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Abstract
The present experiment identified neural regions that represent a class of concepts that are independent of perceptual or
sensory attributes. During functional magnetic resonance imaging scanning, participants viewed names of social groups
(e.g. Atheists, Evangelicals, and Economists) and performed a one-back similarity judgment according to 1 of 2 dimensions
of belief attributes: political orientation (Liberal to Conservative) or spiritualism (Spiritualist to Materialist). By generalizing
across a wide variety of social groups that possess these beliefs, these attribute concepts did not coincide with any specific
sensory quality, allowing us to target conceptual, rather than perceptual, representations. Multi-voxel pattern searchlight
analysis was used to identify regions in which activation patterns distinguished the 2 ends of both dimensions:
Conservative from Liberal social groups when participants focused on the political orientation dimension, and spiritual from
Materialist groups when participants focused on the spiritualism dimension. A cluster in right precuneus exhibited such a
pattern, indicating that it carries information about belief-attribute concepts and forms part of semantic memory—perhaps
a component particularly concerned with psychological traits. This region did not overlap with the theory of mind network,
which engaged nearby, but distinct, parts of precuneus. These findings have implications for the neural organization of
conceptual knowledge, especially the understanding of social groups.
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Introduction
Much of what humans represent about the world refers to
qualities never directly seen. We are able to represent objects
in terms of their intended functions (Bloom 1996; Kelemen
and Carey 2007; Lombrozo et al. 2007), and we can represent
social groups—such as Atheists or Republicans—in terms of

their mental attributes, such as “conservatism.” Conceptual
representations (such as the concept conservatism) must
therefore allow us to distinguish non-physical attributes while
generalizing across the varied physical qualities of the people
or objects they describe. Generality and independence from
sensory particulars are 2 hallmark properties of semantic
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representations that set them apart from lower level, sensory
ones. Toward the aim of understanding how conceptual repre-
sentations are neurally implemented, the present experiment
identified neural areas that contain representations with such
properties, focusing on a particular content domain: belief
attributes.

Most prior work on semantic knowledge has not applied
such criteria to identify higher level representations in cortex,
though an interest in such representations has become of
increasing interest (e.g. Skerry and Saxe 2015; Mason and Just
2016). One reason for the prior gap is a heavy focus on concrete
object knowledge (see Martin 2007 for a review). Past findings
have identified neural areas that respond more strongly to 1
category of object than another (Martin et al. 1996; Chao and
Martin 2000; Anzellotti et al. 2011; Konkle and Caramazza 2013)
or that contain pattern information about individual object
kinds (Haxby et al. 2001; Kriegeskorte et al. 2008) and which do
so across modalities of stimulus presentation (Simanova et al.
2013; Devereux et al. 2013; Fairhall and Caramazza 2013; Fairhall
et al. 2013; Clarke and Tyler 2014). However, these approaches are
not sufficient to identify semantic representations per se, because
concepts referring to concrete categories point to both semantic
and sensory knowledge: concepts like “banana” are inevitably
associated with specific, sensory qualities, such as the color yel-
low. Accessing such a concept—whether through a picture or a
word—thus triggers both higher level and lower level memory
retrieval (see Mahon and Caramazza 2008 for discussion). Thus,
in most past research, objects in similar categories possessed
similar lower level properties, such as shape, even if those prop-
erties were retrieved from memory.

By studying concepts that refer to non-physical qualities, one
can better target higher level, semantic knowledge specifically.
The present research does just this, by identifying regions that
represent mental attribute concepts, specifically of beliefs (hence-
forth, “belief concepts”). We selected belief concepts in particular
for 3 reasons. First, as we describe below, belief concepts allowed
us to meet both criteria: they are highly general, and are not con-
founded with any particular sensory qualities. Second, by choos-
ing a specific subset of concepts, rather than many kinds, we
avoided assuming that all non-physical attribute concepts are
represented in a single, common neural region. Much of the
prior research on “abstract” concepts makes such an assump-
tion (see Skipper-Kallal et al. 2015 for a recent example, though cf.
Wilson-Mendelhall et al. 2013). Yet this notion runs counter to
repeated findings in cognitive neuropsychology that neural areas
can be highly specialized for semantic knowledge of a particular
domain or attribute (Warrington and Shallice 1984; Ochipa et al.
1989; Caramazza and Shelton 1998; Miceli et al. 2001;
Vandenbulcke et al. 2006; Capitani et al. 2009). Assuming
otherwise could limit one’s ability to identify critically import-
ant areas. We thus take the stance that a characterization of
the set of neural regions supporting semantic knowledge will
more likely succeed if content-generality is not assumed, and
specific kinds of concepts are studied individually. We thus
aim to identify areas that would count among the (likely
many) brain regions involved in conceptual representation.

This stance raises the question of which specific kinds of con-
cepts one should target. Thus, the third motivating factor for
selecting belief concepts is that prior research in social neurosci-
ence allows us to make a theoretically motivated prediction
about their neural localization. This work has described a set of
neural regions that are engaged when thinking about mental
attributes of people, relative to thinking about their physical
attributes (Mitchell et al. 2002, 2005; Saxe and Wexler 2005;

Lombardo et al. 2010; Ross and Olson 2010). This network
includes bilateral temporo-parietal junction (TPJ), precuneus,
dorso-medial prefrontal cortex (MPFC), and anterior temporal
lobe (ATL), resembling a set of regions involved in social reason-
ing and mental inference, often termed the mentalizing network
(see Koster-Hale and Saxe 2013 for a review). We hypothesized
that belief concepts may be represented in or near some of these
regions, stemming from the broader theoretical position that
conceptual representations are localized in spatial proximity to
other cognitive processes where their content may be most com-
putationally relevant (Leshinskaya and Caramazza 2016).

To test whether a region represents belief concepts, we
required that its activation pattern contain information distin-
guishing different belief attributes—an important qualification
for a region that allows us to understand their meanings. We
thus tested which regions encode instances of the same belief
concept as similar, and distinguish among belief concepts that
are different, to explicitly establish that they contain informa-
tion about specific belief concepts. This approach allowed us to
identify regions that represent belief concepts without assum-
ing that those regions represent only belief concepts, nor all
non-physical attribute concepts.

Furthermore, and most critical for establishing that these
representations are conceptual, we ensured that the belief con-
cepts we targeted were not coincident with any particular sen-
sory property. To do so, our stimuli were names of a wide range
of social groups, each of which could be characterized by its pos-
ition along 2 belief dimensions (Fig. 1): “political orientation”
(“Liberal” to “Conservative”) and “spiritualism” (“Spiritualist” to
“Materialist”). We tested each dimension separately by varying
participants’ task (Fig. 2), and looking for neural regions that
represented the distinction between Liberal versus Conservative
social groups when participants attended to political orientation,
and Spiritualist versus Materialist social groups when partici-
pants attended to spiritualism, while explicitly generalizing over
the unattended dimension. For example, to show evidence of
representing spiritualism and “materialism,” activation patterns
in a neural region had to be similar (correlated) between
“Spiritual Conservative” and “Spiritual Liberal” groups, such as
Fortune Tellers and Rabbis, while being different (less correlated)
for Spiritual Liberal and “Materialist Liberal” groups. Thus, evi-
dence of representing these concepts required broad generaliza-
tion over a range of distinct social groups, and sensitivity to
properties common to all of these social groups, which is their
common belief attribute. This implies that even if participants
retrieved vivid mental images corresponding to particular social
groups, those images could not drive the results.

Finally, the attention manipulation made it unlikely that find-
ings are driven by something specific about the social groups
themselves, and more likely that they were driven by the mental
attributes retrieved about them. When participants attended to
political orientation, for example, Rabbis and Fortune Tellers
were predicted to be dissimilar, opposite to the prediction during
the spiritualism task. In summary, we searched for neural
regions that explicitly represented highly general belief con-
cepts, which captured non-physical similarities among a wide
range of social groups.

Materials and Methods
Participants

Three non-overlapping groups of participants were included in
this study. Sixteen participants completed online behavioral
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tasks for stimulus norming; 32 participants performed a behav-
ioral experiment in the laboratory; and 22 participants completed
the functional magnetic resonance imaging (fMRI) experiment.
All participants were college undergraduates recruited using an
online subject pool and were native speakers of English; fMRI par-
ticipants were further screened such that all were right-handed
and had no history of neurological disorder. All procedures were
approved by the Committee for the Use of Human Subjects of
Harvard University. Two fMRI participants were excluded prior
to data analysis due to scan interruptions (technical problems
and/or participant discomfort, ending the sessions with insuffi-
cient data acquisition). There were 20 participants in the ana-
lyzed sample (10 male; mean age = 20 years; range 18–25).

Stimuli

The stimuli were names of 20 social groups, each of which fell
along the spectrum from Spiritual to Materialist (spiritualism
dimension) and from Liberal to Conservative (political orienta-
tion dimension). To select these 20 stimuli and obtain their
exact position along these 2 dimensions, 16 participants were
asked to rate 62 social groups on these scales. Spiritualists were
described to participants as “people who believe in forces and
beings that exist outside the physical world, including deities,
spirits, and miracles.” Materialists were described as “people
who believe primarily in those things that they can see.” Each
social group name was presented one at a time with a 6-point
rating scale below it, with the end points Liberal and
Conservative (in one block) or Spiritualist and Materialist (in

another block). An “unsure” response option was also available,
in case participants were unfamiliar with the social group or
did not know how to rate it. The task was administered online
using Qualtrics survey software, and block order and scale
order were counterbalanced across participants.

The final set of 20 social groups was selected by first exclud-
ing any item for which more than 30% of participants responded
“unsure” on either rating scale. Responses to the remaining
items were then averaged across participants, after removing
outlier trials based on reaction time (shorter than 2 SD below and
longer than 2 SD above the mean). On the basis of these ratings,
items were then assigned to 1 of the 4 quadrants of the 2D belief
space: Spiritualist Liberals, Spiritualist Conservatives, Materialist
Liberals, and Materialist Conservatives. Five items per category
were chosen to maximize several properties: items with large
values on at least one dimension; low correlation between spir-
ituality and political orientation; and comparable ranges in both
dimensions—that is, the political distance spanned by the
groups was equivalent to the spiritual distance spanned; and
equivalent reaction times between Spiritualists and Materialists
among the participants who judged spiritualism (t[9] = −0.24, P =
0.82) and between Liberals and Conservatives among the partici-
pants who judged political orientation (t[9] = −0.70, P = 0.50).
These properties ensured that attribute dimensions were separ-
able in this set of stimuli by virtue of being uncorrelated (r =
−0.08, P = 0.74), were equally easy to retrieve, and had similar
ranges in the stimulus set. Figure 1 shows the mean and stand-
ard deviation (SD) of each selected social group on each of the
rated dimensions.

Figure 1. (A) Average value of each social group on each of 2 rating dimensions, Spiritualist to Materialist and Conservative to Liberal, on a rating scale from 1 to 6.

Error bars indicate the standard error of the mean; n = 16. (B) Similarity norms: dissimilarity matrices for each rating scale, computed from the data in (A) by taking

all absolute pairwise numerical differences between the social groups, on each rating scale separately.
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Experimental Task

The experimental task consisted of a one-back similarity judg-
ment, based on one of the 2 dimensions (spiritualism or polit-
ical orientation). Participants saw one social group name per
trial (in white, 48-point Helvetica font on a black background),
and compared it to the previous group by responding on a 1–6
scale from “Very Similar” to “Very Different,” presented at the
bottom of the screen (the order of the scale was counterba-
lanced across participants). Figure 2 illustrates a few example
trials. If the attended dimension was spiritualism, participants
were expected to compare the on-screen group to the previous
group in terms of spiritualism. If both groups are Spiritual to an
equal extent, they were asked to respond Very Similar; if they
are both Materialist to an equal extent, they also should
respond Very Similar.

In the presentation sequence, each social group was pre-
ceded by every other social group exactly twice. This ensured
that each stimulus was the target of the same comparisons—to
each other stimulus equally often. The neural response to each
stimulus was then taken as the average across all of these dif-
ferent comparisons, allowing us to isolate the content of inter-
est (the target trial). The optimized sequence thus contained 42

presentations of each stimulus. Trial duration was 3 s, during
which the stimulus was on screen for 2.8 s and through all of
which participants could make their response. The same stim-
uli were presented in both tasks, such that the only difference
between the 2 tasks was the basis of the similarity judgment.

This experimental task was chosen for 3 reasons. First, it
ensured that participants retrieved the relevant conceptual
content about the groups (i.e. mental attributes). Second, the
same stimuli could be presented while manipulating only
which attributes about them are retrieved, thereby increasing
confidence that effects are indeed about the belief attributes
(political or spiritual) rather than any other properties of the
groups. Lastly, it allowed dissociating the task response from
the dimension of interest: social groups with similar belief
attributes (e.g. high on conservatism) would not receive more
similar task responses than groups with different belief attri-
butes, because the responses on the task are based on the rela-
tion between the current and previous item, which varied
across the trials in each condition.

To ensure that this task was not too difficult, and that one-
back similarity judgments recapitulated the similarity relation-
ships expected from direct ratings obtained in the stimulus
norming study, 20 pilot participants were asked to perform the
one-back similarity task in a laboratory setting to calibrate the
timing and amount of practice needed to master the task, and
another 12 to validate it. The validation sample demonstrated
that participants’ responses recapitulated the measures obtained
from untimed, explicit ratings from the stimulus norming
experiment.

fMRI Procedures

Pre-scan Behavioral Measures
Prior to scanning, fMRI participants were given a practice pro-
cedure with the one-back similarity task (as described in
Experimental Task and Behavioral Piloting). They were first
asked to rate either the Spiritualism or Political Orientation of
each social group on a 1–6 scale, corresponding to the dimen-
sion they would be judging in the scanner, and were given
practice on the one-back similarity task itself until they under-
stood and felt comfortable with the task. They were given feed-
back on their response consistency and the number of missed
responses, since there was no pure measure of accuracy.

Experimental In-Scan Task
During fMRI scanning, participants performed the one-back
similarity task on 1 of the 2 dimensions. Ten participants per-
formed the spiritualism task, and 10 performed the political
orientation task; these were split between participants in order
to keep each scan a reasonable length; note that the participant
groups are never compared with each other. This task was split
over 6 runs; the last item of each run was repeated as the first
item of the subsequent run. This created runs with 148 trials
(7.9min in duration). Unique sequences were created by re-
assigning the items (social group names) to different trial codes
in the sequence.

Theory of Mind Localizer
Between Runs 3 and 4 of the one-back similarity task, partici-
pants were given a theory of mind localizer (Dodell-Feder et al.
2011; www.saxelab.mit.edu). This task required participants to
read 2 kinds of stories: those involving out-of-date beliefs
(“false belief” condition) and those involving out-of-date phys-
ical representations such as photographs or maps (“false

Figure 2. Illustration of the 2 one-back tasks in the neuroimaging experiment,

with example responses in red. (A) The Spiritualism task; (B) The Political

Orientation task. Results of stimulus norming study, shown for the social group

names used in the neuroimaging experiment.
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photograph” condition). All trials were composed of a story
(10 s), followed by the true-or-false question (4 s), and a fixation
block (12 s). Ten trials of each condition were presented across
two 4.5-min runs. Theory of mind regions were localized by
finding brain regions responding more to the false belief condi-
tion than the false photograph condition.

Post-Scan Behavioral Measures
After the scan, participants rated the groups on the dimension
along which they did not rate the groups during the scan, as well
as on the extent to which they personally liked each group (on a
1–6 scale, from Like to Dislike; scale order counterbalanced across
participants) and how closely they identified with each group
themselves (on a 1–6 scale, from Identify Closely to Do Not
Identify; scale order counterbalanced across participants).

fMRI Acquisition Parameters

Neuroimaging data were collected with a 3-T Siemens
Magnetom TrioTim scanner at the Harvard University Center
for Brain Science, using a 32-channel head coil. Structural scans
were acquired using an multi-echo magnetization prepared
rapid gradient-echo sequence with 1-mm isotropic resolution
and a 256 × 256 × 176mm matrix size. Functional runs for the
Theory of Mind Localizer were acquired with a gradient-echo,
interleaved sequence (time repetition [TR] = 2.0 s, time echo
[TE] = 28 s, flip angle = 85°, voxel size = 3 × 3 × 3mm, gap =
2.5mm, 32 slices, non-axial slices −35° to −40° from ACPC,
matrix size = 108 × 108mm, field of view = 216mm). Functional
runs for the experimental task were acquired with a similar
sequence but optimized for higher spatial resolution (TR = 3.5 s,
TE = 2.8 s , flip angle = 90°, voxel size = 2 × 2 × 2.5mm, gap =
0mm, 32 slices, non-axial slices −35° to −40° from ACPC, matrix
size = 108 × 108mm, field of view = 216mm). The whole brain
was covered except for up to 2 slices at the very superior tip of
parieto-occipital cortex. The first 4 functional volumes of each
sequence were discarded to ensure steady-state magnetization.

Preprocessing and Linear Modeling of fMRI Data

Functional data were preprocessed using AFNI software (Cox
1996). Slices in each volume were corrected for acquisition timing
using Fourier interpolation (3dTshift). Each volume was then spa-
tially aligned to the fourth volume of the first scan (3dVolReg). In
each run, a Fourier high-pass temporal filter (0.008Hz) was
applied to remove low-frequency trends (3dDetrend), and image
intensities were normalized. The data were spatially smoothed
with a 4-mm full-width, half-maximum Gaussian kernel for the
experimental runs, and a 6-mm kernel for the localizer runs.
Two types of general linear models were fit to the experimental
data: one that modeled activation individually for each of the 20
social groups, and one that modeled each of the 4 quadrants of
the 2D belief space (Liberal Spiritualists, Liberal Materialists,
Conservative Spiritualists, and Conservative Materialists). For the
theory of mind localizer, predictors were created for the false
photograph and false belief conditions, spanning both story and
question presentation periods.

In all linear models, regressors were created by convolving
their time-courses in the experiment with a gamma-modeled
hemodynamic response. These convolved time-courses were
used as predictors in a least-squares regression over the signal
time-course in each voxel. The models also included regressors
for motion, based on realignment parameter estimates in each
of 4 directions and 2 rotations; as well as predictors for low-

frequency linear trends across runs. The regression procedure
produced a statistical map for each condition, representing a
beta weight and t-statistic for each voxel, indicating the partial
correlation between the signal in that voxel over the course of
the experiment and the occurrence of that condition. The beta
values are commonly interpreted as percent blood oxygen
level-dependent (BOLD) signal change relative to the baseline
condition, which here were the null trials.

Anatomical Surface Analysis

Anatomical data were processed using the Freesurfer software
function recon-all (Fischl et al. 1999), which skull-stripped the
volumes and used intensity gradients to segregate white and
gray matter and generate inflated cortical surface maps for
each individual. Inter-individual alignment was performed over
the surfaces as follows: first, functional maps were aligned to
each individual’s native-space anatomical volume; the inflated
surface based on this volume were then registered with other
participants’ surfaces using the AFNI function MapIcosohedron,
and the alignment parameters from the volume to the resampled
surface were used to align the functional data. These procedures
were implemented using the Surfing Toolbox (available at http://
surfing.sourceforge.net) and described in more detail by Oosterhof
and colleagues (2011).

Multivariate Searchlight Analyses

Neighborhoods surrounding each node (surface unit) were
defined on the cortical surface by identifying 123 adjacent vox-
els, respecting the curvature of that participants’ cortical sur-
face (using the Surfing Toolbox [Oosterhof et al. 2011]). In
contrast to neighborhoods defined volumetrically, this resulted
in neighborhoods with a curved cylindrical shape that followed
the contours of the sulci and gyri of each individual. By moving
these surfaces into standardized space, these nodes are com-
parable across individuals.

Categorical Analysis
For each participant and in each neighborhood, the 123-voxel
activation levels (t-values) associated with each quadrant con-
dition were correlated pairwise, creating a condition × condi-
tion correlation matrix (as displayed in Fig. 3). These values
were Fisher-corrected to normalize them and enable inferential
testing. According to the belief dimension attended by that par-
ticipant, each pair of conditions was then categorized as a
“same-belief” or a “different-belief” pair. Thus, if a participant
had attended political orientation, different conditions were
categorized as same-belief pairs than if the participant had
attended spiritualism, according to Figure 3B: same-belief pairs
from the unattended dimension were used as different-belief
pairs. For example, Liberal Materialists and Liberal Spiritualists
were considered a same-belief pair for participants attending
political orientation, but a different-belief pair for participants
attending spiritualism. This ensured that our analysis uncov-
ered regions which were sensitive to the attentional manipula-
tion, as these models made largely opposite predictions.

The same-belief and different-belief correlation values were
each averaged, and then subtracted from each other, creating a
same versus different belief correlation difference for that
neighborhood of voxels.

This created a correlation-difference map on the cortical
surface of each individual, reflecting the discrimination of the 2
belief concepts attended by that participant. After this, the
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results from the task groups were combined, and group-level
statistics were performed across the entire sample, collapsing
across task. This was motivated by the assumption that a
region that represents belief concepts should be sensitive to
multiple kinds of beliefs, and thus, effects should hold across
task groups, given the appropriate model for that task group.
A one-tailed t-test against 0 was computed at each node, effect-
ively testing that the same-belief correlation was greater than
the different-belief correlation.

Full-model Analysis
An alternative multivoxel pattern analysis (MVPA) approach
involved computing all the pairwise correlations among the 20
individual social groups in terms of the voxel-wise patterns in
each neighborhood, and then correlating the lower half, off-
diagonal of this matrix to the corresponding entries in the
stimulus similarity norms for the appropriate dimension (Mur
et al. 2009). Both matrices were symmetric. The norms were used
because in-scanner responses likely included task-related error
and other noise. This analysis produced a correlation value at
each node, reflecting the fit between the full similarity model to
the voxel-wise patterns in its neighborhood. These values were
Fisher-corrected and submitted to a group t-test, collapsing
across task, just as in the categorical MVPA analysis.

Multiple Comparison Correction
To correct for the multiple comparisons across the 10 000
nodes, a permutation analysis was used following Oosterhof
et al. (2010), in which the sign of each participants’ r-differ-
ences (categorical analysis) or r-value (full-model analysis)
across the cortex was reversed with 50% probability, and the group
t-test is repeated (this is equivalent to swapping the within and
between correlation values before computing the r-differences).
Ten thousand such t-maps were produced, and in each one, the
maximal cluster size above an initial threshold of P < 0.005

uncorrected was extracted, providing a distribution of maximal
cluster sizes expected under the null hypothesis (i.e. that same
and different correlation values are equal). This distribution
was used to assign corrected probability values to observed
cluster sizes, by locating their position in this distribution. The
multivariate procedures were performed using custom code in
MATLAB (The MathWorks Inc 2009) and functions from the
Surfing Toolbox (Oosterhof et al. 2011).

ROI and Mask Definition
The theory of mind localizer scan was used to find voxels more
active during false belief than false photograph stories, thus
localizing brain regions that were preferentially active when
thinking about mental states (“theory of mind regions”). To
define participant-specific regions of interest (ROIs), each the-
ory of mind region was defined individually in each participant,
using volumetric data to be consistent with prior approaches.
First, a group-average mask—thresholded liberally at P < 0.01,
uncorrected, to ensure inclusivity—was used to outline the
location of each spatially distinct area most typically investi-
gated as part of the theory of mind network: MPFC, precuneus/
posterior cingulate, and left and right TPJ. Participant-specific
regions were selected by finding that participant’s top 200 con-
tiguous voxels (400mm2) within the group boundary. This
ensured that the number of voxels in each region and each par-
ticipant was equal, and that the included voxels were the most
selective ones to the false belief condition for that participant,
without being excessively large (which could harm a
correlation-based MVPA analysis).

Peak Region Analysis

To identify individual participants’ peak coordinates in the
searchlight analysis, the location of each participant’s maximal
correlation-difference value from the surface-based searchlight
MVPA analysis that was closest to the group-average peak in
the right precuneus was identified, projected back to the vol-
ume and transformed into Talairach space. Clusters of various
sizes were then defined around the peaks, by taking the 25–
200 voxels (in increments of 25) showing the largest r-value dif-
ferences. A similar approach was used for theory of mind
peaks. Proportion overlap was then computed at each cluster
size by dividing the number of voxels shared between the 2
clusters by the total size of each. Because the cluster sizes were
defined by relative rank, this analysis did not depend on trying
to equate beta values and r-difference statistics.

Results
Behavioral Measures During the In-Scan Task

During fMRI scanning, participants performed a one-back simi-
larity judgment over social group names, being asked to attend
either to spiritualism or to political orientation (as depicted in
Fig. 2). Participants responded on 96% of all trials. Moreover,
similarity judgments of each pair of items (converted to dis-
tances) were highly correlated with the distances derived from
the norming sample ratings (shown in Fig. 1B) on the appropri-
ate dimension (mean r = 0.58, t[19] = 16.40, P < 0.0001, one-tailed)
(all reported r-values are Fisher-corrected before being submit-
ted to the t-test. Only the 190 unique, off-diagonal, pairs are
used in correlation analyses between similarity matrices). These
judgments also correlated with distances on the unattended
dimension (mean r = 0.10, t[19] = 6.50, P < 0.001, 1-tailed) but to a
significantly smaller degree (t[19] = 12.40, P < 0.0001, 2-tailed).

Figure 3. (A) Schematic of the searchlight procedure: neighborhoods are defined

by selecting sets of contiguous of voxels which follow the contours of the cortical

surface. (B) Illustration of the categorical MVPA analysis. In each neighborhood,

the voxel-wise BOLD signal is correlated between each pair of conditions, and

same-belief and different-belief cells are, respectively, averaged and subtracted,

yielding a measure of belief category discriminability. The same-belief quadrants

were defined differently depending on the attended dimension (spiritualism vs.

political orientation). The same-belief pairs of the unattended dimension were

treated as different-belief pairs. Same-condition pairs are excluded from the dia-

gram as these were not included in this analysis.
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This implies that the 2 belief concept dimensions were appropri-
ately retrieved according to the task (perfectly selective attention
would be indicated by r = 0 for the unattended dimension).
Participants’ judgments were also correlated to that of each
other, within their task group (mean r = 0.59). Thus, participants
successfully retrieved the relevant attributes during the in-scan
task, and were consistent in their judgments, re-instantiating the
similarity structure observed in the stimulus norms.

On the other hand, the task response and reaction time to
each of the 20 social groups on “average” (across all compari-
sons) were not expected to correlate with belief-attribute dis-
tances, as each group was compared with every other group
equally often. Indeed, pairs of social groups with similar belief
attributes did not have more similar reaction times (t[19] = −1.34,
P = 0.90, 1-tailed) or response values (t[19] = −0.49, P = 0.69,
1-tailed). The similarity matrices of these variables are shown
in Figure 4.

To rule out potential confounds of reaction times and
responses, we tested these variables in a fashion analogous to
the categorical MVPA analyses of fMRI data. This involved

testing whether responses for same-belief (within-category)
groups were on average any more similar than different-belief
(between-category) groups, according to the attended dimen-
sion (as shown in Fig. 3B). For each participant, the reaction
times and responses to all social groups belonging to each of
the 4 quadrant conditions were averaged (e.g. the average reac-
tion time to all Liberal Materialists). Next, the absolute differ-
ences in responses and reaction times were computed between
each pair of quadrant conditions. The within-category and
between-category pairs were, respectively, averaged. The aver-
age within-category difference was subtracted from the average
between-category difference, creating a within-versus-between
response difference measure for each participant, which was
tested against 0 at the group level. This difference was signifi-
cant for responses (t[19] = 3.37, P = 0.001, 1-tailed) but not reac-
tion times (t[19] = 0.80, P = 0.22, 1-tailed), indicating that
responses were more different between different-belief groups.
This effect in the categorical analyses was surprising, given the
absence of such an effect in the full pairwise analysis of all 20
social groups (above), and given the design of the task. Given the

Figure 4. Similarity matrices showing absolute pairwise differences on 4 behavioral measures collected from the participants in the neuroimaging experiment, all

considered models of no-interest: clockwise from the top, ratings on how closely the participants report identifying with each group; how much the participants like

each group; the task response during scanning; reaction time of the task response during scanning.
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lack of correlation between task responses and the dimensions
of interest when using the full matrix of items (as reported
above), this categorical reaction time effect was most likely dri-
ven by noise rather than any true relation with the dimensions
of interest. Nonetheless, despite the fact that the differences in
task responses were not explicitly related to the nature of the
categories, the related properties of the response values and
these categories make it essential that both a categorical and a
full pairwise approach to the neural data are considered.

Behavioral Measures Acquired Post-Scan

Participants’ likeability and identification ratings were treated
in the same way as the task response variables, to ensure they
were not confounded with belief-attribute similarity. As above,
this was first tested item-wise: by assessing the correlation
between distances in terms of these ratings and the belief-
attribute distances. Second, it was also tested with a categorical
analysis on each dimension to see whether groups in same-
belief quadrants were given similar ratings relative to groups in
different-belief quadrants, on average.

The distances from the belief similarity norms were weakly
correlated with distances in likeability ratings (mean r = 0.08;
t[18] = 2.54, P = 0.01) (Likeability and Identification ratings were
missing for one participant due to time constraint. We report
the correlations among the rest of the participants) and dis-
tances in identification ratings (mean r = 0.12; t[18] = 3.63, P =
0.001). However, groups in the same category as a whole (e.g.
Spiritualists) were not more similar than those in different cat-
egories, in terms of either likeability (t[18] = 0.29, P = 0.38) or
identity (t[18] = −0.27, P = 0.61). This implies that the categorical
MVPA analyses of the fMRI data are specific to belief attributes,
and are not confounded with either how likeable those groups
are to these participants, or how closely the participants identi-
fied with them.

Categorical MVPA Searchlight

The aim of the categorical MVPA analysis was to identify neural
regions that distinguished Liberal from Conservative groups
when political orientation was attended, and Spiritualist from
Materialist groups when spiritualism was attended. This was
performed over the 4 quadrant conditions, Liberal Materialist,
Liberal Spiritualist, Conservative Materialist, and Conservative
Spiritualist, which were created by averaging across the 5 spe-
cific social groups belonging in them, as indicated in Figure 1A.
Thus, in a whole-brain searchlight, we tested each neighbor-
hood of voxels to determine whether its activation patterns
were more similar for pairs of same-belief groups than for pairs
of different-belief groups, according to the attended dimension.
Figure 3B illustrates these predicted relations for each condition
pair. For example, for participants performing the spiritualism
task, this analysis identified neighborhoods where the voxel-wise
pattern responses to Conservative Materialists correlated more
with Liberal Materialists than with Conservative Spiritualists,
indicating that such a neighborhood distinguished between
Spiritualist and Materialist groups across large variation in polit-
ical orientation. This prediction was reversed for the participants
performing the political orientation task, where same-belief pairs
from the spiritualism task became different-belief pairs. Thus, the
similarity model applied was specific to the dimension attended
by the participant, keeping constant the actual stimuli, therefore
looking for regions distinguishing Spiritualists from Materialists,

when this distinction was attended, and Conservatives from
Liberals, when that distinction was attended.

By this procedure, at each node, a correlation-difference
value was obtained for each participant, and a t-test was per-
formed across the participants’ values, collapsing across task.
Task groups were combined because our interest was in a
neural region that represents more than one kind of belief con-
cept, and which should therefore show consistent effects
across our participants. When correcting for multiple compari-
sons across the entire cortical surface, the right precuneus
passed the significance threshold of P < 0.05 (Fig. 5). Below, the
voxel-wise pattern distances (inverse correlations) between
each of the 20 social groups are shown, separately for each task
group; these were extracted from the peak node in each partici-
pant within the right precuneus cluster. As the graphs demon-
strate, the patterns in this region differed according to attended
dimension, additionally confirmed by a significant negative cor-
relation between them (r = −0.20, P = 0.005).

Full-Model Analysis and Task Response Controls

To rule out a confound of task response, which correlated with
the category distinction but not the full similarity space of all
20 groups, a full-model searchlight analysis was performed as a
convergent test. This involved extracting, at each node, the
voxel-wise patterns in response to each individual social group,
and correlating these patterns with the similarity norms,
according to the participant’s attended dimension.

The full-model analysis must be treated only as comple-
mentary to the categorical analysis, as on its own, it has several
limitations. First, it does not require explicit generalization
across the opposite, unattended belief dimension, and thus
could be significant in regions encoding only within-quadrant
similarity (e.g. among the 5 Spiritual Materialist groups) rather
than the general categories of interest here. The full similarity
model is furthermore confounded with likeability and identity
ratings (across subjects and thus across both dimensions; see
Behavioral Measures Acquired Post-Scan); however, it is not
confounded with task response, and thus serves as an essential
convergent analysis.

It was indeed found that an overlapping portion of the right
precuneus passed significance in the full-model searchlight
(Fig. 6). Because this region was significant in both the categor-
ical and the full-model analyses, its pattern of activation can-
not be due to any of the nuisance variables considered. Regions
identified only in the full-model analysis likely reflect nuisance
variables that were not the target of the investigation, and thus
cannot be interpreted.

To confirm that the very cluster observed in the categorical
MVPA results was, on the whole, specifically driven by belief
similarity and not task response, the full-model neural similar-
ity matrix was extracted from the cluster found in the categor-
ical searchlight analysis. Although testing the significance of
the full-model fit in these ROIs is biased (because the categor-
ical structure is also implicit within the full-model similarity
matrix), it is equally biased for belief category and for task
response, since both predict the same outcome in the categor-
ical analysis. Instead, the aim of this analysis was to test
whether the full similarity model captures unique variance
attributable to the belief similarity model only, controlling for
task response similarity using a partial correlation. This was
indeed the case (mean partial r = 0.06, t[19] = 3.72, P = 0.0007),
suggesting that the belief similarity model captured distinct
variance from the task response model in the right precuneus.
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Interactions

To ensure that the searchlight categorical MVPA effects in the
right precuneus were driven equally by both spiritualism and
political orientation dimensions, mean correlation differences
within the significant cluster, for each subject, were split by
task group and compared. This comparison was not significant

(t[9] = 0.68, P = 0.51). Because differences between the 2 belief
dimensions could not be detected (main effects [e.g. looking at
groups separately] are biased by the ROI selection and are thus
not reported. At the whole-brain level, testing the effects separ-
ately in each group is insufficiently powerful with n = 10), they
were unlikely to have been driven by one group more than the
other. This supports the conclusion that the right precuneus
represents both kinds of belief-attribute dimensions, though
the optimal test would be to show independent effects for
each, with a doubled sample size.

ROI Analysis in Theory of Mind Regions

To see whether belief category MVPA effects could be found
within any theory of mind region, an ROI analysis was per-
formed at the individual subject level. Group-level contrasts
are anatomically imprecise and smooth over individual vari-
ability, increasing the probability of overlap (Saxe et al. 2006;
Fedorenko et al. 2010). Thus, 4 canonical theory of mind regions
(left and right TPJ, precuneus, and MPFC) were defined individu-
ally in each participant (see ROI and mask definition), and their
voxel-wise patterns of response to each quadrant condition
were extracted. A categorical MVPA analysis was then per-
formed in the same way as in each searchlight neighborhood,

Figure 6. Full-model, whole-brain searchlight results; n = 20.

Figure 5. Categorical MVPA searchlight results, n = 20. Results from a whole-brain searchlight, showing the only significant cluster, in the right precuneus. Below, for

illustration only, similarity matrices showing the pairwise distances between each pair of social groups, measured as the inverse correlation of the voxel-wise pat-

terns between those items, as measured in each participant’s peak node (searchlight neighborhood) within the precuneus cluster. Purple rectangles surround same-

condition quadrants and within-category conditions: that is, pairs expected to be similar to each other.
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testing whether the difference between same-category and dif-
ferent-category condition pairs was greater than zero. These
difference values, averaged across participants in each ROI, are
shown in Figure 7. None was significant (all P > 0.10, 1-tailed),
indicating no discernable belief-attribute representations in
these theory-of-mind regions.

It was surprising to see no effect in the precuneus ROI,
despite apparently nearby effects in the searchlight analysis.
This is unlikely to be due to a difference in the number of vox-
els included, as searchlight neighborhoods and ROIs were
of roughly similar sizes (123 vs. 200 voxels, respectively).
However, one important difference is that medial regions on
the cortical surface are by necessity split into hemispheres, dif-
ferently from the way they are typically treated in volumetric
analyses standardly used to define theory of mind ROIs; we fol-
lowed prior approaches in defining only one, bilateral precu-
neus. However, splitting the regions is more accurate, as the 2
hemispheres are indeed physically unconnected even in their
medial aspects. Thus, breaking with traditional theory of mind
ROI definition, a specifically right precuneus ROI was defined;
in most participants, a right precuneus peak was distinguish-
able from the larger, more medial cluster which appeared, in
the volume, to span both hemispheres. The new ROI was fur-
thermore defined to be 123 voxels in size to more perfectly
match the searchlight size. However, belief category MVPA ana-
lysis in the right precuneus was, also, not significant (t[19] =
0.68, P = 0.25, 1-tailed). Thus, the null results in the theory of
mind precuneus region are not simply due to artificial pooling
of the bilateral precuneus.

Overlap and Divergence of Theory of Mind and
Belief-Attribute Searchlight Peaks

ROI results suggest that belief attributes are represented in
regions close to, but distinct from, those maximally responsive
during the False Belief task. The overlays between theory of

mind and searchlight results in each individual subject’s right
precuneus, as illustrated in Figure 8, are consistent with this
account. As a more explicit test of the dissociation between these
right precuneus loci, an overlap analysis was performed in each
participant by defining a cluster of voxels around each of the 2
peaks, and evaluating their proportion of overlap. Clusters of dif-
ferent sizes were defined by taking a specified number of the
most active voxels for that contrast (e.g. the top 25 voxels). As
shown in Figure 9, the amount of overlap ranged from 2% to 8%
across cluster sizes from 25 to 200 voxels, and decreased as the
clusters became larger. This means that as the regions became
more selective for their respective contrast, the proportion of
overlap between them decreased, suggesting the overlap of the 2
contrasts is driven by weaker, rather than stronger, voxels.

Figure 7. Results of a categorical MVPA analysis within individually defined

theory of mind regions (200 voxels in size), as identified using an independent

theory of mind localizer. Images of each region shown from one participant.

Error bars show standard error of the mean; n = 20. All comparisons against 0

non-significant.
Figure 8. Overlays of theory of mind localizer and categorical MVPA searchlight

effects, individual participant data (first 5 shown). Thresholded, for illustration

purposes only, at t > 2 for theory of mind and r-difference > 0.5 for searchlight

effects.

Figure 9. Average percent overlap between individual subject theory of mind

and categorical MVPA searchlight regions (n = 20). Regions were defined by tak-

ing a certain number of the most active voxels surrounding each subject’s peak.

Percent overlap is plotted as a function of region size; error bars show standard

error of the mean.
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To test whether the 2 loci diverged in any systematic direction
in space, the coordinate positions of their peaks were compared
across participants along each spatial axis. These coordinates are
reported in Table 1. While the x and y dimensions did not show
significant differences, the z dimension (inferior to superior)
showed a reliable difference (t[19] = 2.25, P = 0.04); though it
should be noted that this effect does not survive correction for
the number of dimensions, which would require P < 0.016. It is
also notable that searchlight effects appeared to vary widely on
the y (anterior to superior) axis, suggesting that the spatial
non-overlap of theory of mind and MVPA effects was driven by
the variability of searchlight effect localization along the y-axis,
instead of (or as well as) a more systematic spatial discrepancy
along the z-axis. Finally, a correlation analysis between the 2
sets of coordinates in each dimension revealed that they were
negatively or undetectably correlated (r = −0.22, −0.07, −0.58,
for x, y, and z, respectively). In summary, the location of theory
of mind effects is not a good predictor of the localization of
belief-attribute representations in the right precuneus in
individuals, whether due to systematic spatial shift or simply
independent variability in the searchlight effects. Although
group-average effects appear broadly similar, this apparent
similarly masks the underlying, individual anatomical dissocia-
tions between these effects.

Discussion
Using searchlight MVPA, we uncovered a cortical region in right
precuneus that had distinct patterns of activation for Liberal
versus Conservative social groups when political orientation
was attended, and for Spiritualist or Materialist social groups,
when spiritualism was attended. By using a wide variety of
social groups, and keeping the social groups the same while
making distinct predictions according to the dimension
retrieved, we have been able to show that this region repre-
sents the belief-attribute concepts Liberal, Conservative,
Spiritual, and Materialist.

These concepts are highly general: spiritualism character-
ized social groups as diverse as priests and poets, whereas
Liberalism spanned poets to scientists. They are also non-sen-
sory: no perceivable quality could define category membership.
Finally, social groups in same and different belief categories
were equal in how much the participants liked them and
identified with them. Thus, the representations identified are
semantic—general belief concepts—and not perceptual, affec-
tive, or situation-specific ones.

In addition, the portion of right precuneus in which we found
these representations was adjacent to, but not overlapping with,
the part of precuneus identified as part of the theory of mind
network using a standard localizer (Dodell-Feder et al. 2011).

Semantic Role of Precuneus

The results of the MVPA identify precuneus as part of the
brain’s semantic system. This is an extension of past findings

that have identified a network of regions, including the precu-
neus, which are engaged by semantic tasks (as compared with
non-semantic tasks; see Binder et al. 2009 for a meta-analysis)
and which allow cross-modal classification of various categor-
ies of objects and animals (Fairhall and Caramazza 2013).
Although these prior approaches were able to identify candi-
date neural regions involved in semantics, they were not
necessarily specific to semantics, because retrieving word
meanings engages not just semantic representations—general
aspects of meaning—but also mental imagery of specific sen-
sory or episodic memories. These systems are hard to disen-
tangle: the distinction between categories of objects (such as
animals, fruits and tools) can be formulated in terms of their
associated sensory or motor properties. Thus, regions that can
distinguish between such categories, even across different
modalities of presentation, are not necessarily semantic. Here,
we circumvented this problem by using category distinctions
that do not differ in terms of perceptual properties in their core
definition, but denote kinds of beliefs (e.g. Liberal vs.
Conservative). We thus provide further support for the role of
the precuneus in conceptual representation.

Recently, Hassabis et al. (2014) also found that a portion of
precuneus was able to distinguish between scenarios that par-
ticipants constructed involving novel characters described as
extraverted or introverted, suggesting it might represent per-
sonality trait concepts. However, these observations could have
reflected properties of the constructed scenarios rather than
the trait concepts themselves; in our case, the broad general-
ization across a variety of social groups, with no particular
demand on constructing scenarios, makes this account
unlikely. In contrast to previous research, the present work
reports the presence of specifically semantic representations in
the precuneus.

It is important to emphasize that the main thrust of our
findings is to demonstrate a representational property of the
precuneus: namely its capacity to represent information that is
independent of sensory particulars and sensitive to non-
physical attributes. It is this capacity that qualifies it to be part
of the full set of regions that support conceptual knowledge.
These findings were not intended to identify all conceptual
regions, nor any particular region representing all semantic
contents. Much more than a single finding will be needed to
fully characterize the content and representational capacity of
the right precuneus and its relation to other regions involved in
semantic representations.

Distinction Between Semantics of Beliefs and Theory
of Mind

Our findings also contribute to the resolution of a puzzle
regarding the relation between semantics and theory of mind:
that candidate semantic regions as described above (Binder
et al. 2009; Fairhall and Caramazza 2013) resemble the theory
of mind network, which is defined as those regions engaged
more during mental state inference than equally semantic but

Table 1 Locations of the categorical MVPA searchlight and theory of mind effects

Belief category searchlight MVPA Theory of mind

x (medial–lateral) y (anterior–posterior) z (inferior–superior) x (medial–lateral) y (anterior–posterior) z (inferior–superior)

8.95 (3.14) −53.60 (11.13) 27.05 (6.68) 8.95 (3.25) −53.70 (4.65) 32.75 (6.03)

Notes: Units are mean Talairach coordinates of individual participants’ peaks. SDs are shown in parentheses.
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non-social inference (e.g. the false photograph task as
employed here; see Koster-Hale and Saxe 2013 for a review).
Our findings rule out the idea that the same neural region
underlies both semantics and theory of mind in right precu-
neus. Indeed, representations of belief concepts in precuneus
were found outside individual participants’ theory of mind pre-
cunei, they were absent within the latter regions, and their
respective locations were not predictive of each other. Thus, at
least some socially relevant concepts are represented outside
the theory of mind network proper, making it unlikely that a
singular, homogeneous network represents both theory of
mind and social semantic information of all sorts (c.f. Spreng
and Grady 2010; Hassabis et al. 2014).

General Principles of Semantic Organization: Adjacency

It should not be ignored, however, that the 2 right precunei—
the one active for theory of mind and the one containing infor-
mation about belief concepts—were adjacent, with nearly iden-
tical group-average coordinates in 2 dimensions (Table 1). Not
all conceptual knowledge is represented in the precuneus—or
indeed any one neural locus—and the principles by which this
content is distributed remains a core issue in the neuroscience
of semantic memory.

One possibility is that semantic content is localized accord-
ing to the computation such content supports, carried out in
regions connected to it (Mahon and Caramazza 2011). This pos-
sibility becomes more likely when the content of such knowl-
edge is not determined by any sensory quality—as here—
making it difficult to account for its localization based on an
association with a sensory modality, as suggested by alterna-
tive accounts (Martin and Chao 2001; Thompson-Schill 2003).
The computation principle also fits with our recent findings of
object function representation in anterior inferior parietal lob-
ule (Leshinskaya and Caramazza 2015), near coordinates previ-
ously found to respond to tools and their movements: both
types of information would be relevant for using tools to
achieve goals. Belief concepts, in turn, are relevant for under-
standing others’ minds—the function clearly attributed to the
theory of mind network. Subcomponents of this network, and
adjacent conceptual regions, might each serve a complemen-
tary function toward this common goal. Characterizing these
unique contributions can provide clues about how this goal is
accomplished.

General Principles of Semantic Organization: Selectivity

It is well established that the semantic system contains subdi-
visions selective to certain kinds of contents; these are likely
based on evolutionarily relevant domains such as animate and
inanimate kinds (Caramazza and Mahon 2006). Is “social” such
a domain? Recent neuropsychological evidence shows that
semantic knowledge about social groups can be selectively
impaired due to neurological damage (Rumiati et al. 2014) and
neuroimaging work has found that retrieving such knowledge
preferentially activates a number of regions, including the pre-
cuneus (Zahn et al. 2007; Contreras et al. 2012). However, the
precise content of these neural areas remains to be character-
ized. If the portion of precuneus reported here is part of a
socially selective semantic subsystem, then our findings would
suggest that concepts of belief attributes are one of the things
that a social semantic system represents.

The challenge lies in connecting past findings to each other.
Prior work has found that part of the precuneus shows stronger

responses for retrieving detailed semantic properties of famous
people more than famous landmarks (Fairhall et al. 2013), and
for mental/psychological adjectives than physical attributes
(Mitchell et al. 2005; Lombardo et al. 2010; Skipper et al. 2011
though see Moran et al. 2011), including those of social groups
(Contreras et al. 2013). Curiously, it also responds to the
retrieval of psychological versus physical attributes of dogs
(Mitchell et al. 2005) and was not found when comparing social
adjectives to descriptors of animal behaviors such as “train-
able” (Zahn et al. 2007; Ross and Olson 2010), overall suggesting
that it is selective to attribute retrieval, rather than the human-
ness of the target. In summary, there is good reason to believe
that parts of the precuneus show selective responses to psy-
chological attributes.

Whether these past findings are in the same part of precu-
neus as the present ones is uncertain, but likely. One concern
has been that selective responses to psychological adjectives
may have been driven by either the operation of a socially select-
ive semantic system, or the incidental engagement of social-
inferential processes (Zahn et al. 2007)—predicting behavior,
inferring desires, and beliefs—in the theory of mind network,
which was not explicitly localized in those studies. However,
person-selective precuneus scales with semantic demand
(retrieving more vs. less specific content), and does so more dur-
ing the retrieval of person-related rather than place-related
knowledge (Fairhall et al. 2013). If the level of semantic demand
does not also increase theory of mind demand, this suggests a
content-selective, semantic effect (see Zahn et al. 2007 for a simi-
lar argument about the ATLs). It thus seems likely that represen-
tations of belief concepts are part of such a system.

Limitations

Our findings relied primarily on a categorical approach to data
analysis to control for nuisance variables. This could have lim-
ited our ability to find representations that are highly sensitive
to the differences within a category, while still encoding belief
attributes. Furthermore, it could have missed areas that repre-
sented only one end of a spectrum consistently, because it
required within-category similarity on both ends. Nonetheless,
we sought a region that represented multiple kinds of belief
concepts, for increased generality.

As argued in the Introduction, an approach that localizes
specific concepts is more likely to succeed than one that
assumes content-general conceptual regions and fails to find
them. Nonetheless, even given this success, it remains for
future research to characterize the representational scope of
the identified region. Some regions, such as prefrontal cortex,
are known to contain flexible, task-defined representations
across a wide variety of contents (Freedman et al. 2001; Roy
et al. 2010). Is the precuneus such a region, or is its domain lim-
ited? To answer this, our findings can be placed within the con-
text of work in other domains that makes use of similar tasks
or analytic approaches. The case of inanimate object properties
in anterior temporal cortex (e.g. Peelen and Caramazza 2012)
and emotion attributes in MPFC (Skerry and Saxe 2014) provides
salient examples of content domains that are represented pri-
marily in other regions. Nevertheless, identifying the precise
scope of the precuneus awaits future research.

Conclusion
The signature of semantic representations is their capacity to
represent properties not directly available to the senses—for
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example, belief concepts. We used this signature to identify a
region in the right precuneus as part of the brain’s semantic
system, by showing its capacity to represent concepts like
Liberal and Spiritual. We further observed that these concepts
were represented in an adjacent—but non-overlapping—part of
right precuneus to that engaged during theory of mind.
Although the precise scope and selectivity of this part of precu-
neus has yet to be determined, it likely has a privileged role in
representing mental attributes, and works together with other
regions, such as the adjacent theory of mind precuneus, that
encode distinct but complementary content for understanding
our social environment. It is possible that the participation of
belief concepts in social reasoning is part of the reason they are
localized as they are. Finally, we anticipate that by characteriz-
ing the distinct components of this system, we can ultimately
unravel the nature of the computations that allow us to think
of people in terms of their internal qualities.
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