
Zurich Open Repository and
Archive
University of Zurich
University Library
Strickhofstrasse 39
CH-8057 Zurich
www.zora.uzh.ch

Year: 2011

Dorsolateral and ventromedial prefrontal cortex orchestrate normative choice

Baumgartner, Thomas ; Knoch, Daria ; Hotz, Philine ; Eisenegger, Christoph ; Fehr, Ernst

Abstract: Humans are noted for their capacity to over-ride self-interest in favor of normatively valued
goals. We examined the neural circuitry that is causally involved in normative, fairness-related decisions
by generating a temporarily diminished capacity for costly normative behavior, a ’deviant’ case, through
non-invasive brain stimulation (repetitive transcranial magnetic stimulation) and compared normal subjects’
functional magnetic resonance imaging signals with those of the deviant subjects. When fairness and
economic self-interest were in conflict, normal subjects (who make costly normative decisions at a
much higher frequency) displayed significantly higher activity in, and connectivity between, the right
dorsolateral prefrontal cortex (DLPFC) and the posterior ventromedial prefrontal cortex (pVMPFC). In
contrast, when there was no conflict between fairness and economic self-interest, both types of subjects
displayed identical neural patterns and behaved identically. These findings suggest that a parsimonious
prefrontal network, the activation of right DLPFC and pVMPFC, and the connectivity between them,
facilitates subjects’ willingness to incur the cost of normative decisions.

DOI: https://doi.org/10.1038/nn.2933

Posted at the Zurich Open Repository and Archive, University of Zurich
ZORA URL: https://doi.org/10.5167/uzh-50019
Journal Article
Supplemental Material

Originally published at:
Baumgartner, Thomas; Knoch, Daria; Hotz, Philine; Eisenegger, Christoph; Fehr, Ernst (2011). Dorsolateral
and ventromedial prefrontal cortex orchestrate normative choice. Nature Neuroscience, 14(11):1468-1474.
DOI: https://doi.org/10.1038/nn.2933



 1 

Supporting Information for 

 

The Mentalizing Network Orchestrates the 

Impact of Parochial Altruism on Social 

Norm Enforcement 
 

 
1,2 Thomas Baumgartner, 2,3Lorenz Götte,  

2Rahel Gügler, 2Ernst Fehr 

 
 

1
 Department of Psychology, Laboratory for Social and Affective Neuroscience, University of 

Basel, Switzerland
 

2 
Department of Economics, Laboratory for Social and Neural Systems Research, University 

of Zurich, Switzerland  

3
 Department of Economics, University of Lausanne, Switzerland 

 
 
 

To whom correspondence should be addressed: 

t.baumgartner@unibas.ch 

ernst.fehr@econ.uzh.ch 

 

 

Inventory of Supporting Information: 

Supporting Discussion S1 

Supporting Analyses S1 

Supporting Tables S1-S2 

Supporting Figures S1-S5 

Supporting References 



 2 

Supporting Discussion S1: Interpretation of the Physio-

Physiological Interaction analyses 

 

1. Interpretation of the connectivity finding within the punishment network 

The Physio-Physiological Interaction (Friston et al., 1997) analyses conducted within the 

punishment network provides evidence that the rOFG positively modulates the connectivity 

between the right dorsal caudatus and rLPFC. From a statistical point of view, however, 

there is an entirely equivalent and symmetric reading of the physiological interaction, namely 

that the right dorsal caudatus positively modulates the connectivity between the rOFG and 

rLPFC.  

Importantly, the interpretation we provide in the manuscript for the connectivity finding is in 

line both with the former and latter statistical readings, namely that these three brain regions 

form a functionally connected neural network orchestrating punishment behavior. 

Nevertheless, we would like to point out that we consider the former interpretation to be more 

plausible due to the cognitive and emotional processes associated with these brain regions – 

evaluation of the defective behavior in the rOFG, control of the economic self-interests in the 

rLPFC, and reinforcement of the punishment act in the right dorsal caudatus (please see the 

introduction and discussion section for an extensive discussion of the literature providing 

evidence for these interpretations). The connectivity finding, in our view, thus indicates that a 

strong negative evaluation of outgroup members’ defective behavior (rOFG) triggers a 

cascade of functionally connected neural processes which enable the implementation of a 

strong punishment by modulating the weight of economic self-interests (rLPFC) and 

reinforcing the punishment act (right dorsal caudatus). 

 

2. Interpretation of the connectivity findings between the mentalizing and punishment 

network 

The Physio-Physiological Interaction (Friston et al., 1997) analyses conducted between the 

punishment (including rOFG, rLPFC and rCaudatus) and mentalizing (including DMPFC and 

bilateral TPJ) network provide evidence that the left TPJ negatively modulates the 

connectivity between the DMPFC and the rOFG and rLPFC. However, there is an entirely 

equivalent and symmetric statistical reading of the physiological interaction, namely that the 

DMPFC negatively modulates the connectivity between the left TPJ and the rOFG and 

rLPFC. We argue, however, that the former statistical reading is more likely due to the 

following two reasons: 

1. There is evidence in the literature for a functional differentiation in the mentalizing 

network (Van Overwalle, 2009). Whereas the TPJ infers temporary goals and 

intentions at a relatively perceptual level of representation, the DMPFC allows 

reflection and representation of goals, intentions, traits, and norms at a more abstract 

cognitive level, suggesting that the complexity of representation of social information 
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is likely to increase from the TPJ to the DMPFC.  

2. Medial areas of the prefrontal cortex are known to have strong anatomical connections 

with lateral areas of PFC (Amodio and Frith, 2006; Carmichael and Price, 1996).     

We conjecture that it is more plausible that the DMPFC, an area representing complex social 

information and known to have strong anatomical connections with the lateral prefrontal 

cortex, is functionally connected with the punishment-related areas in the lateral prefrontal 

cortex. We thus consider the first interpretation above to be more likely, namely that the left 

TPJ negatively modulates the connectivity between the DMPFC and the rOFG and rLPFC.   
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Supporting Analyses S1: Main effect of group membership, 

irrespective of behavior 

 

The main goal of the study was to provide an explanation in terms of brain activity and 

connectivity pattern why outgroup members are punished much more severely than ingroup 

members for the same norm violation (see Figure 3-8). Here we complement these analyses 

by searching for brain regions showing a main effect of group membership, irrespective of 

behavior. This analysis is inspired by social neuroscience studies which consistently 

demonstrated that even the mere perception of ingroup and outgroup members’ faces leads to 

a differential response in emotion-related and sensory-related regions of the brain 

(Cunningham et al., 2004; Eberhardt, 2005; Golby et al., 2001; Harris and Fiske, 2006; 

Lieberman et al., 2005; Phelps et al., 2000; Van Bavel et al., 2008). While the perception of 

ingroup members is consistently associated with increased activity in reward-related (e.g. 

medial OFG) and sensory-related regions (e.g. fusiform face area)(Golby et al., 2001; Van 

Bavel et al., 2008), the perception of outgroup members is more likely to activate brain 

regions associated with negative emotions (e.g. fear) and conflict processing, including the 

anterior insula, ACC or amygdala (Cunningham et al., 2004; Eberhardt, 2005; Harris and 

Fiske, 2006; Lieberman et al., 2005; Phelps et al., 2000). Consistent with these studies, 

findings revealed that the confrontation with schematic depictions of outgroup members 

primarily enhanced the activity in the anterior insula and dorsal ACC (see supporting Table 

S2 and supporting Figure S4), whereas the confrontation with schematic depictions of ingroup 

members enhanced the activity in reward-related regions of the medial OFG and sensory-

related areas of the brain, including the fusiform face area (see supporting Table S2 and 

supporting Figure S5). We tentatively conjecture that these findings may suggest that ingroup 

members are more positively viewed and evaluated, irrespective of whether they showed a 

cooperative or defective behavioral pattern. These findings thus extend previous studies on 

the perception of ingroup and outgroup members’ faces by demonstrating that (1) a schematic 

and verbal depiction of group affiliation seems to be sufficient to evoke this differential brain 

response and that (2) this differential brain response is even evoked in situations when 

outgroup members behaved cooperatively.   
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Supporting Table S1: In/Outgroup effects (Behavior DC) 

 

Brain contrasts Brain regions BA Side x y z 
Max t 

score 
Voxels 

Behavior DC: 

Outgroup    

(BC) 

> 

Ingroup 

(AC+ABC) 

(weigthed) 

 

Frontal Lobe 

Precentral Gyrus 6 R 27 -12 45 4.26 ** 35 

Precentral Gyrus 6 R 27 -6 36 3.16 * 

° Posterior Insula 13 R 33 -6 21 2.73 * 

Orbitofrontal gyrus 11/47 R 33 39 -9 3.87 ** 14 

ACC (ventral) 24 L -15 39 3 3.64 ** 21 

° Inferior Frontal Gyrus 47 L -24 30 3 3.42 * 

Inferior Frontal Gyrus (LPFC) 44/45 R 57 12 15 3.36 * 14 

Subcortical Structures 

Hypothalamus  R 6 0 -9 3.73 ** 23 

Caudate (Tail)  R 15 -21 18 3.48 * 14 

Thalamus  L -21 -24 12 3.37 * 12 

° Thalamus  L -18 -30 18 3.06 * 

Caudate (Head)  R 15 24 9 3.29 * 7 

Behavior DC: 

Ingroup 

(AC+ABC) 

(weighted) 

> 

Outgroup      

(BC) 

 

Frontal Lobe 

Middle Frontal Gyrus 6 L -36 6 60 3.55 ** 16 

DMPFC (ToM) 9 R 6 54 30 3.54 ** 19 

Inferior Frontal Gyrus  47/38 L -48 27 -18 3.53 ** 23 

°Inferior Frontal Gyrus 47 L -51 27 -3 3.19 * 

Temporal Lobe 

Middle Temporal Gyrus (TPJ) 39 L -45 -60 21 4.60 *** 282 

° Supramarginal Gyrus 40 L -54 -54 21 4.38 *** 

° Superior Temporal Gyrus 22 L -51 -51 12 4.02 ** 

Superior Temporal Gyrus (TPJ) 40 R 57 -60 30 3.71 ** 84 

° Supramarginal Gyrus 40 R 51 -54 27 3.59 ** 

° Superior Temporal Gyrus 39 R 51 -51 18 3.22 * 

 

The coordinates are given according to the MNI space together with T-scores and significant thresholds (*P < 

0.005, ** P < 0.0005, ***P < 0.00005, all uncorrected for multiple comparisons). Minimum cluster size: 10 

voxels. All observed maxima are reported. Submaxima within one cluster are marked with °. All contrasts are 

exclusively masked with p < 0.05 (minimum cluster size: 10 voxels) based on the same group constellation 

contrast, however, calculated with the two fair behavior patterns (CC and CD). A priori regions of interest 

discussed in the paper are depicted in italic. All these a priori regions of interest also survive small volume 

family-wise-error corrections at p < 0.05, except the dorsal caudatus which which just falls short of the threshold 

with p = 0.057 (see method section for details).    
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Supporting Table S2: In/Outgroup effects (all behavior) 

 

The coordinates are given according to the MNI space together with T scores and significant thresholds (*P < 

0.005, ** P < 0.0005, ***P < 0.00005 (all uncorrected for multiple comparisons). Minimum cluster size is 10 

voxels. All observed maxima are reported. Submaxima within one cluster are marked with °. A priori regions of 

interest discussed in the paper are in italic.    
 

 

 

 

Brain contrasts Brain regions BA Side x y z Max t score Voxels 

Outgroup 

(BC)  

> 

Ingroup 

(AC+ABC) 

weighted 

Frontal Lobe 

ACC (dorsal) 24 R 6 21 18 4.44 *** 152 

° ACC 24 L -6 39 9 3.51 ** 

° ACC 32 L -12 30 27 3.15 * 

Inferior Frontal Gyrus 44 R 54 15 15 3.55 ** 85 

° Insula 13 R 36 24 6 3.44 ** 

° Inferior Frontal Gyrus 47 R 51 24 3 3.42 ** 

Temporal Lobe 

Insula 13 L -36 18 3 3.67 ** 31 

Subcortical Structures 

Brainstem   R 6 -12 -18 3.66 ** 21 

Ingroup 

(AC+ABC) 

weighted 

> 

Outgroup 

(BC) 

 

 

Frontal Lobe 

Medial Frontal Gyrus (SMA) 6 R 6 -24 63 3.81 ** 58 

Medial Orbitofrontal gyrus 11 R 12 54 -15 3.45 ** 18 

Precentral Gyrus  4 L -57 -6 27 3.03 ** 17 

Precentral Gyrus 6 R 63 -3 24 2.83 * 10 

° Precentral Gyrus 4 R 66 -3 15 2.82 * 

Temporal Lobe 

Superior Temporal Gyrus  21 R 63 -21 -3 3.77 ** 26 

Inferior Temporal Gyrus 

 (Fusiform Face Area) 

37 R 42 -54 -15 3.70 ** 24 

Middle Temporal Gyrus 21 R 60 3 -21 3.07 * 21 

° Superior Temporal Gyrus  21 R 57 -6 -9 2.81 * 

° Superior Temporal Gyrus 21 R 63 0 -6 2.78 * 

° Inferior Temporal Gyrus 

(Fusiform Gyrus)  

20 L -45 -12 -30 2.96 * 

Superior Temporal Gyrus  22 L -57 -27 3 4.32 *** 204 

° Superior Temporal Gyrus 21 L -63 -24 -3 3.90 ** 

° Middle Temporal Gyrus 22 L -63 -42 3 3.54 ** 

Subcortical Structures         

Anterior Hippocampus  L -33 -6 -24 3.04 * 16 



 7 

Supporting Figure S1: Event-related BOLD time course of regions 

involved in punishment-related decision processes 
 

 
Supporting Figure S1: Depicted are BOLD time courses (± standard errors) of those regions 

(see Figure 3) showing enhanced activity whenever third-parties strongly punished defecting 

outgroup members, including (A) right OFG, (B) right lateral PFC and (C) right dorsal 

caudatus. Event-related BOLD time courses are based on a 5 mm sphere around the peak of 

activity (see supporting Table S1) and were created using the rfxplot tool (Glascher, 2009).     
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Supporting Figure S2: Event-related BOLD time course of regions 

involved in mentalizing 

 
Supporting Figure S2: Depicted are BOLD time courses (± standard errors) of those regions 

of the mentalizing network (see Figure 5) showing enhanced activity whenever third-parties 

demonstrated a much weaker  punishment of defecting ingroup members, including (A) 

DMPFC, (B) left TPJ and (C)  right TPJ. Event-related BOLD time courses are based on a 5 

mm sphere around the peak of activity (see supporting Table S1) and were created using the 

rfxplot tool (Glascher, 2009).     
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Supporting Figures S3: Illustration of the Physio-Physiological 

Interaction analyses 

 

Supporting Figure S3: This Figure illustrates the findings of the Physio-Physiological 

Interaction (PPI) analyses using mean-corrected and normalized data of a representative 

subject who showed a pronounced parochial punishment pattern. For that purpose, data were 

categorized based on either the rOFG or left TPJ activity using the 33
th

 and 66
th

 percentiles. 

(A) Illustrated is the PPI analysis demonstrating that the rOFG positively modulates the 

connectivity between the rLPFC and rCaudatus. If the rOFG is strongly activated (above the 

66
th

 percentile), there is a significant positive regression slope between the rLPFC and 

rCaudatus, indicating positive connectivity between the two regions. On the other hand, if the 

rOFG is weakly activated (below the 33
th

 percentile), the regression slope is almost zero, 

indicating no connectivity between the two areas. (B) Illustrated is the PPI analysis 

demonstrating that the lTPJ positively modulates the connectivity between the DMPFC and 

mOFG. If the lTPJ is strongly activated (above the 66
th

 percentile), there is a significant 

positive regression slope between the DMPFC and mOFG, indicating positive connectivity 

between the two regions. On the other hand, if the lTPJ is weakly activated (below the 33
th
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percentile), the regression slope is almost zero, indicating no connectivity between the two 

areas. (C) Illustrated is the PPI analysis demonstrating that the lTPJ negatively modulates the 

connectivity between the DMPFC and rOFG. If the lTPJ is strongly activated (above the 66
th

 

percentile), there is a significant negative regression slope between the DMPFC and rOFG, 

indicating negative connectivity between the two regions. On the other hand, if the lTPJ is 

weakly activated (below the 33
th

 percentile), the regression slope is almost zero, indicating no 

connectivity between the two areas. (D) Illustrated is the PPI analysis demonstrating that the 

lTPJ negatively modulates the connectivity between the DMPFC and rLPFC. If the lTPJ is 

strongly activated (above the 66
th

 percentile), there is a significant negative regression slope 

between the DMPFC and rLPFC, indicating negative connectivity between the two regions. 

On the other hand, if the lTPJ is weakly activated (below the 33
th

 percentile), the regression 

slope is almost zero, indicating no connectivity between the two areas.  
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Supporting Figure S4: Outgroup (BC) minus Ingroup (AC+ABC), 

irrespective of behavior (main effect of group membership) 

 

 
 
Supporting Figure S4: Depicted on sagittal slices is the increased activity in (A) the dorsal 

ACC (BA 24/32, x = 6, y = 21, z = 18), (B) the right anterior insula (BA 13, x = 36, y = 24, z 

= 6) and (C) the left  anterior insula (BA 13, x = -36, y = 18, z = 3)  contrasting Outgroup 

(BC) minus Ingroup (AC+ABC) constellations, irrespective of behavior (at p < 0.005, voxel 

extent threshold: 10 voxels). Barplots representing contrast estimates (conditions vs fixation 

baseline) of spherical ROIs (5mm radius) illustrate that the effect of group membership in 

these brain regions is similarly pronounced during cooperative and defective behavioral 

decisions of player A. Abbreviations: CC = player A and B are cooperative; CD = player A is 

cooperative, player B is defective; DC = player A is defective, player B is cooperative; DD = 

player A and player B are defective. Note that the third-party (player C) only can judge and 

punish player A’s behavior. 
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Supporting Figure S5: Ingroup (AC+ABC) minus Outgroup (BC), 

irrespective of behavior (main effect of group membership) 

 

 
 
Supporting Figure S5: Depicted on sagittal slices is the increased activity in (A) the medial 

orbitofrontal gyrus (mOFG, BA 11, x = 12, y = 54, z = -15) and (B) the right fusiform face 

area (FFA, BA 37, x = 42, y = -54, z = -15) contrasting Ingroup (AC+ABC) minus Outgroup 

(BC) constellations, irrespective of behavior at p < 0.005 (voxel extent threshold: 10 voxels). 

Barplots representing contrast estimates (conditions vs fixation baseline) of functional ROIs 

illustrate that this main effect of group membership in these brain regions is pronounced 

during cooperative and defective decisions of player A (CC + CD), but slightly stronger 

during cooperative decisions. Abbreviations: CC = player A and B are cooperative; CD = 

player A is cooperative, player B is defective; DC = player A is defective, player B is 

cooperative; DD = player A and player B are defective. Note that the third-party (player C) 

only can judge and punish player A’s behavior. 
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