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How we are viewed by other individuals*our reputation*has a considerable influence on our everyday
behaviors and is considered an important concept in explaining altruism, a uniquely human trait.
Previously it has been proposed that processing one’s own reputation requires a reputation representa-
tion in the medial prefrontal cortex (mPFC) and a value representation in the striatum. Here, we directly
tested this idea using functional magnetic resonance imaging (fMRI). Subjects disclosed their behavioral
tendencies with reference to social norms in the presence or absence of other people, a manipulation that
is known to greatly affect an individual’s concern for their reputation. The mPFC showed strong
activation during self-referential processing, and this activity was enhanced by the mere presence of
observers. Moreover, the striatum was also strongly activated when subjects responded in front of
observers. Thus, the present study demonstrated that the mPFC and striatum were automatically
recruited when the task placed a high demand on processing how one is viewed by others. Taken
together, our findings suggest that the mPFC and the striatum play a key role in regulating human social
behaviors, and these results provide valuable insight into the neural basis of human altruism.

Keywords: mPFC; Striatum; Reputation; Social reward.

INTRODUCTION

An individual’s reputation is an evaluation made

by other people with regard to socially desirable

or undesirable behaviors, and can be thought of as

a ‘‘meta-belief’’ (i.e., a belief about how others

view us). Because it is an evaluation, a reputation

always contains some reward value (either posi-

tive or negative), and in real-life social interac-

tions the concern for a good reputation often

affects how people behave in social settings.

People care about how they are viewed by others,
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and behave differently depending on whether or
not others are present.

Theoretical research on the evolution of human
cooperation also highlights the importance of
one’s reputation or how one is viewed by others.
Social scientists and evolutionary biologists have
long studied the question of why humans coop-
erate with genetically unrelated individuals, which
seems to be a distinguishing feature of our species
(Fehr & Fischbacher, 2003). A person’s reputation
is one of the key mechanisms explaining human
altruism through indirect reciprocity (Nowak,
2006; Nowak & Sigmund, 2005). Experimental
evidence suggests that humans are sensitive to
the possibility of establishing a reputation (Fehr &
Fischbacher, 2003), and that an individual’s moti-
vation to acquire a good reputation or ‘‘image
score’’ (Milinski, Semmann, Bakker, & Krambeck,
2001; Nowak & Sigmund, 1998; Wedekind &
Milinski, 2000) might drive cooperation through
indirect reciprocity. Furthermore, the reputation
mechanism helps to establish cooperation even in
public good situations, through alternating rounds
of public good and indirect reciprocity games
(Milinski, Semmann, & Krambeck, 2002).

Consistent with theoretical expectations, social
psychological studies also suggest that humans
possess a strong drive to gain a good reputation or
impression in the eyes of others, which works as
an incentive for prosocial behaviors (Benabou &
Tirole, 2006), and that even subtle cues indicative
of being observed are sufficient to increase an
individual’s concern for their reputation. For
example, subtle manipulations of anonymity
(e.g., asking someone to provide their name
when answering a questionnaire) affect an indi-
vidual’s tendency to respond in a socially desir-
able manner (i.e., the social desirability tendency)
(Crowne & Marlowe, 1960; Lautenschlager &
Flaherty, 1990; Nederhof, 1985; Paulhus, 1984).
Similarly, subtle observation cues (i.e., pictures of
eyes or eye-like stimuli) have been shown to be
sufficient to enhance prosocial behaviors in both
laboratory (Haley & Fessler, 2005; Kurzban,
DeScioli, & O’Brien, 2007) and real-life situations
(Bateson, Nettle, & Roberts, 2006).

Although the notion of reputation plays an
important role in various fields of the social
sciences, and there are many examples of beha-
viors affected by the concern for a positive social
image in our everyday lives, how reputation is
processed in human brains has not been fully
investigated. We previously proposed that the
neural basis of social reward processing (one’s

good reputation) consists of a reputation repre-
sentation in the medial prefrontal cortex (mPFC)
and a value representation in the striatum (Izuma,
Saito, & Sadato, 2008). While a previous study
demonstrated that the value associated with the
social reward of a good reputation activated the
striatum in a similar manner to monetary reward
(Izuma et al., 2008), there was only preliminary
evidence that the mPFC was involved in under-
standing one’s reputation, due to the lack of
appropriate control conditions. The mPFC’s func-
tion of forming complex and abstract representa-
tions is thought to be essential (Amodio & Frith,
2006) to the ability to reflect on the value
associated with a good reputation. Although
previous studies (D’Argembeau et al., 2007;
Ochsner et al., 2005) reported that mPFC is
involved in viewing oneself from others’ perspec-
tive, these studies provided only indirect evidence
for mPFC’s role in one’s reputation processing
because they manipulated the instruction given to
the subjects and explicitly asked them to see
themselves from the perspective of others.

In the present study, we sought to further test
the roles played by the mPFC and the striatum in
reputation processing. We did this by system-
atically and directly manipulating the situational
factor of the presence/absence of other people,
which has been shown to influence an individual’s
concern for his/her reputation (Bateson et al.,
2006; Haley & Fessler, 2005; Kurzban et al., 2007),
while subjects engaged in various judgment tasks
(see below).

According to Amodio and Frith (2006), the
representation of one’s own reputation requires
the formation of a second-level representation of
the attributes that others assign to us (i.e., thinking
about what others think of us), and the mPFC
(also called the anterior rostral medial frontal
cortex, arMFC) may play a crucial role in this
process. The mPFC has been implicated in com-
plex social cognitive processing in human neuroi-
maging studies using various cognitive tasks. The
first line of research reporting robust activation in
the mPFC includes studies using theory of mind or
mentalizing tasks, in which subjects were required
to represent another person’s mental state (for
review, see Gallagher & Frith, 2003). In these
studies, mPFC activity was consistently observed
during various experimental tasks, including a task
that required subjects to infer another’s knowl-
edge about a certain tool (Goel, Grafman, Sadato,
& Hallett, 1995), story, and/or cartoon compre-
hension tasks that required subjects to infer the
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mental state of another person (Brunet, Sarfati,
Hardy-Bayle, & Decety, 2000; Fletcher et al.,
1995; Gallagher et al., 2000), and animations of
simple geometrical shapes that evoked mental
state attribution (Castelli, Happé, Frith, & Frith,
2000). Mentalizing-related activity in the mPFC
has been also observed in active online tasks.
These studies have shown greater mPFC activity
while subjects played interactive games, such as
the Prisoner’s Dilemma game, with human part-
ners compared to computer opponents (Fukui
et al., 2006; Gallagher, Jack, Roepstorff, & Frith,
2002; McCabe, Houser, Ryan, Smith, & Trouard,
2001; Rilling et al., 2002; Rilling, Sanfey, Aronson,
Nystrom, & Cohen, 2004).

The second line of evidence highlights mPFC
activation during self-referential processing (for
review, see Northoff & Bermpohl, 2004). In a
typical self-reference task, subjects are required
to judge whether a personality trait or a statement
about attitudes accurately describes them. During
the task, activity in the mPFC was significantly
increased compared to the control task (when
subjects determined whether the same word
described another person) (D’Argembeau et al.,
2007; Fossati et al., 2003; Johnson et al., 2002;
Kelley et al., 2002; Ochsner et al., 2005; Schmitz,
Kawahara-Baccus, & Johnson, 2004; Zysset,
Huber, Ferstl, & von Cramon, 2002). Further-
more, the mPFC activation during self-reflection
and theory of mind tasks largely overlapped at
the individual subject level (Saxe, Moran, Scholz,
& Gabrieli, 2006). Moreover, greater mPFC
activation was reported not only when individuals
were thinking about themselves, but also when
subjects were thinking about the mental state of a
similar other; on the contrary, thinking about
unknown others activated a more dorsal part of
the mPFC (Mitchell, Banaji, & Macrae, 2005).
Based on the findings in these studies that
employed a wide range of cognitive tasks, several
researchers suggested that the mPFC (or arMFC)
plays a crucial role in forming more complex and
abstract representations, or metacognitive repre-
sentations (i.e., thinking about thinking), which
allow us to reflect on what other people think of
us (Amodio & Frith, 2006; Ochsner et al., 2005).
Also, another line of evidence assumes that the
mPFC represents abstract dynamic summary
representations as the underlying structures for
the development of event, person and self sche-
mata (Krueger, Barbey, & Grafman, 2009).

On the other hand, the striatum is a brain area
known to be related to reward processing (for

review, see Delgado, 2007; Schultz, Tremblay, &
Hollerman, 2000). Both neuroimaging studies
with humans (Delgado, Locke, Stenger, & Fiez,
2003; Knutson, Adams, Fong, & Hommer, 2001)
and single-cell recording studies with non-human
primates (Apicella, Scarnati, Ljungberg, &
Schultz, 1992; Hollerman, Tremblay, & Schultz,
1998) have shown that the striatum is active not
only when a reward is actually obtained, but also
when a reward is simply anticipated. Moreover, as
mentioned above, we have previously shown that
the striatum is recruited by both the materialistic
reward of money and the abstract social reward of
a good reputation (Izuma et al., 2008).

In order to test the idea that during reputation
processing the mPFC plays an essential role in
representing how others view us (reputation) while
the value associated with the reputation is pro-
cessed in the striatum, 26 subjects underwent fMRI
scanning while in a situation where there was a
strong demand for subjects to process their own
reputation. In the present study, subjects were
asked to perform three experimental tasks, which
were similar to the tasks used in previous neuroi-
maging studies investigating the neural basis of
self-reference (D’Argembeau et al., 2007; Fossati
et al., 2003; Kelley et al., 2002; Ochsner et al., 2005;
Schmitz et al., 2004). However, unlike previous
studies using self-reference tasks with trait adjec-
tives, subjects in the present study were presented
with sentence stimuli depicting prosocial or anti-
social behaviors that were designed to induce a
high concern for their reputation when being
observed by others (e.g., ‘‘I never drop litter on
the street’’; for more examples, see Table 1). In this
situation, how subjects answer these questions has
considerable impact on their reputation. More
specifically, subjects performed three types of

TABLE 1

Sample sentences

1. I never hesitate to go out of my way to help someone

in trouble (SDS)
2. I can remember ‘‘playing sick’’ to get out of something

(SDS)

3. I never cover up my mistakes (IM)

4. I have said something bad about a friend behind his

or her back (IM)

5. I always keep my word to others (Original)

6. I am not punctual for appointments (Original)

Notes: The first, third, and fifth sentences depict prosocial

behaviors; the second, fourth, and sixth sentences depict

antisocial behaviors. All the sentences were translated into

Japanese for the experiment. SDS, Social Desirability Scale;

IM, Impression Management scale.
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task: the ‘‘self-descriptiveness judgment task’’
(‘‘Self’’), in which the subjects were asked to rate
the extent to which each sentence described them,
and thus show their behavioral tendencies relative
to social norms; the ‘‘social-appropriateness judg-
ment task’’ (‘‘Social’’), in which subjects were
asked to rate the extent to which a depicted
behavior was regarded as socially acceptable, and
thus show their understanding of social norms; and
the ‘‘letter-search task’’ (‘‘Letter’’), in which the
subjects were asked to simply count the number of
times a certain Japanese syllabary character or

hiragana appeared in a sentence. Furthermore,
during these tasks the presence of observers was
also manipulated in the similar manner to the
previous study (Izuma, Saito, & Sadato, in press) in
order to induce a strong reputational concern. In
half of the four experimental sessions, the subjects
were presented with images of observers on the
screen, who the subjects believed were sitting
in the room next to the fMRI scanner and obser-
ving their performance through a video-camera
(Figure 1). While in the previous study (Izuma
et al., in press) subjects performed only one task

Figure 1. Experimental stimuli. (A) A single frame of the judgment period of one Self trial during the Presence session (left). The

top half of the screen shows a video image of two other people (actors), who the subjects believed were watching their performance

in the room next to the fMRI scanner. The bottom half of the screen shows an instructional cue, a sentence, a cross hair, and the five-

point scale for the Self trial. Similarly, a single frame of the judgment period of one Self trial during the Absence session is shown on

the right. A video showing the upper portions of two chairs, instead of the two actors, was played during the Absence sessions.

(B) Sequence of one self-descriptiveness judgment trial in the Presence session (8 s). Importantly, the subject’s response to each

sentence was displayed on the screen (a red circle) so that it was clearly observable by others. Each subject completed three trials

(responding to three different sentences) in one Self block (24 s). For the Social and Letter trials within the same session, the

sequence and stimuli were identical except for the instructional cue and scale.
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(the donation task) during the presence or absence
of observers, here subjects were asked to perform
three different tasks upon seeing the same sen-
tence stimuli. This 2 (observer; presence or ab-
sence)�3 (task; Self, Social, or Letter) factorial
design made it possible to investigate the effect of
the presence of others on the brain activity during a
specific task, while ruling out simple arousal effects
due to the presence of observers.

In the present experimental paradigm, we
predicted that if the mPFC and the striatum
play essential roles in processing one’s own
reputation, we should observe coactivation of
the mPFC and the striatum when subjects disclose
their social attitudes (Self and Social tasks) in
front of other people. As mentioned above, the
role of the mPFC in the formation of meta-
representations has been implicated in self-
referential processing (D’Argembeau et al.,
2007; Fossati et al., 2003; Johnson et al., 2002;
Kelley et al., 2002; Ochsner et al., 2005; Schmitz
et al., 2004; Zysset et al., 2002), and in the current
experiment, the Self tasks are thought to be
inherently more directly related to one’s reputa-
tion than their responses on the Social task.
Therefore, we expected stronger mPFC activation
during the Self task compared to the Social task
(and the Letter task) regardless of the presence of
observers, and anticipated that the area of the
mPFC involved in metacognitive representation
would be included in the region activated by this
Self vs. Social contrast. More critically, we
expected that within the mPFC area activated
by the Self vs. Social contrast, there would be
areas whose activity during the Self task is
enhanced when observers are present. In addition
to self-referential processing (i.e., subjects’ views
of themselves), the presence of observers requires
subjects to process how they are seen by others
(i.e., reflected self-knowledge) and how they
would like others to view them. Thus, we pre-
dicted that if the mPFC’s function of forming
metacognitive representation plays a crucial role
in processing one’s own reputation, it should
show stronger activation when the social situation
increased the demand on processing one’s own
reputation; that is, when subjects perform a task
(especially the Self task) in front of others in
which how they respond to questions greatly
impacts their reputation. On the other hand, the
Letter condition offers an ideal control condition
to examine the effect of observers, because
observers should have little influence on subjects’
reputational concern during this task. In the Self

and Social tasks, subjects disclose their behavioral
tendency relative to social norms, or express their
understanding of social norms, both of which
should affect their reputation (for example, we
are likely to distrust someone who says that
‘‘playing sick’’ is socially acceptable or something
that he or she often does). In contrast, in the
Letter task the correct answer is objectively
defined, and how subjects perform the task does
not reflect their personality (such as trustworthi-
ness) or social knowledge. Also, as humans
possess a strong drive to seek a good reputation,
which is easily enhanced by the presence of
observers (Bateson et al., 2006; Haley & Fessler,
2005; Kurzban et al., 2007), we expected higher
activations in the striatum when subjects antici-
pated the reward of a positive reputation when
presenting themselves in front of others.

MATERIALS AND METHODS

Participants

A total of 28 healthy right-handed naı̈ve subjects
participated in the fMRI study. The reported
analyses were based on 26 subjects (16 males
and 10 females; mean age 24.193.4 years). Two
subjects were excluded from the analysis due to
excessive head motion. None of the subjects had a
history of neurological or psychiatric illness. All
of the subjects gave written informed consent for
participation, and the study was approved by the
Ethical Committee of the National Institute for
Physiological Sciences (NIPS), Japan.

Procedure for the fMRI study

When the subjects arrived at the scanner control
room, they were informed that they would take
part in various judgment tasks within the fMRI
scanner. Furthermore, they were advised that two
other people (actors, one male and one female,
who were around the same age as the subjects)
were participating in the study with them, and
that in two of the four sessions these two people
would monitor their performance through a video
camera in the room next to the fMRI scanner.
Outside the scanning room, all of the subjects
were shown the experimental setup, which con-
sisted of two chairs, a video camera, a screen, and
a screen splitter. The subjects were told that their
responses during scanning would be shown on the
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screen, and that they would see the faces of the
two actors who were sitting in the chairs and
watching their performance during the task
(Figure 1A, left). The subjects were also told
that when these actors were on the screen, they
were engaged in an ‘‘impression formation task’’.
The details of this task were not explained to the
subjects, but it was emphasized that the two
actors would be paying attention to their perfor-
mance. Also, the subjects were told that when the
actors were not on the screen, and only the upper
portions of the two chairs were visible (Figure 1A,
right), the observers would be engaged in differ-
ent tasks that were unrelated to the subject’s task.

After completing an 8-min practice session in
the scanner control room (the sentences used in
the practice session were not included in the main
paradigm), all of the subjects met and were
introduced to at least one of the two actors before
entering the fMRI room. If one of the actors could
not meet a subject, that individual was told that
the actor was on his or her way and would arrive
shortly. Moreover, in order to make the interac-
tion with the two actors during scanning more
meaningful, the subjects were told that they would
engage in some other tasks together with the two
actors after the fMRI scanning. All of the subjects
believed that the two actors were in the room next
to the fMRI scanner room during the task (this
was confirmed during an interview at the end of
the experiment); however, in reality, a pre-re-
corded video was used throughout the sessions. In
addition, in order to control for possible con-
founding factors elicited by changes in the actors’
facial expressions or head and eye movements,
their expressions were kept neutral, and their
gazes were fixed on the bottom half of the screen,
as if they were looking at the subjects’ responses.
Head and eye movements were kept to a mini-
mum throughout the video (all subjects were told
in advance that the two actors would be asked to
stay still and to focus on their task, in order not to
distract the subjects). After scanning, all of the
subjects were fully debriefed as to the purpose of
the study and the use of the video.

Experimental paradigm

A 2�3 factorial design was used in this study.
The first factor was whether the subjects per-
formed the tasks in the presence of actors
observing their performance (Presence) or in
their absence (Absence). The second factor was

the kind of task in which the subjects were
engaged: Self, Social, or Letter.

All of the subjects completed a total of four
sessions. The video of the two actors was shown
on the top half of the screen throughout the two
Presence sessions (Figure 1A, left). The video
showing the upper portions of the chairs was
shown throughout the two Absence sessions, so it
was clear to the subjects that nobody was watch-
ing their responses (Figure 1A, right). It should be
noted that because the video of observers or
chairs was constantly played throughout a session,
there was no common baseline condition (such as
a screen containing only a fixation cross) between
the Presence and Absence sessions. Since it is
highly likely that subjects engaged in mentalizing
or inferring the mental states of two observers
during the rest block of the Presence sessions
(two observers and a fixation cross were pre-
sented), activations during the Self and Social
task were plotted relative to the Letter task of the
same sessions (Presence or Absence), and not the
fixation condition, in order to make comparisons
between the Presence and Absence sessions more
valid (Figures 2B, 3B).

During each session, the subjects performed
the tasks shown on the bottom half of the screen.
They completed three types of task block (Self,
Social, and Letter), each of which comprised
three sentences (trials), and a Rest block. In
total, 60 sentence stimuli were used, 33 of which
were drawn from the Social Desirability Scale
(SDS) (Crowne & Marlowe, 1960), 17 of which
were drawn from the Impression Management
(IM) scale (a subscale of the Balanced Inventory
of Desirable Responding measure) (Paulhus,
1984), and 10 of which were original. Each
sentence depicted either rarely or commonly
occurring culturally approved behaviors (see
Table 1). Some sentences from the SDS and IM
scales were modified so that half of the sentences
depicted prosocial behaviors, and the other half
depicted antisocial behaviors. The prosocial and
antisocial sentences were distributed equally, and
30 different sentences were used across the
Presence and Absence sessions. However, within
each subject, the 30 sentences used in the
Presence and Absence sessions were the same
across the three experimental tasks (Self, Social,
and Letter).

In the Self blocks, the subjects were instructed
to rate the extent to which a sentence described
them using a five-point scale (in which 0 was ‘‘not
true’’, 2 was ‘‘neutral’’, and 4 was ‘‘true’’), by
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making a button press with their right hand. In

the Social blocks, the subjects rated the extent to

which a behavior depicted in a sentence was

regarded as socially acceptable using a five-point

scale (in which 0 was ‘‘wrong’’, 2 was ‘‘neutral’’,

and 4 was ‘‘right’’). In the Letter blocks, the

subjects were instructed to count the number of a

certain Japanese syllabary characters or hiragana

in a sentence using a five-point scale (in which 0

was ‘‘none’’, 2 was ‘‘two’’, and 4 was ‘‘more than

three’’). Because the sentence stimuli in the

present study were written in Japanese, and

included not only hiragana characters but also

Chinese characters or kanji, the subjects had to

silently read the sentence in order to perform the

Letter task successfully. Therefore, the Letter task

was analogous to a task in which subjects search

for a certain sound or phoneme (rather than a

certain letter of the alphabet) in an English
sentence. In the Rest blocks, the subjects were
instructed to simply look at the fixation cross on
the bottom half of the screen, and not to press any
buttons.

For the Self, Social, and Letter blocks, each of
the three trials in each block began with an
instructional cue indicating which kind of task
the subject should perform. The instructional cue
remained on the screen for the rest of the block.
After 500 ms, a sentence, a cross-hair, and the
five-point scale for the task were shown on
the bottom half of the screen for 5,500 ms.
Then, the cross-hair was replaced with the symbol
‘‘?’’ for 1,250 ms, within which time period the
subjects were instructed to respond with their
right hand using a five-button response box. After
that, a red circle was displayed around the

Figure 2. Group activation results of the observer effect in

the mPFC. (A) Within a priori ROIs in the mPFC, significant

activation was found by the interaction contrast of (Presence �
Absence)�(Self � Letter). The statistical threshold within the

ROIs was set at pB.005 (uncorrected) and cluster pB.05

(corrected for multiple comparisons). The scale shows t values.

(B) Bar graphs indicate the effect sizes in the mPFC during the

Self and Social conditions in the Presence or Absence sessions

relative to the corresponding Letter condition of the Presence

or Absence sessions. Error bars indicate the standard error of

the mean (SEM).

Figure 3. Group activation results of the observer effect in

the striatum. (A) The head of the caudate nucleus bilaterally

was significantly activated by the interaction contrast of

(Presence � Absence)�(Self � Letter). Within the striatal

ROIs, the statistical threshold was set at pB.005 (uncorrected)

and cluster pB.05 (corrected for multiple comparisons). The

scale shows t values. (B) Bar graphs indicate the effect sizes in

bilateral caudate during the Self and Social conditions in the

Presence or Absence sessions relative to the corresponding

Letter condition of the Presence or Absence sessions. Error

bars indicate the standard error of the mean (SEM).
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number that the subject had just chosen for
750 ms (Figure 1B; if the subjects did not respond
within the time limit, the number that they had
chosen on the previous trial was circled again). In
a practice session before scanning, the subjects
were instructed to make a decision within the
judgment period of 5,500 ms, and to respond as
quickly as possible when the fixation cross was
replaced by the symbol ‘‘?’’, in order to avoid an
inappropriate response display. After every three
blocks (Self, Social, and Letter blocks) there was
a Rest block, in which the fixation cross was
displayed in the center of the bottom half of the
screen for 24 s. Every session comprised 8-min
scans, each consisting of pseudorandomly ordered
blocks (four conditions in a session, five blocks
per condition, three trials per block, and 8 s per
trial), and three different orders of pseudorando-
mized blocks were used across subjects. One-half
of the subjects completed two Presence sessions
followed by two Absence sessions; the other half
of the subjects performed the experiment in the
reverse order.

All of the stimuli for the tasks were prepared
and presented using Presentation software
(Neurobehavioral Systems, CA) on a microcom-
puter (Dimension 8200, Dell Computer Co., TX).
The videos showing the two actors and the two
chairs were played by a digital video-cassette
player (GV-D1000, Sony, Tokyo, Japan). Using a
liquid crystal display (LCD) projector (DLA-
M200L, Victor, Yokohama, Japan), the visual
stimuli were projected onto a half-transparent
viewing screen via a screen splitter (MV-40F,
FOR-A, Tokyo, Japan) so that the video was
shown on the top half of the screen, and the
stimuli for the tasks were presented on the
bottom half of the screen. The screen was located
behind the head coil, and the subjects viewed the
stimuli through a mirror. All of the stimuli for the
tasks were originally written in Japanese and
presented as white letters against a black back-
ground.

Image acquisition

Images were acquired using a 3 T MR imager
(Allegra, Siemens, Erlangen, Germany). Func-
tional images were acquired using interleaved
T2*-weighted gradient-echo echo-planar imaging
(EPI) sequences to produce 44 continuous 3-mm
thick trans-axial slices covering the entire
cerebrum and cerebellum (repetition time

[TR]�3,000 ms; echo time [TE]�25 ms; flip an-
gle [FA]�858; field of view [FOV]�192 mm;
64�64 matrix; voxel dimensions�3.0�3.0�
3.0 mm). A high-resolution anatomical T1-
weighted image was also acquired for each subject
with magnetization-prepared rapid gradient-echo
(MPRAGE) imaging (TR�2.5 s; TE�4.38 ms;
FA�88; 256�256 matrix; 192 slices; voxel
dimensions�0.75�0.75�1 mm).

Imaging data analysis

After discarding the first four volumes to allow
for stabilization of the magnetization, the remain-
ing 160 volumes per session (a total of 640
volumes per subject for four sessions) were used
for analysis. The data were analyzed using Statis-
tical Parametric Mapping 5 (SPM5, Wellcome
Department of Imaging Neuroscience, London,
UK) (Friston, Ashburner, Kiebel, Nichols, &
Penny, 2007) software implemented in Matlab
7.1 (Mathworks, Sherborn, MA). Head motion
was corrected for using the realignment program
of SPM5 (Friston et al., 1995). Following realign-
ment, the volumes were normalized to Montreal
Neurological Institute (MNI) space using a trans-
formation matrix obtained from the normaliza-
tion process of the first EPI image of each
individual subject to the EPI template. The
normalized fMRI data were spatially smoothed
with a Gaussian kernel of 8 mm (full width at half
maximum) in the x, y, and z axes.

Statistical analysis was conducted at two levels.
First, individual task-related activation was eval-
uated. Second, the summary data for each in-
dividual was incorporated into a second-level
analysis using a random-effects model (Friston,
Holmes, & Worsley, 1999) to make inferences at a
population level.

In the individual analyses, the signal was scaled
proportionally by setting the whole-brain mean
value to 100 arbitrary units. The signal time
course for each subject was modeled with a
general linear model. Six regressors of interest
(condition effects; 2 [presence/absence of ob-
servers]�3 [experimental tasks; Self, Social, or
Letter]) were generated using a box-car function
convolved with a hemodynamic-response func-
tion. Regressors that were not of interest, such as
the session effect, and high-pass filtering (128 s)
were also included. To test hypotheses about
regionally specific condition effects, the estimates
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for each condition were compared by means of
the linear contrasts shown in Table 2.

The weighted sum of the parameters estimated
in the individual analyses consisted of ‘‘contrast’’
images, which were used for the group analyses
with a random-effects model. The contrast images
obtained by each individual analysis represented
the normalized increment of the fMRI signal for
each subject. The SPM{t} for the contrast images
was created as described above. Significant signal
changes for each contrast were assessed by means
of t-statistics on a voxel-by-voxel basis.

Since our hypothesis focused on the role played
by the mPFC and striatum in reputation proces-
sing, we performed region of interest (ROI)
analysis. For the mPFC, the ROIs were defined
both anatomically and functionally. We first gen-
erated the anatomical ROIs (anterior cingulate
and superior medial frontal cortex) using the WFU
PickAtlas toolbox for SPM (Maldjian, Laurienti,
Kraft, & Burdette, 2003) with a dilation factor of 1.
Then, in order to functionally define the ROIs in
the mPFC, the anatomical ROIs were intersected
with the voxels showing significant activation ( pB
.001, uncorrected for multiple comparisons) in the
Self vs. Social contrast. Since the mPFC has been
implicated in the formation of metacognitive
representations in the self-referential task
(Amodio & Frith, 2006), our mPFC ROIs included
the particular area of the mPFC involved in
metacognitive representation. For the striatum,
we anatomically defined the ROIs (caudate and
putamen) using the WFU PickAtlas toolbox.
Within these ROIs, the statistical threshold was
set at pB.005 (uncorrected) and a cluster pB.05
(corrected for multiple comparisons). For descrip-
tive purposes, the areas activated by the main
effects of task and observers were reported at a

threshold of pB.001 (uncorrected) with an extent
threshold of more than 30 contiguous voxels.
Activations in the interaction contrast outside of
the ROIs were also reported if they exceeded the
same threshold ( pB.001 and k�30 voxels).

RESULTS

Behavioral results

The mean9standard deviation (SD) percentage
of failed trials was 3.6592.2%, indicating that
the subjects responded within the time limit
of 1,250 ms and made appropriate responses
on�96% of the trials. A 2 (Presence/Absence
of observers)�3 (experimental tasks; Self, Social,
or Letter) repeated-measures analysis of variance
(ANOVA) on the percentage of failed trials
revealed a significant main effect of task
alone, F(2, 50)�4.03, p�.024, and the post
hoc Bonferroni comparisons revealed that
subjects were significantly more likely to fail to
respond within the time limit on the Social task
(mean9SD�4.6893.97%) compared to the
Self task (mean9SD�2.5692.12%, p�.007).
The results of the Letter task fell somewhere
between the two, with a mean9SD of 3.729
2.92%. Neither the main effect of observers
nor the interaction effect was significant (both
p values�.42, n.s.), indicating that the presence/
absence of observers did not affect the number of
failed trials.

The result of the 2 (Presence/Absence of
observers)�3 (experimental tasks; Self, Social,
or Letter) repeated-measures ANOVA on reac-
tion time data revealed a significant main effect
of task, F(2, 50)�10.2, pB.001. The post hoc

TABLE 2

Predefined contrasts

Conditions

Presence Absence

Contrast Self Social Letter Self Social Letter

Self � Social 1 �1 0 1 �1 0

Self � Letter 1 0 �1 1 0 �1

Pre � Abs 1 1 1 �1 �1 �1

(Pre � Abs)�(Self � Letter) 1 0 �1 �1 0 1

(Abs � Pre)�(Self � Letter) �1 0 1 1 0 �1

(Pre � Abs)�(Self � Social) 1 �1 0 �1 1 0

(Pre � Abs)�(Self�Social � 2Letter) 1 1 �2 �1 �1 2

Notes: Pre, the Presence condition; Abs, the Absence condition.
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Bonferroni comparisons showed that subjects
were significantly faster to respond in the Letter
task (mean9SD�475.2974.6 ms) compared to
both the Self task (mean9SD�513.1988.0 ms,
p�.002) and the Social task (mean9SD�
508.6985.2 ms, p�.001), but the difference be-
tween the Self and Social tasks was not significant
( p�1.0, n.s.).

The mean9SD percentage accuracy for the
Letter search task was 83.597.1%, and there was
no significant difference in task performance
between the Presence (82.998.07%) and Ab-
sence (84.098.00%) sessions ( p�.50, n.s.).

The means (9SD) of the social-appropriate-
ness judgment ratings for the Presence and Ab-
sence sessions were 4.36 (90.38) and 4.37 (90.27)
respectively (subjects’ responses to antisocial be-
haviors were reverse-scored so that a higher score
indicates a stronger tendency to choose ‘‘right’’ for
prosocial items and ‘‘wrong’’ for antisocial items).
In both conditions, these scores were significantly
higher than the midpoint of 3 on the 5-point scale
(both p valuesB.001), and the scores were close to
the maximum value of 5, suggesting that the
subjects had a clear understanding of social norms.
Also, the means (9SD) of the self-descriptiveness
judgment ratings for the Presence and Absence
sessions were 3.48 (90.46) and 3.55 (90.48)
respectively (subjects’ responses to antisocial be-
haviors were reverse-scored so that a higher score
indicates a stronger tendency to choose ‘‘true’’ for
prosocial items and ‘‘not true’’ for antisocial
items). These scores were both significantly higher
than the midpoint value (both p valuesB.001),
suggesting that the subjects responded to items in a
socially desirable manner.

fMRI results

Before investigating the effect of observers, the
main effect of the different tasks was explored in
order to see if we successfully replicated the
previous finding as to the neural basis of self-
referential processing. Consistent with previous
studies (D’Argembeau et al., 2007; Fossati et al.,
2003; Johnson et al., 2002; Kelley et al., 2002;
Ochsner et al., 2005; Schmitz et al., 2004; Zysset
et al., 2002), the contrast of the Self vs. Social
(and Self vs. Letter) conditions revealed signifi-
cant activations in the mPFC and posterior
cingulate cortex (Figure 4). Also, when the main
effect of observers (Presence vs. Absence) was
explored using the fixation rest block as an

implicit baseline, activations were found in the
lingual gyrus (x��4, y��76, z��6) and
middle frontal gyrus (x�32, y�44, z��2)
(figure not shown). The activation in the primary
visual cortex can be explained by the presence of
more visual stimuli (faces of observers) in the
peripheral visual field when the subjects engaged
in tasks in the Presence condition compared to
the Absence condition. Because the focus of the
present study is on the effect of observers on a
particular task, these results are not discussed
further.

We investigated the effect of observers during
the Self task with the Letter task as a control
within the a priori ROIs in the mPFC, which
consisted of a total volume of about 4,200 voxels.
The interaction contrast of (Presence � Ab-
sence)�(Self �Letter) revealed significant activa-
tions, as predicted (x�12, y�56, z�8, 179 voxels,
Figure 2A). To determine whether the presence of
observers affected the Self and Social tasks differ-
ently, we compared the effect sizes at the mPFC
peak between the Presence and Absence sessions
for both the Self and Social conditions relative to
the corresponding Letter condition sessions (Fig-
ure 2B). A 2 (observer; Presence vs. Absence)�2
(task; Self vs. Social) repeated-measures ANOVA
revealed highly significant main effects of both
task, F(1, 25)�22.1, pB.001, and observer, F(1,
25)�13.2, p�.001, but no significant interaction,
F(1, 25)�0.93, p�.34, n.s. We then explored the
same interaction contrast of (Presence � Ab-
sence)�(Self � Letter) within the striatum ROIs,
which consisted of a total volume of about 5,400
voxels. This also revealed significant activations in
the head of the caudate nucleus bilaterally (right
caudate�225 voxels, left caudate�204 voxels,
Figure 3A). We then plotted the effect sizes at
the peaks in the caudate nucleus of the Presence
and Absence sessions for both the Self and Social
conditions relative to the corresponding Letter
condition sessions. These findings showed similar
activation patterns as the mPFC (Figure 3B). A 2
(observer; Presence vs. Absence)�2 (task; Self vs.
Social) repeated-measures ANOVA revealed that
both the right and left caudate nucleus showed
highly significant main effects of both task and
observer (all p valuesB.002), but no significant
interactions were found in either area (both p
values�.71, n.s.). It should be noted that activa-
tions in the mPFC and the bilateral caudate
nucleus showed no gender difference. When we
included subjects’ gender as another factor, there
were no significant two-way interactions of gender
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by task and gender by observer (all p values�.16)
nor three-way interactions (all p values�.56),
suggesting the experimental tasks and the pre-
sence of observers similarly affected mPFC and
striatal activations in both genders. Outside the
ROIs, the (Presence � Absence)�(Self � Letter)
contrast revealed activations in anterior cingulate
cortex (x�6, y�20, z�18), middle frontal gyrus
(x�36, y�20, z�28), hypothalamus (x�2, y�
�4, z��16), and cerebellum (x��4, y��36,
z��20). No regions showed significant activa-
tions in the reverse interaction contrast of (Ab-
sence � Presence)�(Self � Letter).

The interaction contrast of (Presence � Ab-
sence)�(Self � Social) was investigated, and we
found no significant activations within or outside
the mPFC and striatum ROIs (activation was
found only in the right cerebellum when the
threshold was changed to pB.01 [uncorrected]).
Since the Self and Social tasks showed similar
activation patterns in terms of the effect of
observers, we also explored the contrast of (Pre-
sence � Absence)�(Self�Social � 2Letter) and
found that besides the abovementioned activa-
tions in mPFC and bilateral caudate nucleus, right
amygdala (x�18, y�2, z��16, 60 voxels) and
right anterior insula (x�32, y�20, z��8, 84
voxels) were also activated, which seems to
reflect the processing of negative emotion (e.g.,
fear and anxiety) associated with being evaluated
by others. Other activated areas in this contrast
include right middle frontal gyrus, bilateral mid-
dle temporal gyrus, left fusiform gyrus, and
cerebellum.

DISCUSSION

In the present study, we investigated the roles of
the mPFC and striatum in processing one’s own
reputation by having subjects perform tasks in the
presence or absence of observers. First, our
results replicated previous studies by showing
that the mPFC was widely activated during the
Self task compared to the Social and Letter tasks.
Second, the present study provides the first
evidence of enhanced mPFC activity by the
mere presence of observers during the Self and
Social tasks relative to the Letter task. In addition
to the mPFC, the dorsal striatum (caudate nu-
cleus) showed similar activation patterns; the
presence of observers led to a highly significant
increase in activity during the Self task (and the
Social task). The coactivation found in the mPFC
and the striatum in the social situation, where
there was a strong demand for subjects to process
how they are viewed by other people, supports
the idea that these two brain areas play a crucial
role in reputation processing.

The present result can be seen as direct
evidence for the idea that the mPFC plays a key
role in the processing of one’s own reputation
(Amodio & Frith, 2006; Frith & Frith, 2008). While
involvement of the mPFC in reflected self-knowl-
edge, the process of seeing oneself from another
person’s perspective, has previously been reported
(D’Argembeau et al., 2007; Ochsner et al., 2005),
these studies simply manipulated the instructions
given to subjects (e.g., explicitly asking them to
judge the extent to which a friend would perceive
that an adjective described them). In contrast, our
current study manipulated the situational factor of
the presence/absence of observers, which is known
to greatly influence an individual’s concern for
their reputation (Bateson et al., 2006; Haley &
Fessler, 2005; Kurzban et al., 2007). Subjects in the
present study were never instructed to consider
observers’ mind or view themselves from the
perspective of observers, and they were told to
ignore the observers and concentrate on their own
tasks (Self, Social, or Letter). Thus, the present
study revealed that the mPFC is automatically
activated when there is a greater demand for
processing one’s own reputation. This result is
consistent with the idea that the mPFC contributes
to the formation of metacognitive representations
that are crucial to the representation of one’s
reputation. Also, previous findings on the neural
correlates of reflected self-knowledge are not

Figure 4. Brain regions activated by the (Self � Social)

contrast. This contrast was inclusively masked by the (Self �
Letter) contrast. mPFC and posterior cingulate regions were

widely activated. The statistical threshold was set at pB.001

(uncorrected) for height and k�30 voxels. The scales show t

values.
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sufficient to explain the neural processes under-
lying reputation processing, because these studies
did not consider the importance of the associated
reward value (see below).

Although being watched by other people is
very natural for humans, and its effect on
behaviors has been widely acknowledged by
social scientists, to our knowledge only one
previous study manipulated the presence of ob-
servers while measuring neural activity, and this
study also indicated mPFC involvement when
individuals worried about how they were viewed
by others (Amodio, Kubota, Harmon-Jones, &
Devine, 2006). In this event-related potential
(ERP) study, subjects engaged in a stereotype
inhibition task to measure the level of racial bias
in private or in public (Amodio et al., 2006). In
the private condition, subjects were told that their
responses would remain confidential, while in the
public condition they were told that the experi-
menter would pay attention to their performance
and check to determine if they showed signs of
racial prejudice. This study was very similar to our
present study in that subjects performed tasks in
which how they responded strongly influenced
their social image, and the degree to which their
responses were viewed by other people was
manipulated. Amodio et al. found that a larger
error-related negative component, linked to the
dorsal anterior cingulate cortex (dACC or dorsal
part of mPFC), predicted better response control
in both conditions, whereas a larger error-related
positive component, linked to the rostral ACC
(rACC; presumably the same region as the mPFC
in the present study), predicted better response
control only in the public condition. The latter
effect was seen only among subjects who cared
about their social image and tried to appear non-
prejudiced (Amodio et al., 2006). Taken together,
the results of their ERP study and our fMRI data
converge to suggest that the mPFC (or the
anterior rostral part of the ACC) is involved in
the formation of a complex and abstract repre-
sentation which is needed to process how one is
viewed by others (Amodio & Frith, 2006).

Furthermore, the similar activation patterns
found in the mPFC and the striatum support the
idea that both the representation of one’s own
reputation in the mPFC and the valuation process
in the striatum are crucial to social reward (reputa-
tion) processing (Izuma et al., 2008). It is because
of this reputation-related reward value that repu-
tational concern affects human social behaviors

(Benabou & Tirole, 2006). As mentioned above,
previous behavioral studies indicated that even
pictures of eyes or eye-like stimuli were sufficient
to increase individuals’ drives to seek good reputa-
tions (Bateson et al., 2006; Haley & Fessler, 2005).
Thus, it was likely that the expectation of a good
reputation or the avoidance of a bad reputation
were very strong in the present experiment,
because subjects were faced with two real obser-
vers. In the present study, the activities in the
striatum during the Self (and Social) task were
enhanced by the presence of observers, which is
consistent with our prediction that the expected
reward value of a good reputation is represented in
the striatum. Therefore, the striatal activations
found in the present study are consistent with a
previous report showing that the striatum (caudate
nucleus) is activated when individuals expected to
obtain monetary reward and avoid monetary loss
(Knutson et al., 2001; Knutson, Westdorp, Kaiser,
& Hommer, 2000). Furthermore, we also found
that the same dorsal striatal areas showed higher
activation during the Self task compared to the
Social task, although the striatum is not typically
activated by self-referential processing. However,
because even subtle manipulations of anonymity
impact the concern for one’s reputation (Bateson
et al., 2006; Crowne & Marlowe, 1960; Haley &
Fessler, 2005; Kurzban et al., 2007; Lautenschlager
& Flaherty, 1990; Nederhof, 1985; Paulhus, 1984), it
is extremely difficult or even impossible to com-
pletely exclude this concern from participants in
any fMRI study, as subjects are likely to believe
that their performance is monitored at least by the
experimenter, even in the absence of explicit
observers. Thus, it is plausible that the expectation
of social reward was higher during the Self task, in
which the subjects directly showed their social
attitudes, than during the Social task, in which
subjects only indicated their understanding of
social norms, regardless of whether they follow
such norms.

It should be noted, however, that although it is
tempting to conclude that the strong striatal
activation during self-presentation (the Self and
Social tasks) in front of others reflects not just the
expectation of good reputation but the strong
motivation to present themselves in a positive
manner, this interpretation is not valid because
we did not find behavioral evidence to support it
in the current study (there is no difference in
ratings of self-descriptiveness judgment between
the Presence and Absence conditions). However,
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the main reason for the null result seems to be the
large variance created by the different items used
between two conditions. In the previous study
where the same observer manipulation was used
(Izuma et al., in press), subjects were presented
with the same charities during the Presence and
Absence conditions, and we found that they
actually donated more often in the Presence
condition than the Absence condition suggesting
heightened motivation for social reward in the
Presence condition.

As the striatum is known to play a central role
in value-based decision-making (Samejima,
Ueda, Doya, & Kimura, 2005; Tom, Fox, Trepel,
& Poldrack, 2007), and the mPFC plays a role in
metacognitive representations, which allow us to
reflect on the values associated with outcomes
and actions in social situations (Amodio & Frith,
2006), we suggest that these two regions of the
brain are crucial to guiding behavior in social
interactions. We argued that, for complete repu-
tation processing, reputation or how one is
viewed by other people would first be repre-
sented in the mPFC, and this information is sent
to the striatum where its value is further pro-
cessed in order to select an appropriate action in a
given social situation. Consistent with this idea,
there is a direct anatomical connection between
mPFC and striatum in monkey (Haber, Kunishio,
Mizobuchi, & Lynd-Balta, 1995), and similar
connectivity was reported in human using prob-
abilistic diffusion tractography (Draganski et al.,
2008). The present findings are consistent with
the idea that the mentalizing function of the
mPFC and reward-related brain areas such as
striatum are both important for human social
decision making (Lee, 2006; Walter, Abler, Ciar-
amidaro, & Erk, 2005). However, our present
findings particularly stress that these brain areas
are critical not only for evaluating others in social
interactions (e.g., King-Casas et al., 2005; Rilling
et al., 2004), but also for evaluating how we
ourselves are evaluated by others, both of which
are key pieces of information in deciding how to
behave in social interactions.

The present findings also provide valuable
insight into the relationship between human
mPFC function and the evolution of human
cooperation. While the role of the striatum in
reward processing is shared by other animals, such
as monkeys and rats (Berridge & Robinson, 2003),
the function of the mPFC in representing other’s
thoughts seems to be uniquely human. It is an

interesting coincidence that, among animals, only
humans are considered to have a theory of mind
(see Call & Tomasello, 2008; Heyes, 1998 for
further discussion on this issue) and cooperate
with genetically unrelated individuals. Theoretical
research on the evolution of human cooperation
suggests that indirect reciprocity is a major
mechanism for the evolution of behavior that
benefits others through natural selection, and
this process requires organisms to assess the
reputation of all possible exchange partners and
behave differently depending on their reputation
(Nowak, 2006). These researchers further spec-
ulate that the selective pressure caused by indirect
reciprocity may be what led to the evolution of
uniquely human cognition (Nowak, 2006; Nowak
& Sigmund, 2005). Thus, the lack of the mPFC’s
ability to form second-level representations might
be another constraint that limits cooperation in
non-human animals, along with other cognitive
limitations (Stevens & Hauser, 2004). Therefore,
this mPFC function, together with the value
representation in the striatum, enables one to
represent complex and abstract goals such as
creating a certain impression of oneself in the
eyes of others, and thus might be what makes
uniquely human cooperation possible.

In conclusion, by using fMRI to recreate a
situation that we all encounter in our daily lives
(that is, the presence of someone watching us),
our findings advance the understanding of how
the brain processes an individual’s own reputation
in everyday social situations. The present study
showed that when there is strong demand to
process one’s own reputation, there is increased
activation in the mPFC and the striatum. These
results suggest that the mPFC and the striatum
are important brain areas in regulating social
behaviors and maintaining a cooperative and
orderly human society.
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