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Abstract

■ Despite the prevalence and potentially harmful consequences
of first impression bias during social decision-making, its precise
neural underpinnings remain unclear. Here, on the basis of the
fMRI study using ultimatum games, the authors show that the re-
spondersʼ decisions to accept or reject offers were significantly
affected by facial trustworthiness of proposers. Analysis using a
model-based fMRI method revealed that activity in the right lat-
eral OFC (lOFC) of responders increased as a function of negative
decision bias, indicating a greater likelihood of rejecting otherwise

fair offers, possibly because of the facial trustworthiness of propos-
ers. In addition, lOFC showed changes in functional connectivity
strength with amygdala and insula as a function of decision bias,
and individual differences in the strengths of connectivities be-
tween lOFC and bilateral insula were also found to predict the like-
lihood of responders to reject offers from untrustworthy-looking
proposers. The present findings emphasize that the lOFC plays a
pivotal role in integrating signals related to facial impression and
creating signal biasing decisions during social interactions. ■

INTRODUCTION

Numerous studies have indicated that our daily decisions
are influenced by the facial impressions of others in var-
ious social settings. For example, attractive people are
favored in mating situations (Green, Buchanan, & Heuer,
1984; Hatfield, Aronson, Abrahams, & Rottmann, 1966)
and are considered to be happier, to have more prestigious
jobs, and to have better personalities (Dion, Berscheid, &
Walster, 1972). In addition, attractive people, compared
with unattractive people, are more likely to be successful
at job interviews (Dipboye, Arvey, & Terpstra, 1977), earn
a higher salary (Hamermesh & Biddle, 1994; Frieze, Olson,
& Russell, 1991), and receive less severe sentences in
courts (Downs & Lyons, 1991; Sigall & Ostrove, 1975).

The effect of facial appearance on decision-making has
also been investigated in diverse laboratory experiments
using simple and systematic social interactions. Accord-
ing to a phenomenon called “beauty premium,” attractive
people tend to receive higher monetary offers from pro-
posers in the ultimatum game (Solnick & Schweitzer,
1999), are more likely to be chosen as partners in the pris-
onerʼs dilemma game (Mulford, Orbell, Shatto, & Stockard,
1998), and are more likely to receive higher investments
in the trust game (Wilson & Eckel, 2006) and in the public
good game (Andreoni & Petrie, 2008). On the basis of
the evidence mentioned above, one could speculate that,
when facing a stranger, we tend to infer his or her per-
sonality and traits, such as trustworthiness, rather automat-
ically based on appearance. Furthermore, such rapidly

formed first impressions can bias perceiversʼ decisions,
often without explicit awareness (vanʼt Wout & Sanfey,
2008).
Recent studies have demonstrated that the human amyg-

dala plays a key role in assessing facial trustworthiness by
showing that patients with bilateral amygdala damage fail
to rate untrustworthy strangers negatively (Adolphs, Tranel,
& Damasio, 1998) and that amygdala activity increases
when people see untrustworthy-looking faces even with-
out explicitly evaluating facial impression (Engell, Haxby,
& Todorov, 2007; Winston, Strange, OʼDoherty, & Dolan,
2002). Furthermore, the manipulation of amygdala activity
using intranasally administered oxytocin, a neuropeptide
hormone implicated in various behaviors including female
reproduction and social bonding, has been shown to effec-
tively enhance trust and, thus, result in increased monetary
investment to trustees during trust games (Baumgartner,
Heinrichs, Vonlanthen, Fischbacher, & Fehr, 2008; Kosfeld,
Heinrichs, Zak, Fischbacher, & Fehr, 2005). Despite the
unequivocal role played by the amygdala in “reading” of
trustworthiness in faces and biasing decisions to trust
others, few studies have directly attempted to investigate
the exact neural mechanism whereby trustworthiness-
related cues detected by the amygdala influence decisions
in a social context.
The OFC integrates signals from diverse brain structures

involved in processing emotional information, such as the
nucleus accumbens, the amygdala, the insula, and the tem-
poral cortex, and is considered to be strongly implicated
in guiding a wide range of emotional and social decisions
(OʼDoherty, Kringelbach, Rolls, Hornak, & Andrews, 2001;
Bechara, Damasio, & Damasio, 2000; Cavada & Schultz,Korea University
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2000; Schoenbaum, Chiba, & Gallagher, 1998). A number
of animal and human studies have suggested that intact
functioning of the OFC, with respect to decision guidance,
is critically dependent on affective input signals from the
amygdala (Hampton, Adolphs, Tyszka, & OʼDoherty,
2007; Schoenbaum, Setlow, Saddoris, & Gallagher, 2003;
Baxter, Parker, Lindner, Izquierdo, & Murray, 2000). Ac-
cording to one leading theory, the amygdala may form
the associative values of cues linked to outcomes, whereas
the OFC is important for holding these values in memory
and updating them with newly acquired information to
guide decision-making (Pickens et al., 2003). On the basis
of this theory, we hypothesized that OFC may integrate
input signals carrying facial values processed mainly by
the amygdala, synthesize more complex and sophisticated
values, and, thus, serve as a primary brain center for me-
diating facial impression bias during social interactions.
To systematically examine the role of facial trustworthi-

ness in biased social decision-making in an experimental
setting, we utilized an ultimatum game, a popular eco-
nomic experiment, involving social interactions between
two players, that has been widely used to test the effect
of perceived unfairness on economic decisions (Guth,
Schmittberger, & Schwarze, 1982). A recent neuroimaging
study demonstrated that the insula, a key neural struc-
ture implicated in encoding negative emotion triggered
by aversive stimuli, such as pain and stress (Evans et al.,
2002; Peyron, Laurent, & Garcia-Larrea, 2000), encodes
perceived unfairness for a given offer from a proposer
(Sanfey, Rilling, Aronson, Nystrom, & Cohen, 2003). In
addition, the PFC has also been shown to play a critical
role in regulating emotional reaction to unfair offers during
ultimatum games and to link this perceived unfairness to
decision-making regarding the acceptance or rejection of
offers (Koenigs & Tranel, 2007; Knoch, Pascual-Leone,
Meyer, Treyer, & Fehr, 2006; Sanfey et al., 2003).
In this study, we sought to identify the neural structures

involved in the integration of the neural signals of the
proposerʼs facial trustworthiness that bias the respondersʼ
decision-making, as determined by changes in acceptance
rates. All 12 participants played 60 ultimatum games with
60 proposers. Sixty faces with high, medium, and low
trustworthiness (20 faces in each category) were selected
on the basis of normative trustworthiness ratings acquired
from a preliminary experiment and were used as the faces
of proposers for the ultimatum game in the fMRI experi-
ment. Participants were instructed that 1 of the 60 trials
would be randomly chosen, that the money made during
this trial would be added to the monetary compensation
paid to each participant at the end of the experiment,
and that the proposer of the trial would be paid in ac-
cordance with decisions made during the experiment.
We estimated amounts of facial impression bias using a
functional fitting method to search for an area within the
OFC that correlated with facial impression bias on a trial-
by-trial basis. In addition, a network centering on an ROI
within the OFC was investigated by functional connectivity

analysis to identify specific neural correlates underlying
individual variability in facial impression bias during the
ultimatum games.

METHODS

Participants

Fifteen right-handed male participants (mean age =
23.4 years, SD = 2.13 years) were recruited by advertis-
ing. Considering recent findings regarding fairness in judg-
ment based on gender differences (Singer et al., 2006),
only male participants were recruited to eliminate poten-
tial gender effects when evaluating facial trustworthiness
during ultimatum decisions. Three subjects were excluded
for their failure to follow instructions. Therefore, the fMRI
data of 12 subjects were subject to analysis. All partici-
pants were carefully screened for chronic mental illness
and MR compatibility, and the present experiment was
approved by the institutional review board of Korea Uni-
versity. All participants provided informed consent before
study commencement.

Experimental Procedures

Preliminary Experiment

We ran a preliminary experiment to reliably select faces with
high, medium, and low trustworthiness from among 355
photographs (black and white) of Korean men. In this ex-
periment, we used Cogent 2000 stimulus presentation soft-
ware (www.vislab.ucl.ac.uk/Cogent/ ) running on MATLAB
6.5, and all 355 faces were sequentially presented on a sin-
gle computer screen for an unlimited time. Twenty-six par-
ticipants evaluated each face on a 9-point scale (1 = not
trustworthy at all, 9 = very trustworthy) shown below
each face. For each photograph, we combined the rating re-
sults of all participants and obtained a normative (or mean)
trustworthiness rating by transforming the results into
Z scores and averaging across the 26 subjects. On the
basis of the normative ratings of the 355 faces, we selected
60 faces (20 faces in each category) with high, medium, or
low trustworthiness, and these 60 faces were used as pro-
posers in the ultimatum game. The Z scores of face trust-
worthiness ratings obtained from the preliminary study
were distributed as follows: low trustworthiness, −1.15 to
−0.69 (mean = −0.859); medium trustworthiness, 0.04
to 0.07 (mean = 0.057); and high trustworthiness, 0.77 to
1.94 (mean = 1.024). One-way ANOVA confirmed a highly
significant difference in mean Z scores between these three
categories, F(2, 57) = 499.6, p < .01.

fMRI Experiment

Subjects received instructions about the ultimatum game
before scanning, and it was further confirmed that all
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subjects fully understood the requirements of the game.
All the participants played the role of responder dur-
ing the ultimatum games. Participants were told that
proposers were randomly selected from a list of univer-
sity alumni and asked to respond to a written question
that asked what fraction of KRW 10,000 (approximately
USD 8) they would offer as proposers in the ultima-
tum game. Participants were also told that proposers
would receive their shares via mail in accordance with
the actual decisions they made during the ultimatum
games.

Each participant played 60 single-shot ultimatum games
in total. For each game, a proposer made an offer (a frac-
tion of KRW 10,000) to the participant. Each game began
by displaying the photograph of the proposer, and after
2–5 sec, an offer amount made by the proposer was pre-
sented below the photograph. The photograph and the
offer amount then disappeared 2–5 sec after the offer
amount was shown. This was followed by a display that
asked participants to press one of two buttons to either
accept or reject the offer (Figure 1A). According to the
rules of ultimatum game, when a responder accepts an
offer, the offer amount is added to the responderʼs ac-
count, whereas no money is added to either the respon-
derʼs or proposerʼs account when an offer is rejected.
Participants were told that 1 of the 60 trials would be ran-
domly chosen, and the result of this trial would be added
to the final monetary compensation paid at the end of
the experiment.

Proposerʼs offer amounts ranged from KRW 1000 to
KRW 5000 in increments of KRW 1000. For each category
of facial trustworthiness, participants were given five
trials with an offer of KRW 5000, five trials with KRW
4000, four trials with KRW 3000, three trials with KRW
2000, and three trials with KRW 1000. To minimize cor-
relation between offer amounts and facial trustworthi-
ness, the half of the faces in each face category were
assigned to fair offers (KRW 4000 and KRW 5000) and
the other half to unfair offers (KRW 1000, KRW 2000,

and KRW 3000), and this assignment was counterbalanced
across subjects.

Neuroimaging Procedures

fMRI Data Acquisition

Functional imaging was conducted on a 3-T Forte MRI
scanner (ISOL Technology, Gwangju, South Korea; Oxford
OR63) at Korea Advanced Institute of Science and Tech-
nology in Daejeon, Korea. Whole-brain T1-weighted ana-
tomical scans (256 × 256 voxels, 1 × 1 × 1 mm resolution,
176 axial slices) and gradient-echo T2*-weighted EPIs
with BOLD contrast (64 × 64 voxels, repetition time =
2000 msec, echo time = 30 msec, flip angle = 80°,
3 × 3 mm in-plane resolution, slice thickness = 4 mm,
24 oblique axial slices with no gap) were acquired of
each participant. Each scan lasted approximately 10 min,
depending on performance. The first three volumes of
images were discarded to allow for equilibration effects.

Preprocessing

All image analyses were performed using SPM2 (Wellcome
Department of Imaging Neuroscience, Institute of Neurol-
ogy, London, U.K.). Functional images were realigned to
the first volume to correct for subject motion, spatially
normalized to a standard T2* template with a resampled
voxel size of 3 mm, and spatially smoothed using a Gaussian
kernel with a FWHM of 6 mm.

Calculating Individual Model Estimation Errors

With the specific aim of identifying neural structures en-
coding decision biases caused by the proposerʼs facial
trustworthiness, we reasoned that respondersʼ decisions
were the product of a complex computation that took into
account facial trustworthiness and the offer amount. There-
fore, to define trials during which facial trustworthiness

Figure 1. (A) A schematic
diagram of the experimental
design. Each trial began with
a display of a proposerʼs face,
and this was followed by an
offer amount below the face.
Participants were then asked
to either accept or reject the
offer by pressing appropriate
keys. (B) Behavioral data
showed a linearly increasing
acceptance rate as a function
of the increasing offer amount
and that facial trustworthiness
had a significant modulatory
effect on acceptance rates.
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biased decisions, we first estimated subject-specific decision
probabilitymodels by estimating the optimal cubic functions
that best fitted decisions as a function of the amount of pay-
ment offered by proposers (OʼDoherty, Hampton, & Kim,
2007). Although we expected a sigmoid-like curve for deci-
sion probability as a function of offer amount, we tried to
minimize any potential bias on the shape of the function
and used a cubic function for fitting. However, as shown in
Figure 2, it turned out that the model estimation resulted in
individual decision probability curves with a sigmoid func-
tion shape for most of the participants, even without any
preassumption about the shape of the function.
We assumed that the proposerʼs facial trustworthiness

was a primary factor that contributed to any fitting errors
between decisions and the estimated model, that is, the
model estimation error (MEE). For example, one re-
sponder who showed no sign of facial impression bias
by rejecting all offers of ≤KRW 2000 and accepting most
of the others showed a near-perfect fitting between his
decisions and the estimated decision probability curve
(see Figure 2). The parameters of MEE were calculated
by subtracting an estimated decision probability f(xi) for

a given trial i with offer amount x from a decision Di on
a trial-by-trial basis (see equations below).

f ðxiÞ ¼ ax3i þ bx2i þ cxi þ d

MEEðiÞ ¼ Di − f ðxiÞ Di ¼ 1 : ðacceptÞ
Di ¼ 0 : ðrejectÞ

�

For example, for a trial with an offer of KRW 3000, if the
estimated decision probability for the offer ( f(xi)) was
0.6 and the responder accepted the offer (Di = 1), then
the MEE for this trial would be 1 − 0.6 = 0.4. During in-
dividual fMRI data analysis, the parameters of MEE were
convolved with a hemodynamic response function time-
locked to the onset times of offer amounts and entered
into a regression analysis against fMRI data. Although we
focused on the onset of the offer display for the analyses,
on the basis of the assumption that it is the time when
the respondersʼ decisions begin to be formed, there is
a possibility that some regions showing activity at these
events may simply encode information about facial trust-
worthiness and offer amounts. Therefore, to eliminate

Figure 2. Subject-specific decision probabilities (red lines) estimated for each offer amount using optimal cubic functions best fitted to respondersʼ
decisions as a function of the amount offered by proposers. Subject numbers start from top left. The x axis indicates the amounts offered, and
the y axis indicates decision probabilities (0 = reject, 1 = accept).
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any brain regions simply correlated with normative facial
trustworthiness ratings or decision probability for a given
offer amount, we orthogonalized MEE parameters with
respect to the parameters of facial trustworthiness and
f(xi), the latter of which correlated with offer amount,
to observe brain regions correlated uniquely with MEE.
In addition, the six scan-to-scan motion parameters pro-
duced during realignment were entered into a regression
analysis against fMRI data for individual participants to
account for residual effects of movement. The results
of each participant were taken to a random effects level
by including the coefficient images of the MEE parameter
obtained from each participant into a one-sample t test.

Determining Significance Level

Given our specific a priori hypothesis regarding the
role of the OFC, we imposed a significance threshold
of p < .05, corrected for multiple comparisons over the
OFC volume (∼17,900 mm3; Kennedy et al., 1998), as
determined by Monte Carlo simulations implemented
in AlphaSim within AFNI software that generates volu-
metric cluster sizes corresponding to alpha levels (Cox,
1996). For any other activation within the frontal cortex,
we used a search volume that combined superior, mid-
dle, and inferior frontal cortices (∼88,100 mm3; Kennedy
et al., 1998). For all other ROIs, we restricted search vol-
umes of AlphaSim to spheres with a radius of 10 mm
(∼4200 mm3) centered on coordinates obtained in pre-
vious studies. More specifically, previous studies using
ultimatum games were used to obtain the coordinates
of the insula and ACC (Sanfey et al., 2003) and of the mid-
brain (Tabibnia, Satpute, & Lieberman, 2008). Further-
more, the coordinates of the amygdala were acquired
from a study on the implicit assessment of facial trust-
worthiness (Engell et al., 2007).

Psychophysiological Interaction Analyses

To identify the neural structures communicating with the
lateral OFC (lOFC), we performed psychophysiological
interaction (PPI) functional connectivity analyses (Friston
et al., 1997). The PPI analysis assesses temporal correla-
tions between brain regions and their dependencies on
experimental conditions and can be used to investigate
functional coupling between two brain regions modulated
by the experimental conditions. For PPI analyses, we
extracted a deconvolved time series (Gitelman, Penny,
Ashburner, & Friston, 2003) of the lOFC from each sub-
ject, and these showed significant correlations with MEE
using a 5-mm-radius sphere around the peak voxel de-
fined by the random-effects group analysis. Individual PPI
general linear models contained three regressors: the de-
convolved time series data from lOFC, the MEE param-
eter, and the product of the two regressors, that is, the
PPI term. Each participantʼs coefficient image of the inter-

action term from the PPI analysis was then entered into
the random-effects group analysis.

Correlation between Individual Variability of Facial
Impression Bias and Functional Connectivity

Logistic regression analysis was carried out using two
variables (i.e., normative facial trustworthiness ratings and
proposersʼ offer amounts) to estimate the degree to which
participantsʼ decisions were influenced by the facial trust-
worthiness of proposers (βface). Next, we regressed each
participantʼs coefficient image of the interaction term
from PPI analyses against the β coefficients of the facial
trustworthiness predictor variable obtained from individ-
ual logistic regression analysis to investigate the neural
structures showing differential functional connectivity with
lOFC as a function of individual difference in facial impres-
sion bias (Etkin, Egner, Peraza, Kandel, & Hirsch, 2006).

RESULTS

Behavioral Results

Consistent with many previous studies based on ultimatum
games, participants showed higher acceptance rates for
fair offers and decreasing acceptance rates as offers be-
came less fair. In addition, participants show slightly higher
acceptance rates for offers from more trustworthy pro-
posers. Behavioral data analyzed by two-way repeated
measures ANOVA revealed that both facial trustworthiness
(F(2, 22) = 7.544, p < .01) and offer amounts (F(4, 44) =
12.043, p < .01) had significant influences on acceptance
rates (Figure 1B). No significant interaction effect was ob-
served between facial trustworthiness and offer amount
(F(8, 88) = 0.993, p > .1), but the effect of facial trust-
worthiness appeared to be more prominent for offer
amounts of KRW 2000 and KRW 3000.
Subject-specific decision probabilities for each offer

amount were estimated by computing optimal cubic func-
tions best fitting individual respondersʼ decisions as a func-
tion of the amounts offered. The parameters of MEE were
then calculated by subtracting the estimated decision
probabilities from actual decisions on a trial-by-trial basis,
separately, for each responder (Figure 3A; see Methods
for more details). The Jonckheere–Terpstra test for non-
parametric trend analysis revealed a significant, linearly
increasing trend in MEE as a function of an increase in
normative facial trustworthiness ( JT = 3.77, p < .001),
thus verifying the contribution of facial trustworthiness to
MEE (Figure 3B).

Neuroimaging Results

Brain Regions Correlated with MEE

For individual fMRI data analysis, the subject-specific param-
eters of MEEwere convolved with a hemodynamic response
function time-locked to the onset times of offer amounts
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and entered into regression analysis against fMRI data. The
application of the one-sample t test to individual subject
regressor coefficient maps of the MEE parameter revealed
the activity of the right lOFC (Figure 3C: x = 45, y = 24,
z = −12, Z = 3.57) was correlated negatively with MEE,
that is, activity increased as responder decisions deviated
negatively from the estimated decision probability. In other
words, lOFC showed elevated activity whenever responders
rejected otherwise fair offers from proposers, possibly
reflecting facial impression-related decision bias (see Fig-
ure 3B). In addition, positive correlations with MEE were
found in the midbrain, possibly including the ventral teg-
mental area, which contains dopamine neurons (Figure 4A).

PPI Analysis Using lOFC as a Seed Point

We hypothesized that the lOFC integrates information
about facial trustworthiness and offer amounts to compute
complex signals that bias ultimatum decisions. To address
how the lOFC creates signals biasing decisions, we ex-
amined the brain regions communicating with the lOFC
using PPI functional connectivity analyses. Significant cor-
relations with the PPI interaction term of deconvolved time
series taken from the lOFC and negative MEE were found

Figure 3. (A) The parameters
of MEE were calculated by
subtracting estimated decision
probabilities from actual
ultimatum decision values
(blue Xs) on a trial-by-trial
basis. (B) MEEs categorized
by normative facial
trustworthinesses of proposers.
(C) Group analysis revealed
that the activity of the lOFC
was negatively correlated
with MEE when offer
amounts were revealed.

Figure 4. Brain regions that positively correlated with MEE were
found in the midbrain (A: x = −9, y = −21, z = −21, Z = 3.26)
and in the right TPJ (B: x = 45, y = −45, z = 15, Z = 3.71).
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in the right posterior amygdala (Figure 5A: x= 27, y=−6,
z = −18, Z = 2.75), the left anterior insula (Figure 5B:
x = −33, y = 15, z = −3, Z = 3.26), the dorsal ACC (Fig-
ure 5C: x = 9, y = 21, z = 39, Z = 3.24), and the right
dorsolateral PFC (Figure 5D: x = 48, y = 9, z = 33,
Z = 4.19). These results suggest that the lOFC showed
increased communications with these structures when
subjects were more likely to reject otherwise fair offers
because of the proposerʼs facial impressions (Table 1).

Neural Correlates of Individual Differences in
Facial Impression Bias

We next considered that if the effect of facial trustwor-
thiness on ultimatum decisions is critically dependent
upon communication between the lOFC and the above-
mentioned brain regions, then greater functional con-
nectivity between them would be observed in responders
who showed more decision bias because of facial trust-
worthiness. Thus, we performed logistic regression analy-
ses with two predictor variables (i.e., normative facial
trustworthiness ratings and offer amounts) and estimated
the extent to which each responderʼs decisions were in-
fluenced by facial trustworthiness (βface). Regressing each
responder regressor coefficient map of the PPI inter-
action term against individual subjectsʼ βface revealed sig-

nificant correlations in bilateral insula (Figure 6: left: x =
−42, y = 12, z = −9, Z = 3.71; right: x = 48, y = 9, z =
−15, Z = 3.85), indicating that people with greater facial-
impression-related bias tend to show increased func-
tional connectivity between bilateral insula and the OFC
as their decisions deviated from model estimations.

DISCUSSION

Consistent with previous literatures on first impression
bias, this study demonstrates that an offer is more likely to
be rejected when it is made by a less-trustworthy-looking
proposer and that activity in the right lOFC predicts a trial-
by-trial fluctuation of decision bias caused by the facial
trustworthiness of the proposer. In addition, PPI analy-
ses revealed that negative decision bias modulated the

Figure 5. PPI analyses revealed significant MEE-modulated functional
communications between the lOFC and the right amygdala (A: x = 27,
y = −6, z = −18, Z = 2.75), the left insula (B: x = −33, y = 15, z = −3,
Z = 3.26), the ACC (C: x = 9, y = 21, z = 39, Z = 3.24), and the right
dorsolateral PFC (DLPFC; D: x = 48, y = 9, z = 33, Z = 4.19).

Table 1. List of All Brain Structures Exceeding the Threshold
Determined by AlphaSim in This Study, except for p < .001
(Uncorrected) and p < .005 (Uncorrected)

Brain Region Z

Peak in MNI

x y z

Negative Correlation with Facial Trustworthiness at the
Time of Face Display

Anterior amygdala (R) 2.62* 21 0 −9

Correlation with Negative MEE at the Time of Offer Display

LOFC (R) 3.57 45 24 −12

Correlation with Negative MEE at the Time of Offer Display

Midbrain 3.26 −9 −21 −21

TPJ (R) 3.71** 45 −45 15

Regions Communicating with the lOFC

Posterior amygdala (R) 2.75 27 −6 −18

Anterior insula (L) 3.26 −33 15 −3

ACC (R) 3.24 9 21 39

Dorsolateral prefrontal cortex (R) 4.19 48 9 33

Regions Communicating with the lOFC Modulated by
Individual Difference in Decision Bias due to Facial
Trustworthiness (βface )

Anterior insula (R) 4.25 36 24 3

Anterior insula (L) 3.92 −45 3 21

Dorsal ACC (L) 3.49** −12 9 45

L = left; R = right.

*p < .005 (uncorrected).

**p < .001 (uncorrected).
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functional communication between the lOFC and the
amygdala and insula, which has been previously implicated
in the encoding of facial trustworthiness and perceived
unfairness, respectively. Finally, individual variability in the
degrees to which decisions were biased because of facial
trustworthiness was predicted by considering functional
connectivity between the bilateral insula and the lOFC. In
summary, the findings of this study provide evidence that
the OFC plays a pivotal role in integrating various affec-
tively charged subcortical input signals triggered by first
impressions of strangers and biased economic decision-
making in situations involving social interaction.

Facial Trustworthiness and Biasing of
Ultimatum Decisions

As predicted, we confirmed the role of the proposerʼs facial
trustworthiness in ultimatum decision-making by respond-
ers. This finding rather contrasts with that of a previous
study that examined the role of facial attractiveness in ulti-
matum decisions and in which responders demanded
higher minimum acceptable offers from attractive propos-
ers (Solnick & Schweitzer, 1999). Of the many potential
reasons that might have contributed to the observed dis-
crepancy, perhaps the primary reason was that responders
specified a minimum acceptance offer for each photo-
graph in the previous study, whereas responders were
asked to make actual ultimatum choices in this study. Per-
haps, similar to a recent study, in which subtle environ-
mental cues were found to influence moral decisions
subconsciously (Schnall, Haidt, Clore, & Jordan, 2008),
the criteria used to judge fairness may have been affected
implicitly by facial trustworthiness in this study. Therefore,
we believe that the decision biases caused by facial im-
pressions in this study probably occurred automatically
and that responders were not explicitly aware of the link
between facial trustworthiness and their own choices in
ultimatum games. It would be interesting for future studies
to focus on the sources of the differences between studies

that use self-reports on acceptable minimum offers and
those that use ultimatum decisions.

Previous studies have indicated that facial trustworthi-
ness and attractiveness tend to be correlated (vanʼt Wout
& Sanfey, 2008) and that attractive faces are more likely
to be trusted (Andreoni & Petrie, 2008; Wilson & Eckel,
2006; Solnick & Schweitzer, 1999; Mulford et al., 1998),
which is not surprising given that attractiveness has often
been associated with various other positive traits (Langlois
et al., 2000). We also examined the correlation between
the facial attractivenesses and the facial trustworthinesses
of the faces used in this study by asking an independent
group of people to rate the same faces on an attractiveness
scale. A highly significant correlation was found between
the two ratings (r= .94, p< .01), which suggests that facial
attractiveness potentially affected ultimatum decisions in
this study. In fact, judgments of attractiveness and trust-
worthiness were found to be the two most rapidly made
trait judgments (Willis & Todorov, 2006), and the extent
to which the amygdala responds to variations of faces on
specific trait dimensions was found to be a function of
the general valence content of these dimensions (Engell
et al., 2007). Therefore, the involvement of the amygdala
in the modulation of the lOFC activity in response to
the proposersʼ faces may not necessarily be due to facial
trustworthiness per se but because of more general
valence-related approach cues encompassing various
types of traits.

The Role of the lOFC in the Biasing of Ultimatum
Decisions due to Negative Facial Impressions

The OFC integrates signals from diverse brain structures
involved in the processing of emotional information, such
as the amygdala, the insula, and the temporal cortex, and
has long been considered a key center for emotional and
social decision-making (OʼDoherty et al., 2001; Bechara
et al., 2000; Cavada & Schultz, 2000; Schoenbaum et al.,
1998). In particular, the lateral aspect of the OFC, observed

Figure 6. Individual variability in ultimatum decision bias on the basis of facial trustworthiness (βface) predicted by MEE-modulated functional
connectivity between the lOFC and the bilateral insula. Center: left, x = −42, y = 12, z = −9, Z = 3.71; right, x = 48, y = 9, z = −15, Z = 3.85).
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in this study, has strong functional communication with
the amygdala (Hsu, Bhatt, Adolphs, Tranel, & Camerer,
2005; Kim et al., 2004) and has been implicated in en-
coding negative valence in many previous studies (Elliott,
Agnew, & Deakin, 2010; Kringelbach, 2005; Ursu & Carter,
2005; Kim et al., 2004; OʼDoherty et al., 2001). Further-
more, the lOFC has been reported to encode aversive
prediction errors (Seymour et al., 2005) to help organisms
avoid certain aversive objects or help people avoid nega-
tive outcomes (Daw, OʼDoherty, Dayan, Seymour, &
Dolan, 2006) and to suppress previously learned desirable
choices (Elliott et al., 2010; Wrase et al., 2007; Elliott, Dolan,
& Frith, 2000). Of particular relevance to this study, the
lOFC has been reported to be responsive to the negative
aspect of facial stimuli, and its activity has been reported to
be inversely correlated with facial attractiveness (Cloutier,
Heatherton, Whalen, & Kelley, 2008; OʼDoherty et al.,
2003) to show an increased response to black versus white
faces (Cunningham et al., 2004) and negative versus posi-
tive contextual information and to modulate amygdala
responses to emotionally ambiguous faces (Kim et al.,
2004). Consistent with these findings, we observed in-
creased activity in the lOFC during the rejection of fair
offers from untrustworthy looking proposers, which may
have also required effective suppression of a natural
impulse to maximize income by accepting any amount of
money offered by proposers.

Anatomical data from animal studies suggest that stron-
gest connections are between the posterior lOFC and the
key brain regions critically involved in processing emo-
tional information, such as the amygdala, the insula, and
the temporal cortex (Augustine, 1996). Similarly, our PPI
analysis findings suggest that the lOFC participates in
the generation of signals that bias decisions via the in-
tegration of input signals from the amygdala and insula
related to facial impressions. In addition, the lOFC ap-
pears to provide biasing signals to the dorsolateral PFC,
which is supposedly one of the key neural structures
linking perceived unfairness to final decisions during ulti-
matum games (Koenigs & Tranel, 2007; Knoch et al.,
2006; Sanfey et al., 2003). The findings of this study ex-
tend our understanding of lOFC function by showing that
the intimate functional connectivity between the neural
components of the large-scale neural circuitry centered
on the lOFC underlies first impression bias during social
decision-making.

Contributions of the Amygdala and the Insula to
lOFC Activity

When the proposersʼ faces were revealed at the onset
of trials, we found that the right anterior amygdala ac-
tivity (x = 21, y = 0, z = −9, Z = 2.62) was signif-
icantly correlated with normative facial trustworthinesses
of the proposersʼ faces. This finding reinforces the no-
tion that the amygdala participates in the encoding of

facial trustworthiness (Engell et al., 2007; Winston et al.,
2002; Adolphs et al., 1998), in biasing social evaluations/
interactions based on facial impression (Schiller, Freeman,
Mitchell, Uleman, & Phelps, 2009), and in biasing so-
cial decisions following pharmacological interventions
(Baumgartner et al., 2008; Kosfeld et al., 2005). In light of
a recent study on the role of the amygdala in encoding
facial trustworthiness (Said, Baron, & Todorov, 2009), we
examined the quadratic nature of amygdala response to
facial trustworthiness but failed to replicate previous find-
ings, probably because of the limited number of faces with
high trustworthiness included in this study as compared
with the intended inclusion of faces with high trustworthi-
ness in the previous study.
Increasing numbers of theoretical and empirical studies

on amygdala function indicate spatial and functional dis-
sociation between the subregions of the human amygdala
(Bach, Behrens, Garrido, Weiskopf, & Dolan, 2011; Gamer,
Zurowski, & Buchel, 2010; Kim, Somerville, Johnstone,
Alexander, & Whalen, 2003; Whalen et al., 2001). In this
study, the anterior part of the amygdala was found to
encode facial trustworthiness at the time when faces were
revealed, whereas a PPI correlation with lOFC activity was
detected in the posterior aspect of the amygdala when
offers were shown. This raises the possibility that biologi-
cally significant social values detected in the proposersʼ
faces may have been first detected and conveyed by the
anterior amygdala to other brain regions involved in
emotional and social decisions, including the posterior
amygdala, the insula, and the OFC. These regions may then
have communicated with each other to share the informa-
tion related to facial impression and may also have gener-
ated more complex and sophisticated signals that biased
decisions.
Given the strong reciprocal connections between the

amygdala and the insula (Reep & Winans, 1982), the
amygdala, which rapidly reads untrustworthiness in
the proposersʼ faces, may have contributed to the activity
in the insula, which is mainly responsible for encoding
perceived unfairness on the basis of the amount of offer
from a proposer in ultimatum games (Sanfey et al., 2003).
It is noteworthy that, in this study, MEE-modulated func-
tional connectivity between bilateral insula and the lOFC,
but not between the amygdala and the lOFC, predicted
individual variability in decision bias because of facial
impressions, which is consistent with recent findings that
insula activities reflecting perceived fairness vary across
individuals (Singer et al., 2006; Sanfey et al., 2003). Intuitive
facial-trustworthiness-related information, which was first
detected by the amygdala and processed by the insula,
would need to be converted into more concrete signals that
are more directly available for guiding decisions, and our
findings emphasize the role of the lOFC in such a pro-
cess. It can be further inferred that individuals vary with
respect to communication between the insula and the
lOFC, which may be critical for constructing signals that
bias decisions on the basis of facial impressions.

436 Journal of Cognitive Neuroscience Volume 24, Number 2



Areas Associated with Positive Facial
Impression Bias

A correlation with positive MEE was found in the midbrain.
This finding is consistent with that found in a recent study,
in which similar midbrain activity was observed in re-
sponse to high versus low fairness offers during ultimatum
games (Tabibnia et al., 2008). It seems likely that the mid-
brain activity correlating with positive decision bias contri-
butes to increase in perceived fairness when receiving
offers from trustworthy-looking proposers. A correlation
with a positive MEE was also observed at a lenient threshold
( p< .001, uncorrected) in the right TPJ (Figure 4), which is
a major brain region required for mentalizing and inferring
the intentions of others (Ruby & Decety, 2003; Saxe &
Kanwisher, 2003). In this study, no significant correlation
with positive MEE was found in the PFC, which is probably
because accepting as opposed to rejecting anoffer, albeit un-
fair, may be a relatively easier default response in the ulti-
matum game. This possibility could perhaps be tested in a
follow-up study using a more carefully designed behavioral
task, where positive and negative decision biases are appro-
priately balanced in terms of required psychological effort.

Conclusions

Despite considerable research on the effect of first impres-
sions on social decision-making, our understanding of
the psychological and neural mechanisms underlying this
behavior is surprisingly limited. This study shows that
model-based fMRI (OʼDoherty et al., 2007) can be useful
to quantitatively define decision bias caused by facial im-
pressions, because of its ability to accurately estimate tar-
geted psychological states on a trial-by-trial basis based on
the observed behavior in individual subjects. In summary,
this study reveals, for the first time, the neural mechanism
centered on the right lOFC, whereby the facial trustwor-
thinesses of proposers influence the acceptance rates of
responders in ultimatum games, perhaps by implicitly
modulating respondersʼ perceived unfairness. Supporting
the novel idea that the main function of human reasoning
is primarily argumentative (Mercier & Sperber, 2011) rather
than the correction of misguided intuition (Kahneman,
2003), the present study may also provide neurobiological
evidence that human reasoning, including judgments of
fairness and morality, has its roots in intuitive inferential
processing, which is typically subserved by evolutionarily
primitive subcortical structures.
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