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Behavioral studies show that people self-enhance across a number of domains, including self-face
recognition. We used functional magnetic resonance imaging (fMRI) to investigate whether response to
physical similarity to the self would differ depending on whether the self-face was morphed with a positive
(trustworthy) or negative (untrustworthy) novel face. Participants were presented with morphs of their faces
(20%, 40%, 50%, 60%, and 80% self) and asked to decide whether the morph looked like them or the other face.
Participants were more likely to identify the trustworthy than the untrustworthy morphs as looking like the
self. Moreover, there were large differences in brain activation to trustworthy and untrustworthy morphs. As
similarity of the untrustworthy morphs to the self decreased, the response in a number of regions, including
bilateral posterior superior temporal sulcus/inferior parietal lobule, right inferior frontal gyrus, and bilateral
middle/inferior temporal gyrus, increased. In contrast, there was little evidence for changes in activation as a
function of the similarity to trustworthy faces. That is, these regions seemed to differentiate between the self
and untrustworthy faces to a much greater extent than between the self and trustworthy faces, despite the
fact that the task did not demand evaluation of the faces. The findings suggest that comparing the self to
others who are viewed as positive versus negative triggers different psychological processes.

© 2009 Elsevier Inc. All rights reserved.
The self can be similar to another person in physical appearance or
in terms of less tangible internal states—like thoughts, attitudes, or
beliefs (e.g. Mitchell et al., 2005, 2006). Recognizing one's own face
entails matching an image of the self to an internal representation of
the self. Children develop the ability to recognize the self in a mirror
around 18 to 24 months of age (Amsterdam, 1972). Great apes,
dolphins, elephants, and magpies have also shown evidence of mirror
self-recognition (Gallup, 1970; Reiss and Marino, 2001; Plotnik et al.,
2006; Prior et al., 2008), prompting debate over exactly what type of
self-representation is needed for this behavior to occur (Mitchell,
1993). The goal of the current study was to investigate the role of
perceived psychological similarity in self-recognition in humans.
Perception of social stimuli is inherently evaluative (Kim and
Rosenberg, 1980; Todorov et al., 2006, 2008; Zajonc, 1980), and it is
possible that faces that differ in valence but are physically similar to
the self are processed differently. Specifically, we were interested in
whether regions in the brain that are active when viewing the self-
face simply respond to physical similarity to the self or whether the
response depends on the evaluation of the person the self is similar to.

People's automatic associations with the self tend to be positive
(Greenwald and Banaji, 1995; Hetts et al., 1999). For example, stimuli
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associated with the self, such as the letters in one's own name, tend to
be evaluatedmore positively than stimuli that are not associated with
the self (Koole et al., 2001). Recently, Epley and Whitchurch (2008)
demonstrated that these self-enhancement effects extend to recog-
nition of the self-face. These authors morphed photographs of
participants' faces with photographs of attractive or unattractive
faces. They found that participants thought it was more likely that the
attractive morphs were the self than their actual faces or the
unattractive morphs. Participants were also faster to select the
attractive versions of their faces out of a line-up of distracter faces
than their actual faces or the unattractive versions of their faces.

People also evaluate novel faces that resemble the self more
positively. For example, DeBruine (2005) found that participants
perceived morphs of their faces as more trustworthy than morphs of
other faces. Additional studies have also shown that facial resemblance
increases trusting behavior in economic games (DeBruine, 2002;
Krupp et al., 2008). That is, biases in the perception of trustworthiness
resulted in more prosocial behaviors towards people who resembled
the self. Studies also show that participants are more likely to vote for
political candidates whose faces have been experimentally manipu-
lated to resemble their own faces (Bailenson et al., 2009).

These findings clearly show that faces that resemble the self are
evaluated more positively than faces that do not resemble the self.
However, the processes involved may be different when the self is
similar to positive as compared to negative others. To the extent that
the self is evaluated positively, facial morphs with positive others may
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be perceived as psychologically more similar to the self than morphs
with negative others. This hypothesis is consistent with research on
social judgments showing that stimuli can be evaluated differently
depending on whether they are seen in the context of similar or
dissimilar stimuli (Herr et al., 1983; Stapel et al., 1997).

While a number of studies have investigated neural responses to
the self-face (Platek et al., 2004, 2006; Sugiura et al., 2005, 2008;
Uddin et al., 2007), only three studies to date have examined
responses to faces varying in physical similarity to the self and in all
cases these faces were likely to be evaluated as positive or neutral. In
the first such study, Kircher et al. (2001) had participants view
morphs of their own faces and novel faces that contained 0% to 30% or
70% to 100% of the self. Face perception is categorical, such that
morphs that contain more than two-thirds of a given face are
identified as looking like that person (Beale and Keil, 1995; Levin and
Beale, 2000). During a behavioral study, Kircher et al. (2001)
determined that these categorical boundaries held for the self-face
and then during the fMRI study they used this morphing technique to
prevent habituation to the self-face. These authors found greater
response to the faces containing large as compared to small
percentages of the self in a number of regions including the left
inferior frontal gyrus (IFG)/dorsolateral prefrontal cortex, the left
inferior parietal lobule (IPL), and the left fusiform gyrus.

More recently, Uddin et al. (2005) morphed participants' faces
with the faces of gender-matched friends in increments of 20% and
asked participants to indicate whether each morph looked more like
the self or more like the familiar other. When responses to the three
morphs containing the most self were compared to responses to the
three morphs containing the least self, there was greater activation in
the right IFG, the right inferior and superior parietal lobule, and the
inferior occipital gyrus for the self versus the familiar other. Further
analysis revealed that these areas responded more strongly as the
amount of self present in a face increased. Finally, in a study with a
similar design, Uddin et al. (2008) investigated neural responses to
morphs of the self and a stranger in childrenwith autism and typically
developing children. All of the children showed activation in the right
IFG for the morphs containing greater percentages of the self as
compared to rest.1

The IFG and the IPL showed increased activation for the self as
compared to other in both Kircher et al. (2001) and Uddin et al.
(2005), but the activation in Kircher et al. (2001) was left lateralized,
while the activation in Uddin et al. (2005) was right lateralized.
Further, there was little overlap in the other areas that were active in
these two studies. It is possible that the different patterns of activation
were due to differences in the level of morphing of the stimuli or to
differences in the tasks.2

The right IFG and the right IPL have also been found to be active in
a number of self-face studies that did not use morphing (Platek et al.,
2004, 2006; Sugiura et al., 2005, 2008). In addition, a recent study by
Morita et al. (2008) indicates that the right IFG is involved in the
evaluation of positive and negative photographs of the self. Finally, a
study by Uddin et al. (2006) demonstrated that rTMS to the right
parietal lobule leads to a slight decrease in sensitivity to the self-face
in a self-other discrimination task. Thus, these areas seem to be
important for self-face recognition.

These previous studies compared neural responses to the self-face
to responses to the faces of familiar others, who are likely to be seen in
a positivemanner, or to the faces of strangers, who are likely to be seen
as neutral. In contrast, the current study investigated neural responses
1 This study did not report the contrast between faces containing large percentages
of the self and other faces. However, based on the graphs of signal change for the self
versus rest and the other face versus rest, it appears that the autistic children showed
greater signal change for the self as compared to other in the right IFG, but the
typically developing children did not.

2 It should also be noted that Kircher et al. (2001) had a relatively small sample size
of six fMRI participants.
to physical similarity to faces that were likely to be evaluated
positively as well as faces that were likely to be evaluated negatively.
Work by Todorov and Engell (2008) and Oosterhof and Todorov
(2008) demonstrates that trustworthiness judgments provide a good
approximation of the valence evaluation of faces, and therefore we
morphed participants' faceswith faces thatwere either trustworthy or
untrustworthy in appearance. The trustworthy and untrustworthy
faces were created using a data-driven model of trustworthiness
(Oosterhof and Todorov, 2008), which matched the two categories of
faces in terms of physical differences from an average face, thereby
controlling against the possibility that one category of faces was more
physically similar to participants' own faces.

In the experiment, participants were shown the morphs of their
faces and the positively or negatively valenced faces and asked to
decide whether each morph looked more like them or more like the
other person. The similarity to the self was manipulated by
incrementally increasing the percentage of the self-face in themorphs
(20% to 80%). As prior behavioral studies have shown (Beale and Keil,
1995; Kircher et al., 2001), facial morphs that contain more than 70%
of one face are within the category boundary of this face. Thus, we
expected that the extreme morphs would be perceived as the self
(80%) and the other person (20%), respectively. Based on the
behavioral work showing that the self tends to be seen as positive
(Epley and Whitchurch, 2008), we expected that participants would
be more likely to perceive the trustworthy than the untrustworthy
morphs as looking like the self.

For the neuroimaging data, we were interested in whether
activation in areas responsive to physical similarity would be
modulated by the trustworthiness of the face that the self was
morphed with. Based on previous studies (e.g. Uddin et al., 2005,
2006), we expected that the responses in the right IFG and the right
IPL would increase with the increase in similarity of trustworthy faces
to the self, but we were not sure whether this would hold true for the
untrustworthy faces. If these areas track simple physical similarity to
the self, they should respond in a similar way to all morphs, regardless
of the valence of the face. However, if comparing the self to positive
versus negative faces triggers different processes, these areas might
show a different pattern of response for the untrustworthy as
compared to trustworthy morphs.

Methods

Participants

Thirty participants (8 men, mean age=22, SD=2.91) were
recruited from the Princeton University community. All participants
were right-handed, had normal or corrected-to-normal vision, and
reported no history of neurological or psychiatric disorders. All
participants gave informed consent in accordance with the procedure
approved by Princeton University's institutional review board.
Although participants were recruited without regard to ethnicity,
themodel of face trustworthiness used to create the novel trustworthy
and untrustworthy faces was based on ratings of Caucasian faces and
therefore the endpoint faces used in the current studywere Caucasian.
Eight of the recruited participantswere not Caucasian (5were African-
American and 3 were Asian) and preliminary analyses revealed that
ethnicity affected both the behavioral and neuroimaging data.3

Because the non-Caucasian group was non-homogenous and small
3 For the behavioral data, the Caucasian participants differentiated between the
trustworthy and untrustworthy morphs, but the non-Caucasian participants did not.
For the imaging data, the two groups showed substantial overlap in regions that were
active for the linear effect of trustworthiness, but less overlap in regions that were
active for the main effect of trustworthiness and the quadratic effect of similarity.
There are multiple interpretations of these differences. Future work needs to examine
these effects using morphing with both ingroup and outgroup faces, as well as larger
and homogeneous samples of non-Caucasian participants.
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in size, this paper focuses on the data fromCaucasian participants only.
Finally, the data from one participant were excluded because of
excessive head motion and the data from another were excluded
because of lack of variance in their behavioral data. Thus, the final
sample consisted of 20 participants (7men,mean age=22, SD=3.14).

Stimuli

The trustworthy and untrustworthy faces were created using a
computer model of face trustworthiness developed by Oosterhof and
Todorov (2008) and implemented in the Facegen Modeller program
(http://facegen.com) version 3.1. The face model of Facegen (Blanz
and Vetter, 1999; Singular Inversions, 2006) is based on a database of
male and female faces that were laser scanned in 3D. Using a principal
component analysis, a model was constructed so that each face can be
represented by a limited number of independent components.
Specifically, in this model each face can be represented as a point in
50D space, and novel faces can be generated as a linear combination of
the components. Oosterhof and Todorov (2008) used trustworthiness
ratings of novel, emotionally neutral faces to build a model of face
trustworthiness. Specifically, using these ratings, they built a new
dimension in the 50D space, which was optimal in changing face
trustworthiness (see also Todorov et al., 2008). Subsequent behav-
ioral studies validated the model. For example, the mean trustwor-
thiness judgments for−3 and+3 SD faces were 3.99 (SD=0.74) and
5.95 (SD=0.62), respectively.

For the current study, we generated 20 random faces for each
gender. The race of the faceswas set to European because themodel of
face trustworthiness was based on ratings of Caucasian faces and the
attractiveness was set to slightly higher than average to make the
morphs more similar to photofitted real faces (cf. Todorov et al.,
2008). We then set the trustworthiness for half of the faces to three
standard deviations below zero and the trustworthiness for the other
half to three standard deviations above zero.

Photographs of each participant were taken using a Canon
PowerShot S5 1S digital camera. Participants were asked to remove
glasses and to maintain neutral facial expressions while their pictures
were being taken. Models of participants' faces were generated in
Facegen using the Photofit option on one forward facing and two
profile pictures for each person. The model of each participant's face
was morphed with all of the novel faces of the same gender using the
Tween option in Facegen (Fig. 1A). The model of each participant's
face consisted of two separable parts: one representing the shape and
the other representing the texture of the face. The Tween option only
morphs the shape of two faces, and therefore each participant's
texture was overlaid over all of the morphs of their face. Finally, to
prevent changes in eye or skin color from providing a marker for
similarity between faces, the eye color for all the faces was set to black
and luminance of the imageswas adjusted so that all of themorphs for
a given participant had the same average luminance. More specifi-
cally, both eye color and skin color provide strong cues to facial
identity and in order to prevent participants from simply relying on
these single features in their similarity judgments, we kept this
information constant across morphs.

There were two levels of face trustworthiness (trustworthy or
untrustworthy), 10 different identities for each level, and five levels of
morphing (20% self, 40% self, 50% self, 60% self, and 80% self), resulting
in 100 morphed faces for each participant.

Experimental design and image acquisition

The experiment consisted of five event-related time series, each
lasting 5 min 20 s. An equal number of morphs from each condition
were presented in each time series. Each morph was presented twice
over the course of the experiment, resulting in a total of 20 trials per
condition.
The stimuli were projected onto a screen at the rear of the bore of
the magnet and participants viewed the images via an angled mirror
placed above the eyes. At the beginning of each trial, participantswere
shown a small image of their own face, next to a small image of the
face that their face was morphed with. The endpoint faces were
included in order to constrain participants' choices and thereby make
the task less difficult. This probe remained in the center of the screen
for 2 s and was immediately followed by a larger morph of the two
faces (Fig. 1B). Participants were asked to press a button under their
right index finger if the morph looked more like them or to press a
button under their right middle finger if it lookedmore like the person
who their face was morphed with. The morph remained on the screen
for 2 s andwas followed by a jittered inter-trial interval (ITI) of 2, 4, or
6 s. The morphs were presented in a different random order for each
participant, while the ITIs were presented in the same fixed random
order across all participants.

Echo planar images (EPI) were acquired using a Siemens 3.0 Tesla
Allegra head-dedicated scanner (Siemens, Erlangen, Germany) with a
Nova Medical NM-011 Head Transit Coil with receive-only array
system (Nova Medical, Wilmington, MA). Thirty-three interleaved
3-mm axial slices with an interslice gap of 1 mmwere used to achieve
full-brain coverage (TR=2000 ms, TE=30 ms, flip angle=90°,
matrix size 64×64). At the end of each scan session, a high-resolution
anatomical image (T1-MPRAGE, TR=2500 ms, TE=4.38 ms, flip
angle=8°, matrix size=256×256) was acquired for registering
functional activation to the participant's anatomy and for spatial
normalization.

fMRI analysis

Preprocessing and statistical analysis of the fMRI data were
conducted with Analysis of Functional NeuroImages (AFNI; Cox,
1996). The first four EPI images from each runwere discarded to allow
the MR signal to reach steady-state equilibrium. Subject motion was
corrected using a six-parameter 3-D motion correction algorithm
following slice scan-time correction. Transient spikes were removed
from the signal using the AFNI program 3dDespike and subsequently
the data were low-pass filtered with a frequency cutoff of 0.1 Hz.
Finally, the data were spatially smoothed with an 8-mm full-width at
half maximum (FWHM) Gaussian kernel and the signal was
normalized to percent signal change from the mean.

Polynomial regression was conducted to test for linear and
quadratic effects of similarity to the self (Buchel et al., 1998). We
used a zero-order regressor, which indicated the presence of a face, to
model the mean response to all faces relative to baseline. We used a
first-order, linear regressor, which scaled responses according to their
distance from the self, to model physical similarity to the self, and a
second-order, quadratic regressor, which scaled responses according
to their distance from the middle of the morphing continuum, to
model task difficulty. The linear and quadratic regressors were
centered around zero and orthogonalized to each other.

Additionally, a regressor for the trustworthiness of the faces with
which the self-face was morphed was included. This regressor
indicated the presence of a trustworthy face to model the main effect
of trustworthiness. We also modeled the interaction of face
trustworthiness with similarity by including regressors for the
interaction of face trustworthiness with the linear and quadratic
trends of similarity. Finally, we included a regressor modeling missed
responses, which made up less than 5% of trials overall.

These seven regressors were convolved with an ideal hemody-
namic response and entered into the general linear model (GLM). In
addition, time series representing subject head movement and mean,
linear, and quadratic trends in each run caused by scanner drift were
included in the model as regressors of non-interest.

Correction for multiple comparisons was performed using the
program AlphaSim, which is part of the AFNI package. The Monte

http://facegen.com


Fig. 1. Example of stimuli used in the experiment. (A) The top row shows a participant's face morphed with a trustworthy face and the bottom row shows a participant's face
morphed with an untrustworthy face. (B) The top row shows examples of the probe and morph for trials where a participant's face was morphed with a trustworthy face, while the
bottom row shows the probe and morph for trials with an untrustworthy face.

1693S.C. Verosky, A. Todorov / NeuroImage 49 (2010) 1690–1698
Carlo simulation indicated that a minimum cluster size of 1476 mm3

was needed to attain a corrected significance of pb .05, with a
voxelwise threshold of pb .005.

A second analysis, where each of the 10 conditions – 2 (face
trustworthiness)×5 (self similarity) – was modeled by a separate
regressor, was also conducted. In this analysis, the regressors
representing the 10 conditions and a regressor representing missed
responses were convolved with the ideal hemodynamic response and
entered into the general linear model, along with the regressors of
non-interest described above. The second analysis was used to extract
percent signal change for each condition in functionally defined
regions in the first analysis.

Subsequently, participants' activation maps for both of the
analyses were warped to Talairach–Tournoux space. For the first
analysis, independent samples t-tests were performed on the
coefficients supplied by the general linear model for each participant
to generate group-level statistical parametric maps showing the
significance of the coefficients across participants. A functional mask
was created for each area of activation. Percent signal change for each
of the 10 conditions was extracted from these ROIs using the
coefficients from the spatially normalized individual level activation
maps from the second, separate analysis.

Results

Behavioral data

As shown in Fig. 2A, the percentage of identification of the morphs
as the self increased monotonically as a function of the percentage of
the self-face in the morphs, from near zero for morphs containing 20%
of the self to near 100% for morphs containing 80% of the self.
Correspondingly, the 2 (face trustworthiness)×5 (self similarity)
repeated measures ANOVA on the participants' responses revealed a
large effect of similarity (Greenhouse–Geisser corrected F(2.61,
49.67)=292.07, pb .0001). Across all levels of morphing, there was
a bias to perceive trustworthy morphs as more similar to the self than



Fig. 2. Behavioral results for similarity judgments and response times (N=20). (A)
Percent of the time participants identified the morph as the self as a function of the
percent of the self present in the morphs and trustworthiness of the other face. (B)
Mean response times for similarity judgments as a function of the percent of the self
present in the morphs and trustworthiness of the other face. Error bars represent
standard error of the mean.

Table 1
Brain regions showing a linear effect of similarity to the self.

Region Cluster size
(mm3)

x y z t-value

Right STS/supramarginal gyrus (IPL) 8856 55.5 −37.5 5.5 −5.66
Left supramarginal gyrus (IPL)/STS 2538 −58.5 −46.5 20.5 −5.51
Left posterior middle temporal/
superior temporal gyrus

2052 −37.5 −58.5 23.5 −4.93

Left middle temporal gyrus,
extending into inferior temporal
gyrus and fusiform gyrus

1728 −52.5 −16.5 −15.5 −4.86

Right inferior/middle temporal gyrus 1620 67.5 −4.5 −18.5 −4.20
Right inferior frontal gyrus (IFG) 783 52.5 31.5 −6.5 −4.03

Note. Regions are reported at p=.05 corrected for multiple comparisons, with
voxelwise p=.005. The t-values correspond to the voxels with maximum activation
and the coordinates for these voxels are reported in Talairach space. The activation in
the IFG did not survive correction for multiple comparisons, but it is listed because it
was an a priori region of interest.
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untrustworthy morphs (F(1, 19)=7.19, p=.015). Although the bias
was most pronounced for the intermediate levels of morphing, the
interaction between trustworthiness and similarity was not signifi-
cant (Greenhouse–Geisser corrected F(3, 56.91)=1.58, p=.20).

An analysis of the response times showed that participants were
slower to respond to morphs in the middle of the continuum than to
morphs at the extremes of the continuum (Fig. 2B), (Greenhouse–
Geisser corrected F(2.57, 48.91)=51.02, pb .0001; F (1, 19)=98.60,
pb .001, for the quadratic trend). Participants were also slightly
slower to respond to the trustworthy (M=1088.39 ms, SD=278.91)
as compared to untrustworthy morphs overall (M=1070.40,
SD=267.26; F(1, 19)=5.46, p=.03). Although the difference in
response times to trustworthy versus untrustworthy morphs was
greater for morphs containing smaller as compared to larger
percentages of the self, the interaction between trustworthiness and
similarity was not significant (Greenhouse–Geisser corrected F(2.91,
55.27)=1.58, p=.21).

fMRI data

Linear effects of similarity
Both right and left pSTS extending into right and left IPL, the right

IFG, the left middle temporal gyrus extending into the left inferior
temporal gyrus/left fusiform gyrus, and right inferior temporal gyrus
showed a significant negative linear effect of similarity, responding
more strongly to increasing percentages of the other person (Table 1).4

The cluster in the right IFG was not large enough to survive correction
formultiple comparisons, but it is included here as an a priori region of
interest. No regions showed the opposite effect.
4 None of the regions that showed a main effect of trustworthiness survived the
correction for multiple comparison.
As described below, the linear response in these regions was
primarily driven by the responses to the untrustworthy morphs.
Although no areas that were active for the interaction of similarity and
trustworthiness survived the correction for multiple comparisons, the
GLM analysis showed that many of the voxels that were active for the
linear effect of similarity were also active for the interaction of the
linear effect and trustworthiness (Fig. 3A).

To better understand the pattern of response, percent signal
change was extracted from each area that showed a significant linear
response (Table 1) and submitted to a 2 (face trustworthiness)×5
(self similarity) repeated measures ANOVA. All of the regions showed
an interaction between the linear effect of similarity and trustwor-
thiness (pb .05 in all cases). For the untrustworthy faces, the regions
responded more strongly as the morphs contained increasing
percentages of the other person (pb .005 in all cases). For the
trustworthy faces, most of the areas did not show a change in
responses as a function of similarity (Figs. 3B–D). However, the right
IFG showed a slight increase in signal change as the morphs looked
more like the self, although this positive linear trend was not
significant (F(1, 19)=2.14, p=.16; Fig. 3E).

Quadratic effects of similarity
Three areas showed a quadratic response to similarity to the self

(Table 2; Fig. 4A). The dorsal anterior cingulate cortex, the left anterior
insula extending well into the left prefrontal cortex, and the right
middle frontal gyrus responded more strongly to morphs in the
middle of the similarity continuum as compared to those at either
end.When signal change data from these regions were analyzed, none
of them showed a significant interaction between trustworthiness
and similarity.

Finally, a region in the left thalamus that was active for the
interaction of the quadratic effect of similarity and trustworthiness
survived the correction for multiple comparisons (Table 2). This area
showed a quadratic effect of similarity for the trustworthy faces (F(1,
20)=23.86, pb .001), responding more strongly to the faces in the
middle of the continuum, but not for the untrustworthy faces (Fb1).

Discussion

In this study, participants were presented with morphs of their
faces with trustworthy and untrustworthy faces and asked to decide
whether each morph looked more like them or more like the other
face. Not surprisingly, as similarity to the self increased, participants
were more likely to identify the morphs as the self than as the other
person (Fig. 2A). Consistent with prior studies on categorical
perception of faces (Beale and Keil, 1995; Kircher et al., 2001; Levin
and Beale, 2000), morphs containing 20% of the self were almost
always identified as the other face and morphs containing 80% of the



Fig. 3. Brain regions showing a significant linear effect of similarity to the self (p=.05, corrected for multiple comparisons). (A) Sagittal (x=−51 for the slice on the left, x=51 for
the slice on the right) and axial (z=28) slices showing areas that were active for the linear effect of similarity to the self. Voxels that were active for both the linear effect and the
interaction with face trustworthiness are shown in green, while those that were only active for the linear effect are shown in orange. (B) Percent signal change by condition from all
active voxels in the left pSTS/IPL region (circled in orange on the left sagittal slice in panel A). Error bars in this graph and the following graphs represent standard error of the mean.
(C) Percent signal change by condition from all active voxels in the right pSTS/IPL region (circled in orange on the right sagittal slice in panel A). (D) Percent signal change from all
active voxels in the left middle/inferior temporal gyrus extending into the left fusiform gyrus (circled in blue on the right sagittal slice in panel A). Error bars represent standard error
of the mean. (E) Percent signal change from all active voxels in the right IFG (circled in yellow on the right sagittal in panel A). Error bars represent standard error of the mean.

1695S.C. Verosky, A. Todorov / NeuroImage 49 (2010) 1690–1698
self were almost always identified as the self. More importantly,
participants were more likely to identify the trustworthy than the
untrustworthy morphs as looking like the self, even though the
trustworthy and untrustworthy faces were matched in terms of
physical characteristics. This finding is consistent with previous
behavioral work demonstrating that people recognize their own
faces as more attractive than they actually are (Epley andWhitchurch,
2008). Together these findings indicate that the tendency to see the
self as positive extends to judgments of physical appearance.
Judgments of face trustworthiness and face attractiveness are highly
correlated and therefore it is not surprising that this positivity bias
affects ratings of the self on both dimensions. Indeed it is likely that
the positivity bias will generalize to other valence-related dimensions
as well (cf. Todorov and Engell, 2008).
In addition to affecting the behavioral responses, the valence of the
faces affected the neural responses in regions that tracked physical
similarity to the self. Regions in the right and left pSTS extending into
IPL, the right IFG, the right inferior/middle temporal gyrus, and the
left middle temporal gyrus extending into inferior temporal and
fusiform gyri showed a linear effect of similarity to the self that was
modulated by the trustworthiness of the other face. As similarity of
the untrustworthymorphs to the self decreased, the response in these
regions increased (Fig. 3). In contrast, there was little evidence for
changes in activation as a function of the similarity to trustworthy
faces. In other words, these regions seemed to differentiate between
the self and untrustworthy faces to a much greater extent than
between the self and trustworthy faces. Thus, even though the task
did not demand explicit evaluation of the faces, comparing the self to



Table 2
Brain regions showing quadratic effects of similarity to the self.

Region Cluster size
(mm3)

x y z t-value

Quadratic effect
Left cingulate/superior frontal
gyrus

9855 −10.5 16.5 32.5 6.33

Left anterior insula, extending into
inferior/middle frontal gyrus

9315 −34.5 7.5 5.5 5.10

Right middle frontal gyrus 1755 43.5 16.5 26.5 4.64

Interaction between the quadratic effect of similarity and face trustworthiness
Left thalamus, extending from the
left mammillary body to the left
pulvinar

1701 −10.5 −16.5 −0.5 5.65

Note. Regions are reported at p=.05 corrected for multiple comparisons, with
voxelwise p=.005. The t-values correspond to the voxels with maximum activation
and the coordinates for these voxels are reported in Talairach space.
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untrustworthy versus trustworthy others led to qualitatively different
patterns of response in these regions.

Consistent with previous work that has demonstrated that the IFG
and IPL are involved in recognition of the self-face (Kircher et al.,
2001; Uddin et al. 2005), we found that these regions were sensitive
to physical similarity to the self. However, while previous studies
found increased response to physical similarity in these regions, our
strongest findingwas the decreased response to physical similarity for
untrustworthymorphs. Therewas a trend in the opposite direction for
trustworthy morphs in the right IFG, but this trend did not reach
significance. Our findings suggest that these regions do not simply
respond to physical similarity to the self. Rather, their response most
likely depends on both the type of task (e.g. comparing oneself to
another person) and the evaluation of the self-resembling face.
Fig. 4. Brain regions showing a significant quadratic effect of similarity to the self (p=.05,
showing regions that were active for the quadratic effect of similarity to the self. (B) Percent
of similarity to the self (shown in the sagittal slice in panel A). Error bars represent standa
Recent work by Morita et al. (2008) indicates that the right IFG is
involved in self-evaluation and potentially sheds light on the current
pattern of results. These authors showed participants flattering and
unflattering photographs of the self and of other people. The right IFG
was more active when viewing the self as compared to others and
activation in this area was negatively correlated with ratings of
embarrassment. In addition, Uddin et al. (2005) found that viewing
morphs of the self and a familiar other that contain large percentages of
the self led to increased activation in this region. In other words,
whereas distancing oneself from a negative image was related to
decreased activation in the right IFG, endorsing a positive or neutral
morph as looking like the self was related to increased activation. In line
with these previous two studies, we found that viewing untrustworthy
morphs that looked like the self led to decreased activation in this
region, while viewing trustworthy morphs that looked like the self led
to increased activation, although the latter did not reach significance.
Thus, taken together, these three studies suggest that this region may
play not only a role in representations of the self with respect to
appearance but also in evaluation of these representations.

In sum, the brain imaging data show that positive and negative
morphs of the self are processed in a qualitatively different fashion.
This is consistent with psychological models that suggest that
comparison of targets to standards that are perceived as similar
leads to an informational focus on similarities, while comparison to
standards that are perceived as different leads to a focus on
differences (Mussweiler, 2003). Given that the self is usually seen as
positive (Greenwald and Banaji, 1995; Hetts et al., 1999; Koole et al.,
2001), comparison of the self-face to trustworthy faces may have led
to different expectations and a focus on similarity, whereas compar-
ison of the self-face to untrustworthy faces may have led to a focus on
dissimilarity. Such processes might be able to account for the greater
neural differentiation between the self and untrustworthy faces than
between the self and trustworthy faces. Future studies need to
corrected for multiple comparisons). (A) Sagittal (x=−8) and coronal (y=18) slices
signal change from the voxels in the dorsal ACC that were active for the quadratic effect
rd error of the mean.
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address the exact nature of the psychological mechanisms producing
these effects.

In contrast to the regions that were active for the linear effect of
similarity, the regions that were active for the quadratic effect –

except for the thalamus – showed the same pattern of response for
trustworthy and untrustworthy morphs. Specifically, regions in the
prefrontal cortex and the dorsal anterior cingulate cortex (ACC)
responded more strongly to morphs in the middle of the similarity
continuum than to those at the ends. When the morphs contained
large percentages of either the self or the other person, participants'
decision as to whether the morph looked more like the self or more
like the other person was straightforward. However, when the
morphs contained nearly equivalent percentages of the self and
other, the decisionwasmore difficult. This was reflected in the pattern
of reaction times, with participants being slower to respond to
morphs in the middle as compared to the ends of the continuum (Fig.
2B). The regions that were active for the quadratic response showed
this same pattern and it is likely that they tracked task difficulty
(Botvinick et al., 2004; Miller and Cohen, 2001).

For the reaction times, participantswere slightly slower to respond
to the trustworthy than to untrustworthy morphs overall, suggesting
that the decision may have been slightly more difficult for the
trustworthy faces. Interestingly, the areas that showed a quadratic
response typically responded slightly more strongly to the trustwor-
thy than to untrustworthy morphs, although these effects were not
statistically significant (Fig. 4B). In addition, a region in the left
thalamus, extending from the left mammillary body to the left
pulvinar nucleus, showed an exaggerated version of this pattern. This
area showed a quadratic response to trustworthy faces – once again
respondingmore strongly tomorphs in themiddle of the continuum –

but not for untrustworthy faces. Although the peak of the activation
was in the mammillary body, it is worth noting that the pulvinar is
involved in visual attention (Saalmann and Kastner, 2009) and that it
may have modulated responses in the other active regions.

Self-resemblance as a proxy for kinship
From an evolutionary perspective, self-resemblance is important

because it provides a cue to genetic relatedness (DeBruine et al.,
2008). In fact, as mentioned in the introduction, research has shown
that self-resemblance increases trustworthiness ratings of faces and
cooperative behavior (DeBruine, 2002, 2005; Krupp et al., 2008). In
addition, neuroimaging work has started exploring the neural basis of
kin detection based on facial similarity, with studies finding over-
lapping regions of activation for the self-face and self-resembling
faces (Platek et al., 2005, 2008, 2009). The implication of these studies
is that similarity automatically induces positive evaluation. However,
the current study suggests that the context can have a large effect on
how self-resembling faces are evaluated (see also DeBruine, 2005;
Platek, 2007). This is not inconsistent with the idea that similar neural
mechanisms underlie positive evaluation of self-resembling others
and positive evaluation of the self (cf. Platek et al, 2009). However,
different types of tasks may lead to different expectations, which in
turn can lead to different neural responses to physical similarity to the
self.

Different types of similarity to the self
We focused on one particular type of similarity with the self,

namely facial resemblance, but there are many other types of
similarity that can affect both perception of the self and other people.
For example, Mitchell et al. (2006) constructed descriptions of other
people that either matched the values and preferences of participants
or did not, thereby increasing or decreasing the psychological
similarity with the self. Then, participants were asked to judge how
likely they and the similar and dissimilar others would be to agree
with different opinions (e.g. “enjoy having a roommate from a
different country”). Mitchell et al. found that judgments about the self
and about the similar other recruited a ventral region of the MPFC,
while judgments about the dissimilar other recruited a dorsal region
of the MPFC. Based on prior findings suggesting that self relevant
information is processed in ventral MPFC (Kelley et al., 2002; Mitchell
et al., 2005), they have argued that judgments of similar others recruit
the same regions that process self-referential information.

The current findings, coupled with Mitchell et al. (2006) findings,
suggest a possible dissociation between regions that track visual
similarity with the self (right IFG) and regions that track personality
similarity (ventral MPFC). Additional findings from Mitchell et al.
(2005) suggest that the key factor that can produce this dissociation in
these areas is the focus of the task (e.g. physical similarity vs. mental
states) rather than how similarity between the self and others was
determined. Specifically, Mitchell et al. (2005) showed that ventral
MPFC was more strongly recruited when making mental state
judgments about similar as compared to dissimilar faces, as deter-
mined by the participants' ratings of similarity. Indeed, in a review of
the relevant literature, Lieberman (2007) noted that lateral prefrontal
and lateral parietal areas are generally recruited during tasks that
require processing of externally focused information about the self, for
instance in detecting mismatches between vision and proprioceptive
feedback, while the MPFC is recruited when processing internally
focused information about the self, for instance reflecting on one's
current experience. Similarly, Uddin et al. (2007) point out that lateral
prefrontal and lateral parietal areas overlap with areas that are part of
the mirror neuron system, which is thought to be involved in
understanding the physical actions of others, while the areas recruited
in self-referential thought overlap with areas of the MPFC, which are
involved in understanding psychological aspects of others.

Conclusions

Perception of social stimuli is inherently evaluative (Todorov et al.,
2006, 2008) and this is particularly true when these stimuli are
related to the self (Epley and Whitchurch, 2008; Greenwald and
Banaji, 1995). We observed that when the self was compared to an
untrustworthy face, most brain regions showed increased response
with the decrease in similarity of the morphs to the self. In contrast,
when the self was compared to a trustworthy face, the same brain
regions did not show a change in their response. That is, these regions
differentiated between the self and untrustworthy faces to a much
greater extent than between the self and trustworthy faces, consistent
with people's inherent biases to perceive the self as positive.
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