The salience network causally influences default mode network activity during moral reasoning: Supplementary Materials: Tables (3); Figures (4)
Supplementary Methods

Moral reasoning task stimuli

The classification of dilemmas into three conditions was based upon a distinction between “impersonal” and “personal” moral dilemmas applied in earlier work (Greene et al., 2001; Greene et al., 2004; Koenigs et al., 2007), but with modifications. The original distinction appealed to a hypothesized psychological mechanism, and by design did not incorporate any philosophical account of the distinction between these two types of judgment (such as an appeal to personal rights). “Personal” moral dilemmas were originally characterized as involving acts that are (i) likely to cause serious bodily harm, (ii) to a particular person, (iii) and not merely from the deflection of an existing threat onto a different party (Greene et al., 2001; Greene and Haidt, 2002); while “impersonal” dilemmas concerned acts that lack at least one of these features. However, this distinction has been widely criticized. 

First, this version of the personal/impersonal distinction failed to distinguish between two very different kinds of situation: true “personal” moral dilemmas in which a violation meeting these three conditions is necessary to produce an objectively good outcome (e.g., pushing one person into the path of a trolley that would otherwise kill five), and other cases in which such a violation would produce a purely selfish outcome (e.g., killing someone to collect a life insurance claim). The latter cases are not true moral dilemmas, and the process of deliberating about such cases is not only philosophically, but also cognitively quite different from deliberating about the former cases. Second, given this heterogeneity it cannot be claimed that willingness to commit personal harms reflects utilitarian moral reasoning (Greene et al., 2004; Koenigs et al., 2007; Greene, 2007). While utilitarianism licenses harms that produce good overall outcomes, Greene’s original distinction makes no reference to outcomes, and many of the “personal” scenarios used by Greene and others involve harms that produce selfish or neutral rather than objectively good outcomes. In addition to the personal/impersonal distinction, Greene’s dilemmas also incorporated other potentially morally relevant considerations; for instance, many of the putatively personal moral dilemmas involved potential harms to subjects’ family members or close friends (Schaich Borg et al., 2006). Other cognitive demands were poorly controlled between dilemmas; for instance, Greene’s set of personal dilemmas had greater word length than his set of impersonal dilemmas (Moore, Clark and Kane, 2008). A group of five moral philosophers reviewed Greene’s dilemma set, and found that only 45% of impersonal scenarios and 48% of personal scenarios involved a choice between utilitarian and non-utilitarian options (Kahane and Shackel, 2008). 

To address these concerns, we created a revised set of dilemmatic vignettes was created, which was reviewed for content by two university professors of moral philosophy. Nonmoral practical dilemmas were characterized as choices that would not materially affect the interests of other people, but in which one option would be better for the agent—for instance, whether to have an old VCR repaired for $100 when an improved and more energy efficient model could be purchased for the same amount. In such cases, the utilitarian choice is also the choice that is best for the individual agent, since (when other people’s interests are not affected) this maximizes overall welfare. Impersonal moral dilemmas concerned choices that would substantially affect the interests of other people, and did not involve violating anyone’s rights—for instance, whether to vote for a policy that would be worse for a small number of people but better for a large number of people. In these cases, the utilitarian choice is the choice that produces the greatest expected welfare. Personal moral dilemmas concerned choices that would substantially affect the interests of other people, and in which the best overall outcome could only be produced by violating someone’s personal rights—for instance, whether to push one person into the path of a runaway trolley that would otherwise kill five people. Here the utilitarian choice is to sacrifice the lesser number in order to preserve the interests of the greater number, although such choices typically conflict with “commonsense” moral intuitions. These dilemmas were balanced for word length and reading difficulty (Flesch-Kincaid grade level of 6.0 to 7.0); utilitarian responses were also counterbalanced between “yes” and “no” responses to avoid response biases due to impulsivity in bvFTD patients (Mendez and Shapira, 2009). (Supplementary Table 1) These dilemmas were also presented to a separate set of 6 healthy older adults (3 men and 3 women, aged 55-76), who were asked to assess how difficult and how emotionally evocative they found these dilemmas on an ascending 7-point Likert scale. The nonmoral dilemmas were rated as significantly less difficult (1.55) and less emotionally evocative (1.50) than the impersonal moral (difficulty 3.62, P = 0.003; emotionality 2.95, P = 0.012) and the personal moral dilemmas (difficulty 4.19, P = 0.003; emotionality 3.55, P = 0.017); differences in ratings for moral-impersonal and moral-personal dilemmas were not statistically significant. 
Analysis of fMRI resting state data


In order to compare anatomical patterns of task-based functional activation with the DMN as identified in resting-state functional connectivity, functional MRI data were acquired in the resting state in 15 of our 16 control subjects (1 was not collected due to technical difficulties). Using SPM5, after discarding the first 6 frames to allow for magnetic field stabilization, functional images were corrected for slice timing differences, realigned to account for within-scan head movement, unwarped to minimize susceptibility-by-movement interactions, coregistered with the same subject’s task-based fMRI images, and smoothed with an 8mm Gaussian filter. Preprocessed images were concatenated into 4D files and entered into FSL 3.1 Melodic ICA software (http://www.fmrib.ox.ac.uk/fsl/index.html); individual subjects’ timecourses were decomposed into 30 independent spatiotemporal components. We then used an automated template-matching procedure to obtain subject-specific best-fit intrinsic connectivity maps for the DMN (Seeley et al., 2007; Seeley et al., 2009), restricting components to those in which high-frequency signal (>0.1 Hz) constituted less than 50% of the power in the Fourier spectrum. Goodness-of-fit was calculated by comparing each component from each subject to a binarized DMN map derived in earlier work (Damoiseaux et al., 2006). Individual subjects’ best-fit ICA components for the DMN were then normalized to MNI space and entered in a random effects analysis using SPM5. 

Granger Causality Analysis details


In our GCA analysis, we used timeseries from two primary nodes within each of three canonical networks: the SN, DMN, and ECN. To represent the SN, nodes were derived for the right frontoinsular cortex (FI; centered at 30, 18, -12) and midline anterior cingulate cortex (ACC; 0, 36, 20) based on local statistical peaks of atrophy in the bvFTD cohort (Fig. 1). For the DMN, nodes were derived for the medial prefrontal cortex (mPFC; -6, 52, 8) and posterior cingulate cortex (PCC; 4, -42, 38); these two nodes have been characterized as a midline core of the DMN (Greicius et al., 2003; Andrews-Hanna et al., 2010). The mPFC node was of particular interest to us as node of the DMN that overlaps with regions of atrophy in bvFTD (Fig. 1) and that is functionally connected with orbitofrontal and ventral striatal regions involved in salience processing (Greicius et al., 2003). This node was derived from a local peak of DMN recruitment during personal moral reasoning in healthy subjects (Fig. 3). Meanwhile, the PCC node was derived from the contrast between DMN recruitment during personal moral reasoning in healthy subjects compared to bvFTD patients (Fig. 5). To represent the right-lateralized ECN, nodes were derived for the right middle frontal gyrus (MFG; 29, 3, 56) and intraparietal sulcus (IPS; 36, -46, 48) from overlapping clusters of ECN recruitment during nonmoral and impersonal moral reasoning (Fig. 4). 


Mean time-series for 6mm spherical ROIs at each node were extracted using the MarsBar software package (http://marsbar.sourceforge.net). Global signal correction was not performed on these time-series as such techniques may introduce spurious anticorrelations between regions (Murphy et al., 2009; Chang and Glover, 2009; Fox et al., 2009); bandpass-filtering also was not performed as this technique may introduce false positive as well as false negative errors in GCA (Florin et al., 2010; Barnett and Seth, 2011). Linear trends and temporal mean values were removed from time-series for each of the three functional runs at each region to ensure covariance stationarity. Estimates of Granger causal influence (Fx→y) among these six ROIs were computed using the Causal Connectivity Toolbox (Seth, 2010). The model order (the number of time-lags included in the model) was selected for each subject using the Bayesian information criterion, and was in each case either 1 or 2.
Supplementary Results

Behavioral differences between bvFTD patients and controls

Prior studies reporting behavioral differences among normal subjects when responding to personal and impersonal moral dilemmas, or interaction effects across healthy and patient cohorts when responding to such dilemmas, have been criticized for failing to exclude the possibility that reported category effects may be driven by idiosyncratic responses to a subset of the dilemmas tested (Kahane and Shackel, 2008; McGuire et al., 2009). In a related criticism, one uncontrolled factor between the personal and impersonal dilemmas used by Greene is intuitiveness—i.e., whether a majority of normal subjects regard a given course of action as morally right (Kahane and Shackel, 2010; Kahane et al., 2012). Given our more stringent characterization of personal and impersonal dilemmas, we examined normal controls’ and bvFTD patients’ responses to nonmoral, moral-impersonal and moral-personal dilemmas considered individually. (Supplementary Fig. 3A) The tendency for bvFTD patients to give more utilitarian responses in personal moral dilemmas was observed in all but one of the dilemmas in this category, and was also observed in personal moral dilemmas in which a majority of normal control subjects made a utilitarian choice. 

We also examined response time differences between normal controls and bvFTD patients within each dilemma category. (Supplementary Fig. 3B) Patients’ response times were slower than controls in nonmoral practical dilemmas (6289ms vs. 5422ms, P = 0.030), but did not significantly differ in moral impersonal (6327ms vs. 5958ms, P = 0.295) or moral personal dilemmas (6501s vs. 6036s, P = 0.405). 
Group differences in fMRI activation between bvFTD patients and controls


In the main text results, we report that DMN recruitment during personal moral reasoning is diminished in bvFTD (Fig. 5); this analysis compares the difference between functional activation between the moral-personal and nonmoral conditions across groups, rather than a main effect between groups during the moral-personal condition, to limit confounding due to neurovascular or other physiological differences between groups (D’Esposito, Deouell and Gazzaley, 2003). To examine the basis of this difference in recruitment, we compared beta estimates for functional activation in each of the three conditions (instead of the contrast between conditions) between bvFTD patients and normal controls. During moral-personal dilemmas, a cluster in the right medial parietal lobe (slightly caudal and lateral to the previously observed cluster, also within the DMN) was significantly less activated in bvFTD patients than in normal controls. (Supplementary Fig. 4, Supplementary Table 3) No other group differences in activation were observed in any of the three conditions. This supports the claim that the key difference between patients and controls is a failure to recruit the DMN during personal moral reasoning. 

While diminished recruitment during personal moral reasoning was observed between patients and controls when the nonmoral condition was used as a baseline for comparison, no between-group difference was observed when the moral-impersonal condition was used as a baseline for comparison. We investigated this discrepancy by examining the main effect between groups during each condition in a 6mm spherical ROI centered on the peak voxel for diminished DMN recruitment during personal moral reasoning (4, -42, 38), and found evidence for a graded effect across the three conditions. Comparing activation in normal controls to patients, the mean T statistic in this ROI during nonmoral dilemmas was 0.1129, during moral-impersonal dilemmas was 1.7932, and during moral-personal dilemmas was 2.7403. This finding suggests subthreshold differences between bvFTD and normal control subjects in DMN recruitment during impersonal moral dilemmas. One interpretation given our hypothesis in the main text regarding the role of the DMN in mental simulation is that some normal subjects may occasionally engage the DMN when deliberating about some impersonal moral dilemmas as well, particularly since the personal/impersonal distinction may only approximate the actual cognitive or neural difference between these two categories of dilemma (Greene et al., 2001). 
Granger causality analyses

As reported in the main text, Granger causal influence from the FI to the PCC in a bivariate model is diminished in bvFTD. While this decline was significant as measured in the primary Granger causal influence measure (FFI→PCC), it was not significant as measured in the more specific difference of influence measure (FFI→PCC - FPCC→FI, median 0.0009 in bvFTD vs. 0.0149 in controls, P = 0.561). Reviewing the data, the decline in the difference of influence measure is less robust than the decline in Granger causal influence because Granger causal influence is also diminished in the reverse direction (FPCC→FI, median 0.0173 vs. 0.0369, P = 0.232), consistent with inflow and outflow dysfunction of the FI in bvFTD. We also considered the alternative possibility that group differences in Granger causal influence from the FI to the PCC might be explained by other uncontrolled differences between groups, such as subject head motion, rather than the neural difference of interest. To evaluate this alternative hypothesis, we compared bivariate GCA for the 14 other node pairs in bvFTD patients and normal controls; none of these other comparisons revealed a statistically significant difference. As uncontrolled nonspecific differences between groups (such as differences in subject head motion) would be expected to affect all node pairs, rather than exert specific effects in a single node pair, this negative finding suggests that the group difference in Granger causal influence from the FI to the PCC is not explained by such non-neural differences between patients and controls. 

The GCA incorporated fMRI data from the entire task. We conducted exploratory analyses for changes in Granger causality across different conditions (dilemma types) but found no significant differences, which may reflect the limited number of trials in each condition (as discussed in Limitations). Some authors have advocated looking for changes across conditions as an approach to avoid spurious findings due to interregional differences in hemodynamic lag (Roebroeck, Formisano and Goebel, 2005). We note, however, that such differences across conditions are not predicted by our model, in which the SN causally influences DMN activity in all three conditions.
Supplementary Table 1. Dilemmas used in the modified moral reasoning task.

	Category
	Dilemma
	Word Length
	Reading Difficulty
	Difficulty
	Emotion

	nonmoral
	
You are bringing home some plants from the store. You have lined the trunk of your car with plastic to catch the mud from the plants, but your trunk will not hold all of the plants you have bought. 


You could bring all of the plants home in one trip, but you would need to put some of the plants in the back seat. If you put the plants in the back seat, the mud from the plants will ruin your fine leather upholstery, which would cost thousands of dollars to replace. 


Would you make two trips home to avoid ruining the upholstery of your car?
	106
	6.2
	1.7
	1.3

	
	
You are at home one day when the mail arrives. You receive a letter from a company that provides financial services. You have heard of this company, which has a good reputation. They have invited you to invest in a mutual fund.  The minimum investment for this fund is $1000. 


You already know a lot about this particular mutual fund. It has performed poorly over the past few years. Based on what you know, there is no reason to think that it will perform any better in the future.


Would you invest $1000 in this mutual fund in order to make money?
	102
	6.8
	1.5
	1.3

	
	
Your VCR breaks and you bring it to the local repair shop. The woman working in the shop looks at the VCR and tells you that it will cost $100 to fix it. 


Earlier this morning, you noticed an advertisement in the newspaper. A new model of VCR is available from the same company that made your old VCR. The new model performs the same functions as your old VCR, but is better and uses less electricity. This new VCR is now on sale for $100. 


Would you have your old VCR fixed instead of spending money on a new one?
	101
	6.5
	1.5
	1.5

	
	
You go to the local branch of a busy chain bookstore in order to buy $50 worth of books. You find all of the books that you were looking for, and you are now waiting in line to buy them. 


You have two coupons with you, and you can use one of them today. One coupon gives you 30% off of your purchase price, and expires tomorrow. The other coupon gives you 25% off of your purchase price, and does not expire for another year. 


Would you use the 30%-off coupon now so that you will have another coupon to use during the coming year?
	105
	6.6
	1.2
	1.3

	
	
You have a very bad headache. You go to the pharmacy looking for your favorite brand of headache medicine. When you get there, you find that the pharmacy is out of the brand that you are looking for. 


You have known the pharmacist at this store for a long time, and you trust him. He says he has a generic medicine that is “exactly the same” as the name-brand medicine that you wanted. In the past, he has always given you good advice.


Would you keep looking for the name-brand medicine you came for, instead of buying the generic medicine?
	100
	6.9
	2.0
	1.5

	
	
You need to travel to a nearby city in order to attend a meeting that starts at 2:00 PM. You can either take the train or the bus. The train will get you there just in time for your meeting no matter what. 


The bus is scheduled to arrive an hour before your meeting. However, the bus sometimes is several hours late because of traffic. It would be nice to have an extra hour before the meeting, but it is very important that you arrive on time.


Would you take the train instead of the bus in order to ensure that you are not late for your meeting?
	108
	6.7
	1.7
	1.5

	
	
An old friend invites you to spend the weekend at his summer home. This house is up the coast from where you live. You plan to drive, and you can take either the highway or the coastal road. 


The highway will get you there in about three hours, but the scenery along the highway is very boring. The coastal road will get you to your friend’s house in about three hours and fifteen minutes, and the scenery along the coastal road is very beautiful.


Would you take the coastal road in order to see the beautiful scenery as you drive?
	100
	6.7
	1.3
	2.0

	moral impersonal
	
You work for the Government Health Agency. You must decide whether to promote a new vaccine. This vaccine will protect almost everyone who takes it from a deadly disease. However, the vaccine also carries a risk. A very small number of healthy people who take it will get the disease from the vaccine. 


You have carefully studied the safety of the vaccine. The chance that someone will die because they did not take the vaccine is much greater than the chance that they will die from the vaccine. 


Would you tell people to use this vaccine to prevent the disease?
	100
	6.9
	3.0
	2.3

	
	
You are the night watchman in a hospital. One night, an accident in the building next door makes deadly chemicals enter the hospital’s air ducts. If you don’t do anything, these fumes will enter a room with three patients in it, and they will all die. 


The only way to save these three patients from dying is to hit a certain switch. This will keep the fumes out of the room with the three patients in it. Instead, the fumes will enter a room with a single patient in it, and he will die.


Would you allow the fumes to enter the room with three patients so that the single patient will live?
	113
	6.0
	4.0
	3.8

	
	
You are the driver of a runaway trolley approaching a fork in the tracks. On the tracks going to the left is a group of five railway workers. On the tracks going to the right is a single railway worker. 


If you do nothing, the trolley will go to the left, causing the five workers to die. The only way to avoid the deaths of these five workers is to hit a switch on your dashboard that will make the trolley go to the right, leading to the death of the single worker.


Would you hit the switch to avoid the deaths of the five workers?
	106
	6.2
	4.3
	3.3

	
	
You work for the government. Your group works to protect the environment. Today your group is voting about whether to adopt a new policy about toxic accidents. Both the old policy and the new policy you are considering have a risk of leading to people’s deaths. 


The old policy has a 90% chance of leading to no deaths at all. However, it has a 10% chance of leading to 10,000 deaths. No one knows who these people will be. Under the new policy there will be 100 deaths, but no more. No one knows who these people will be. 


Would you vote to keep the old policy instead of changing to the new one?
	114
	6.9
	2.3
	2.3

	
	
You are on the board of a charity in a poor country. The main river there floods every year. Each time this happens, 5,000 people who live downstream are left homeless. These floods do not affect people who live upstream. 


Some people in your charity want to build a dam to prevent these floods. This dam would cover a valley upstream with water. Villagers from nearby bring their cows to this valley to eat the grass. If this valley is covered with water, 1,000 of these villagers would have to move to find a new place to feed their cows. 


Would you vote against building the dam so these villagers can stay where they are?
	115
	6.4
	4.3
	3.0

	
	
You work for the government. Your group works to protect the environment. Today your group is voting about whether to adopt a new policy about toxic accidents. Both the old policy and the new policy you are considering have a risk of leading to people’s deaths. 


Under the old policy there will be 100 deaths, but no more. No one knows who these people will be. The new policy has a 90% chance of leading to no deaths at all. However, it has a 10% chance of leading to 500 deaths. No one knows who these people will be. 


Would you vote to keep the old policy instead of changing to the new one?
	114
	6.5
	3.3
	2.7

	moral personal
	
You are the driver of a runaway trolley approaching a fork in the tracks. On the tracks going to the left are two railway workers. On the tracks going to the right is a single railway worker. 


If you do nothing, the trolley will go to the left, causing the two workers to die. The only way to avoid the deaths of these two workers is to hit a switch on your dashboard that will make the trolley go to the right, leading to the death of the single worker.


Would you hit the switch to avoid the deaths of the two workers?
	103
	6.1
	4.0
	3.2

	
	
A runaway trolley is heading down the tracks toward five workers, and will kill them if it keeps going. You are on a footbridge over the tracks, in between the approaching trolley and the five workers. Next to you on this footbridge is a stranger who is very large. 


The only way to save the lives of the five workers is to push this stranger off the bridge and onto the tracks below where his large body will stop the trolley. The stranger will die if you do this, but the five workers will be saved.

 
Would you push the stranger onto the tracks to save the five workers?
	109
	6.6
	3.0
	3.2

	
	
You are part of a group of scientists living in a far away jungle. Rebels capture the whole group, including eight children. One rebel likes you, and tells you that his leader is going to kill all of you the next morning. 


He is willing to let you and the children escape, but as an act of friendship, he wants you to kill one of the other hostages, whom he dislikes.  If you refuse his offer all of the hostages will die. If you accept, then the others will die in the morning, but you and the eight children will escape. 


Would you refuse to kill your fellow hostage despite the rebel’s threats?
	113
	6.5
	4.3
	3.8

	
	
You are on a cruise ship when a fire breaks out, forcing everyone to abandon ship. The lifeboats are carrying many more people than they should. The seas start to get rough, and your lifeboat begins to fill with water. 


If you do nothing, the boat will sink before help arrives and everyone on board will die. However, there is an injured person on board who will not survive even if help comes. If you throw that person overboard the boat will stay afloat and the rest of the passengers will be saved. 


Would you keep this injured person on the boat instead of throwing him overboard?
	107
	6.9
	3.2
	3.2

	
	
You are leading a rescue team for seven miners that are stuck in an underground mine, which is flooding. Six miners are trapped at the bottom and will drown if not rescued soon. One miner is trapped higher in the elevator shaft and will not drown. 


The only way to rescue the six at the bottom is to quickly send down the mine elevator. If you do this, the one miner in the shaft will be crushed to death. If you do not send down the elevator, you will have enough time to rescue the one miner in the shaft. 


Would you send down the mine elevator to rescue the six miners at the bottom?
	115
	6.6
	5.0
	3.7

	
	
You are leading a group that is lost in the wilderness. Your group includes a family of six with a genetic vitamin deficiency. A few people’s kidneys contain large amounts of this vitamin. There is one such person in your group. 


The only way to save the lives of the six family members is to remove one of this man’s kidneys and take the necessary vitamins from it. He will not die if you do this, but his health will get worse. He does not want to give his kidney, but you have the power to do what you choose. 


Would you allow this man to keep his kidney rather than save the vitamin-deficient family?
	115
	6.7
	5.0
	3.7

	
	
You are negotiating with a powerful and determined terrorist. He is about to set off a bomb that will kill thousands of people. Your one advantage is that you have his teen-age son under your control.


There is only one thing you can do to stop him from setting off his bomb. You can contact him over the video connection that he has created and break one of his son’s arms. You can then threaten to break the other one if he does not give himself up. 


Would you break the boy’s arm to keep the terrorist from killing thousands of people with his bomb?
	105
	6.3
	5.2
	4.0

	
	
An epidemic has spread worldwide killing millions of people. You have developed two substances in your underground shelter. One of them is a cure but the other one is deadly. You don’t know which is which. 


Two people have run downstairs to your shelter trying to avoid the epidemic. The only way to identify the cure is to inject each of these people with one of the two substances. One person will live but the other will die. Then you will be able to start saving lives with the cure.

 
Would you kill one of these people with a deadly injection to identify a cure that will save millions of lives?
	111
	6.2
	3.7
	3.3


Reading difficulty is measured by Flesch-Kincaid grade level as implemented in Microsoft Word 2003 (Microsoft Corp., Redmond, WA). Difficulty and emotion ratings reflect averages from a separate group of 6 healthy older control subjects.

Supplementary Figure 1. Net Granger causal outflow (out-in degree) of the right FI and ACC (SN), mPFC and PCC (DMN), and MFG and IPS (ECN) during the moral reasoning task in normal subjects. Asterisks represent differences at P < 0.05 (not corrected for multiple comparisons).
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Supplementary Table 2A. Graph metrics for multivariate GCA in normal subjects. 
	
	Out-degree
	In-degree
	Out-In degree

	FI
	2.25 ± 0.31
	1.38 ± 0.26
	0.88 ± 0.29

	ACC
	1.31 ± 0.26
	1.63 ± 0.25
	-0.31 ± 0.28

	mPFC
	0.69 ± 0.25
	1.31 ± 0.25
	-0.63 ± 0.30

	PCC
	1.50 ± 0.40
	1.19 ± 0.20
	0.31 ± 0.33

	MFG
	1.31 ± 0.21
	1.56 ± 0.31
	-0.25 ± 0.31

	IPS
	1.44 ± 0.28
	1.44 ± 0.20
	0.00 ± 0.33


Supplementary Table 2B. Graph metrics for multivariate GCA in bvFTD patients. 

	
	Out-degree
	In-degree
	Out-In degree

	FI
	1.25 ± 0.42
	0.50 ± 0.18
	0.75 ± 0.42

	ACC
	1.25 ± 0.34
	1.50 ± 0.35
	-0.25 ± 0.34

	mPFC
	0.75 ± 0.23
	1.13 ± 0.28
	-0.38 ± 0.35

	PCC
	0.50 ± 0.25
	1.50 ± 0.31
	-1.00 ± 0.35

	MFG
	1.50 ± 0.56
	0.88 ± 0.21
	0.63 ± 0.61

	IPS
	1.50 ± 0.47
	1.25 ± 0.29
	0.25 ± 0.42


Supplementary Figure 2. Scatterplot of individual measures of Granger influence from the FI to PCC (bivariate analysis) and individual beta estimates for PCC activation during personal moral reasoning. Note that beta estimates are negative because the resting intertrial interval is treated as a baseline condition, though these values are more positive than those in the nonmoral comparison condition. 
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Supplementary Figure 3A. Proportion of utilitarian responses to each dilemma in controls and patients. Dilemmas within each category are arranged in ascending order of utilitarian responses among control subjects and secondarily ordered by utilitarian responses among FTD subjects.
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Supplementary Figure 3B. Response times to nonmoral, moral-impersonal, and moral-personal dilemmas in controls and patients, in ms. Error bars refer to 1 standard error of the mean.
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Supplementary Figure 4. Brain regions demonstrating greater activity for moral-personal dilemmas in controls than in bvFTD patients. x = 14. z = 32. For comparison, the default mode network as identified in resting state data from 15 control subjects is displayed in green at voxel-wise P = 0.0001.
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Supplementary Table 3. Brain regions demonstrating greater activity for moral-personal dilemmas in controls than in bvFTD patients. 

	Region
	x
	y
	z
	Extent (mm3)
	P
	max T

	Precuneus/posterior cingulate cortex
	18
	-54
	34
	4216
	<0.001
	5.75


P-values are corrected based on cluster extent, whereas max T is the T statistic of each local maximum.
