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SI Materials and Methods
False-Belief Localizer Task. The False-Belief Localizer task is
publicly available and has been described extensively elsewhere
(1, 2). The False-Belief versus False-Photo contrast is formed by
comparing two conditions, both of which involve reading a short
story and judging the veracity of a brief statement about the
events described in the story (which participants indicate with a
binary button press in a self-paced manner). Belief stories de-
scribe events that lead one or more characters to form a false
belief about the world, whereas Photo stories describe events
that lead a physical representation of the world (e.g., a photo-
graph, map, or sign) to become outdated or misleading. Hence-
forth, we refer to the comparison of these conditions as the
Belief > Photo contrast. For the patient and Caltech groups, we
modified the timing of the task so that presentation durations
were self-paced within a fixed time window. Before performing
the task, participants were shown an example trial and were in-
vited to ask questions before beginning. Total run time of the
task was 10 min, 5 s.
Because patient BG was a native German speaker, the False-

Belief Localizer items were translated into German using the
following procedure. First, a group of bilingual German/English
residents of Germany (three males, two females; mean age,
30.40 y; age range, 28–44 y) recruited through Amazon.com’s
Mechanical Turk were each asked to translate 8 of the 20 items.
This step produced two versions of each item, each of which was
evaluated by a group of 12 bilingual German/English residents of
Germany (seven males, five females; mean age, 31.42 y; age
range, 28–44 y), again recruited through Mechanical Turk. We
then calculated the degree of consensus across the group in their
judgments for the two versions of each item and selected the
item that elicited the higher consensus. For all but one item
(which yielded no consensus on both versions; we omitted this
item from calculation of accuracy scores for the German pa-
tients), answer consensus was at least 83% and did not differ
across the Belief and Photo conditions (means in both conditions
were 93.3%).
Stimulus presentation and response recording were achieved

using the Psychophysics Toolbox version 3.0.9 (3) operating in
MATLAB (version 2012a; MathWorks Inc.). An LCD projector
showed stimuli on a rear-projection screen. Participants made
their responses using the index and middle fingers of their right
hand on a button box.

Image Preprocessing. Unless otherwise stated below, the proce-
dures for preprocessing and single-subject contrast estimation
were the same for the three groups. Image data were analyzed
using the MATLAB-based software package Statistical Para-
metric Mapping (SPM8; Wellcome Department of Cognitive
Neurology, London). Before statistical analysis, the first two EPI
volumes from each session were discarded to account for T1
equilibration, and the remaining volumes were subjected to the
following preprocessing steps: (i) each EPI volume was realigned
to the first EPI volume of the run and simultaneously unwarped
based on the fieldmap volumes; (ii) the T1 structural volume was
coregistered to the mean EPI; (iii) the groupwise DARTEL
registration method included in SPM8 (4) was used to normalize
the T1 structural volume to a common group-specific space [with
subsequent affine registration to Montreal Neurological Institute
(MNI) space]; and (iv) normalization of all EPI volumes to MNI
space using the deformation flow fields generated in the previous
step, which simultaneously resampled volumes (2 mm isotropic)

and applied spatial smoothing (Gaussian kernel of 8 × 8 × 8 mm,
full width at half maximum).

Single-Subject Contrast Estimation. For each participant, we used
a General Linear Model (GLM) to acquire parameter estimates
for the separate effects of the Belief and Photo conditions on their
EPI time series. The GLM included two covariates of interest
corresponding to the time series of the Belief and Photo con-
ditions. Trials were modeled as epochs spanning the onset of the
Story presentation period and offset of the Judgment period. For
the patient and Caltech reference groups, a variable-epoch model
was used to account for each participant’s self-paced reading
and response times (5). In addition, we included a parametric
covariate of no interest that modeled variance across trials
resulting from these self-paced reading and response times. The
resulting stimulus time series for these covariates was convolved
with the canonical (double-gamma) hemodynamic response func-
tion, and the predicted and observed signals were all high-pass
filtered at 1/128 Hz.
As further covariates of no interest, all models included the

six motion parameter estimates from image realignment and
regressors indicating time points at which in-brain global signal
change (GSC) exceeded 2.5 SDs of the mean GSC or the esti-
mated motion exceeded 0.5 mm of translation or 0.5° of rotation.
Finally, all models were estimated using the robust weighted
least-squares algorithm implemented in the SPM8 RobustWLS
toolbox (6).

Behavior Analysis. To supplement the primary comparison of
cortical responses across the two groups, we additionally com-
pared performance in the patient and Caltech reference groups.
We present this comparison as exploratory because the False-
Belief Localizer task was not designed to measure false-belief
reasoning ability behaviorally, nor has it been validated for that
purpose. Instead, it was designed to optimize functional contrast
in those brain regions thought to be involved in attempts, be they
successful or unsuccessful, to evaluate the veracity of another
person’s belief about the world.
To maximize the comparability of the two groups, we focus our

comparison on the performance of the patient groups for only
their first session, although we also report the comparison based
on their second session. Before computing performance out-
comes, we coded trials with no response as incorrect. We then
computed the mean percent correct and response time in the two
conditions. Then, we used the procedures described in the main
text to compare the average performance in the patient groups
with the bootstrapped distribution of average performance in the
Caltech reference group.

SI Results
To test for spared activation within the amygdala in each patient,
we examined their responses to the Belief > Photo contrast in two
sets of left and right amygdala ROIs. To increase detection
sensitivity, we combined data from the two independent sessions
collected for each patient. To parallel the amygdala ROI anal-
yses conducted in the reference groups, we initially examined the
proportion of voxels in each ROI available for analysis in the two
patients. As with the reference group analysis, usable voxels were
defined as those with a value exceeding 12.5% of the mean global
signal, and for every time point in the time series (these correspond
to the default criteria for voxel inclusion in SPM8 analyses).
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We first examined the anatomically defined ROIs used to
examine the reference groups (further details are given in the
main text). On average the reference groups had usable voxels in
90% of the left and 94% of the right hemisphere ROI. Patient AP
had usable voxels in only 13% of the left and 27% of the right
amygdala, and patient BG had usable voxels in only 10% of the
left and 15% of the right amygdala. Next, we used patient-
specific small-volume corrections (SVC) to test the Belief >
Photo contrast in each patient’s spared ROI voxels. Before
conducting each SVC, we liberally thresholded each patient’s
contrast image with an uncorrected P value of 0.05 (with no
restriction on cluster extent). Within the spared amygdala
voxels, AP showed no evidence for a reliable response in the

voxels identified at this threshold [largest cluster = eight voxels,
cluster-level Pfamilywise error rate (FWE) = 0.535; peak t = 2.04,
voxel-level PFWE = 0.390]. BG showed no suprathreshold voxels.
We examined a second set of ROIs functionally defined on the

basis of the clusters identified in the voxelwise whole-brain
analysis of the Belief > Photo contrast in the MIT reference
group (left = 71 voxels, right = 39 voxels; see Fig. 1C; further
details are given in the main text). Patient AP had usable voxels
in only 7% of the left (i.e., five total voxels) and no data in the
right amygdala, whereas patient BG had no data in either hemi-
sphere. Given the lack of data, we conducted no further analysis of
these ROIs in the patients.
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Fig. S1. Comparing behavioral performance in the patient and Caltech reference groups as a function of experimental condition. (Upper) Percentage correct
responses. (Lower) Mean response time in seconds. The bootstrapped distribution of each behavioral outcome in the Caltech reference group is shown in light
gray. The individual patient observations are shown in distinct colors, with the patient ID indicated above the bars.
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Fig. S2. Sagittal sections showing the seven a priori ROIs, functionally defined on the basis of the Belief > Photo contrast in the MIT reference group (n = 462)
and shown overlaid on the mean normalized anatomical in the Caltech reference group (n = 18). DM, dorsomedial; L, left; MM, mid-medial; PC, precuneus; PFC,
prefrontal cortex; R, right; STS, superior temporal sulcus; TPJ, temporoparietal junction; VM, ventromedial.
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Table S1. Cortical regions observed in a whole-brain search of
the Belief > Photo contrast in the MIT and Caltech reference
groups and in the two patients with amygdala lesions, AP
and BG

Contrast label and
region name Extent t value

MNI coordinates*

x y z

MIT reference group (n = 462)
PC 4,085 24.61 0 −56 38
L TPJ 6,694 21.87 −54 −58 26
R TPJ 7,776 23.99 58 −56 20
L STS 6,694 15.32 −62 −16 −10
R STS — 17.71 56 −20 −10
VMPFC 8,084 13.72 2 54 −14
MMPFC — 16.30 0 54 24
DMPFC — 10.27 10 35 55
L DLPFC — 7.50 −40 26 48
R DLPFC 363 8.25 44 10 52
PCC 147 10.18 0 −18 40

Caltech reference group (n = 18)
PC 2,296 11.39 0 −58 26
L TPJ 1,810 10.97 −46 −66 26
R TPJ 2,748 10.12 56 −52 30
L STS 444 7.11 −58 −8 −18
R STS — 8.51 62 −6 −10
DMPFC — 5.92 −10 54 40
VMPFC 1,717 7.97 −2 58 −14
L DLPFC 133 5.52 −22 30 44
R DLPFC 409 6.68 26 22 46

Patient AP
PC 1,945 7.93 4 −58 34
L TPJ 1,741 8.98 −38 −60 26
R TPJ 1,446 8.57 62 −54 16
L STS 653 8.56 −62 −14 −18
R STS 966 8.98 58 −10 −20
DMPFC 477 7.55 12 64 22
R DLPFC 188 6.25 30 30 48

Patient BG
PC 2,824 13.21 0 −54 42
L TPJ 1,585 12.01 −54 −68 16
R TPJ 1,914 10.73 50 −68 30
L STS 141 5.76 −62 −18 −14
R STS 399 6.51 56 −14 −12
VMPFC 963 10.82 −8 68 −2
MMPFC 1,309 8.32 8 72 16
DMPFC — 6.06 12 52 50
DMPFC 726 8.02 −16 60 32
L DLPFC 643 9.89 −34 18 46
R DLPFC 287 9.29 44 20 46

The MIT group contrast was thresholded with a voxelwise familywise
error rate (FWE) of 0.05. The remaining contrasts were thresholded with
a clusterwise FWE of 0.05 and a cluster-forming threshold of 0.001. DL,
dorsolateral; DM, dorsomedial; L, left; MM, mid-medial; PC, precuneus;
PCC, posterior cingulate cortex; PFC, prefrontal cortex; R, right; STS, superior
temporal sulcus; TPJ, temporoparietal junction; VM, ventromedial.
*Montreal Neurological Institute (MNI) coordinates in the left–right (x),
anterior–posterior (y), and inferior–superior (z) dimensions.
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