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anctions 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 punishment (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 speculation 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 investment 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 threatened, 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 decisions 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
www.pnas.org兾cgi兾doi兾10.1073兾pnas.0908855106

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 orbitofrontal 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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Sanctions are used ubiquitously to enforce obedience to social norms.
However, recent field studies and laboratory experiments have demonstrated 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 simultaneously 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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Fig. 1. Experiment task. The task involves 2 subjects sequentially exchanging MUs. Investors’ choices are labeled in red; trustees’ decisions, in blue. (A) The
investor makes 3 decisions sequentially: investment amount, back-transfer request, and whether or not to threaten sanctions. Then the trustee makes the
back-transfer decision. (B) Experiment timing. After each player makes her decision, the results are displayed simultaneously to both subjects. A total of 10 rounds
are played, and at the end of each round each player’s earnings are revealed to both players (also see Figs. S1 and S2).

across all rounds and subjects, thereby controlling for any
reputation effects.
Results
Sanction Decisions and Their Effect on Trustees’ Repayment Decisions.

On average, investors imposed threats of sanctions 49.3% of the
time following a trustee’s decision to defect and 46% of the time
following a trustee’s cooperation. Out of 52 investors, 8 imposed
sanctions on every trial, while 11 never imposed a sanction.
Overall, an investor’s decision to impose a threat was uncorrelated with whether or not a trustee defected in the previous
period (P ⫽ .78; two-sample 2 test); however, an investor was
more likely to use sanctions in a given trial if (i) the trustee
defected in the previous trial and (ii) a sanction had not been
used in that previous trial (2 ⫽ 23.38; P ⫽ .001). Overall,
investors chose the sanction option 46.3% of the time, ranging
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from a high of 53.7% (round 9) to a low of 37.0% (round 1).
Using a mixed-effect analysis including a one-sample t test and
logistic regression, we found that the correlation between the use
of sanctions and the round number did not survive statistical
thresholds (average sigmoid slope, 1.64; P ⫽ .053). Three
important variables—investor’s investment (mean slope, ⫺0.048;
P ⫽ .52), investor’s request (mean slope, ⫺0.013; P ⫽ .87), and
trustee’s repayment (mean slope, ⫺0.03; P ⫽ .64)—are not
correlated with round numbers.
To assess trustees’ behavioral responses to sanction threats, we
first plot an ‘‘equal split’’ strategy as a baseline (Fig. 2B, dotted
line). This strategy could emerge if a trustee were to treat the
tripled investment amount as a common good and demand half
of it. We compare this to trustees’ mean real repayments when
threatened and when not threatened with sanctions (Fig. 2B,
blue and red lines, respectively). Each vertical line in the figures
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Fig. 2. Summary of players’ decisions when sanctions are threatened versus not threatened. Error bars represent SEM. (A) The investor’s request as a function of the
investment amount. The dotted line indicates a request of two-thirds of the tripled investment amount, which implies equal earnings for investor and trustee. The blue
and red curves indicate investors’ requests under the threat and no-threat of sanctions condition, respectively. (B) The trustee’s repayment as a function of investor’s
investment. The dotted line indicates a back-transfer amount of half of the tripled investment. The blue and red curves indicate trustee’s back-transfer under the threat
and no-threat of sanctions condition, respectively (also see Fig. S3).
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Fig. 3. The trustee’s brain regions showing greater activation in the no-sanction condition than in the sanction condition (P ⬍ .001, uncorrected; cluster size
k ⬎ 5 voxels). (A) A random-effects GLM analysis reveals several brain regions significantly more activated by the revelation of no sanction. These regions include
the VMPFC (peak activation MNI coordinate [4 56 ⫺4]), right amygdala (peak activation MNI coordinate [24 0 ⫺20]), right LOFC (peak activation MNI coordinate
[32 52 ⫺4]), and PCC (peak activation MNI coordinate [4 ⫺24 36]). (B) Mean event-related time courses of the 4 brain regions. The dashed line indicates the time
onset; error bars are SEM. Bold signals in the VMPFC, LOFC, amygdala, and PCC are all significantly greater when the trustee is in the no-sanction condition (red
traces) than when she is in the sanction condition (blue traces).

represents 1 SE of the trustees’ mean repayment in both
conditions. The trustee’s repayment when threatened with sanctions is significantly different between sanction and no-sanction
cases (P ⬍ .05; two-sample t test); see Fig. S3 and Table S1 for
details. The difference is greater when the investments are larger
(⬎6). Overall, trustees’ average repayments are 6.05 MUs in
sanction cases and 12.04 MUs in no-sanction cases (Table S1).
Thus, the difference in repayment amounts cannot be explained
solely by the possibility that trustees choose to keep 4 extra MUs
in the sanction condition as compensation for the cost of the
sanction.
Previous research suggests that trustees’ repayments also
might depend on whether the investor used the sanction to
enforce an ‘‘unfair’’ request (5) (defined as a request for 2/3 of
the tripled investment amount, which is the amount that equalizes investor and trustee earnings). To investigate unfair requests, we first explored investor behavior by plotting the
back-transfer request against the investment decision for both
the sanction and no-sanction conditions (Fig. 2 A, blue and red
lines, respectively). The dotted line in that figure indicates a
request of 2/3 of the tripled investment. It is apparent that the
investors’ requests do not differ significantly between the sanction and no-sanction conditions (P ⫽ .9; t test), nor are the
averages significantly different on average from equal-earnings
requests (Pno-sanction ⫽ .9; Psanction ⫽ .9). With respect to trustees’
decisions, consistent with previous studies (5), we find that
sanctions have a detrimental effect on trustees’ returns both
when the investor’s back-transfer request is fair and when it is
unfair, and that these detrimental effects are not statistically
significantly different. In particular, a fair request results in a
mean return equal to 53% of the tripled investment amount,
while combining sanctions with a fair request reduces returns to
47% on average. When the request is unfair, the analogous
change is from 59% to 47%; this between-condition difference
(a 6% vs 12% reduction) is not statistically significant (P ⬎ .15,
two-tailed Wilcoxon test). Previous reports suggest that subjects
in repeated games might adopt sophisticated Nash equilibrium
strategies (39,40), and we specifically tested those hypotheses
(see SI Text for more details).
Li et al.

Trustees’ Neural Responses to the Revelation of Sanctions. To gain
insight into the neural underpinnings of this effect, we used a
standard general linear model analysis (GLM) to compare
trustees’ brain responses in cases where sanctions were and were
not threatened by the investor. The sanction–no-sanction contrast did not identify any prefrontal brain activities at P ⬍ .001
(uncorrected, 5 continuous voxels; see Table S3), but the nosanction—sanction contrast did reveal differential activation in
areas implicated in social reward processing (Fig. 3; Table S2).
These brain areas include the VMPFC (peak activity at MNI [4
56 ⫺4]), lateral OFC (LOFC; peak activity at MNI [32 52 ⫺4]),
posterior cingulated cortex (PCC peak activity at MNI [4 ⫺24
36]), and right amygdala (peak activity at MNI [24 0 ⫺20]). We
conducted a region-of-interest (ROI) analysis to further investigate these results (Fig. 3B). In the figure, the vertical dotted line
indicates the point at which either the sanction or no-sanction
screen was revealed, and the red and blue curves represent brain
activities in the no-sanction and sanction conditions, respectively
(23–25, 31, 35).
Brain Activity Predicts Trustee’s Repayment. We used standard

parametric regression analysis to explore whether a trustee’s
neural activity at the revelation of the sanction screen might
predict her subsequent back-transfer decision (which was made
about 10 or 15 seconds later). Because the absolute back-transfer
from a trustee does not inform a trustee’s intention to cooperate,
it is sensible to normalize the back-transfer by the maximum
amount that the trustee could have sent (i.e, the tripled investment amount). The back-transfer–to–tripled-transfer amount
ratio is a useful measure of a trustee’s willingness to cooperate.
Our analysis revealed a brain area at the superior frontal gyrus
(DLPFC) (peak activity at MNI [24 52 20]; P ⬍ .005, uncorrected) (Fig. 4A). The activity of this area is negatively correlated
with the back-transfer–to–investment amount ratio. Further
ROI analysis demonstrated that as this back-transfer ratio
increases, the BOLD signal at the DLPFC area decreases, and
it returns to the baseline level when the trustee cooperates fully
(Fig. 4A, Bottom; each vertical bar represents 1 SEM). Positive
parametric regression analysis identified several brain areas,
including the medial frontal gyrus (38), the inferior frontal
PNAS Early Edition 兩 3 of 6
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Fig. 4. Trustees’ brain regions whose activations are parametrically correlated with trustees’ normalized back-transfer (defined as the ratio of the back-transfer
and the tripled investment amount). (A) Brain activity at dorsal lateral prefrontal cortex (DLPFC; peak activation MNI coordinate [24 52 20]) is negatively
correlated with trustees’ normalized back-transfers (P ⬍ .001, uncorrected; cluster size, k ⬎ 5 voxels). (B) A GLM (P ⬍ .005, uncorrected; cluster size, k ⬎ 5 voxels)
showing that a subset of voxels (peak activation MNI coordinate [-4 56 ⫺4]; purple) in the VMPFC area (yellow, with the overlap in orange) previously identified
in Fig. 3A strongly and positively predicts trustees’ normalized back-transfers. Further ROI analysis indicates that the VMPFC activity is correlated with trustees’
normalized back-transfers in both sanction and no-sanction conditions. The slopes of the 2 curves (red and blue) do not differ significantly (P ⫽ .1, t test) while
the intercept of the no-sanction curve (red) is significantly greater than that of the sanction curve (blue; P ⬍ .01, t test).
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cortex, the middle temporal cortex, and the occipital cortex (Fig.
4B and Table S4; P ⬍ .005, uncorrected). Interestingly, one of
those brain areas, the area in the VMPFC (peak activity at MNI
[-4 56 ⫺4]; Fig. 4B, purple) overlaps significantly with the
VMPFC region identified in the previous sanction–no-sanction
contrast (Fig. 4B, yellow; overlapping area indicated in orange).
The ROI analysis (Fig. 4B, Bottom) demonstrates this unique
pattern of VMPFC activation. Although the VMPFC activity
correlates with the repayment ratio in general, further separation of the VMPFC BOLD signal into sanction and no-sanction
categories reveals a shift of the BOLD signal in both conditions
(Fig. 4B; sanction in blue, no-sanction in red). Moreover, there
is only weak evidence of differing slope coefficients (P ⫽ .1,
two-sample t test); the intercepts are significantly different,
however (P ⬍ .01, t test). It is also interesting to note that when
the trustee plans to completely defect in the no-sanction situation, VMPFC activity remains at baseline, but when the trustee
plans to defect under the sanction condition, VMPFC activity is
well below baseline (P ⬍ .05, t test). The fact that brain activity
at the VMFPC precedes the trustee’s actual repayment choice by
10–15 seconds suggests that this brain area might be heavily
involved in the trustee’s final decision making and might generate a BOLD signal predicting the trustee’s repayment ratio.
This signal is thus responsive, in that it is susceptible to social
cues (i.e., whether or not the trustee is threatened by sanctions),
and also acts as a predictive signal, parametrically modulating
the trustee’s final repayment.
Discussion
Using an iterated version of the trust game with a sanction
component, we have demonstrated an aversive effect of sanctions on human cooperation as measured by trustee’s repayment
in the investment game (5) (Fig. 2B). Recent theories that
incorporate other preferences (particularly inequality aversion
and kindness) shed light on motives for trustees’ decisions in
standard trust games (6, 41–49) but cannot explain the detrimental effect of punishment on reciprocity. We hypothesized
4 of 6 兩 www.pnas.org兾cgi兾doi兾10.1073兾pnas.0908855106

that this effect might be due to a ‘‘perception shift’’ from
norm-sensitive choices to utility-based choices.
Differential Brain Activities in the Sanction–No-Sanction Contrast.

Our perception shift hypothesis suggests that trustees not threatened with sanctions make their reciprocity decision within a
social context and are directed by social norms. Indeed, we found
that when a trustee learns that he or she has not been threatened
with sanctions, a neural network including the VMPFC, right
amygdala, LOFC, and PCC is activated. Activation of these
reward-related pathways supports our hypothesis for several
reasons. Recent studies have found elevated brain activity in the
LOFC area when subjects choose to comply with social norms
(50, 52), while the medial part of the OFC (VMPFC) may be
involved in preference generation and final decision making (17,
30, 33, 52–54). Although amygdala activation in humans has been
associated with negative emotions and fear conditioning, emerging evidence suggests that the amygdala might be equally important to reward processing (22, 52, 53, 55–59). In addition,
reciprocal connections between the amygdala and OFC have
been studied extensively, and the functional interaction between
these two regions is thought to be essential in goal-directed
behaviors (53, 54, 56–59).
Differential Brain Activation in the Sanction–No-Sanction Contrast.

The sanction–no-sanction contrast did not reveal any differential
brain responses in the prefrontal cortex. Instead, we observed
bilateral parietal cortex (LIP) activation (Table S3). Parietal
activity has been linked to the representation of expected utility
in primate research and ‘‘rational’’ choices in both primates and
humans (16, 60). Our finding of no differential activation of
social or emotional systems under sanction threats seems to cast
some doubt on the role of negative ‘‘intentions’’ in affecting
behavior in this environment. Instead, this finding provides
convergent support for the ‘‘cognitive shift’’ hypothesis that
credible threats of sanctions generate a cognitive shift that
diminishes social motivations and increases the likelihood of
market-oriented earnings maximizing behavior (5–8).
Li et al.
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not only predicts trustee’s reciprocal decisions, but also is
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hypothesis requires the presence of a neural integrator to
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