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Reading trustworthiness in faces without
recognizing faces
Alexander Todorov
Department of Psychology and Center for the Study of Brain, Mind and Behavior, Princeton University, Princeton, NJ, USA

Bradley Duchaine
Institute of Cognitive Neuroscience, University College London, London, UK

We show that developmental prosopagnosics with severe impairments in both memory for faces and
perception of facial identity can make normal trustworthiness judgements of novel faces. We tested
four prosopagnosics on three different face sets. The first set consisted of faces that varied on multiple
dimensions and that have been used to demonstrate impairments in trustworthiness judgements of
patients with bilateral amygdala damage. The second and third sets consisted of standardized faces
with direct gaze, neutral expression, and similar age. On all tests, two prosopagnosics made judgements that closely agreed with control judgements while the other two showed weak agreement
but within the normal range. The performance of the tests was correlated suggesting that the tests
mapped the same underlying judgement irrespective of the specific face stimuli. The normal performance of two of the prosopagnosics suggests that forming person impressions from faces involves mechanisms functionally independent of mechanisms for encoding the identity of faces.
Keywords: Face perception; Social cognition; Prosopagnosia; Trustworthiness; Amygdala.

People can form a person impression after as little
as a 100-ms exposure to a face (Bar, Maital, &
Linz, 2006; Willis & Todorov, 2006) and can
store an extraordinary number of faces (Bahrick,
Bahrick, & Wittlinger, 1975). Once formed,
person impressions are linked to the identity of
the person, and faces of familiar people trigger
the spontaneous retrieval of person knowledge
(Gobbini & Haxby, 2007; Todorov, Gobbini,

Evans, & Haxby, 2007a; Todorov & Uleman,
2003). Although the processes underlying the
encoding of facial identity and the formation of
person impressions from the face are closely
related, we argue that they are dissociable. In
this paper, we show that developmental prosopagnosics who are severely impaired in processing
facial identity can make normal trustworthiness
judgements from faces.
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Making rapid judgements about strangers (e.g.,
a potential friend or foe) is a task functionally
different from the task of tracking the identity of
familiar people over time. Thus, it is possible
that the mechanisms used for trait judgements
are different from mechanisms for representing
person identity. This possibility is consistent
with findings from functional neuroimaging
studies implicating regions in the inferotemporal
cortex as critical for perception of the identity of
faces (e.g., Kanwisher, McDermott, & Chun,
1997; McCarthy, Puce, Gore, &, Allison, 1997;
Wada & Yamamoto, 2001) and the amygdala as
critical for perception of the trustworthiness of
faces (Engell, Haxby, & Todorov, 2007; Todorov,
Baron, & Oosterhof, in press; Winston, Strange,
O’Doherty, & Dolan, 2002).
We focus on judgements of trustworthiness
from facial appearance for two other reasons.
First, these judgements are one of the most
important decisions in social environments,
determining basic approach/avoidance response
(Todorov, 2008). Second, judgements of trustworthiness are more efficient than other trait judgements and, in fact, as efficient as judgements of
attractiveness (Willis & Todorov, 2006). People
start discriminating between trustworthy- and
untrustworthy-looking faces after 33 ms of
exposure to a face, and the correlations with judgements made in the absence of time constraints do

not improve with exposures longer than 167 ms
(Todorov, 2008; Todorov, Pakrashi, Loehr, &
Oosterhof, 2007b).
To obtain evidence about the relationship of
mechanisms underlying encoding of person identity and forming of person impressions, we investigated person impressions in individuals with
developmental prosopagnosia, a condition characterized by severe face recognition deficits due
to a failure to develop the required mechanisms
(Behrmann & Avidan, 2005; Duchaine &
Nakayama, 2006a). Because deficits in face recognition may be due to problems in face memory or
to problems in perception of identity, we studied
four individuals who had severe impairments in
both long-term memory for faces and perception
of facial identity (e.g., Table 1). If such individuals
were able to make normal trustworthiness judgements from novel faces, this would provide
strong evidence about the independence of mechanisms for encoding identity and forming person
impressions.
Adolphs, Tranel, and Damasio (1998) conducted the first study suggesting that the amygdala
plays a key role in trustworthiness judgements.
They showed that patients with bilateral amygdala
damage perceived untrustworthy-looking faces as
trustworthy. In Experiment 1 below, our prosopagnosics made trustworthiness judgements for
the set of faces used with the amygdala patients.

Table 1. Performance of developmental prosopagnosics on tests of memory for faces and perception of facial identity in standard deviation units
Memory for faces

J.K.
T.U.
J.P.
J.L.
Control mean (SD)

Perception of identity of faces

Famous faces

CFMT

CFPT

Parts

Spacing

211.8a
23.1
26.1
25.8
47.3 (6.2)

23.0
22.3
22.8
24.1
57.9 (7.9)

24.7
22.2
22.4
23.7
36.7 (12.2) b

22.6
23.4
23.8
24.1
79.7 (6.6)

24.0
24.4
22.7
24.4
76.9 (6.2)

Note: The famous faces test and Cambridge face memory test (CFMT) assess long-term memory for faces. The other three tests—the
Cambridge face perception test (CFPT) and a discrimination test involving changes to the face parts or the spacing of the face
parts—assess the perception of face identity. Performance is presented in standard deviation units.
a
J.K. has a different nationality from that of the other prosopagnosics, and a different test was used to measure her performance
(control M ¼ 53.8, SD ¼ 3.1). b CFPT measures number of errors, and, hence, poor performance is demonstrated by scores higher
than the control mean.
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All four prosopagnosics showed trustworthiness
judgements comparable to control judgements.
Compared to the performance of the amygdala
patients, they also showed normal perceptions of
untrustworthy faces.
The faces in the first set varied on a number of
dimensions including hair, expression, gaze, and
age (Figure 1), and it is possible that prosopagnosics’ normal performance on trustworthiness judgements can be accounted for by reliance on
expression, gaze, or nonface information. To rule
out this explanation, in the second and third
studies we used sets of standardized faces. The
second set consisted of faces that all had direct
gaze, neutral expression, and a similar age. The
third set consisted of a subset of faces from the
second set. These faces were chosen because they
elicited the greatest agreement by controls. The

hair and facial blemishes were removed, and they
were presented as greyscale images. Thus, the
face sets consisted of increasingly homogeneous
face images in order to force reliance on facial
structure and complexion. For both the second
and third sets of faces, two of the prosopagnosics
showed typical trustworthiness judgements that
closely agreed with control judgements. The judgements of the other two only weakly agreed
with control judgements, particularly on the
third set of faces.
We used two measures of performance: agreement in the rating of the faces and mean judgements across faces. These measure different
aspects of performance. For example, prosopagnosics and controls can have the same mean judgements but their judgements across faces can be
completely uncorrelated, suggesting that prosopagnosics cannot make trustworthiness judgements. In contrast, it is possible that judgements
of prosopagnosics agree with control judgements,
but that the prosopagnosics show a positivity or
negativity bias in their judgements. Such biases
can be informative about potential deficits in judgements. For example, the patients with bilateral
amygdala damage show a bias to perceive untrustworthy faces as trustworthy (Adolphs et al., 1998),
and individuals with Williams syndrome show an
overall positivity bias (Bellugi, Adolphs, Cassady,
& Chiles, 1999)—that is, faces are rated as more
trustworthy on average, although their relative
ranking is preserved.

Method

Figure 1. Examples of trustworthy- and untrustworthy-looking
faces used in the three studies.

Participants
The control group consisted of 48 undergraduate
students (30 males, age range 18 to 32 years,
mean age ¼20) from Princeton University who
participated in the studies in exchange for course
credit. There were no significant differences
between male and female control participants on
both their agreement in the ratings of the faces
and their mean trustworthiness judgements.
Thus, we collapsed across gender for all analyses.
The control group was younger than the developmental prosopagnosics (see Table 2). However,
COGNITIVE NEUROPSYCHOLOGY, 2008, 25 (3)
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Table 2. Performance of developmental prosopagnosics on tests of low-level vision in standard deviation units
Low-level vision tests
Birmingham Object Recognition Battery

J.K.
T.U.
J.P.
J.L.

Sex

Age

Occupation

Length match

Size match

Orientation match

Position of gap

F
M
F
F

36
31
24
62

Scientist
Graphic designer
Civil Service
Retired lecturer

0.69
20.56
0.06
20.56

0.71
0.71
0.71
0.29

21.08
2.00
21.08
0.85

0.98
0.98
20.03
20.03

Note: Performance is presented in standard deviation units. Age in years.

this difference in age most likely leads to underestimation of the performance of the prosopagnosics, particularly on the sets (second and third
sets, see later) with faces of young people.
The four developmental prosopagnosics contacted the Harvard University/University College
London Prosopagnosia Research Center (http://
www.faceblind.org), because they experienced
severe face recognition problems in everyday life.
None have experienced any brain damage, and all
report lifelong face recognition difficulties, so
their problems appear to be developmental in
origin. All have normal or corrected-to-normal
visual acuity. All were tested in person with a
battery of face recognition tests (Table 1). The
data for three of the patients with bilateral amygdala damage were reported in Adolphs et al.
(1998). The raw data for these patients and data
collected from a fourth patient were provided for
our reanalysis by R. Adolphs.
Face and object recognition tests for participants
with prosopagnosia
The prosopagnosics were tested with 11 tests prior
to the studies involving trustworthiness judgements. Of these tests, 2 were designed to identify
problems in face memory and 2 to identify problems in perception of facial identity. The 5th
test was used to demonstrate that the prosopagnosics did not have low-level vision problems. The
other 6 tests assessed object and scene recognition,
as well as face recognition using the same
paradigm.
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Tests of face memory
In the Cambridge Face Memory Test (Duchaine
& Nakayama, 2006b), participants viewed images
of six male target faces in the introduction.
Following this stage, they were presented with
forced-choice items consisting of three faces, one
of which was a target face. The poses and lighting
in the images in the test items were different from
the study images in the introduction. In the
famous face test, closely cropped celebrity faces
were presented for 3 seconds. Two versions were
used, one adapted for US/Canadian participants
and one for UK participants. For all tests, prosopagnosics were compared to age- and nationalitymatched controls.
Tests of facial identity perception
Participants in the Cambridge Face Perception
Test sorted six faces in frontal view based on
their similarity to a three-quarters profile view of
a target face (Duchaine, Germine, & Nakayama,
2007a; Duchaine, Yovel, & Nakayama, 2007b).
Each frontal view was created by morphing a
frontal view of the target face with another face.
Images from these morph continua were chosen
that contained different percentages of the target
face (88%, 76%, 64%, 52%, 40%, and 28%),
and these were presented in a random order.
Participants had one minute to sort the images.
There were eight upright sets to sort. Deviations
from the correct order for each item were
summed to compute the total number of errors
(chance ¼ 94 errors).
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In the same –different sequential matching task
(Yovel & Duchaine, 2006), two faces were presented for 500 ms each. A total of 40 trials
showed the same face twice. The 40 different
trials consisted of two types of trial. On spacing
trials, the face parts were identical but the
spacing between the eyes and between the nose
and mouth was varied. On part trials, the face
parts were varied but their spacing remained constant. For all tests, prosopagnosics were compared
to age- and nationality-matched controls.
Low-level vision tests from the Birmingham Object
Recognition Battery
Participants judged whether pairs of stimuli were
the same or different. Stimuli varied in line
length, circle size, position of gap in a circle, and
orientation. The performance of the prosopagnosics was compared to norms from the test
manual (Riddoch & Humphreys, 1993).
Object perception tests
The four prosopagnosics were also tested on five
tests measuring within-class object and scene recognition (Duchaine et al., 2007a; Duchaine &
Nakayama, 2005). The four categories of objects
used were cars, guns, tools, and sunglasses, along
with images of natural scenes. We also assessed
their face recognition using this paradigm to
demonstrate that it was sensitive to their face recognition deficits. In the study phase, 10 target
images were presented for 3 s each, and each was
shown twice. In the test phase, the 10 target
images were shown twice, and 30 new images
were shown once, and participants decided
whether each of these 50 images was a target
(old) or nontarget (new) image. A-prime, an
unbiased measure of discrimination based on hits
and false alarms, was computed to assess performance (Macmillan & Creelman, 1991).
Face stimuli for current studies
For the first study, we used the same 100 faces as
those used to test patients with bilateral amygdala
damage (Adolphs et al., 1998). These faces varied

on a number of dimensions including hair, eye
gaze, expressions, and age. For the second study,
we used a set of 68 standardized faces
(Lundqvist, Flykt, & Öhman, 1998) with direct
gaze and neutral expressions. These were photographs of amateur actors and actresses between
20 and 30 years of age with no facial hair, earrings,
eyeglasses, or visible make-up, all wearing grey Tshirts. For the third study, we selected the 30 faces
from the second set with the lowest variance in the
control judgements. The original colour images
were transformed to greyscale, and all hair and
facial marks such as moles and blemishes were
removed (see Figure 1).

Procedure
The trait judgement studies were conducted on
Princeton University’s Websurvey platform.
Participants were sent an invitation with an individualized login name and password. Once participants had logged in, a detailed set of
instructions was provided. For all face sets, participants were told that the study was about
first impressions and were encouraged to rely
on their “gut feeling”. The three sets of faces
were presented in three blocks always in the
same sequence: the heterogeneous set of 100
faces, the standardized set of 68 faces, and the
greyscale set of 30 faces. Within each block,
the order of faces was randomized for each participant. Each face was presented at the centre
of the screen with a question above the photograph “How trustworthy is this person?” and a
response scale below the photograph. For the
first set of faces, we used the same response
scale as that in Adolphs et al. (1998), as well as
the same instructions. Participants were asked
to imagine “trusting each person with all your
money, or with your life, and then base your
rating on this impression”. The response scale
ranged from 23 (extremely untrustworthy) to
3 (extremely trustworthy). For the second and
third sets, the response scale ranged from 1
(extremely untrustworthy) to 9 (extremely trustworthy). Each face was visible until the participant responded.
COGNITIVE NEUROPSYCHOLOGY, 2008, 25 (3)
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Results

Object and scene recognition
In contrast to their performance on the facial identity tests, most of the prosopagnosics did not
appear to have severe problems with object and
scene recognition (Table 3). As expected, all four
prosopagnosics scored poorly on the face old –
new test, but all showed better than average performance on scene recognition. For one of the
object categories—sunglasses—all prosopagnosics
also showed better than average performance.
For two of the object categories—tools and
guns—all four showed performance within 2 standard deviations of the control mean. Only J.L.’s
performance and J.P.’s performance on car recognition were more than 2 standard deviations
below the control performance. These findings
suggest that the high-level vision problems of
the prosopagnosics primarily affected processing
of faces.

Performance of prosopagnosics on facial identity tests
The performance of the prosopagnosics on tests
of low-level vision (Riddoch & Humphreys,
1993) was normal (Table 2), but they had
severe impairments in both long-term memory
for faces and perception of facial identity. As
shown in Table 1, on five different measures—
two measuring face memory problems and
three measuring identity perception problems—each prosopagnosic was more than
2 standard deviations below the mean control
performance (Duchaine & Nakayama, 2006b;
Yovel & Duchaine, 2006). As a group, they
were 6.7 standard deviations below the control
mean on a test requiring recognition of famous
faces and 3.1 standard deviations below the
mean on a widely used test requiring learning
and then recognizing unfamiliar faces
(Bentin, Degutis, D’Esposito, & Robertson,
2007; Duchaine & Nakayama, 2006b). On the
Cambridge Face Perception Test (Duchaine
et al., 2007a; Duchaine et al., 2007b),
participants sorted morphed faces in terms of
similarity to a target face, and the prosopagnosic
group was 3.3 standard deviations below the
mean. On a same/different sequential discrimination involving briefly presented faces, the
prosopagnosics averaged 3.5 standard deviations below the mean for discriminations involving the shape of face parts and 3.9 standard
deviations below for discriminations involving
the spacing of the face parts (Yovel &
Duchaine, 2006).

Judgements of trustworthiness: Experiment 1
Having established their deficits with facial identity, we asked the prosopagnosics to judge the
trustworthiness of three sets of unfamiliar faces
(Figure 1). We compared the judgements of the
prosopagnosics with the judgements of a control
group of 48 participants. The control judgements
for all three sets were highly reliable as assessed
by the internal consistency of the judgements
and correlations with judgements of the same
faces by other control groups (Table 4). For the
first set of faces, the interrater agreement was
high, and the mean control judgements correlated
highly with control judgements collected for the

Table 3. Performance of developmental prosopagnosics on tests of high-level object, scene, and face recognition memory
Faces
AI
J.K.
T.U.
J.P.
J.L.
Control
mean (SD)

Cars
SD

.88
23.4
.83
25.6
.83
25.8
.85
24.6
.96 (.023)

AI

Guns
SD

.98
1.1
.90
21.3
.81
23.8
.87
22.2
.94 (.037)

AI

Sunglasses
SD

.91
20.1
.91
20.1
.94
0.7
.85
21.8
.91 (.036)

AI

SD

.98
1.7
.95
1.1
.95
1.1
.92
0.4
.91 (.042)

Tools
AI

Scenes
SD

.94
-0.5
.99
1.6
.97
0.6
.95
20.1
.95 (.025)

AI

SD

1
1.2
1
1.2
.99
0.9
.99
0.9
.97 (.025)

Note: Performance is presented in terms of discrimination between old and new stimuli (AI) and standard deviation units (SD).
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Table 4. Measures of reliability of control judgements of
trustworthiness for the face sets used in the studies
Face set
1
2
3

Mean IA

Cronbach’s a

CGA

.43
.32
.28

.97
.95
.95

.88
.97
.94

Note: IA ¼ interrater agreement (r); CGA ¼ agreement with
judgements of other control groups (r). For the first face set,
the other control judgements (n ¼ 47) were provided by
R. Adolphs (Adolphs et al., 1998). For the second face set,
the other control judgements (n ¼ 129) were provided by
A. Todorov (Engell et al., 2007). For the third face set, the
other control judgements (n ¼ 34) were provided by
A. Todorov (unpublished data).

study of the amygdala patients (Adolphs et al.,
1998).
To evaluate the performance of the prosopagnosics with each face set, we computed the
Pearson correlation between their judgements
and the mean control judgements.1 For the first
set of faces, the prosopagnosics’ correlations were
significantly higher than zero (p , .0001),
ranging from .50 to .66, indicating that the judgements of the prosopagnosics agreed with control
judgements. To construct a distribution of the
control judgements, for each control participant
we computed the correlation between their judgements and the mean of the judgements of the
other control participants. The average correlation
was .65 (SD ¼ .12). To normalize the distribution
of the raw correlations and to avoid the upper
bound of 1, we transformed the correlations into
Fisher z-scores where zr ¼ 0.5 ln[(1 þ r)/
(1 2 r)]. This transformation is also necessary
for statistical tests on correlations. The average
of the transformed correlations (zr) was .80 (SD
¼ .20). All prosopagnosics scored within 2 standard deviations of the control mean (Figure 2a),
and the average correlation for the prosopagnosia
group (zr ¼ .67, SD ¼ .13) was not significantly
different from the correlation for the control
group, t(50) ¼ 1.32, p ¼ .19.

Figure 2. Agreement between prosopagnosics’ judgements and
consensus judgements of trustworthiness of faces in Experiment 1
(a), Experiment 2 (b), and Experiment 3 (c). The agreement is
measured in Fisher z transformations of the raw correlations
between individual judgements and the mean judgements of
control participants. The error bar shows 1 standard deviation.
Scores above the thick black line indicate significantly positive
correlations with mean control judgements.

As shown in Table 5, the mean trustworthiness
judgements of the prosopagnosics were

1
We also conducted correlational analyses using the nonparametric Spearman’s rho coefficient. The results were practically
identical. For example, the Pearson’s correlations for the first set of faces were .64, .66, .50, and .50 for J.K., T.U., J.P., and J.L.,
respectively. The corresponding nonparametric correlations were .63, .66, .50, and .44 ( p , .0001 for all correlations).

COGNITIVE NEUROPSYCHOLOGY, 2008, 25 (3)
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(Adolphs et al., 1998). As shown in Figure 3,
for all four amygdala patients, their judgements
of untrustworthy faces were more than 2 standard
deviations higher than the mean control judgements. In contrast, the judgements of three out
of the four prosopagnosics were within 1 standard
deviation of the control mean, and the judgements of the fourth were within 2 standard deviations. In terms of the judgements of the
trustworthy faces, the judgements of all prosopagnosics and all amygdala patients except for S.M.
were within 1 standard deviation of the control
mean. S.M.’s judgements were within 2 standard
deviations.
At the group level, the judgements of trustworthy faces for both amygdala patients and prosopagnosics were within 1 standard deviation of
the control mean. However, whereas the prosopagnosics’ judgements of untrustworthy faces
were also within 1 standard deviation of the
control mean, the bilateral amygdala damage
patients’ judgements of untrustworthy faces were
2.8 standard deviations above the control mean.
Despite the small sample size of the two groups,
these judgements were significantly higher than
the prosopagnosics’ judgements of untrustworthy
faces, t(6) ¼ 5.18, p , .002. This difference was
also significant ( p , .037) when tested with the
nonparametric Kolmogorov –Smirnov test.
In terms of correlations of the individual judgements with control judgements, there was large

comparable to the mean control judgements. The
judgements of J.K., T.U., and J.P. were within 1
standard deviation of the control mean, and the
judgements of J.L. were within 2 standard
deviations. We also compared the mean judgements for the 50 most trustworthy (M ¼ 0.77;
SD ¼ 0.61) and the 50 least trustworthy faces
(M ¼ 2 1.04, SD ¼ 0.52), according to the
control judgements. Consistent with the correlation analysis, all four prosopagnosics provided
more positive ratings for trustworthy than for
untrustworthy faces. For each prosopagnosic, the
t test comparing their ratings of the 50 trustworthy and 50 untrustworthy faces was highly
significant, ts(98) . 4.72, p , .0001. The difference between these ratings was also comparable to
the difference for the control participants. The
average difference for control participants was
1.81 (SD ¼ 0.55). The corresponding differences
for T.U., J.P., and J.K. were 1.78, 1.70, and 1.28,
all within 1 standard deviation of the control
difference. The difference for J.L. was 1.12,
which was within 2 standard deviations of the
control difference.
As described earlier, patients with bilateral
amygdala damage had been tested with the first
set of faces. Relative to three comparison groups
(normal controls, brain-damaged patients with
no damage in the amygdala, and patients with unilateral amygdala damage) these patients showed a
bias to judge untrustworthy faces as trustworthy

Table 5. Mean trustworthiness judgements of three different sets of faces for control participants and developmental prosopagnosics
Trustworthiness
Face Set 1

Control
J.K.
T.U.
J.P.
J.L.

Face Set 2

Face Set 3

High

Low

Mean

High

Low

Mean

High

Low

Mean

.77 (.61)
.54
.94
.86
1.04

21.04 (.52)
2.74
2.84
2.84
2.08

2.13 (.49)
2.10
.05
.01
.48

4.89 (1.13)
5.56
5.53
5.03
6.06

3.34 (.92)
3.79
4.32
3.97
4.56

4.12 (.96)
4.68
4.93
4.50
5.31

5.04 (1.33)
5.67
6.27
4.27
5.67

3.61 (.85)
4.53
4.27
3.20
5.60

4.32 (1.00)
5.10
5.27
3.73
5.63

Note: Standard deviations in parentheses. The response scale ranged from 2 3 (extremely untrustworthy) to 3 (extremely trustworthy) for the first set of faces and from 1 (extremely untrustworthy) to 9 (extremely trustworthy) for the second and third sets of
faces. The faces were divided into high and low trustworthiness according to the mean control judgements.
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Figure 3. Mean perceived trustworthiness of faces categorized as
trustworthy and untrustworthy for four patients with bilateral
amygdala damage and four developmental prosopagnosics. The
trustworthiness was measured on a scale from 23
(untrustworthy) to þ3 (trustworthy). The error bar shows 1
standard deviation of the mean control judgements.

variation in the performance of the patients with
bilateral amygdala damage. Two showed correlations in the normal range, one was 3 standard
deviations below the control mean, and one was
more than 4 standard deviations below the
control mean. Similarly, in terms of the differences
in the judgements of the 50 trustworthy and 50
untrustworthy faces, the judgements of two of
the patients (J.M. and S.M.) were within 2 standard deviations of the control difference, the
difference for R.H.’s judgements was 2.6 standard
deviations smaller than the control difference, and
D.B. did not discriminate between trustworthy
and untrustworthy faces at all.
Judgements of trustworthiness: Experiment 2
For the second set of faces, the average interrater
correlation was lower than that for the first set of
faces (Table 4), reflecting the fact that the faces
in the second set were more homogeneous
(Hönekopp, 2006) and did not vary on cues that
strongly influence trustworthiness judgements
such as emotional expression (Winston et al.,
2002; Zebrowitz, Voinescu, & Collins, 1996).
The mean judgements correlated highly with the
judgements of a different control group of 129 participants (Engell et al., 2007).

The average correlation between individual
control judgements and the mean of the other
control participants was .55 (SD ¼ .15). The
average Fisher z-score was 0.64 (SD ¼ 0.22). As
in the first set, all four correlations between the
prosopagnosics’ judgements and the mean
control judgements were significantly higher
than zero (p , .003), ranging from .36 to .68.
All prosopagnosics scored within 2 standard deviations of the control mean (Figure 2b). The
average correlation for the prosopagnosia group
(zr ¼ .56, SD ¼ .20) was not significantly different
from the correlation for the control group, t(50) ,
1, p ¼ .44.
The mean trustworthiness judgements of the
prosopagnosics were comparable to the mean
control judgements (Table 3). The judgements of
J.K., T.U., and J.P. were within 1 standard
deviation of the control mean, and the judgements
of J.L. were within 2 standard deviations.
Consistent with the correlation analysis, all four
prosopagnosics provided more positive ratings for
the 34 trustworthy than for the 34 untrustworthy
faces. For each prosopagnosic, the t test comparing
their ratings of trustworthy and untrustworthy
faces was significant, ts(66) . 4.00, p , .0001,
for T.U., J.P., and J.K., and t(66) ¼ 2.09, p ,
.040, for J.P., respectively. The difference
between these ratings was also comparable to the
difference for the control participants. The
average difference for control participants was
1.55 (SD ¼ 0.75). The corresponding differences
for J.K., J.L., T.U., and J.P. were 1.77, 1.50,
1.21, and 1.06, all within 1 standard deviation of
the control difference.
Judgements of trustworthiness: Experiment 3
It is clear from Figures 2a and 2b (see also
Figure 4a), as well as Table 5, that the judgements
of the prosopagnosics are within the normal range
and that the judgements of two prosopagnosics
(J.K. and T.U.) are typical. However, it is possible
that the prosopagnosics agreed with the controls,
because both groups were influenced by extrafacial
cues such as hairstyle and skin blemishes. To rule
out this explanation, we used greyscale faces
without hair or facial marks (Figure 1). As with
COGNITIVE NEUROPSYCHOLOGY, 2008, 25 (3)
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Figure 4. Scatter plots of performance of control participants and
prosopagnosics on three sets of faces judged on trustworthiness.
Performance is shown in standard deviation units. (a)
Performance on the first two sets of faces. (b) Performance on the
second and third sets of faces. (c) Performance on the first and
third sets of faces.
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the other two sets, the control judgements were
highly reliable (Table 4) and correlated highly
with judgements of a different control group of
34 participants.
For this set of faces, the average correlation
between individual control judgements and the
mean of the other control participants was .52
(SD ¼ .19). The average Fisher z-score was 0.61
(SD ¼ 0.25). As in the previous sets, the correlations for the prosopagnosics were positive,
ranging from .19 (p ¼ .32) to .68 (p , .0001).
Although the correlations for two of the prosopagnosics (J.P. and J.L.) were substantially reduced
and did not reach significance, the correlations
for the other two (J.K. and T.U.) were higher
than the mean control correlation (Figure 2c).
The average correlation for the prosopagnosia
group (zr ¼ .51, SD ¼ .36) was not significantly
different from the correlation for the control
group, t(50) , 1, p ¼ .46.
As in the other face sets, the mean trustworthiness judgements of the prosopagnosics were comparable to the mean control judgements (Table 5).
The judgements of J.K., T.U., and J.P. were within
1 standard deviation of the control mean, and the
judgements of J.L. were within 2 standard deviations. All four prosopagnosics provided more
positive ratings for the 15 trustworthy than for
the 15 untrustworthy faces, although this difference was only significant for J.K., t(28) ¼ 2.70, p
, .012, and T.U., t(28) ¼ 3.37, p , .002. The
average difference between these ratings for
control participants was 1.43 (SD ¼ 1.00). The
corresponding differences for J.K., J.P., and T.U.
were 1.14, 1.07, and 2.00, all within 1 standard
deviation of the control difference. The difference
for J.L. was very small (0.06), t , 1.
One explanation for the good performance of
J.K. and T.U. on the third set of faces is that
they relied on their memory for the judgements
in the second set. However, this explanation is
quite unlikely, given the prosopagnosics’ severe
impairments in face memory. Furthermore, test –
retest correlations between judgements of the
same set of faces are generally low even for
normal controls. For example, for the faces used
in the second set, the average test – retest
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correlation between judgements of the identical
face images was .49 (SD ¼ .14) in Engell et al.,
2007.2 This correlation should be even lower for
judgements of faces presented in different image
formats. Although the faces in the third set were
a subset of the second set, the images in the
third set were greyscale, and hair and blemishes
were removed from the faces (Figure 1). In fact,
for the control group, the average correlation
between the judgements of the faces used in both
sets was .38 (SD ¼ .19). The corresponding correlations were .44 for J.K. and .17 for T.U. J.P.’s judgements of the faces were completely uncorrelated
(r ¼ .00), and J.L.’s judgements were negatively
correlated (r ¼ 2.11).
Performance on the three trustworthiness tests
The performance on the three sets of faces was
highly correlated in both controls and prosopagnosics (Figure 4). Participants who performed well
on one of the face sets also performed well
with the other sets, indicating that the tests
mapped the same underlying judgement irrespective of the specific face stimuli. Although the
scores for two of the prosopagnosics were at the
bottom of the distribution, the scores were
within the normal range of 2 standard deviations.
More importantly, the scores for the other two
were either at the mean or above the mean of the
distribution for all three tests, indicating typical
trustworthiness judgements.
We examined whether the prosopagnosics with
lower correlations (J.P. and J.L.) were more
severely impaired with the facial identity tests
than were the prosopagnosics with clearly normal
correlations (J.K. and T.U.), but there was no
difference (see Table 1). J.K. and T.U. were 5.0
standard deviations below the control mean on
the face memory tests, whereas J.P. and J.L. were
4.7 standard deviations below the control mean.
Similarly, J.K. and T.U. were 3.54 standard

deviations below the control mean on the
perception of face identity tests, whereas J.P. and
J.L. were 3.50 standard deviations below the
control mean.

Discussion
With three different sets of faces, four developmental prosopagnosics with severe impairments
for facial identity perception and memory made
normal trustworthiness judgements. The face sets
consisted of increasingly homogeneous images
making it unlikely that their performance can be
accounted for by reliance on information other
than facial structure, shape, and complexion. The
performance of two of the four prosopagnosics
was consistently in the middle of the distribution
of normal performance. The performance of the
other two was within the normal range although
their performance was poor for the third set of
faces. On this set, although the correlations of
their judgements with the mean control judgements were within 2 standard deviations of the
control performance, these correlations failed to
reach significance.3
The current findings suggest that forming
person impressions from faces involves mechanisms functionally independent of mechanisms for
encoding the identity of faces. This possibility is
consistent with functional imaging studies implicating the amygdala as one of the key regions in
the spontaneous encoding of faces on the dimension of trustworthiness (Engell et al., 2007;
Todorov et al., in press; Winston et al., 2002)
and studies implicating the inferotemporal cortex
in encoding of face identity (e.g., Kanwisher
et al., 1997; McCarthy et al., 1997; Yovel &
Kanwisher, 2005). Given that there are patients
with bilateral amygdala damage who process the
identity of faces normally (Adolphs, Tranel,
Damasio, & Damasio, 1995), the results from

2
Note that although within-subjects correlations are not very high, they are generally higher than between-subjects (interrater
agreement) correlations. For the faces and the sample used in Engell et al. (2007), the average between-subjects correlation was .28
(SD ¼ .17).
3
However, it should be noted that the third face set had the smallest number of faces, and, correspondingly, the significance
threshold was more stringent because of the fewer degrees of freedom.
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amygdala patients and prosopagnosic participants
suggest a possible double dissociation between
encoding identity and forming trustworthiness
judgements. In addition, because our participants’
face recognition deficits resulted from developmental difficulties, their dissociations indicate
that mechanisms used for trustworthiness judgements are constructed by different developmental
processes from mechanisms used for identity
processing.
Navigating the social world requires tracking
the identity of people over time, reading their
expressions to understand the meaning of the
immediate situation, and making quick trait
decisions about strangers (e.g., a potential friend
or foe?). The first two functional tasks have been
incorporated in models of face perception (Bruce
& Young, 1986; Haxby, Hoffman, & Gobbini,
2000; Perrett, Hietanen, Oram, & Benson,
1992). These models posit different neural pathways for processing of relatively invariant facial
features essential for recognizing identity and
gender and changeable facial features essential
for recognizing emotions and gaze direction (but
see Calder & Young, 2005, for an alternative
view). Trait judgements from faces do not fit
neatly in this categorization. These judgements
are based on relatively invariant features and
concern stable characteristics of people, but our
results show that they can be dissociated from
computations involving facial identity.
Recent computer modelling work suggests that
trait judgements from facial appearance, in particular judgements of trustworthiness, are
grounded in the similarity of facial features to
emotional expressions signalling approach and
avoidance behaviours. Using a statistically driven
model of face representation, in which faces are
represented as points in a multidimensional
space, Oosterhof and Todorov (2008; see also
Todorov, 2008) built a dimension optimal in
changing face trustworthiness. Specifically, trustworthiness judgements of computer-generated
faces were used to find a trustworthiness vector
in the multidimensional face space based on the
correlations of these judgements with the dimensions (50 orthogonal principal components) of
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the face space. Trustworthiness judgements of
faces that varied on the trustworthiness dimension
tracked the model-predicted trustworthiness.
More importantly, exaggerating the features of
the faces in the positive direction of the trustworthiness dimension (e.g., 8 standard deviations)
produced happy faces, and exaggerating the features in the negative direction produced angry
faces (e.g., 2 8 standard deviations).
Emotional expressions often signal the behavioural intentions of the person displaying the
emotion (Fridlund, 1994). Specifically, expressions
of anger communicate that the person should be
avoided (Adams, Ambady, Macrae, & Kleck,
2006; Marsh, Ambady, & Kleck, 2005), and
expressions of happiness communicate that the
person can be approached. That is, trustworthiness
judgements from emotionally neutral faces can be
construed as an attempt to infer behavioural intentions in the absence of emotional cues (Todorov,
2008). These judgements seem to be derived
from facial features that resemble emotional
expressions signalling approach/avoidance behaviours. The computer modelling findings suggest
that one of the factors that may determine
whether prosopagnosics are able to make trustworthiness judgements is their ability to recognize
emotional expressions of anger and happiness. The
findings also suggest that trustworthiness judgements may be used as a subtle test of preserved
emotional processing of faces.
Identity recognition and expression recognition
have been shown to dissociate in developmental
prosopagnosia (Duchaine, Parker, & Nakayama,
2003; Humphreys, Avidan, & Behrmann, 2007),
and the possibility that trait judgements are a byproduct of expression recognition mechanisms
makes a straightforward prediction for prosopagnosics. Prosopagnosics with normal expression
recognition should perform normally with trait
judgements whereas those with expression deficits
should also have trait judgement deficits. We do
not have enough data to determine whether or
not the prosopagnosics we have tested conform
to this prediction, but we plan to examine this
question in both developmental and acquired
prosopagnosics.
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As a preliminary test of the hypothesis that
prosopagnosics’ normal judgements of trustworthiness can be explained by their reliance on
facial features resembling happy and angry
expressions, we asked 21 normal participants to
judge the second set of faces on expressiveness of
anger and happiness.4 Both judgements of anger
and judgements of happiness were highly correlated with the mean control judgements of
trustworthiness, 2.62 and .61 (p , .0001),
respectively. Analyses at the level of individual
participants showed that the emotion judgements
significantly predicted the trustworthiness judgements of all prosopagnosics with the exception of
judgements of anger for J.L. (Figure 5a). As
shown in Figure 5a, relative to control participants, J.K., T.U., and J.P. showed typical correlations between their trustworthiness judgements
and the controls’ emotion judgements. However,
for three of the four prosopagnosics, these correlations were not sufficient to account for their
trustworthiness judgements. The trustworthiness
judgements of J.K., T.U., and J.L. correlated
with the control trustworthiness judgements even
after the shared variance of the latter with
emotion judgements was removed. These correlations were also in the typical range (Figure 5b).
In contrast, after controlling for the contribution
of emotion to trustworthiness judgements, J.P.’s
trustworthiness judgements did not correlate significantly with control judgements, and the correlation was more than 2 standard deviations below
the mean control correlation. These preliminary
findings suggest that whereas similarity of facial
features of emotionally neutral faces to expressions
of anger and happiness contribute to judgements
of trustworthiness, they are not sufficient to
account for the performance of the prosopagnosics. However, future studies need to directly
control for the presence of emotion recognition
deficits in prosopagnosics.
Two other hypotheses that may account
for the prosopagnosics’ normal trustworthiness

Figure 5. Agreement between prosopagnosics’ judgements of
trustworthiness and control judgements of anger and happiness for
the second set of faces (a). The agreement is measured in Fisher z
transformations of the raw correlations between individual
trustworthiness judgements and the mean emotion judgements of
control participants. (b) Agreement between prosopagnosics’
judgements of trustworthiness and control trustworthiness
judgements after removing the shared variance of the latter with
judgements of anger and happiness. The agreement is measured in
Fisher z transformations of the raw correlations between
individual judgements and the residuals of mean control
trustworthiness judgements after regressing them on emotion
judgements. The error bars shows 1 standard deviation. Scores
above (or below for judgements of anger) the thick black line
indicate significant correlations.

judgements need to be tested. The first hypothesis
is based on prior research suggesting that face recognition relies on configural or holistic processing
(e.g., Farah, Wilson, Drain, & Tanaka, 1998;
Young, Hellawell, & Hay, 1987). Preliminary evidence suggests that holistic processing is not
necessarily required for trait judgements from
faces. Todorov et al. (2007b) showed that trustworthiness judgements from facial parts (e.g.,
eyes) are correlated with judgements from the

4
Participants were told that although the faces were emotionally neutral, they could show subtle emotional information and were
asked to rate how angry or happy the person is on a 9-point scale, ranging from 1 (not at all) to 9 (moderately). Both judgements were
reliable, Cronbach’s a ¼ .92 for judgements of happiness and a ¼ .84 for judgements of anger.
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whole face, suggesting that incomplete face information is often sufficient for people to make a trait
judgement. In fact, after short time exposures (e.g.,
33 ms) facial parts carried as much information for
the trait judgement as the whole face. If prosopagnosics are able to process information from facial
parts but are unable to integrate this information
(e.g., Barton, Cherkasova, Press, Intriligator, &
O’Connor, 2003), they can demonstrate both
trait judgements within the normal range and
impaired face recognition. However, all four prosopagnosics in our study and many in another
study (Yovel & Duchaine, 2006) demonstrated
deficits with face part discrimination, so the
relationship between part processing, trait judgements, and prosopagnosia is not straightforward.
The second hypothesis is that trait judgements
and encoding of identity are sensitive to different
bands of spatial frequency information. Bar et al.
(2006) argued that trait judgements from faces
are derived from low-spatial-frequency information. Similar arguments have been made for
expressions of emotions (Schyns & Oliva, 1999),
and functional imaging studies suggest that the
amygdala is particularly sensitive to low-spatialfrequency information in the discrimination of
fearful from neutral faces (Vuilleumier, Armony,
Driver, & Dolan, 2003). In contrast, there have
been several accounts that face recognition is
more sensitive to middle-range spatial-frequency
information, which provides more details for face
identification (e.g., Costen, Parker, & Craw,
1996; Nasanen, 1999). Thus, if prosopagnosics
have impairments in the processing of middlerange spatial frequency from faces but not in
low-spatial-frequency information, this would
account for abnormal performance on face recognition tasks and normal performance on trait judgements tasks. Finally, it is possible that identity
and trait judgements depend on identical information but are computed in different neural
systems. These hypotheses remain to be tested,
and it would be particularly important to extend
the current findings to acquired prosopagnosics
with well-defined brain lesions.
Prosopagnosia provides a unique window for
the study of specialized face processes.
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Dissociations within face processing have been
critical for the development of models of face perception (Bruce & Young, 1986; Ellis & Lewis,
2001; Haxby et al., 2000). Studies with prosopagnosics have found evidence for normal processing
of emotional expressions (Bentin et al., 2007;
Damasio, Tranel, & Damasio, 1990; Duchaine
et al., 2003; Humphreys, Avidan, & Behrmann,
2007; Tranel, Damasio, & Damasio, 1988) and
intact categorical inferences about age and
gender (Tranel et al., 1988). The current studies
find another islet of dissociable face processing—
forming person impressions.
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