditions was counterbalanced. The order of faces was fully
randomised within each condition. The presentation of a stimulus face was preceded
by a central fixation cross that appeared for 500 ms. A face was then presented for
39 ms, after which the question “How aggressive would this person be if provoked?”
appeared on a black background along with a seven-point Likert scale (1—not at
all aggressive, to 7—very aggressive). As in experiment la, participants were told how
the aggressive behaviour of the men had been assessed before the presentation of
stimulus faces. In addition, after completion of the experiment, participants were asked
“What facial cues did you use to make your judgements?”, and responses were recorded
by the experimenter.

2.3.2 Results. The estimates of aggression were relatively consistent across individual
observers for the ‘blur’ condition (Cronbach’s o = 0.68) but not for the ‘scramble’ condi-
tion (Cronbach’s o = 0.36). For each participant we calculated the correlation between
his/her estimate of aggression for the 24 faces and both the facial width-to-height
ratio and actual aggression of the stimulus faces. The results for the unmanipulated
condition (always presented first) were reported previously and are not included here,
except to note that significant associations between estimates of aggression and actual
aggression and estimates of aggression and the facial width-to-height ratio were found
for the unmanipulated faces (Carré et al 2009). One-sample ¢-tests were computed
to test the primary hypothesis that these correlations would be significantly different
from the null hypothesis (ie no association) in the ‘blur’ condition, but not in the
‘scramble’ condition. The z-tests indicated that the estimates of aggression of individual
participants were positively correlated with facial width-to-height ratio and actual
aggression in the ‘blur’ condition (¢,5 = 5.07, p < 0.001; and ¢,5 = 3.88, p < 0.001, respec-
tively—see right panel of figure 4a), but not the ‘scramble’ condition (¢, = —0.29,
p=0.78; and 1,5 = —1.33, p =0.20, respectively—see right panel of figure 4b). For
‘scramble’ faces, the 95% confidence intervals for the relationship between estimated
aggression and facial width-to-height ratio and estimated aggression and actual aggres-
sion included zero. To compare the two experimental conditions, the correlations were
converted to Fisher’s z-scores, and then we computed paired-sample z-tests on the
Fisher’s z transformed conditions. The paired-sample z-tests indicated that the correla-
tions between estimates of aggression and the facial width-to-height ratio and the
correlations between estimates of aggression and actual aggression were significantly
higher in the ‘blur’ condition than in the ‘scramble’ condition (#;5 = 3.81, p = 0.002;
and ¢,; = 3.42, p = 0.004, respectively).

For each stimulus face we calculated the mean estimated aggression across par-
ticipants and correlated that with both the facial width-to-height ratio and actual
aggression of the stimulus faces. The mean estimated aggression of each stimulus
face across participants was positively correlated with the facial width-to-height ratio
(ry, =0.67, p < 0.001) and with actual aggression (r,, = 0.37, p = 0.08) in the ‘blur’
condition (see left panel of figure 4a) but was not correlated with either facial width-
to-height ratio or actual aggression in the ‘scramble’ condition (r,, = —0.10, p = 0.65;
and r,, = —0.26, p = 0.21, respectively—see left panel of figure 4b).

Most participants (87.5%) said that the eyes were the basis for their estimates
of aggression. The mouth was said to be the basis by 44%, the eyebrows by 25%, and
the shape of the face by 25%. No participant reported using any kind of configural
information, including the facial width-to-height ratio.
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Figure 4. (a) Blur condition, left panel: relationship between mean estimated aggression across
participants and facial width-to-height ratio (facial w/h ratio) (white background) and actual
aggression (shaded background). Right panel: relationship for each individual observer between
estimated aggression and facial width-to-height ratio (facial w/h ratio) (white background,
mean r-value = 0.28, 95% CI =0.16-0.39) and actual aggression (shaded background, mean
r-value = 0.16, 95% CI = 0.07-0.25). (b) Scramble condition, left panel: relationship between
mean estimated aggression across participants and facial width-to-height ratio (white background)
and actual aggression (shaded background). Right panel: relationship for each individual
observer between estimated aggression and facial width-to-height ratio (white background,
mean r-value = —0.01, 95% CI = —0.11-0.08) and actual aggression (shaded background, mean
r-value = —0.07, 95% CI = —0.18-0.04). Note. 39 ms exposure to each stimulus face.
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24 Experiment Ic

Whereas participants in experiments la and 1b accurately judged aggression for ‘blur’
faces, the results for ‘scramble’ faces differed in the two experiments. Participants were
accurate when ‘scramble’ faces were presented for 2000 ms and were preceded by expo-
sures to unscrambled versions of the faces (experiment la), but they were inaccurate
when the faces were presented for 39 ms and when the exposure to unscrambled faces
was reduced (experiment 1b). In experiment lc, we eliminated the pre-exposure to
unmanipulated faces and increased presentation time to 2000 ms. If now the partici-
pants are not accurate in the ‘scramble’ condition, we can conclude that the accuracy
in experiment la was the result of the pre-exposure to the unmanipulated faces and
that their inaccuracy in experiment 1b was not the result of the short presentation time.
A second group of participants was tested in the ‘blur’ condition as a direct compar-
ison. We hypothesised that accuracy in the ‘blur’ condition would remain high in the
absence of pre-exposure to the faces. Of course, this does not eliminate the possibility
that the accuracy in the ‘blur’ condition in experiment 1b required some pre-exposure
to the faces, although this is unlikely given how brief the pre-exposures were.

2.4.1 Procedure. We randomly assigned participants to either the ‘blur’ condition or to
the ‘scramble’ condition (between-subject design). The participants viewed each face in
either condition for 2000 ms. The order of faces was fully randomised within both
conditions, and the presentation of a stimulus face was preceded by a central fixation
cross that appeared for 500 ms. A face was then presented for 2000 ms, after which
the question “How aggressive would this person be if provoked?” appeared on a black
background along with a seven-point Likert scale (1—not at all aggressive, to 7—very
aggressive). As in experiments la and 1b, participants were told how the aggressive
behaviour of the men had been assessed before the presentation of stimulus faces.

2.4.2 Results. The estimates of aggression were consistent across individual observers
in the ‘blur’ and in the ‘scramble’ conditions (Cronbach’s o = 0.86 and 0.71, respec-
tively). For each participant we calculated the correlation between his/her estimate
of aggression for the 24 faces, and both the facial width-to-height ratio and actual
aggression of the stimulus faces. One-sample z-tests were computed to test the primary
hypothesis that these correlations would be significantly different from the null hypothesis
(ie no association) in the ‘blur’ but not the ‘scramble’ condition. The ¢-tests indicated
that the estimates of aggression of individual participants were positively correlated
with the facial width-to-height ratio and with actual aggression in the ‘blur’ condition
(ty, =4.94, p < 0.001; and 1, = 6.18, p < 0.001, respectively—see the right panel of
figure 5a), but not in the ‘scramble’ condition (¢, = 2.05, p =0.07; and ¢, = 1.05,
p = 0.32, respectively—see the right panel of figure 5b). For ‘scramble’ faces, the 95%
confidence intervals for the relationship between estimated aggression and facial width-
to-height ratio and estimated aggression and actual aggression included zero.

To compare the two experimental conditions, the correlations were converted to
Fisher’s z-scores, and then we computed independent sample z-tests on the Fisher’s z
transformed correlations. These ¢-tests indicated that the correlations between estimates
of aggression and the facial width-to-height ratio, and estimates of aggression and
actual aggression were significantly higher in the ‘blur’ condition than in the ‘scramble’
condition (#,3 = 3.23, p = 0.005; and ¢;; = 3.49, p = 0.003, respectively).

For each stimulus face we calculated the mean estimated aggression across partici-
pants. The mean estimated aggression of each stimulus face was positively correlated
with the facial width-to-height ratio and with actual aggression in the ‘blur’ condition
(ry, =0.45, p=0.03; and ry, = 0.49, p = 0.02, respectively—see left panel of figure Sa),
but not in the ‘scramble’ condition (r, = 0.15, p = 0.48; and r,, = 0.10, p = 0.64, respec-
tively—see left panel of figure 5b).
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Figure 5. (a) Blur condition, left panel: relationship between mean estimated aggression across
participants and facial width-to-height ratio (facial w/h ratio) (white background) and actual
aggression (shaded background). Right panel: relationship for each individual observer between
estimated aggression and facial width-to-height ratio (white background, mean r-value = 0.32,
95% CI = 0.17-0.46) and actual aggression (shaded background, mean r-value = 0.34, 95% CI
=0.22-0.47). (b) Scramble condition, left panel: relationship between mean estimated aggres-
sion across participants and facial width-to-height ratio (white background) and actual aggression
(shaded background). Right panel: relationship for each individual observer between estimated aggres-
sion and facial width-to-height ratio (white background, mean r-value = 0.08, 95% CI = —0.01-0.16)
and actual aggression (shaded background, mean r-value = 0.06, 95% CI = —0.07-0.19). Note.
2000 ms exposure to each stimulus face.
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2.5 Experiment 1d

2.5.1 Procedure. The results of experiments 1b and Ic indicated that when individual
features are presented in the absence of the facial width-to-height ratio (‘scramble’), the
accuracy in estimation of aggression drops to chance levels, even though most partici-
pants claimed to use individual features in the face as the basis for their estimates of
aggression (results from experiment 1b). Thus, it appears that the use of the facial metric
by the participants is implicit. In this experiment we investigated whether participants
could explicitly judge variation in the facial width-to-height ratio.

Participants were taught the definition of the facial width-to-height ratio by point-
ing out the landmarks used for measurement on a photograph of a male face (not
a stimulus face) for whom his facial width-to-height ratio was at the midpoint of the
range of facial width-to-height ratios of the stimulus faces used in the current experi-
ments. To ensure that participants understood the ratio, they were quizzed with questions
such as whether the ratio would increase or decrease if the width of the face was held
constant and the distance between brow and upper lip was increased. When the partic-
ipants were able to answer accurately, the experimental stimuli were presented. The
presentation of each unmanipulated stimulus face was preceded by a central fixation
cross that appeared for 500 ms. A face was then presented for 39 ms, after which the
question “How large is the width-to-height ratio?” appeared on a black background along
with a seven-point Likert scale (1 —not at all large, to 7—very large).

2.5.2 Results. Despite the restricted range of estimates (eg ratings between 3 and 5),
estimates of the facial width-to-height ratio were positively correlated with the actual
facial width-to-height ratio (r =0.70, p < 0.001). A one-sample ¢-test was calculated
to test the hypothesis that correlations between estimates of the facial width-to-height
ratio of individual participants and the actual facial width-to-height ratio would be
significantly different from the null hypothesis (ie no association). The z-test indicated
that estimates of the facial width-to-height ratio of individual participants were posi-
tively correlated with the actual facial width-to-height ratio (¢,, = 3.96, p = 0.002).

2.6 General discussion— Experiments la — 1d

The results from experiments la, 1b, and Ic provide several replications of our previous
report that observers can make accurate estimates of aggression from emotionally neu-
tral faces (Carré et al 2009). The results further suggest that the facial width-to-height
ratio is a basis for the accuracy of judgments of aggression: estimates remained accu-
rate when manipulations were made to a face in which the facial width-to-height ratio
was maintained but external features such as jaw-line and forehead were eliminated (by
cropping) or internal featural cues were reduced (by blurring). In contrast, estimates of
aggression were disrupted when the facial width-to-height ratio was eliminated by scram-
bling the facial features. Although estimates did remain above chance in experiment la
in the ‘scramble’ condition, they dropped to chance levels in experiments 1b and Ic.
In experiment la, there was a 6 to 8 s exposure to the unscrambled faces (ie unmanip-
ulated pre-exposure, crop, and blur conditions) which may have provided opportunity
for learning to have occurred. When prior exposure to faces was reduced (experiment 1b)
or removed (experiment Ic), accuracy in estimates of aggression from scrambled faces
dropped to chance levels. Thus, overall, estimates of aggression are most accurate when
all facial features (even blurred) are presented in their canonical arrangement, allowing
for perception of the facial width-to-height ratio with, at most, a small contribution
from the appearance of individual features. Although estimates of aggression were corre-
lated with both facial width and facial height (components of the facial width-to-height
ratio), these correlations were weaker than that between estimates of aggression and
the facial width-to-height ratio (experiment la); thus the facial width-to-height ratio is
both more diagnostic (Weston et al 2007; Carré et al 2009) and more relied upon by
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perceivers than the two individual metrics from which it is derived. It appears that the
use of the facial width-to-height ratio by observers to form estimates of propensity for
aggression was implicit, because the observers reported that they used features such as
the eyes or mouth in making their judgments. Nonetheless, it is impressive that with
just 39 ms exposure to each face (experiment 1d), observers can make highly accurate
(r =0.70) estimates of the facial width-to-height ratio.

The above experiments provide strong evidence that the facial width-to-height ratio
is a critical factor guiding estimates of aggression. Importantly, when configural prop-
erties of the face were available (eg crop and blurred conditions), we consistently
observed a relationship between estimates of aggression and actual aggression, as well
as between estimates of aggression and facial width-to-height ratio. The consistency
with which these relationships were observed confirms the robustness of the facial
width-to-height ratio as a cue to a target’s propensity for aggression. Nonetheless, it
remains possible that other facial metrics, which may or may not be correlated with
the facial width-to-height ratio, influence estimates of aggression. One or more of such
metrics may be why there is some accuracy in estimates of aggression in the ‘scrambled’
condition, albeit only if previous opportunities to view the stimulus faces are provided
(experiment 1a). In experiment 2, we used a data-driven statistical model of face repre-
sentation (Blanz and Vetter 1999; Singular Inversions 2006) to create digitised versions
of our original stimuli and to examine the extent to which other facial metrics are
correlated with estimates of aggression and whether these metrics are correlated with
the facial width-to-height ratio.

3 Experiment 2. Relationship between facial cues other than the facial width-to-height
ratio and estimates of aggression

3.1 Method

3.1.1 Procedure. Here, we used a different approach to investigate the extent to which
other facial metrics may explain variability in estimates of aggression. To do so, we
used Facegen software, a data-driven statistical model of face representation that pro-
vides numerical values for 61 facial metrics (see table 1, and see Facegen.com for a
more complete description of each facial metric—Blanz and Vetter 1999; Singular
Inversions 2006). We uploaded each of our unmanipulated stimulus photographs used
in experiment 1 into Facegen’s PhotoFit option (see figure 6 for examples). For each
of the 61 facial metrics, the software generates a z-score from Facegen’s normal distri-
bution of faces (based on laser scans of human faces). We also measured the facial
width-to-height ratio from each digitised image generated by Facegen from our uploaded
facial stimuli (using NITH Image] software) to ensure that the digitised faces main-
tained the same facial width-to-height ratio as the photographs used for our stimuli.
We then computed zero-order correlation coefficients to examine the extent to which
the facial metrics generated by Facegen correlated with the estimated aggression and
with the facial width-to-height ratio. We also computed partial correlations to examine
the extent to which any of these facial metrics would explain additional variance of
estimated aggression over and above that explained when using only the facial width-
to-height ratio. An ideal approach would be to conduct multivariate analyses to examine
the relationship among the variables as predictors of estimates of aggression. But this
possibility was limited by the small sample of faces for which aggression had been
measured as well as by the high correlations among predictor variables (ie multi-
collinearity). Therefore, we took a conservative approach by not adjusting our « level
for multiple correlations, thereby increasing the opportunity for other facial metrics to
explain variance in estimated aggression. We then included those variables for which
there was a significant partial correlation and the facial width-to-height ratio in a multiple
regression analysis to predict estimates of aggression.
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Table 1. Relationship between the facial width-to-height ratio (face w/h ratio), the 61 Facegen
facial metrics and observer estimates of aggression. Zero-order (r) and partial (pr) correlations
are reported for the relationship between estimated aggression and the facial metrics. Significant
correlations are in bold.

Facegen metrics Estimated Face Facegen metrics Estimated Face
aggression w/h aggression w/h
ratio ratio
r pr r r pr r
Brow ridge (high/low) 047 020 0.59 Jaw (wide/thin) —0.26  0.03 —0.48
Brow ridge inner (down/up) —0.64 —0.41 —0.70 Jaw neck slope (high/low) 029 0.16 0.29
Brow ridge outer (up/down) 0.32 0.08 0.45 Jawline (concave/convex) 022  0.07 0.29
Cheekbone (low/high) 0.11 —0.08 0.26 Lips (deflated/inflated) —-0.07 —0.14 0.08
Cheekbone (shallow/pronounced) 0.09 —0.09 0.28 Lips (large/small) 0.02  0.04 —0.01
Cheekbone (thin/wide) 0.25 —0.11  0.56 Lips (puckered/retracted) —-0.29 —-0.23 —0.18
Cheeks (concave/convex) 0.16 —0.05  0.33 Lips (thin/thick) 0.02 0.13 —0.16
Cheeks (round/gaunt) —0.06 0.07 —0.20 Mouth (drawn/pursed) 0.16 0.25 —0.08
Chin (forward/backward) —0.17 0.23 —0.55 Mouth (happy/sad) 0.02 0.19 —0.21
Chin (pronounced/recessed) —0.01 0.13 —0.20 Mouth (protruding/retracted) —0.01  0.02 —0.04
Chin (retracted/jutting) 0.18 —0.05 0.37 Mouth tilt (up/down) —-0.23 —0.23 —0.06
Chin (shallow/deep) 0.47 0.16 0.63 Mouth (underbite/overbite) —0.12 —0.14 —0.01
Chin (small/large) —0.17 —=0.11 —0.14 Mouth (up/down) —-0.21 —-0.10 —0.22
Chin (tall/short) 0.19 —0.03  0.37 Mouth (wide/thin) 0.18 0.19 0.05
Chin (wide/thin) 0.33 0.09 044 Mouth—chin (short/long) 0.09 —0.05 0.21
Eyes (down/up) —0.28 —0.05 —0.41 Nose bridge (shallow/deep) —0.11 —0.03 —0.16
Eyes (small/large) —0.27 —0.27 —0.10 Nose bridge (short/long) —0.13 —0.01 —0.21
Eyes tilt (inward/outward) —0.22  0.004 —0.37 Nose (down/up) 0.01 —0.08 0.11
Eyes (apart/together) 0.16 —0.21  0.52 Nose (flat/pointed) 0.01 0.02 0.01
Face (brow-nose-chin ratio) 0.59 0.35 0.64 Nose nostril tilt (down/up) —0.06 —0.19 0.16
Face (forehead-sellion-nose ratio) 0.16 0.01 0.27 Nose nostril (small/large) 0.05 —0.03 0.13
Face (heavy/light) —0.54 —0.24 —0.67 Nose nostril (wide/thin) 0.12 041 034
Face (round/gaunt) —0.35 —0.13 —0.43 Nose region (concave/convex) —0.02  0.20 —0.30
Face (tall/short) 0.48 0.17 0.65 Nose sellion (down/up) —0.06 —0.08 —0.21
Face (up/down) 0.32  0.17 0.33 Nose sellion (shallow/deep) —0.34 —0.20 —0.33
Face (wide/thin) 0.45 020 0.54 Nose sellion2 (shallow/deep) —0.31 —0.24 —0.21
Forehead (small/large) —0.13 —0.28 0.16 Nose sellion (thin/wide) —-0.22 —-0.25 —0.04
Forehead (tall/short) 0.21 0.21 0.07 Nose (short/long) 0.05 0.16 —0.13
Forehead tilt (forward/backward) —0.26 —0.41  0.13 Nose tilt (down/up) 0.01 —0.09 0.14
Head (thin/wide) 0.25 —0.09  0.53 Temples (thin/wide) —0.53 —0.47 0.28
Jaw (retracted/jutting) 0.18 —0.05  0.37

3.1.2 Results. The facial width-to-height ratios calculated from the digitised stimulus faces
were highly correlated with the facial width-to-height ratios calculated from the photo-
graphs of our original stimulus faces (r =0.97, p < 0.0001). Furthermore, the facial
width-to-height ratio from the digitised faces was positively correlated with observer
estimates of aggression obtained in a previous experiment (r = 0.58, p = 0.003—see
Carré et al 2009). 8 of the 61 correlations between Facegen-calculated facial metrics
and estimates of aggression were significant, 7 of which were also highly correlated
with the facial width-to-height ratio (see table 1 for correlation coefficients); most of
these facial metrics are components of the facial width-to-height ratio (eg brow ridge
high/low, face tall/short, face wide/thin). Several additional facial metrics were cor-
related with the facial width-to-height ratio, but not estimates of aggression (eg outer
brow ridge up/down, chin foreward/backward, jaw wide/thin). After controlling for
the variance in estimates of aggression accounted for by the facial width-to-height
ratio, only 3 facial metrics remained significant at the p < 0.05 level (forehead tilt,
nostril width, and temple width). The multiple regression analysis that included these
three metrics and the facial width-to-height ratio accounted for 60% of the variance
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Original faces Facegen faces

Figure 6. Examples of Facegen faces created
using the original stimulus faces.

in estimates of aggression (R* = 0.60, F, 1y = 7.23, p < 0.001), with facial width-to-height
ratio the only metric that made a significant unique contribution to the prediction
(p =0.002).

3.2 Discussion

The results obtained with Facegen indicate that other facial metrics are correlated with
estimates of aggression. Interestingly, 7 of the 8 metrics that had zero-order correla-
tions with estimates of aggression were also correlated with the facial width-to-height
ratio. Nonetheless, after accounting for the variance in estimates of aggression explained
by the facial width-to-height ratio, only 3 facial metrics emerged as significant predic-
tors of estimates of aggression. Moreover, when these variables were simultaneously
entered into a linear regression analysis, along with the facial width-to-height ratio,
it was only the facial width-to-height ratio that made a significant unique contribution
to the prediction of estimated aggression.

In the next experiment, we investigated whether the results of a relationship between
facial width-to-height ratio and estimates of aggression that we obtained with our facial
stimuli would extend to a novel set of stimulus faces. These computer-generated faces
were made to vary according to the extent to which they were perceived as threatening
(threat dimension), a variable strongly associated with aggression. A wealth of research
indicates that people evaluate others along two primary dimensions; warmth and com-
petence (see Fiske et al 2007, for review). The warmth dimension is composed of traits
that are related to the perceived intent of the target, including traits such as friendly,
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trustworthy, and threatening. From an evolutionary perspective, warmth judgments are
primary, as they enable observers to gauge another’s intentions (positive or negative),
which, through its influence on approach/avoidance behaviour, may have important
consequences for survival (Fiske et al 2007). Judgments of aggression (as in Carré et al
2009, and experiments la—1c) and threat (as in Oosterhof and Todorov 2008) would
emerge as traits loading on the negative pole of the warmth dimension. Thus, a rela-
tionship between faces that vary in threat and the facial width-to-height ratio would
provide a conceptual replication of our previous findings of a relationship between
estimates of aggression and the facial width-to-height ratio.

4 Experiment 3. Relationship between the facial width-to-height ratio and a computer
model of facial threat

4.1 Method

4.1.1 Stimuli. To investigate whether our results were limited to our real stimulus faces,
or whether they would generalise to a novel set of synthetic stimulus faces, we used a
database of faces that were freely available on Alexander Todorov’s Social Cognition
and Social Neuroscience Laboratory website. These faces were created with Facegen
software to vary according to the extent to which they are perceived as threatening
(threat dimension), a variable closely associated with aggression. This allowed us to ask
whether faces generated with Facegen software to vary along the dimension of threat
differ accordingly in facial width-to-height ratio. This database consists of 25 Cauca-
sian faces that were generated with Facegen (Facegen Modeller program version 3.1,
http://facegen.com) and from which seven versions of each facial identity were made to
vary on the dimension of threat (Oosterhof and Todorov 2008). This provides a data-
base of 175 faces (7 versions of 25 facial identities varying from —3 SD = not at all
threatening to +3 SD = very threatening). In brief, to build their model, Oosterhof
and Todorov (2008) asked participants to judge a series of computer-generated 3-D
faces on the degree to which they appeared threatening, and then used the mean trait
judgments made by observers to find vectors in the 50-dimensional face space in which
direction is optimal in changing ‘threat’. Next, Oosterhof and Todorov (2008) generated
a new set of emotionally neutral faces and manipulated the facial metrics that were
found to be most strongly correlated with ‘threat’. Validation studies indicated that
observer ratings tracked the ratings predicted by their computer model (Oosterhof and
Todorov 2008). The question we asked was whether faces that were considered most
threatening had the largest facial width-to-height ratio.

4.1.2 Procedure and statistics. The 175 face images in the database were re-coded so that
measurements could be made blind of the level of threat of an individual image. Facial
width-to-height ratios were then calculated with NITH Imagel] software as described
above (see experiment la). The relationship between the facial width-to-height ratio
and score on the threat dimension for the face images was then calculated for each
facial identity with Pearson correlations and with a repeated-measures ANOVA.

4.1.3 Results. A repeated-measures ANOVA was computed to examine the extent to
which facial width-to-height ratio would differ as a function of the threat dimension of
the faces. The facial width-to-height ratio tracked the level of threat from individual
facial identities (Ko, 124 = 120.99, p < 0.001), although the significant quadratic trend
showed that differences in facial width-to-height ratio as a function of threat level
were more pronounced at the high end of the threat dimension (Fj,qic 1,24 = 5-79,
p = 0.02). A one-sample ¢-test comparing correlations for individual faces to a null-value
of zero showed that threat dimension was positively associated with the facial width-
to-height ratio (z,, = 19.54, p < 0.001—see figures 7a and 7b). As shown in figure 7b,
this effect was consistent across individual stimulus faces.
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Figure 7. (a) Relationship between level of threat from emotionally neutral faces and facial width-to-
height ratio (facial w/h ratio). (b) Relationship between level of threat from each individual facial
identity (n = 25) and facial width-to-height ratio.

4.2 Discussion

The results of this experiment on a novel set of computer-generated stimulus faces
add further support to the hypothesis that the facial width-to-height ratio is used by
perceivers to predict aggressive potential. As each of the 25 face models varied along
the dimension of threat, the facial width-to-height ratio also increased (see figure 7b).
This finding indicates that the facial width-to-height ratio is associated with the degree
of perceived threat, and also illustrates that the relationship between facial width-to-
height ratio and personality extends beyond our original stimuli.
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5 General discussion

In a previous study (Carré and McCormick 2008a) we reported that variation in the
facial width-to-height ratio of male faces is diagnostic of propensity for aggression.
The three sets of experiments reported here lend substantial support to the hypothesis
that the facial width-to-height ratio is a cue used by perceivers to infer another’s
propensity for aggressive behaviour (Carré et al 2009). Perhaps the most impressive
result from the current experiments is the consistency among observers within and
across experiments in ratings of aggression in the stimulus faces. In addition, observer
estimates of aggression remained accurate when faces were cropped and when featural
properties of the face were made less salient by blurring (both of which maintain the
integrity of the facial width-to-height ratio) and these estimates were highly correlated
with the facial width-to-height ratio. The results obtained from the crop manipula-
tions suggest that facial features above the eyebrows and below the upper lips are
not required for accurate estimates of aggression. This is important because previous
studies have suggested that variations in facial features such as jaw width, size of fore-
head, and size of lips are associated with perceptions of masculinity, dominance, and
physical strength (see Keating et al 1981; McArthur and Apatow 1983/1984; Keating 1985;
Perrett et al 1998). Thus, although ratings of propensity for aggression, masculinity,
and dominance are conceptually related to each other, ratings of such traits may be
influenced by different, separable facial cues. On the other hand, disrupting configural
properties of the face (including the facial width-to-height ratio) significantly reduced
accuracy in estimates of aggression, suggesting that individual features presented out-
side of the face context play a small (experiment la) or no (experiments 1b and 1c)
role in estimates of aggression. Although individual facial characteristics may contribute
to estimates of aggression in intact stimuli collectively, our results demonstrate that
the facial width-to-height ratio is both diagnostic of aggressive potential (Carré and
McCormick 2008a) and is used accurately by perceivers when estimating propensity
for aggression (Carré et al 2009, and the present experiments la—1c). This is partic-
ularly striking in light of the sexual dimorphism in the facial width-to-height ratio that
emerges at puberty (Weston et al 2007).

Although research has demonstrated that both configural and featural properties
of the face are important for face recognition (see Schwaninger et al 2002; Hayward
et al 2008), it is possible that the mechanisms underlying face recognition and forma-
tion of trait impressions are not the same. In fact, Todorov and Duchaine (2008)
recently reported that developmental prosopagnosics, that are seriously impaired in
their ability to recognise individual face identities, are nonetheless capable of dis-
criminating between trustworthy and untrustworthy-looking faces. Notably, ratings of
trustworthiness are negatively correlated with ratings of aggressive potential (r = —0.90)
(Carre¢ et al 2009). Given the importance of configural properties of the face in generating
accurate estimates of aggression, and the finding that at least one kind of configural
face processing—sensitivity to differences among faces in the spacing of features—
develops slowly in children (see Freire and Lee 2001; Mondloch et al 2002), it will be
of interest to examine development of children’s accuracy in estimating aggression from
emotionally neutral faces.

The Facegen software calculations of 61 metrics in each stimulus face in experi-
ment 2 further support the hypothesis that the facial width-to-height ratio is a basis
of observers’ accurate estimates of aggression, in that only those metrics that are a
basis of the facial width-to-height ratio were associated with estimates of aggression.
Although 8 other facial metrics were correlated with estimates of aggression, 7 of them
were also highly correlated with the facial width-to-height ratio. Moreover, our crop
manipulations reduced the pool of potentially required metrics for estimating aggres-
sion to 4, and these 4 (brow ridge high/low, inner brow ridge down/up, face tall/short,
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face wide/thin) all are involved in deriving the facial width-to-height ratio. Further, the
finding of a relationship between facial width-to-height ratio and perceived threat in
a database of faces generated in an independent lab (Oosterhof and Todorov 2008)
highlights the generalisability of the findings (Oosterhof and Todorov 2008; Carré et al
2009). We found that the relationship between the facial width-to-height ratio and
perceived threat was both linear and quadratic. More specifically, differences in the
facial width-to-height ratio were more pronounced at the high end of the threat dimen-
sion compared to the low end of the dimension (see figure 7a). This finding parallels
those obtained by Oosterhof and Todorov (2008) wherein observers’ ratings of the degree
to which faces appeared ‘threatening’ were more sensitive to change at the high-threat
relative to low-threat end of the dimension.

The fact that observers are consistent in their estimates of threat (Oosterhof and
Todorov 2008) and of aggression (the current experiments and Carré et al 2009) from
emotionally neutral faces suggests that the perceptual system may have evolved to
detect subtle static facial cues that may have been important in guiding adaptive social
behaviours. Thus, one possible explanation for the current findings (and those obtained
by Carré et al 2009) is that the facial width-to-height ratio may represent a more
subtle signal of aggressive potential, and that a more overt signal, such as an angry
facial expression, may serve to amplify this signal. Thus, the ability to make accurate
estimates of aggression may be related, in part, to an overgeneralisation of emotional
expressions (McArthur 1982; Montepare and Dobish 2003; Zebrowitz and Montepare
2008), whereby individuals that have facial metrics that resemble a particular emo-
tional state will be perceived as actually showing that emotion. Consistent with this
proposition is the recent finding that decreasing the distance between the brow and lip
(which would also increase the facial width-to-height ratio) increases the perception
of anger from emotionally neutral faces (Neth and Martinez 2009). Notably, an angry
facial expression consists of lowering the brow and raising the upper lip (Ekman 2007),
a facial movement that would also increase the facial width-to-height ratio, and thus
increase the perception of aggressive intent.

If trait judgments from emotionally neutral faces reflect an overgeneralisation of
emotional expressions, individuals with emotion recognition deficits may be impaired
in their ability to accurately estimate another’s propensity for aggression. Many studies
have found that individuals with bilateral amygdala damage are impaired in the recog-
nition of facial emotional expressions (although deficits after amygdala damage are
not exclusive to emotional recognition; see review by Adolphs 2008). For example,
Adolphs and colleagues (1998) reported that patients with bilateral amygdala damage
were impaired in their ability to discriminate between trustworthy and untrustworthy
faces compared to age-matched controls. Importantly, face recognition remains intact
among these patients, providing additional support for the idea that face recogni-
tion and generation of trait impressions are dissociable. More recently, evidence has
emerged to suggest that amygdala reactivity is negatively correlated with the degree
of trustworthiness from natural photographs (Winston et al 2002; Engell et al 2007;
Said et al 2009) and computer-generated images (Todorov et al 2008a). Together, these
findings indicate that the amygdala is preferentially engaged during valence evaluation
of emotionally neutral faces (Todorov et al 2008b; Blasi et al 2009). Given the robust
negative correlation between estimates of aggression and trustworthiness (eg Oosterhof
and Todorov 2008; Carré et al 2009), and the strong correlation between estimates of
aggression and the facial width-to-height ratio, it is reasonable to propose that faces with
high facial width-to-height ratio would generate preferential activation in the amygdala.

Nevertheless, it is important to note that the effects of the facial width-to-height
ratio do not depend upon changing perceived emotion in the face. Facial stimuli from
the Todorov database were judged by observers to be emotionally neutral (Oosterhof and
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Todorov 2008). Nevertheless, the perceptual system may have evolved to be especially
sensitive to slight variations in static facial structures that are associated with propen-
sity for aggressive behaviour (eg Carré and McCormick 2008a). Similar physical signals
are used in other species as a means to gauge one’s relative social status within the
hierarchy (Tibbetts and Dale 2004; Setchell et al 2008), which may ultimately serve
to guide adaptive social behaviour (eg approach or avoidance behaviour—Senar and
Camerino 1998; Tibbetts and Lindsay 2008). The consistency with which estimates of
aggression were correlated with both actual aggression and facial width-to-height ratio
provide strong support for the hypothesis that the facial width-to-height ratio is an
honest signal of propensity for aggression.
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