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Sanctions are used ubiquitously to enforce obedience to social norms.
However, recent field studies and laboratory experiments have dem-
onstrated that cooperation is sometimes reduced when incentives
meant to promote prosocial decisions are added to the environment.
Although various explanations for this effect have been suggested,
the neural foundations of the effect have not been fully explored.
Using a modified trust game, we found that trustees reciprocate
relatively less when facing sanction threats, and that the presence of
sanctions significantly reduces trustee’s brain activities involved in
social reward valuation [in the ventromedial prefrontal cortex
(VMPFC), lateral orbitofrontal cortex, and amygdala] while it simul-
taneously increases brain activities in the parietal cortex, which has
been implicated in rational decision making. Moreover, we found that
neural activity in a trustee’s VMPFC area predicts her future level of
cooperation under both sanction and no-sanction conditions, and
that this predictive activity can be dynamically modulated by the
presence of a sanction threat.
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Sanctions are ubiquitous in modern human societies (1). The
purpose of sanctions is to enforce norm obedience beyond

the level that humans might achieve in the absence of punish-
ment (2–4). However several recent field studies and laboratory
experiments have established that adding monetary sanctions to
an environment can reduce cooperation (5–7). Substantial spec-
ulation has arisen surrounding the source of this counterintuitive
effect, including the possibility that the presence of sanctions
might change individuals’ perceptions of the environment, thus
crowding out internal motivations for cooperation (5–8). The
imposition of sanctions also might be perceived as a signal of
distrust (9–11) and might create a hostile atmosphere (12, 13),
leading to decreased cooperation.

Previous behavioral experiments have sought to distinguish
these competing explanations. For example, a recent study (5)
reported data from an experiment aimed at determining the
relative importance of intentions and incentives in producing
noncooperative behavior. Participants played a one-shot invest-
ment experiment in pairs. Investors sent a certain amount to
trustees, requested a return on that investment, and, in some
treatments, could threaten sanctions to enforce their requests.
Decisions by trustees facing threats imposed (or not) by investors
were compared with decisions by trustees facing threats imposed
(or not) by nature. The main finding was that when not threat-
ened, trustees typically decided to return a positive amount less
than the investor requested, but when threatened, that decision
was less common. This result is the same whether the sanction
is imposed by a human investor or by nature, suggesting that the
detrimental effect of sanctions on cooperation might not hinge
specifically on trustees’ perceptions of investor intentions. One
explanation for such effects has been called the ‘‘perception
shift’’ hypothesis, where a nonthreatened subject makes deci-
sions directed by social norms and shifts to utility-driven choices
in the presence of threats. In this paper, we pursue the neural
substrates of such effects using an economic exchange game

equipped with the possibility that a player can threaten to
sanction his or her partner.

The specific brain areas of interest to the perception shift
hypothesis are reasonably well established. The parietal cortex
has been shown to activate in self-interested economic decision
making, especially expected utility calculations (14–16). Neural
networks involved in social rewards also have been heavily
researched (17–28). Of particular interest to us is the orbito-
frontal cortex (OFC), which is known to be reliably involved in
social reward evaluation and decision making processes (15, 17,
19, 28–31). But despite the substantial neuropsychology and
psychiatry literature pointing to the importance of the prefrontal
cortex and the OFC in social recognition and interaction (19,
21–25, 32, 33), ours are among the first experiments informing
the OFC’s role in perceiving and evaluating threats of sanctions.
In particular, we investigate (i) how activation patterns in the
OFC depend on whether one is threatened with sanctions and
(ii) whether the activity of the medial area of the OFC, the
ventromedial prefrontal cortex (VMPFC), a brain area that
appears to be pivotal in human decision making (15, 17, 18,
34–38), also predicts subjects’ social exchange decisions.

Our study used event-related functional magnetic resonance
imaging (fMRI) and an investment game that has been used
previously to reliably elicit detrimental sanction effects (5, 9)
[Fig. 1; also see supporting information (SI) Fig. S1]. In this
game, 2 mutually anonymous participants are paired together for
10 trials. One player is assigned the role of investor and the other
is assigned the role of trustee, and both players are given 10
monetary units (MUs) at the beginning of each trial (Figs. S1 and
S2). The subject pairs, as well as the subjects’ roles within each
pair, remain fixed for the entire 10 rounds. The investor moves
first and makes 3 consecutive decisions: (i) the amount of money
to send to the trustee (the amount of money was tripled on the
way to the trustee), (ii) the amount of money to request back
from the trustee, and (iii) whether or not to impose a threat (i.e.,
a monetary sanction). The sanction is a fixed loss—a 4-MU
deduction from the trustee’s final earnings should the trustee not
send back the requested amount (Fig. S1). We collected blood
oxygen level–dependent (BOLD) images from trustees while
they made decisions in the investment game. Investor brain
activity was not monitored. Because participants played the
game in fixed pairs, reputation presumably could accumulate
throughout the experiment. But this presents no difficulties for
our analysis, because we focus on sanction–no-sanction contrasts
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Fig. S1. The 2-player investment game. Two players are paired anonymously. Both the investor and the trustee are endowed with 10 points at the beginning
of each round of the experiment (10 rounds total). The investor first decides how many points to invest, how many to request back and, whether or not to threaten
punishment. The trustee observes these 3 pieces of information and then decides how many points to send back to the investor. If the trustee returns less than
the investor requested, and if the investor chose the threat option, then a penalty of 4 points is deducted from the trustee’s final earnings. If the threat was not
chosen, then the trustee’s and the investor’s earnings depend only on the amounts sent and returned, respectively, as described above.
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Fig. S2. Time line for the 2-player investment game. Each pair of subjects completed 10 consecutive exchanges. Each exchange began with a screen that
indicated the beginning of the round, followed by a cue to invest. The investor then invested between 0 and 10 monetary units. After the investor’s decision,
the investment was displayed to both subjects for 8 seconds. The timing of the investor’s next 2 decisions—the back-transfer request and whether or not to
threaten a sanction—proceeded in an identical manner. After the investor completed 3 decisions, the trustee was prompted to return an amount (between 0
and triple the investment amount) back to the investor. The trustee’s decision was revealed to both subjects for 8 seconds, followed by 8 seconds of a blank screen.
That round’s total earnings for both subjects was then displayed. Rounds were separated by a variable 12- to 42-second interval.
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Fig. S3. Behavioral summary of trustee repayments under threat and no threat situations. (A) Under the threat condition, trustees repay significantly less (as
a fraction of available points) to investors (P � .01). (B) This conclusion holds when all of the trials are divided according to investment level. The repayment
difference between no threat and threat conditions is significant at higher investment levels.
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Table S1. Average behavior and payoff of investors and trustees

Sanction No sanction Significance

Investment 4.89 7.09 *
Request 10.6 13.89 -
Request/(3 � investment) 0.72 0.64 *
Repayment 6.05 12.04 -
Repayment/(3 � investment) 0.46 0.55 *
Repayment/request 0.67 0.89 *
Investor’s payoff 11.58 14.95 *
Trustee’s payoff 17.01 19.22 -

*Statistical significance
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Table S2. Brain responses differentially activated in no-sanction versus sanction conditions

Region of activation

Peak MNI coordinates

Z Voxels z-valueX Y

Medial frontal gyrus (R) 4 56 �4 83 4.45
Superior temporal gyrus (R) 48 16 �16 52 4.52
Superior temporal gyrus (L) �48 16 �12 31 3.76
Lateral frontal gyrus (R) 32 52 �4 15 4.03
Superior frontal gyrus (R) 20 40 48 35 3.78
Superior frontal gyrus (L) �28 40 36 24 3.26
Occipital lobe (R) 12 �92 12 12 3.07
Occipital lobe (L) �16 �88 �16 19 3.58
Precuneus (R) 4 �52 32 12 3.49
Posterior cingulate cortex 4 �24 36 11 3.41
Inferior frontal gyrus (R) 52 24 4 5 2.78
Amgdala (R) 24 0 �20 7 2.7

Regions with �5 significant voxels were identified at P � .005 (uncorrected).
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Table S3. Brain responses differentially activated in sanction versus no-sanction conditions

Region of activation

Peak MNI coordinates

Voxels z-valueX Y Z

Parietal lobe (L) �24 �60 52 72 3.99
Parietal lobe (R) 28 �48 40 81 4.13
Inferior temporal gyrus �44 �68 �4 67 4.1
Temporal lobe 28 �68 20 27 3.29
Precentral gyrus (R) 44 �4 36 68 3.97
Precentral gyrus (L) �44 �8 36 80 3.79
Fusiform gyrus (R) 36 �48 �16 18 3.63
Medial frontal gyrus �8 �24 68 17 3.3
Midbrain 4 �12 �12 59 4.17
Cerebellum 24 �48 �36 44 4.19

Regions with �5 significant voxels were identified at P � .005 (uncorrected).
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Table S4. Brain responses positively correlated with repay ratio by trustees

Region of activation

Peak MNI coordinates

Voxels z-valueX Y Z

Medial frontal gyrus �4 56 �4 6 2.84
Inferior frontal gyrus 36 16 �20 18 3.89
Middle temporal gyrus �60 �60 8 5 3.42
Temporal lobe �52 �8 �28 7 3.4
Occipital lobe �16 �96 �8 9 3.37

Regions with �5 significant voxels were thresholded at P � .005 (uncorrected).
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