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organizations of varying perceived importance (Table 1)
were presented one at a time.
As in the previous study using the donation task with

multiple organizations (Moll et al., 2006), we differen-
tiated between trials according to subjectsʼ subsequent
choices. We employed a 2 (Presence vs. Absence of ob-
servers) × 2 (subjectsʼ choice of ¥500 to Charity vs. Self )
factorial design to analyze the imaging data. On the basis
of the findings of previous behavioral studies (Kurzban
et al., 2007; Bateson et al., 2006; Haley & Fessler, 2005),
subjectsʼ estimations of both social approval (via the act
of donating) and social disapproval (via not donating)
were considered to be much higher in the presence con-

dition than in the absence condition, whereas all other
costs and benefits for each action were considered to
be the same between these two conditions (Figure 2).
Accordingly, although subjects subsequently selected
the same “donate” choice, the expected value of the
action would be larger in the presence condition than
in the absence condition, because of the additional re-
ward of social approval brought about by making a dona-
tion in public. By contrast, when subjects subsequently
chose not to donate, the expected reward value of the
action might be reduced in the presence condition re-
lative to the absence condition due to the negative re-
ward value of potential social disapproval as the result
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Figure 2. Experimental design
and relevant rewards for each
choice (“donate” or “not
donate”) in each condition
(presence or absence). During
decision-making, subjectsʼ
estimation of the intrinsic
benefit of the act of donating
should be the same regardless
of the presence/absence of
observers. However, the
extrinsic reward of social
approval was a factor only when
their decision was observed by
others. Therefore, the reward
value of social approval was
processed only in the presence
condition. Similarly, although
subjects estimated the positive
reward value of ¥500 to an
equal extent during the
presence and absence
conditions, the negative
reward value of social
disapproval was processed only
in the presence condition.

Table 1. Examples of Charitable Organizations Used in the Present Study

Organizations Web Addresses

1 United Nations Childrenʼs Fund (UNICEF) Japan http://www.unicef.org/

2 Global Sports Alliance http://gsa-world.org/english/

3 Japan Foundation for AIDS Prevention http://www.jfap.or.jp/english/index.htm

4 BirdLife Asia http://www.birdlife-asia.org/eng/about/index.html

5 World Food Programme http://www.wfp.org/english/

6 Retired Weapons http://www.retired.jp/

7 Sea Turtle Association of Japan http://www.umigame.org/E/ETop.html

8 Mozilla Japan http://www.mozilla.org/foundation/

9 Japanese Red Cross Society http://www.jrc.or.jp/english/index.html

10 Japan Spinal Cord Foundation ttp://www.jscf.org/english/index.html

In total, 78 charitable organizations were used in the study, and most of the organizations were chosen from the Yahoo Japan volunteer Web page at
http://volunteer.yahoo.co.jp/donation/index.html.
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influence on your choice during the donation task?” In
total, 21 of 22 subjects (data were not collected from
one subject) answered “no” and denied any influence of
social incentive on their decisions (chi-square test, p <
.001). Although other interpretations are also possible,
these data suggest that the cost-benefit analysis performed
during the donation decision is not necessarily a conscious
process.

Imaging Results

Our fMRI data showed that, within the ROIs of the stria-
tum, there was a significant interaction effect during the
judgment period in the left ventral striatum ( pFWE <
.05). When we lowered the threshold to p < .005 (uncor-
rected), the activation was also found in the right ventral
striatum (Figure 4A). For each subject, beta values were
extracted from the peak voxels in the two regions of the
ventral striatum for all four conditions, and the patterns
of activation also confirmed our predictions (Figure 4B).
The data showed that, although subjects eventually made
the same choice (i.e., to “donate” or “not donate”), their
striatal activities during decision-making were significant-
ly modulated by the presence or absence of observers
(i.e., the possibility of gaining an extrinsic social reward).
The direct comparison of activations in “donate” or “not
donate” trials between the presence and the absence con-

ditions showed that even when subjects made a similar
choice to donate, the left striatal activations were signifi-
cantly higher when the donations were made with obser-
vers than when no one was observing the donations,
paired t test, t(22) = 2.87, p = .004, and the same com-
parison in the right striatum showed a similar nonsignif-
icant trend, paired t test, t(22) = 1.41, p = .09, ns. By
contrast, although the striatal activations for “not donate”
trials tended to be higher in the absence condition than
in the presence condition, the differences were not sig-
nificant for both the right and the left striatum ( p > .18,
ns, for both).
Outside the a priori ROIs, the areas showing significant

interaction ( p < .001, uncorrected) included ventral stri-
atum, parahippocampal gyrus, and midbrain (Table 2).

DISCUSSION

To our knowledge, this is the first evidence that, during
prosocial decision-making in front of others, the extrinsic
reward of social approval is processed in the same stri-
atal region that encodes monetary rewards. Our behav-
ioral data showed that the mere presence of observers
enhanced a subjectʼs tendency to donate, which is con-
sistent with the results of previous behavioral studies
(Kurzban et al., 2007; Bateson et al., 2006; Haley & Fessler,
2005). This behavioral evidence indicates that there was an
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Figure 4. fMRI results. (A)
Coronal slices showing
significant ventral striatum
activations ( p < .005,
uncorrected) in the 2 (Presence
vs. Absence) × 2 (¥500 to
Charity vs. Self ) interaction
contrast. This contrast was
explored within the a priori
ROIs. The activation in the left
ventral striatum was found at a
threshold of pFWE < .05, and the
right ventral striatum showed
significant activation when the
threshold was lowered to p <
.005 (uncorrected). The scale
shows the t values. (B) Bar
graphs indicate the effect sizes
at the peaks in the ventral
striatum in each condition.
Error bars denote the SEM.
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comparisons). In contrast, for personal moral scenarios, the VMPC
group was more likely to endorse the proposed action than either the
NC group (odds ratio5 2.81; P5 0.04, corrected) or BDC group
(odds ratio5 3.30; P5 0.006, corrected). There was no difference
between the NC and BDC groups (odds ratio5 0.85; P5 0.68,
uncorrected). These data indicate that the VMPC group’s responses
differed only for personal moral scenarios, suggesting that VMPC-
mediated processes affect only those moral judgements involving
emotionally salient actions.

In a more fine-grained analysis, we examined response patterns
within the personal moral scenarios. For seven out of the 21 personal

moral scenarios, both comparison groups were at 100% agreement
in their judgements. An additional eighth scenario elicited 100%
agreement from the BDC group, and near-perfect agreement from
the NC group (with only one participant deviating from the shared
response). These eight scenarios were therefore classified as ‘low-
conflict’ (for example, abandoning one’s baby to avoid the burden
of caring for it). The remaining 13 scenarios (none of which elicited
100% agreement from either comparison group) were classified as
‘high-conflict’ (for example, smothering one’s baby to save a number

1
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6 5 4 3 2 1

Figure 1 | Lesion overlap of VMPC patients. Lesions of the six VMPC
patients displayed in mesial views and coronal slices. The colour bar

indicates the number of overlapping lesions at each voxel.

Table 1 | VMPC patient neuropsychological data

Subject WAIS-III
VIQ PIQ FSIQ

WMS-III
GMI WMI

TT WCST Stroop BDI

1 142 134 143 109 124 44 6 70 0
2 89 97 91 59 102 44 6 49 3
3 111 96 104 74 105 44 6 67 10
4 108 102 106 109 124 44 6 57 1
5 110 107 109 105 102 44 6 54 8
6 89 80 84 96 88 44 0 77 7

WAIS-III, Wechsler Adult Intelligence Scale-III scores (VIQ, verbal IQ; PIQ, performance IQ;
FSIQ, full-scale IQ). WMS-III, Wechsler Memory Scale-III scores (GMI, general memory index;
WMI, working memory index). TT, Token Test (from the Multilingual Aphasia Examination), a
measure of basic verbal comprehension. WCST, Wisconsin Card Sort Test categories, a
measure of executive function. Stroop, T-score on the Interference trial of the Stroop Colour-
Word Test, a measure of response inhibition. BDI, Beck Depression Inventory, a measure of
baseline mood. All patients were within normal ranges except for subjects 2 and 3 on GMI and
subject 6 on WCST and Stroop.

Table 2 | VMPC patient social emotion data

Subject SCRs Empathy Embarrassment Guilt

1 Impaired 3 3 3
2 Impaired 3 3 3
3 Impaired 3 3 3
4 Impaired 2 2 1
5 Impaired 3 3 3
6 Impaired 3 3 3

SCRs, skin conductance responses to emotionally charged socially significant stimuli (for
example, pictures of social disasters, mutilations, nudes), usingmethods previously described12.
The same SCR experiment was performed in ten of twelve BDC patients, and all ten
demonstrated normal SCRs to emotionally charged pictures. A clinical neuropsychologist blind
to the hypotheses of the current study rated each VMPC patient’s demonstrated capacity for
empathy, embarrassment and guilt in his or her personal life. The rating used a four-point scale
denoting severity of impairment, where 05 normal, 15mild, 25moderate and 35 severe.
Ratings were based on data derived from spouse or family member reports in the Iowa Rating
Scales of Personality Change29 and from data from clinical interviews. Both of these sources
provide direct observations about the patient’s basic and social emotions, and include questions
about whether the patient experiences and manifests emotions such as sadness, anxiety,
empathy, embarrassment and guilt.
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Anderson et al.  1999:

Subject A: Run over by vehicle at age 15 months

“... stole from her family and from other children and 
shoplifted frequently, leading to multiple arrests.”

“... verbally and physically abusive to others.”

“... lied chronically.”

“... little or no evidence that she experienced empathy, and 
her maternal behavior was marked by dangerous insensitivity 
to the infant’s needs”
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“If someone really thinks, in advance, that it is 
open to question whether such an action as 
procuring the judicial execution of the innocent 
should be quite excluded from consideration -- I 
do not want to argue with him; he shows a 
corrupt mind.” 

- Elizabeth Anscombe



PsychologyNeuroscience

$ M= $ M≠



LOAN
BORROW

STEAL
PAWN

WORK

VMPFC 7

-3

10
5

-1

BORROW

nACC Amygdala Insula



LOAN
BORROW

STEAL
PAWN

WORK

VMPFC 7

-3

10
5

-1

BORROW

nACC Amygdala Insula

LOAN
BORROW

STEAL
PAWN

WORK

VMPFC 7

-3

10
5

-1

nACC Amygdala Insula



Q(s,a) = Q(s,a) + α(Rs + γQ(s’,a’) - Q(s,a))



LOAN
BORROW

STEAL
PAWN

WORK

VMPFC 7

-3

10
5

-1

BORROW

nACC Amygdala Insula



LOAN
BORROW

PAWN

WORK

VMPFC 7 10
5

-1

BORROW

nACC Amygdala Insula

STEAL

-300,000



Evolution of Social Preferences



Evolution of Social Preferences

➀ Forage



➀ Forage

Evolution of Social Preferences



➀ Forage

➀ Forage

Evolution of Social Preferences



➀ Forage

➀ Forage

➁ Steal

Evolution of Social Preferences



➀ Forage

➁ Steal

➀ Forage

➂ Punish

Evolution of Social Preferences



➀ Forage

➁ Steal

➀ Forage

➂ Punish

Evolution of Social Preferences

$
$



➀ Forage

➁ Steal

➀ Forage

➂ Punish

Evolution of Social Preferences

$
$

+$



➀ Forage

➁ Steal

➀ Forage

➂ Punish

Evolution of Social Preferences

$
$

-$

+$



$
$

-$

+$ ➀ Forage

➁ Steal

➀ Forage

➂ Punish

Evolution of Social Preferences



$
$

-$

+$ ➀ Forage

➁ Steal

➀ Forage

➂ Punish

Evolution of Social Preferences

Evolutionary Dynamics

Flexible theft and resolution punishment: 
Morris et al (under review)



$
$

-$

+$ ➀ Forage

➁ Steal

➀ Forage

➂ Punish

Evolution of Social Preferences

Evolutionary Dynamics

Learning Dynamics

Flexible theft and resolution punishment: 
Morris et al (under review)



$
$

-$

+$ ➀ Forage

➁ Steal

➀ Forage

➂ Punish

Evolution of Social Preferences

Evolutionary Dynamics

Learning Dynamics

Human performanceFlexible theft and resolution punishment: 
Morris et al (under review)



LOAN
BORROW

PAWN

WORK

VMPFC 7 10
5

-1

BORROW

nACC Amygdala Insula

STEAL

-300,000





-300,000



-300,000

-300,000
-300,000
-300,000
-300,000
-300,000



-300,000

-300,000
-300,000
-300,000
-300,000
-300,000



LOAN
BORROW

STEAL
PAWN

WORK

VMPFC 7

-3

10
5

-1

BORROW

nACC Amygdala Insula





ResultAction



ResultAction

GOAL 
DIRECTED



ResultAction
✔

GOAL 
DIRECTED



ResultAction
✔

HABITUAL



ResultAction
✔

HABITUAL



ResultAction
✔

Result

HABITUAL



ResultAction
✔

Result

HABITUAL



Tipping = Moral Habit

ResultAction
✔

Result

HABITUAL









To
ta

l P
er

ip
he

ra
l 

Re
si

st
an

ce

0

25

50

75

100

baseline level



To
ta

l P
er

ip
he

ra
l 

Re
si

st
an

ce

0

25

50

75

100

Shoot

baseline level



To
ta

l P
er

ip
he

ra
l 

Re
si

st
an

ce

0

25

50

75

100

Shoot Watch

baseline level



LOAN
BORROW

STEAL
PAWN

WORK

VMPFC 7

-3

10
5

-1

BORROW

nACC Amygdala Insula









LOAN
BORROW

STEAL
PAWN

WORK

VMPFC 7

-3

10
5

-1

BORROW

nACC Amygdala Insula



LOAN
BORROW

STEAL
PAWN

WORK

VMPFC 7

-3

10
5

-1

BORROW

nACC Amygdala Insula



LOAN
BORROW

STEAL
PAWN

WORK

VMPFC 7

-3

10
5

-1

BORROW

nACC Amygdala Insula
✗

✗

✗

✗
✗



LOAN
BORROW

STEAL
PAWN

WORK

VMPFC 7

-3

10
5

-1

BORROW

nACC Amygdala Insula
✗

✗

✗

✗
✗

✗



“Modality”
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