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Although economic theories suggest that punishment threatis crucial for maintaining social norms, counterexamples are noted i
punishment threat hinders norm compliance. Such discrepancy may arise from the intention behind the threat: unintentionally
duced punishmentthreatfacilitates, whereas intentionally introduced punishment threat hinders, norm compliance. Here, we co
a dictator game and fMRI to investigate how intention modulates the effect of punishment threat on norm compliance and the
substrates of this modulation. We also investigated whether this modulation can be influenced by brain stimulation. Human partic
divided an amount of money between themselves and a partner. The partner (intentionally) or a computer program (unintentic
decided to retain or waive the right to punish the participant upon selfish distribution. Compared with the unintentional condi
participants allocated more when the partner intentionally waived the power of punishment, but less when the partner retaine
power. The right lateral orbitofrontal cortex (rLOFC) showed higher activation when the partner waived compared with wh
computer waived or when the partner retained the power. The functional connectivity between the rLOFC and the brain n
associated with intention/mentalizing processing was predictive of the allocation difference induced by intention. Moreover, int
or activation of the rLOFC by brain stimulation decreased or increased, respectively, the participantsO reliance on the partner®:
during monetary allocation. These findings demonstrate that the perceived intention of punishment threat plays a crucial role ir
compliance and that the LOFC is casually involved in the implementation of intention-based cooperative decisions.
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Introduction ishment is a ubiquitously adopted approach in human society to

Social norms are widely shared rules about what constitutes agfforce norm compliance beyond the recipients’ voluntary ac-

propriate behavior in social interactionBicchieri, 200§ Pun-  tion. Recent studies, however, provide divergent evidence con-
cerning the effect of punishment threat on norm compliance.

Studies reveal that participants achieve a higher level of norm
compliance when punishment threat is present than when it is
absent Fehr and Gehter, 2002 Spitzer et al., 2007



921&J. Neurosci., August ¥BAI8RHE9217D9226 Zhang Nare€and the Intention of Punishment Threz

evidence also shows that punishment threat under certain cien independent sample of 24 participants (age range: 18-24 years, mean
cumstances hinders norm compliance. For example, in the trugge: 19.9 years; 9 female).

game, the trustee returns less money to the investor when theBrain stimulation experiments. Forty-three graduate and undergradu-
investor imposes a punishment threat on the trustEel{r and ate _st_udents participated in the tDCS experiments. One group of these
Rockenbach, 200%neezy and Rustichini, 200douser et al participants ¢ = 22, age range: 19-25 years, mean age: 21.2; 16 female)
2008 Li et al ' 2009 The neural activity aléo shows Contrasii,ngreceived cathodal and sham treatment in 2 experimental sessions sepa-

. L (2 dth S inthe | | rated by 2 d, whereas the other group received anodal and sham
patternsSpitzer et al. (200/pund that activations in the latera treatment, also in 2 experimental sessions. One participant of the latter

orbitofrontal cortex (LOFC) and dIPFC were positively corre-group failed to show up for the second session, leaving 20 participants in
lated with individuals’ increase in norm compliance whenthe anodal experiment (age range: 18—25 years, mean age: 21.0 years; 14
punishment threat was present. In contrasitet al. (2009)ob-  female).

served decreased activations in the LOFC and ventromedial PFQNone of the participants reported any history of psychiatric, neurolog-
(vmPFC) when punishment threat was present. ical, or cognitive disorders. Informed written consent was obtained from

Closer examination of previous studies reveals that those réach participant before the experiments. The study was performed in
porting a detrimental effect typically adopted intentional punish-accordance with the Declaration of Helsinki and was approved by the
ment threat imposed by the interacting partner on behalf of hiS)Ethlcs Committee of the Department of Psychology, Peking University.
her own interest ffehr and Rockenbach, 2003 et al., 2009 .
whereas those reporting a facilitatory effect involved uninten?esign and procedures )
tional punishment threat, which was introduced by an impartial '€ €xperiment ha a 2 (decider. Computer vs Partner) by 2 (threat:

third-party (e.g., computer program) for the sake of fairness\éVaive vs Retain) within-participant factorial design. A modified re-
- N eated one-shot dictator game was used, in which the participant allo-
(Spitzer et al., 200 Ruff et al., 2018 However, to our knowl- 9 P b

. . ' . . . cated 20 yuan+%$3.50) between him/herself and a randomly paired
edge, no studies have investigated directly the role of intentioghtner (chosen from three confederates). In each round, the computer

behind punishment threat in norm enforcement. We hypothe-(in the unintentional conditions) or the paired partner (in the inten-
sized that the seemingly contradicting findings concerning th@onal conditions) decided to retain or to waive the punishment threat (4
role of punishment threat could be reconciled if we take intoyuan) before the participant made the allocation. In addition, the partic-

account the intention behind the threab@rley, 2009Radke et ipants were told that, in each round, the paired partner decided a mini-
al., 2012Koster-Hale et al., 2013 mal amount of allocation that he/she would like to accept, although this

Of particular interest is the orbitofrontal cortex, a structure @mount would not be communicated to the participant. If the amount
consistently implicated in computing social value and guidingﬁ:k’c"’tIteOI to tTe.pa(rjme.;r‘]NaSbletsﬁ thantthe m”;)'mtl;]m and th? purlﬁhmti”t
social decision makingRushworth et al., 2031 Rudebeck and reatwas retained (either by the partner or by the computer), then the

. ._punishmentwould be executed and 4 yuan would be subtracted from the
Murray, 2014. We hypothesized that the LOFC may Syr'thes'zgarticipants’ payoff for the current trial. We did not provide trial-by-trial

information about the presence of punishment threat and th&gednack concering payoff to the participants to prevent the partici-
intention by which it is imposed or forgone to form a unified pants from learning a specific behavioral strategy. The amount allocated
signal that guides compliance behaviGafnpbell-Meiklejohn et  to the paired player was a measure of the participant’s norm compliance.
al., 2012 Upon arrival at the laboratory, the participant was introduced to three
To test our hypotheses, we manipulated the presence of pusame-sex strangers, who were in fact confederates of the experimenter.
ishment threat (Waive vs Retain) and the intention behind theThe participant was assigned the role of allocator and the confederates
threat (Intentional vs Unintentional) in a modified dictator Were always the responders. The participant was made to believe thatin

game. By conducting an fMRI and two high-definition transcra—eaCh trial he/she would play the game through internet with a randomly
nial direct current stimulation (HD-tDCS) experiments, we ex- paired responder in another room. The participant was told that, after

amined the modulation of the neural processes of bunishm the experiment, one of his/her decisions would be chosen randomly and
€ modulation ot the Processes of punisSNMent ., .»jized. we also told the participant that, because no one knew which

threat by the intention behind such a threat. We were Spec'f'call'(YiaI would be selected in the end, the best strategy for him/her was to
interested in the role of the LOFC in mediating the influence ofreat each trial equally seriously.
the perceived intention on norm compliance because this struc- Each trial began with the presentation of a white fixation against a
ture showed opposite effects when the threat was unintentionalack background lasting for 4000—6000 r&gy( 9. Then, a cue of the
(Spitzer et al., 20Q0r intentional (Li et al., 200% total allocation amount (a picture of a 20 yuan bill) was presented for
2000 ms, followed by a sentence indicating that the decider (partner or
. computer) was considering whether to retain punishment threat. This
Materials and Methods sentence remained on the screen for 2000-5000 ms. Then, the decision
Participants (to retain or to waive), together with a cue of the decider (a picture of
fMRI experiment. Thirty-five graduate and undergraduate students par-either a computer or a human silhouette), was presented on the screen
ticipated in the fMRI scanning. Ten were excluded (1 of them alwayfor 3000 ms. Finally, after a 2000—-4000 ms fixation, a distribution screen
transferred 0 yuan to the partner; 7 of them did not believe that they hadvas presented and the participant was asked to make the allocation
interacted with different human partners, as indicated in the postexperiwithin 10 s by pressing 2 buttons to increase or decrease the amountto be
ment manipulation check; 2 of them had excessive head movem&its allocated to the partner (with a step of 2 yuan) before pressing another
in rotation or >3 mm in translation during the scanning), leaving 25 button to confirm the allocation. Button mapping was counterbalanced
participants for data analysis (age range: 18—27 years, mean age: 2tss participants. The initial amount on the side of the participant was
years; 14 female). Due to technical problems, postscan questionnagiher O or 20 yuan and was balanced within each condition. The partic-
data were available for only 19 of these participants. We tested the ripant had up to 10 s for the allocation.
bustness of online behavioral measures and postscan questionnairehe experiment consisted of two blocks of 32 trials each, last2®)
(e.g., emotion ratings) in an independent sample of participants (semin. Each of the four experimental conditions contained 16 trials. Un-
below). known to the participant, the sequence of trials was predetermined by a
Behavioral validation experiment. To test the stability of the behavioral computer program. The 32 trials in the first block were pseudorandom-
patterns that we observed in the fMRI experiment, we performed a bazed with the restriction that no more than three consecutive trials were
havioral experiment with the same procedure as the fMRI experiment ifrom the same condition and the second block used the inversed se-






corresponding to the contrast Partner_Re-
tain — Computer_Retain (i.e., intentional
punishment threat hinders norm compliance)
and Partner_Waive- Computer_Waive (i.e.,
refraining from the threat of punishment facil-
itates norm compliance). To test the possibility
that the strength of such functional connectiv-
ity is modulated by individuals’ susceptibility
to the intention effect, we added the difference
in allocation corresponding to each of these
contrasts as a group-level covariate. We then
used the one-sampleest in SPM8 to perform
statistical analysis. The statistic threshold was
the same as indicated above.

Brain stimulation experiment

To test the causal role of the rLOFC in mediat-
ing the influence of intention on punishment
threat, we performed two brain stimulation ex-
periments using HD-tDCS. The first group of
participants ¢ = 22) received cathodal stimu-
lation and sham stimulation in two experiment
sessions. Half of the participants received cath-
odal stimulation over the rLOFC in the first
experiment day and received sham stimulation
over the same area in the second experiment
day. The other half of the participants received
the reversed stimulation protocol. The second
group of participantsf = 20) received anodal
stimulation and sham stimulation in two ex-
periment sessions. Similar to the cathodal ex-
periment, half of these participants received
anodal stimulation over the rLOFC in the first
experiment day and received sham stimulation
over the same area in the second experiment
day. The other half of the participants received
the reversed stimulation protocol. Therefore,
both of the two HD-tDCS experiments used a
within-participant design; moreover, to avoid
carry-over effects of brain stimulation, sessions
were separated by at least 24 h for each partic-
ipant. The behavioral protocol was identical to the fMRI experiment.

HD stimulation was delivered using a multichannel stimulation
adapter (Soterix Medical, % 1, Model C3) connected to the constant
current stimulator (Soterix Medical, Model 1300-A). A41 montage
consisting of five sintered Ag/AgCI ring electrodes was used and these
electrodes were arranged on the skull in x4 ring configuration as
suggested by the previous literatukdiihas et al., 2010 The electrodes
were held in place in plastic electrode holders in a fitted cap (EASYCAP).
The electrode holders were filled with SignaGel, creating a gel contact of
~4 cm? per electrode. The position of the electrode was identified and
adjusted using HD-Explore software (Soterix Medical), which uses a
finite-element-method modeling approach to quantify electric field in-
tensity throughout the brain@atta et al., 200Dmochowski et al., 2011
Kempe et al., 2034 The locations of the electrodes were chosen by se-
lecting the 10—20 EEG sites that would optimally target the rLOFC in our
fMRI study. Therefore, we selected central electrode as FP2 in the 10-20
EEG coordinate system and surrounded it with three return electrodes at
F2, F8, Fpl, and one return electrode at the lower eyelid (each at a dis-
tance of~6 cm from the central electrode). For active anodal/cathodal
stimulation, participants received a constant current of 2.0 mA~S@0
min. Stimulation started 8 min before the task and was delivered during
the entire course of the task-R0 min), with an additional 30 s ramp-up
at the beginning of stimulation and 30 s ramp-down at the end. For the
sham stimulation, the initial 30 s ramp-up was immediately followed by
the 30 s ramp-down and there was no stimulation for the rest of the
session. For both the experimental and sham stimulation conditions,
participants felt a little uncomfortable initially, but were unaware of
stimulation before the task started.
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the behavioral validation experimerf{ ,3y= 10.83p <0.001). Retain> Waive revealed activations in the dmPFC, thalamus,
Pairwise comparison showed that, compared with thelorsal caudate, and TPBi{. 3A).
Computer_Waive condition, participants allocated significantly To test our hypothesis concerning the modulation of inten-
more to the partner in the Partner_Waive conditiof {3 = tion on the effect of punishment threat, we examined the
4.85, < 0.05); compared with the Computer_Retain condition,interaction contrast (Partner_Waive- Computer_Waive)>
participants allocated less to the partner in the Partner_RetaifPartner_Retain> Computer_Retain). This contrast revealed
condition (F; o3 = 3.33,p = 0.081). activations in the bilateral LOFC (left LOFC: MNI coordinates
For the emotional ratingKig. 8-D), we averaged the ratings [—42, 32, 1], cluster size 77,4, = 3.66; (LOFC: MNI coordi
of happiness, benevolence, and gratitude to form an indicator ofates= [42, 35, 5], cluster size= 72, t,4, = 3.85;Fig. 3B).
positive affect and the ratings of sadness, anger, fear, aversiGiyen that we did not observe an interaction in the vmPFC at the
and hostility to form an indicator of negative affect. We thencurrent threshold level, we performed an ROI-based analysis
performed a repeated-measures ANOVA with emotional valenaeithin a predefined vmPFC ROI (small volume correction within
(Positive vs Negative), Decider (Partner vs Computer), an@n 8-mm-radius sphere around [4, 56/4], the coordinates re-
Threat (Retain vs Waive) as within-participant factors. Note thaported inLi et al., 2009 This analysis did reveal a significantly
we only had the postscan questionnaire data for 19 of the 25 fMFactivated cluster (MNI coordinates [3, 56, —8]; cluster size=
participants. The three-way interaction was significdipf (s =  14:%24) = 3.32; peak-levglgye < 0.05;Fig. 3B). The reversed
20.58,p < 0.001). We then performed two two-way repeated-contrast did not reveal any significant clusters.
measure ANOVAs separately for the positive and negative affect To illustrate the interaction more clearly, we decomposed the
indicators. For the positive affect, the two-way interaction wa#teraction into two separate contrasts: Computer_Retain
significant €, 1) = 28.94,p < 0.001). Pairwise comparison Computer_WaNe, vyhlch corresponded to umnte_ntlonal
showed that the positive affect was higher in the Partner_Waiwnishment threat §pitzer et al., 20Q7and “Partner_Waive>
condition than in the Computer_Waive and the Partner_RetainPartner_Retain, which corresponded to intentionally withdraw-
conditions (F > 37,p < 0.001). For the negative affect, the two-ing the punishment right (i et al., 2009 The former contrast
way interaction was SignificanF&YlS) = 7-12117 < 005) The (Flg 3:') revealed activation clust_ers in the left LOFC (MN| Co-
negative affect was higher in the Partner_Retain condition tha@rdinates= [—39, 32, 1], cluster size 103,¢(,4) = 4.18) and the
inthe Computer_Retain and the Partner_Waive conditiofhs(  left caudate (MNI coordinate= [-9, 8, 1], cluster size= 106,
5,p < 0.05). Moreover, we performed a two-way ANOVA on thef(2a) = 3.70). The latter contrastg. ) revealed only one ac
ratings of perceived trust. The interaction was significaipt{s, ~tvation cluster in the rLOFC (MNI coordinate= [39, 35,-5],
= 33.52p < 0.001). Pairwise comparison showed that the percluster size= 48,14 = 3.88).
ceived trust was higher in the Partner_Waive condition than in . ) )
the Computer_Waive conditionR, ;g = 68.16,p < 0.00) and ROI-based analysis of the neuroimaging data _ _
the Partner_Retain conditiorf{, ;5= 32.03p < 0.001). To buttress the findings derived from the_whole-bram analysis,
Again, the postexperiment ratings of behavioral validation exe performed further analyses for predefined ROIs: the vmPFC
periment replicated the behavioral data of the fMRI experiment@nd the LOFC. We hypothesized that, if vmPFC activation re-
For positive emotions, the Decider-by-Threat interaction wadlected positive social value (eg, mutual trust) perceived in the
significant ¢, ,5) = 49.79,p < 0.001). Pairwise comparison dyadic interaction, then it ghould show higher activation wh_en
showed that pbsitive affect was higher in the Partner_Waive coihe partner mtentlonally_ waived the punishmentthreat, an action
dition than in the Computer_Waive and the Partner_Retain con{hat may convey trustRig. 28), than when the partner retained
ditions (F > 73,p < 0.001). For the negative affect, the two-wa;}he thrgat. TQ test this hypothesis, we performed a small volume
interaction was marginally significan s = 3.80p = 0.064). correction within Fhe vmPFC RO! (S mme-radius sp.here aroynd
The negative affect was higher in the Partner_Retain conditiold> 56, —4], coordinates reported ihi et al., 200 This analysis
than in the Computer_Retain and the Partner_Waive condition§€vealed asignificantly activated cluster in the vmPFC ROI (MNI
(F>11,p < 0.01). For perceived trust, the Decider-by-Threatc00rdinates= [3, 56, —8]; cluster size= 17;1,4) = 3.41; peak-
interaction was significantf(; ,3, = 22.70,p < 0.001). The levelpeye = 0.013Fig. ). Concerning the rLOFC, we hypoth
perceived trust was higher in the Partner_Waive conditioffSized that its responses to punishment threat should be
than in the Computer_Waive condition(, ) = 52.18,p < modulated by .thellntentlonallty b.ehmd.the threat. Specmcally,
0.001) and the Partner _Retain conditioﬁ({ 23> 27.14p < the rITQFC actlyatlon should be hlgh.er in the'(.?omputer_Retaln
0.001). Together, these results strongly indicate that interfondition than in the Computer_Waive condition, whereas the
tionally introducing punishment threat elicits strong negativeOppos'te pattern should be observed for the Partner conditions.

emotions, whereas intentionally waiving punishment threafl © this end, we performed a small volume correction withi_n the
elicits strong positive emotions such as gratitude and the feej-OFC ROI (8-_mm_-rad|us sphere arpund [,44' 426], coordi-
ing of being trusted. nates reported n$p|tzeret.al., 200Within th|§ rLOFCROI, thg
contrast Computer_Retair- Computer_Waive revealed a sig-
nificantly activated cluster centered around the MNI coordinates
Whole-brain analysis of the neuroimaging data [51, 38,—2] (cluster size= 2; 1,4 = 2.91; peak-levalg g <
When the decision was to retain the punishment threat, the par9.05), while the contrast “Partner_WaivePartner_Retain” re-
ticipants were facing certain danger and provocation regardlesgealed a significantly activated cluster centered around the MNI
of whether it was made by the partner or by the computer procoordinates [39, 38;-5] (cluster size= 15; 1,4, = 3.54; peak-
gram. Previous studies have shown that several brain areas levelpg,e < 0.01). Such dissociation confirmed our hypothesis
lated to mentalizing (e.g., dmMPFC, TPJ) and affective saliencencerning the rLOFC.
(e.g., thalamus, insula, caudate) are recruited in situations of re- Moreover, the parameter estimates extracted from the pre-
active aggression and hostilitgrgmer et al., 200,2011 Beyer et  defined rLOFC and vmPFC ROIs (27 voxels around the coordinates
al., 201%. Consistent with these findings, the main effect contrasteported inSpitzer et al., 200&nd Li et al., 2009or rLOFC and
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vmMPFC, respectively) exhibited a pattern  A_|
generally consistent with our findings de- i
rived from the small volume correction Y e WAy 222
analysisFig. 3, F). We performed repeat- L - 47 RN -;:5 i~ g eEE
ed-measures ANOVAs on the parameter es- : \Cé-:‘a“" - w ( S
timates and report the statistical details in ~ 7 1T ;

Table 1 The Decider-by-Threat interaction ) ,/\"i c 7D a! ,:f ‘L}’

~Ketain 3"Wvave R, 'qtnerattion contrast

é
3

{
3

was significant for both the rLOFC and the ' R
vmPFC. Specifically, for the vmPFC, theac- i~ A T{DJ‘:"’] Fame ¢ MPFC
tivation was significantly higher in the { ‘
Partner_Waive condition than in the v : P
Partner_Retain condition (i.e., the same as f < k% > t ' =5
reported in Li et al., 2009 and was \}=‘-7ig‘ )f L 7 oW

also significantly higher than in the ’ x=2

Computer_Waive condition, consistent = L , ,
with the social value representation view of ~ tain Computer: ‘etain > Waive Partner: Wa've > Re
vmPFC function Ruff and Fehr, 200)4For )
the rLOFC, the parameter estimates ap-
peared to be higher in the Partner_Waive
conditionthaninthe Partner_Retain condi-

tion and the parameter estimates appeared

to be higher in the Computer_Retain
condition than in the Computer_Waive ‘
condition, although these differences did
not reach statistical significance.

- =-9
) “* LOFC

Functional connectivity (PPI) analysis

We performed PPI analyses to test whether ¥ =33
the functional connectivity between the
mentalizing network and the left vmPFC or R T AT, ),

vmPFC

VMPET4, RR -4,

the rLOFC was modulated by experimental ~ * (Spitzer et al., 2007) (Li et al.. 2009)
manipulation and whether such connectiv- o :

ity was predictive of participants’ norm «, 081 m Comnputer, QR L Qampdes

0O Partner

compliance behavior. The functional con- U Partner

nectivity (for the contrast Partner_Waive 0.4

Computer_Waive) between the rLOFC and

several brain areas in the typical mentalizing T H_‘
network (e.g.,dmPFC, TPJ,and precuneus) 1

was positively correlated with the differ-

ence in allocation amount between the ”

Partner_Waive and Computer_Waive —— o - " 8 —

conditions ig. 4 yellow areasTable 3. Yoem i —

Similarly, the functional connectivity rigyre 3. Analysis of brain actiftewhole-brain main effect contrasdReta@vealed activationinthe
(for the contrast Partner_Retain> gareas typically associated with intentional/mentalizing processing (e.g., dmPFC, TPJ) and affe
Computer_Retain) between the rLOFCthalamus, dorsal cadd#ite whole-brain interaction contrast (Part@empaare Wai@artner

and several brain areas inthe typical mentaRetain Computer_Retain) revealed activation in the bilateral LOFBecotttrastORR(uter> Retain
izing network (e.g., dmPFC, TPJ, and preComputer_Waive revealed activation in the bilateral LOFC @nd ileeciefitreestdRaetner Waive
cuneus) was positively correlated with thePartner_Retain revealed activation in the rLOFC ang, fn&@geinatyBE@n the activation in the rLOF
difference in allocation amount between the(Spitzer et al., pa0d the vmRF€et@l., 20@ased on the previous literature. No activation was found for |
Computer_Retain and Partner_Retain conRetain Waive at the current threshold. Detailed statistical resTlbbr &provides indicate SE.

ditions (Fig. 4 blue areasTable 2. No sig-

nificant result was revealed by the PPI analysis with vmPFC.

Parameéter estimates
Parameter estimates

Brain stimulation (HD-tDCS) results ) ) o
For each of the tDCS experiments, we performed a repeated2ple 1. ROl analysis of brain activations

measures ANOVA with Stimulation Type (Cathodal/Anodal vs rLOFC vmPFC

Sham), Decider (Computer vs Partner), and threat (Retain v€ontrast Faoa P Fazay P

Waive) as within-participant factors. For the cathodal experlmteralctlon 4.99 0035 773 0.010
ment, the three-way interaction was significafif, (1) = 5.97, Partner_Waive vs Partner_Retain 2.41 0.134 451 C
p <0.05Fig. %1). We then performed a two-way ANOVAfocus-  Computer Waivevs Computer_Retain ~ 2.11 0.159  0.037

ing on the data in which the partner determined the presence or Partner_Waive vs Computer_Waive 7.99 0.009 15.43
absence of the punishment threat. The interaction between Stim- Partner_Retain vs Computer_Retain 0.27 0.605  2.63

ulation Type and Threat was significanf{,;y = 11.10,p <  rLOFC,rightlateral orbitofrontal cortex; vymPFC, ventromedial prefrontal cortex.
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Psycho-physiological interaction was to waive the punishment threat

allocation difference as covariate (Fa.109) = 8.87,p < 0.01) and decreased

; the allocation when the partner’s decision

TSRl LU sy was to retain the punishment threat

(F1,10) = 13.57,p < 0.005). The same
analysis applied to the Computer condi-
tions revealed neither a significant main
effect nor a significant interaction.

To better illustrate and examine the ef-
fects of brain stimulation (both inhibition
and activation) on intentional/uninten-
tional norm enforcement, we calculated
| the effect of punishment threat (i.e., the
R S e - amount transferred in the Waive condi-
tion minus the amount transferred in the

. . o _ Retain condition) in the intentional
Figure 4. Results ofthe PPl analysis. The rLOFC identified inthe whole-brain contrastwas used Mﬁgad%%anm %ﬁmt(COmputer)
iate

Partner_Retai@omputer_Retain and PartnerCéfapater_Waive, with the allocation differences as cova
revealed a series of brain areas overlapping with the mentalizing network. The functional ¢ %ﬂge(?ﬂ (ﬂ%) tl%% @(;deal and anodal
Partner_Reta@omputer_Retain) between the rLOFC and the revealed brain areas (blue areas) ESQH%I 9r Qt @/ﬁ %performed tWO
difference in allocation amount between the Computer_Retain and Partner_Retain conditions. EiRERIGAHBRARUERRADIAYAS with Stimu-
tivity (forthe contrast Partner Giisipeiter_Waive) between the rLOFC and the yellow areas positiJékj@BrriEyied (@tinedal/Anodal vs sham)
difference in allocation amount between the Partner Waive and Computer Waive conditions. and Decider (Computer vs Partner) as
within-participant factors. For the cath-

ir_Waive

Table 2. Brain activations revealed by the PP| covarigtedhffast ( odal group, the interaction between Stim-
uncorrected at voxel level, clustgr<4e94l5, FWE corrected) ulation Type and Threat was significaii{ ;)= 5.96,p < 0.05).
N Cluster size MNIcoordinates Relative to the sham stir_nulation, the cath_odal_ stimL_JIation_ de-
Regions HemiToalue (nge’fg)s'ze . ; p creased the effect of punishment threat mainly in the intentional
context (F; 1y= 11.10p < 0.005), but not in the unintentional
Partner_Waiveomputer_Waive context (¢ »4y = 3.60,p = 0.072). For the anodal group, the
dmPFC L/R 5.83 1651 12 41 intéPaction between stimulation type and threat was significant
diPFC R L 4'%53 13%378 —36 57 1 14 43 19 = _5.99,p_ < _0.05). Relative to the sham stimulation, the
Insula L 4.79 149 —-30 14 —14 @anodalstimulationincreased the effect of punishmentthreat only
R 5.35 197 45 17-14 intheintentional context £, ;4y= 20.68p < 0.001), notin the
Precuneus  L/R 5.14 856 —87 40 unintentional context £(; 1y<<1,p > 0.1).
Angular L 4.42 246 —-51 58 31 Two features of this pattern are worth noting. First, inhibition
R 5.07 285 48 —64 40 and activation of the rLOFC had opposite effects on the partici-
Partner_Retaomputer_Retain paps’ norm compliance behavior (i.e., monetary allocation):
dmPFC L/R 6.26 1400 6 62 S . .
LOFC L 411 48 -51 17 1 Whereas activation of this area tended to increase the effect of
SEG L 5.04 383 —42 14 40 Waiving the punishment threat on norm compliance (cf. filled
Putamen L 4.26 163 —24 14 13 and empty red dots irfrig. &), inhibition of this area tended to
STS R 4.35 70 66-10 —2 decrease this effect (cf. filled and empty blue diamondBign
Precuneus  L/R 5.53 511 -85 31 5(). Second, the brain stimulation took effect mainly in the in-
Angular L 481 49 45 —49 28  tentional context (cf. difference between filled-empty pairs on
dIPFC, dorsolateral prefrontal cortex; dmPFC, dorsomedial prefrontal cortex; LOFC, lat¢ral qeitefrrataksielte>ifi® its counterparts on the Computer side in
superior frontal gyrus; STS, superior temporal sulcus. Fig. ).
“Positive correlation with allocation differenceXRacmgutérai&ive).
bPositive correlation with allocation difference (CoReutier_Retaim). DiSCUSSiOﬂ

Our behavioral results demonstrated that the perceived intention

0.005). Pairwise comparison showed that, relative to the shamodulates the effect of punishment threat on norm compliance.
stimulation, the cathodal stimulation decreased the participantSSpecifically, we observed a detrimental effect of punishment
allocation when the partner’s decision was to waive the punishhreat in the intentional context (i.e., partner as decider), consis-
mentthreat €, ;)= 4.91p < 0.05) and increased the allocation tent with previous studiesHeghr and Rockenbach, 20@@neezy
when the partner’s decision was to retain the punishment threadnd Rustichini, 2004.i et al., 2009 In the unintentional context
(F(1,21y= 5.56,p < 0.05). The same analysis was also applied tf.e., computer as decider), although we did not observe a facili-
the Computer conditions, but neither the main effect nor thetatory effect of punishment threat, as previous studies Hieh{
interaction was significant. and Gahter, 2002 Spitzer et al., 20QRuff et al., 2018 the

For the anodal experiment, the three-way interaction was sigdisappearance of the detrimental effect suggests that intention
nificant (F; 19y = 6.00,p < 0.05;Fig. 3). We then performed a does play an important role in the effectiveness of punishment
two-way ANOVA focusing on the Partner conditions. The inter-threat.
action between Stimulation Type and Threat was significant The intention underlying punishment threat may influence a
(F1,10)= 20.68,p < 0.001). Pairwise comparison showed thatkey factorin norm compliance behavior: the perceived legitimacy
relative to the sham stimulation, the anodal stimulation in-of authority. When an impartial computer program or a third
creased the participants’ allocation when the partner’s decisiquarty decides to retain the power to punish the allocator, it is
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conceived that the retention of punish- A . “

B . n o i T
ment threat is on behalf of the social i .CV;:'W&" amRpter Farer.
norms themselves. This argument is sup- S ;g:()dal ;

am

ported by both our study, which revealed
no detrimental effects on norm compli-
ance, and previous studies, which revealed
facilitatory effects on norm compliance
(Spitzer et al., 20Q0Ruff et al., 2018 In
contrast, when the partner (i.e., the sec-
ond party), whose interest is directly af-
fected by the allocation, decides to retain
the power to punish the allocator, the pur-
pose of the punishment threat is dubious.
It may be perceived, not as a way to main-
tain justice, but rather as a way to serve
selfish interest or to signal distrust, result-
ing in reduced norm complianceéjckin-

son and Villeval, 2008This argument is
supported by our behavioral results and
the emotion self-reports indicating that
intentional retention of punishment
threat elicits stronger negative feelings
and less amount of allocation than unin-
tentional retention or intentional waiving

of punishment threat. In addition, inten-
tion can function in, not only a negative
way, but also a positive way. We foundrigure 5. Results of the HD-tDCS experiments. The allocation as the function of Stimulation Type (;
that, compared with both unintentional Sham), Decider (Computer vs Partner), and Threat (Retain \& Ataivar) ddBjagkpeeiertts.
waiving and intentional retention of pun- Cathodal stimulation decreased, whereas anodal stimulation increased, the effect of punishment tt
ishment threat, participants reported transferred in the Waive condition minus the amount transferred in the Retain condition) in the in
Stronger positive feelings (e.g.’ beingontext. Error barsindiq&te(BE5,*T)*< 0.01.

trusted, more grateful) and allocated

more to the partner when the latter intentionally waived thelarge enough, it will dominate people’s consideration about
power to punish the former. norm compliance behavior. The discrepancy between the studies,

Houser et al. (20083lso manipulated intention but did not however, does not eliminate the validity of the intention effect
find any effect of intention on norm compliance. The discrep-that we observed at small amounts of punishment threat. As
ancy between their findings and ours may come from twd>neezy and Rustichini (2004jpted, “we have no evidence to
sources. First, intention was a within-participant factor in oursupportthe hypothesis that the psychological and behavioral fac-
study, but a between-participant factor in their study. Thereforetors that drive the reaction to small fines or rewards disappear
participants who experienced both intentional and unintentionalcompletely when higher amounts are offered or charged, thus
contexts may exhibit a strengthened contrast between the twigducing the explanation of behavior to a choice of the most
contexts, which amplifies the difference between intentional angonvenient combination of effort and reward.”
unintentional punishment threat on the perceived legitimacy of ~Of particular interest to us is the LOFC, which has been con-
authority. Second, the partner’s demand of the allocation portiorsistently implicated in norm compliance, but has showed oppo-
was not revealed in our study, but was revealeHdauser et al. ~ site activation patterns depending on whether punishment threat
(2008) Because the participants clearly knew their partner’s devas introduced intentionally or unintentionallySpitzer et al.,
mand inHouser et al. (2008}hey could easily calculate all of the 2007 Li et al., 2009 Some propose that the LOFC functions to
outcomes (i.e., outcome when keeping the entire investment arehcode the punishment threat based on the findings that higher
being punished vs outcome when returning what the partneOFC activation is associated with more norm compliance be-
demanded) and select the most profitable strategy. Such an éxaviors under (unintentional) punishment threaBpitzer et al.,
perimental setup may drive participants to utility-driven strate-2007. Our results indicated that this could not be the whole story
gies, crowding out the influence of intention. because the LOFC also showed higher activation when the part-

The average transfer in our study was between 30% and 409@r intentionally waived the punishment threat. An alternative
of the endowed amount, even in the punishment threat condiinterpretation, which fits better with both the previous and the
tions. This was relatively low compared with previous studiessurrent findings, is that the LOFC integrates information from
which usually reported 40% average trans&pi(zer etal., 2007 various sources (e.g., intention, emotion, material interest, etc.)
or 40-50% transferRuff et al., 201Bunder punishment threat. and outputs a decision as to whether to conform to the social
The discrepancy may be due to the intensity of punishmennorm (Rolls and Grabenhorst, 2008Vhen the presence or ab-
threat. In the current study, the intensity was relatively low (4sence of the punishmentthreatis determined by a nonintentional
yuan; the whole allocation endowment was 20 yuan) comparecbmputer program, it is possible that the decision to conform is
with the previous studies. The intensity of punishment threat calominated by the consideration of material interests; that is, the
modulate its effect on norm enforcemenGfieezy and Rus- rational calculation of gains and losses. This argument is sup-
tichini, 20094 and, intuitively, when the punishment threat is ported by findings in the current study arfspitzer et al. (2007)



that the norm compliance behavior and LOFC activation werdReferences
higher in the presence of punishment threat. When the presendartra O, McGuire JT, Kable JW (2013) The valuation system: a coordinate-
or absence of punishment threat is determined by the partner, it based meta-analysis of BOLD fMRI experiments examining neural corre-
conveys important social information, such as trust or distrust. In__'ates of subjective value. Neuroimage 76:412-@@ssRef Medline
such contexts, the LOFC and the participant’s norm complianc eyer F, Mate TF, Gatlich M, Krdmer UM (2015) Orbitofrontal cortex

. ' h ial si | behind th ish h reactivity to angry facial expression in a social interaction correlates with
are, Sens!t've to the social signal behind t e, pun_ls mgntt reaF' aggressive behavior. Cereb Cortex 25:3057-8068sRef Medline
_Th|_3 conjecture was buttressed by our brain stimulation d‘_itaBicchieri C (2006) The grammar of society: the nature and dynamics of
inhibition or activation of the rLOFC by tDCS decreased or in-  social norms. New York: Cambridge University.
creased the effect of partner’s intention on norm compliancéorckardt JJ, Bikson M, Frohman H, Reeves ST, Datta A, Bansal V, Madan A,
behavior. Note that we do not claim the laterality of LOFC be- BarthK, George MS (2012) A pilot study of the tolerability and effects of
cause we do not have amypriori hypothesis. We focused our high-definition transcranial direct current stimulation (HD-tDCS) on

. . . Ppain perception. J Pain 13:112-120ossRef Medline
analysis on the right rather than the left LOFC because the dl%ampbe”_Meiklejohn DK, Kanai R, Bahrami B, Bach DR, Dolan RJ, Roep-

crepancy betweeBpitzer et al. (20_07‘5)nd|-' etal. (2009)vas on storff A, Frith CD (2012) Structure of orbitofrontal cortex predicts so-
the rLOFC. As can be seen frdfigure 3 B-D, although both cial influence. Curr Biol 22:R123-R1Z%0ssRef Medline

the left and right LOFC were revealed in the interaction contrastGaparelli-Daquer EM, Zimmermann TJ, Mooshagian E, Parra LC, Rice JK,
only the rLOFC was activated in both simple effect contrasts: Datta A, Bikson M, Wassermann EM (2012) A pilot study on effects of

Computer_Retain> Computer_Waive and Partner_Waive 4x1 high-definition tDCS on motor cortex excitability. Conf Proc IEEE
Partner R_etain - - Eng Med Biol Soc 2012:735-7880ssRef Medline

The brain stimulation took effect mainly in the intentional Carlsmith KM, Darley JM, Robinson PH (2002) Why do we punish?: Deter-
€ bra ,S ula 9 00, efiect mainly e . entiona rence and just deserts as motives for punishment. J Pers Soc Psychol
context, not in the unintentional context, suggesting that the g3.o84_29qrossRef Mediine

inhibition or activation of the rLOFC may not affect its function chang LJ, Smith A, Dufwenberg M, Sanfey AG (2011) Triangulating the

in punishment threat processing, but may disrupt or facilitate its  neural, psychological, and economic bases of guilt aversion. Neuron 70:

function in interacting with other brain regions that could pro- ~ 560-572CrossRef Medline

vide social information (e.g., intention, emotion). This argumentCha,me?i1 %E;“’i’gg;erg 'Vé (](2006) Promises and partnership. Economet-
. . rica . - rossre

"."a.s supported by our results ShOWII’]g thatthe funCtI.Onal Conne. Sooper JC, Kreps TA, Wiebe T, Pirkl T, Knutson B (2010) When giving is

tivity bgtwgen the rLOFC and the brain n.etwc,)rk typ!cally associ- good: ventromedial prefrontal cortex activation for others’ intentions.

ated with intention/mentalizing processing (including dmPFC,  Neuron 67:511-52CrossRef Medline

TPJ, and precuneuljolenberghs et al., 20} @vas predictive of Darley JM (2009) Morality in the law: the psychological foundations of cit-

the effect of intention on norm compliance. Moreover, the izens’ desires to punish transgressions. Annual Review of Law and Social

functional connectivity (Partner_Waive- Computer_Waive) Science 5:1-2&rossRef _ o

between the bilateral insula and the rLOFC positively correlategatia A, Bansal V, Diaz J, Patel J, Reato D, Bikson M (2009) Gyri-precise

with the increase in norm compliance behavior. The bilateral head model of transcranial direct current stimulation: improved spatial

. . . . .. focality using a ring electrode versus conventional rectangular pad. Brain
insula was found to be associated with the aversion of anticipated gj1'2:201-207, 207.erossRef Medline

guilt by not honoring others’ trustChang et al., 20)1which  pickinson D, Villeval M (2008) Does monitoring decrease work effort? The
may drive individuals to conform to social norms and to show complementarity between agency and crowding-out theories. Games and
mutual respect in social interactio€parness and Dufwenberg,  Economic Behavior 63:56 —#rossRef
2009. Therefore, it is conceivable that the insula encodes th@mochowski JP, Datta A, Bikson M, Su Y, Parra LC (2011) Optimized
potential guilt that could arise if the participant fails to honor the multi-electrode stimulation increases focality and intensity at target.
partner’s trust and benevolence (e.g., in the Partner_Waive con- J Neural Eng 8:04601€rossRef Medline
. ; . I = Benr E, Gehter S (2002) Altruistic punishment in humans. Nature 415:
dition). Such emotional information may be projected to the  137_140crossRef Mediine
LOFC to bias the participants’ norm compliance behavior. Fehr E, Rockenbach B (2003) Detrimental effects of sanctions on human
Finally, we also found higher activation inthe vmPFC when  altruism. Nature 422:137-14GrossRef Medline
the partner waived the power to punish the participant com-Friston KJ, Buechel C, Fink GR, Morris J, Rolls E, Dolan RJ (1997) Psycho-
pared with when the partner retained or when the computer ghgséolcz)gi;ﬂ and m?dulzforyinteractionsin neuroimaging. Neuroimage
: e : ;s : :218— rossRef Medline
Wa!ved such power. This is <_:onS|ster_1t V\A!.I]I’Et al. (2009)in Friston KJ, Fletcher P, Josephs O, Holmes A, Rugg MD, Turner R (1998)
which th? VmF_)FC showed higher agtlvatlon Wh_erj the partner Event-related fMRI: characterizing differential responses. Neuroimage
voluntarily waived the power to punish the participants. Am-  7.30_40crossRef Medline
ple evidence has implicated the vmPFC in computing botleneezy U, Rustichini A (2004) Incentives, punishment and behavior. In:
social and nonsocial reward valuétaper and Knutson, 2010 Advances in behavioral economics (Camerer C, Loewenstein G, Rabin M,
Bartra et al., 20LRuff et al., 2014 For example, the act of ~ €ds), pp 572-589. Princeton, NJ: Princeton University. -
saving money is valued differently and elicits differential actitfaber SN, Knutson B (2010) The reward circuit: linking primate anatomy

vation in the vmPFC according to whether the saving is for 2"d human imaging. Neuropsychopharmacology 35:4-QfissRef
Medline

charitable donation (higher social value) or for Self"rneres;-lare TA, Camerer CF, Knoepfle DT, Rangel A (2010) Value computations

(lower social value)Gooper et al., 203®are et al., 2010 We in ventral medial prefrontal cortex during charitable decision making

argue that the partner’s voluntary waiving of the power to incorporate input from regions involved in social cognition. J Neurosci

punish (i.e., trust and benevolence) is perceived to be most 30:583-590CrossRef Medline

valuable to the individuals. Houser D, Xiao E, McCabe K, Smith V (2008) When punishment fails: re-
In conclusion, by combining an interactive game, fMRI, and

HD-tDCS, we demonstrate that intention plays an important

role in the effectiveness of punishment threat on norm compli-

ance and that the LOFC is casually involved in the implementa-

tion of intention-based cooperative decisions.


http://dx.doi.org/10.1016/j.neuroimage.2013.02.063
http://www.ncbi.nlm.nih.gov/pubmed/23507394
http://dx.doi.org/10.1093/cercor/bhu101
http://www.ncbi.nlm.nih.gov/pubmed/24842782
http://dx.doi.org/10.1016/j.jpain.2011.07.001
http://www.ncbi.nlm.nih.gov/pubmed/22104190
http://dx.doi.org/10.1016/j.cub.2012.01.012
http://www.ncbi.nlm.nih.gov/pubmed/22361146
http://dx.doi.org/10.1109/EMBC.2012.6346036
http://www.ncbi.nlm.nih.gov/pubmed/23365997
http://dx.doi.org/10.1037/0022-3514.83.2.284
http://www.ncbi.nlm.nih.gov/pubmed/12150228
http://dx.doi.org/10.1016/j.neuron.2011.02.056
http://www.ncbi.nlm.nih.gov/pubmed/21555080
http://dx.doi.org/10.1111/j.1468-0262.2006.00719.x
http://dx.doi.org/10.1016/j.neuron.2010.06.030
http://www.ncbi.nlm.nih.gov/pubmed/20696386
http://dx.doi.org/10.1146/annurev.lawsocsci.4.110707.172335
http://dx.doi.org/10.1016/j.brs.2009.03.005
http://www.ncbi.nlm.nih.gov/pubmed/20648973
http://dx.doi.org/10.1016/j.geb.2007.08.004
http://dx.doi.org/10.1088/1741-2560/8/4/046011
http://www.ncbi.nlm.nih.gov/pubmed/21659696
http://dx.doi.org/10.1038/415137a
http://www.ncbi.nlm.nih.gov/pubmed/11805825
http://dx.doi.org/10.1038/nature01474
http://www.ncbi.nlm.nih.gov/pubmed/12634778
http://dx.doi.org/10.1006/nimg.1997.0291
http://www.ncbi.nlm.nih.gov/pubmed/9344826
http://dx.doi.org/10.1006/nimg.1997.0306
http://www.ncbi.nlm.nih.gov/pubmed/9500830
http://dx.doi.org/10.1038/npp.2009.129
http://www.ncbi.nlm.nih.gov/pubmed/19812543
http://dx.doi.org/10.1523/JNEUROSCI.4089-09.2010
http://www.ncbi.nlm.nih.gov/pubmed/20071521
http://dx.doi.org/10.1016/j.geb.2007.05.001
http://dx.doi.org/10.1088/1741-2560/11/2/026003
http://www.ncbi.nlm.nih.gov/pubmed/24503644

9226¢J. Neurosci., August ¥BAIBEE9217D9226 Zhang Nare€and the Intention of Punishment Threz

ments from neural representations of intentions. Proc Natl Acad ScRadke S, Godu B, de Bruijn ER (2012) There's something about a fair
U S A 110:5648-565@rossRef Medline split: intentionality moderates context-based fairness considerations in
Kramer UM, Jansma H, Tempelmann C, Mte TF (2007) Tit-for-tat: the social decision making. PLoS One 7:e31@3tssRef Medline
neural basis of reactive aggression. Neuroimage 38:203cidsRef Rolls ET, Grabenhorst F (2008) The orbitofrontal cortex and beyond: from
Medline affectto decision-making. Prog Neurobiol 86:216 —2ssRef Medline
Kramer UM, Riba J, Richter S, Mile TF (2011) AnfMRI study ontherole Rudebeck PH, Murray EA (2014) The orbitofrontal oracle: cortical mecha-
of serotoninin reactive aggression. PLoS One 6:e20868sRef Medline nisms for the prediction and evaluation of specific behavioral outcomes.
Kuo HI, Bikson M, Datta A, Minhas P, Paulus W, Kuo MF, Nitsche MA  Neuron 84:1143-115€rossRef Medline
(2013) Comparing cortical plasticity induced by conventional and high-Ruff CC, Fehr E (2014) The neurobiology of rewards and values in social
definition 4X1 ring tDCS: a neurophysiological study. Brain Stimul  decision making. Nat Rev Neurosci 15:549 —&52ssRef Medline
6:644—-648CrossRef Medline Ruff CC, Ugazio G, Fehr E (2013) Changing social norm compliance with
Li J, Xiao E, Houser D, Montague PR (2009) Neural responses to sanction noninvasive brain stimulation. Science 342:482—@8dssRef Medline
threats in two-party economic exchange. Proc Natl Acad Sci U S A 10Rushworth MF, Noonan MP, Boorman ED, Walton ME, Behrens TE (2011)
16835-1684CrossRef Medline Frontal cortex and reward-guided learning and decision-making. Neuron
Minhas P, Bansal V, Patel J, Ho JS, Diaz J, Datta A, Bikson M (2010) Elec- 70:1054-106ZrossRef Medline
trodes for high-definition transcutaneous DC stimulation for applica- Song XW, Dong ZY, Long XY, Li SF, Zuo XN, Zhu CZ, He Y, Yan CG, Zang
tions in drug delivery and electrotherapy, including tDCS. J Neurosci YF (2011) REST: A toolkit for resting-state functional magnetic reso-
Methods 190:188-19CrossRef Medline nance imaging data processing. PLoS One 6:e28084sRef Medline
Molenberghs P, Johnson H, Henry JD, Mattingley JB (2016) Understandingpitzer M, Fischbacher U, Herrnberger B; &, Fehr E (2007) The neural
the minds of others: A neuroimaging meta-analysis. Neurosci Biobehav signature of social norm compliance. Neuron 56:185-10fssRef

Rev 65:276 —29CrossRef Medline Medline


http://dx.doi.org/10.1073/pnas.1207992110
http://www.ncbi.nlm.nih.gov/pubmed/23479657
http://dx.doi.org/10.1016/j.neuroimage.2007.07.029
http://www.ncbi.nlm.nih.gov/pubmed/17765572
http://dx.doi.org/10.1371/journal.pone.0027668
http://www.ncbi.nlm.nih.gov/pubmed/22110714
http://dx.doi.org/10.1016/j.brs.2012.09.010
http://www.ncbi.nlm.nih.gov/pubmed/23149292
http://dx.doi.org/10.1073/pnas.0908855106
http://www.ncbi.nlm.nih.gov/pubmed/19805382
http://dx.doi.org/10.1016/j.jneumeth.2010.05.007
http://www.ncbi.nlm.nih.gov/pubmed/20488204
http://dx.doi.org/10.1016/j.neubiorev.2016.03.020
http://www.ncbi.nlm.nih.gov/pubmed/27073047
http://dx.doi.org/10.1371/journal.pone.0031491
http://www.ncbi.nlm.nih.gov/pubmed/22363656
http://dx.doi.org/10.1016/j.pneurobio.2008.09.001
http://www.ncbi.nlm.nih.gov/pubmed/18824074
http://dx.doi.org/10.1016/j.neuron.2014.10.049
http://www.ncbi.nlm.nih.gov/pubmed/25521376
http://dx.doi.org/10.1038/nrn3776
http://www.ncbi.nlm.nih.gov/pubmed/24986556
http://dx.doi.org/10.1126/science.1241399
http://www.ncbi.nlm.nih.gov/pubmed/24091703
http://dx.doi.org/10.1016/j.neuron.2011.05.014
http://www.ncbi.nlm.nih.gov/pubmed/21689594
http://dx.doi.org/10.1371/journal.pone.0025031
http://www.ncbi.nlm.nih.gov/pubmed/21949842
http://dx.doi.org/10.1016/j.neuron.2007.09.011
http://www.ncbi.nlm.nih.gov/pubmed/17920024

	Intention Modulates the Effect of Punishment Threat in Norm Enforcement via the Lateral Orbitofrontal Cortex
	Introduction
	Materials and Methods
	Results
	Behavioral results
	Whole-brain analysis of the neuroimaging data
	ROI-based analysis of the neuroimaging data
	Functional connectivity (PPI) analysis
	Brain stimulation (HD-tDCS) results

	Discussion

