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s political ideology correlated with brain
structure? A preregistered replication

Diamantis Petropoulos Petalas,’** Gijs Schumacher,” and Steven H. Scholte®

SUMMARY

We revisit the hypotheses that conservatism positively correlates with amygdala and negatively with
anterior cingulate cortex (ACC) gray matter volume.Using diverse measures of ideology and a large
and representative sample (Amsterdam Open MRI Collection [n = 928]), we replicate a small positive rela-
tionship between amygdala volume and conservatism. However, we fail to find consistent evidence in
support of the ideology-ACC volume link. Using a split-sample strategy,we conducted exploratory
whole-brain analyses on half the data, preregistered the findings, and then conducted subsequent confir-
matory tests that additionally highlight weak, positive associations between the right fusiform gyri and
conservatism. This is the largest preregistered replication study in the context of political neuroscience.
By using Dutch as opposed to British or American data, we also extend the amygdala-conservatism link
to a multiparty, multidimensional political context. We discuss the implications for future investigations
of the neural substrates of ideology.

INTRODUCTION

Do liberals and conservatives behave and think fundamentally different? This debate is ongoing with disagreement regarding ideological
differences in negativity biases,' cognitive rigidity, risk taking, and impulsivity.”> Underlying these differences is a fundamental claim first
published in Current Biology that liberals and conservatives have identifiable differences in brain morphology. Specifically, Kanai et al.®
were the first to demonstrate that compared to liberals, conservatives show a larger volume of gray matter in the right amygdala (rAMG),
aregion that plays a critical role in the processing of negative, aversive human emotions like sadness, fear, and threat,””® and less gray matter
in the anterior cingulate cortex (ACC), a region linked to error monitoring, belief updating, and affect-regulation.”""

The study by Kanai et al.® used magnetic resonance imaging (MRI) to investigate anatomical differences as a function of conservatism. The
study sample consisted of (n = 90) UK university college students with a middle- to upper-class background and was accompanied by a small
replication study using another (n = 28) participants from the same pool. Participants indicated their political orientation from 1 (very liberal) to
5 (very conservative) based on a single item.'” However, as there were no “very” conservative participants in the sample, the analyses were
limited to the range of 1-4. Socioeconomic and demographic information and distribution of political orientation scores were not reported in
the paper. Notably, the study by Kanai et al.® was the first documented report focusing on morphological (i.e., structural) differences in gray
matter volume between liberals and conservatives. As such, its originality has drawn scholarly attention. Hannah Nam et al."”® conducted a
conceptual replication of the Kanai et al.” hypotheses (i.e., correlation between gray matter volume and political ideology) in two independent
samples of Caucasian (study 1, (n = 49) and ethnically diverse (study 2, n = 42) US college students, adding the general system justification
scale (eight items) as a measure of perceived fairness, legitimacy, and justifiability of the prevailing social system (see the study by Kay
and Jost'). Interestingly, although system justification was positively correlated with gray matter volume in the bilateral amygdala (and
more so in the more diverse sample), self-reported ideology (single item) was not a significant predictor of amygdalar volume.

Challenges in identifying neural correlates of political ideology
Taken together, these findings support an active role of the rAMG and the frontal lobes (in particular, the ACC) in processing threat and fear,
social hierarchies, and social dominance, which is presumably the reason it correlates with conservatism. In both the Kanai et al.® and the Nam
etal.”® studies, however, ideclogy was simplified as a single-dimensional spectrum on conservatism, overlooking the multidimensional nature
of political ideology. In addition, in both studies, the relatively small and rather homogeneous samples used limit the generalizability of the
findings to the broader population.

Recent advances in neuroimaging further suggest that to reveal associations between the structure or function of the brain and observ-
able characteristics or traits, known as brain-phenotype associations, large-scale neuroimaging data are required and that small-scale
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studies may be subject to type | error, due to the negative nature of the power law relation between required sample size and estimated
effect size.””

Regarding the role of the amygdala in fear learing, existing evidence is inconclusive, with functional MRI (fMRI) studies yielding conflicting
findings.'® This is problematic because the amygdala-fear relationship is typically seen as the primary theoretical link to conservatism.

Given that small samples undermine the probability of true positive results and that the evidence is mixed, replication studies using larger
and more diverse samples across different sociopolitical landscapes are important. Such replications provide researchers with more accurate
estimates of the relationships between brain structure and phenotype at the level of behavior and cognition. In addition, they allow re-
searchers to evaluate if similar findings hold true across different populations. As such, the extent to which the morphological or structural
properties of the amygdala drive political conservatism in more diverse and politically representative samples remains an important area
of research in political psychology.

Conceptualizing political ideology

There are three key conceptual issues with ideology. First, ideology can be seen as issue positioning, that is a coherent set of policy attitudes
towards social and economic issues (e.g., “"Homosexuals should be removed from society,” “Abortion should be illegal,” or “In general, you
find society to be fair”) or as an identity—a political group or label to which one subscribes (e.g., Republican vs. Democrat in the US context).
Although typically viewed as synonymous, ideological identification often does not align with ideology as policy attitudes.'’~'? Second, ide-
ology is often described as a single dimension running from liberal to conservative, or left to right. In ideologically homogeneous samples, the
likelihood that single-dimensional measures can capture a general political orientation score is fair. In most democracies, however, one needs
multiple dimensions to describe the variation in policy positions taken by parties and voters.”® Typically, researchers distinguish separate eco-
nomic and social dimensions. How these two dimensions relate varies across time and between countries.”’ Third, although there is evidence
that party identification, self-reported ideology, and selected issue positions can vary over time within the same person, in the long run po-
litical attitudes appear to be rather stable.??

To capture the complex relationships between political orientations and brain structure, we argue there is a need to distinguish between at
least four differentideology constructs: social ideology as self-identification, economicideology as self-identification, social issue positioning,
and economic issue positioning (see Figure 1 for a visualization of our sample distributions for ideology and issue positioning). Comprehen-
sive measures that encompass various ideology dimensions capture the complexity of political orientations, thereby providing a more
nuanced understanding of the relationship between brain structure and specific political issues. For example, using more fine-grained mea-
sures of political orientation helps to identify the specific role of different neural regions in processing its different facets, such as party iden-
tification and issue alignment.

The current study

Our study addresses these challenges by revisiting the original® findings, using a larger, more diverse, and representative Dutch sample, using
extensive measurement variation on ideology and vote choice, and taking into account the multifaceted and multidimensional nature of po-
litical ideology. By using Dutch as opposed to British or American data, we have data from a multiparty, multidimensional political context.
This is in contrast to most studies published in the field, which are primarily based on a two-party political landscape. Thus, our study is de-
signed to revisit and extend the long-assumed relationship between brain structure and political ideology.

We use structural MRl scans from the Amsterdam Open MRI Collection (see the study by Snoek et al.”®), involving a total of (n = 928) healthy
volunteers (mean age: 22.86 [SD = 1.70] years, 52% females), who were recruited between 2010 and 2012. We first replicate the same hypoth-
eses as Kanai et al.® They conceptualized ideology as ideology-as-identity. They hypothesized that the more conservative a person identifies,
the more gray matter volume of the rAMG (H1); and the more liberal a person, the more gray matter volume of the ACC (H2). Then, we split the
sample in half to conduct a whole-brain analysis and identified additional correlations between gray matter volume of various areas and our
ideological constructs. We then preregistered the split half results, in addition to a few theoretically expected relationships, and conducted
confirmatory tests on the second half of the data.

RESULTS

Replication: Correlation amygdala and ACC volume with ideology

We first replicate the two main findings from Kanai et al.® Using OLS regression, we find a significant, positive effect of the social identity scale
on amygdala volume (b = 5.024, SE = 2.460, p = 0.041, z = 0.068). Figure 2A plots this relationship. We fail to find a significant effect of the
social identity scale on ACC volume (b = 0.202, SE = 0.497, p = 0.685, also see Figure 2B). In sum, we partially replicate the Kanai et al.® find-
ings. It should be noted, however, that our effect size is only a third of the one originally reported in the study by Kanai et al.® (Pearson’s R of
0.068 compared to 0.23).

Figure 2C displays the means in social identity and amygdala volume per party. This figure confirms that voters of progressive parties such
as D66 and GroenLinks (GL) have on average less gray matter volume in the amygdala region, and voters of more conservative parties have
more gray matter volume in this region. SGP voters do not fit this pattern, which is most likely due to the small sample of SGP voters (n = 18).

Figure 2B also confirms the importance of taking into account multidimensionality; the economically radical-left socialist party has socially
conservative voters and, on average, more gray matter in the amygdala. This sets them apart from other parties like GL and PvdA that are
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Figure 1. Sample distributions for ideology, vote choice, and gray matter volume in ACC and amygdala

(A) Presents the percentage of voters for each party in the election and in the sample.

(B) Shows the distribution of progressive-to-conservative identification (self-placement) on economic and social dimensions.

(C) Shows the distribution of left/progressive-to-right/conservative issue positions on both the economic and social dimensions.
(D) Shows boxplots to represent the distribution of gray matter volume in the ACC and amygdala.

typically seen as “left-wing.” The Christian Union is economically centrist, but has deeply social conservative voters, also fitting the pattern of
more gray matter in the amygdala. Again, this distinguishes this party from other parties that are identified as center-right on a unidimensional
scale. Alternative operationalizations of social ideology or analyses of economic identity or ideology fail to identify a relationship with the
amygdala (see Table S3) or ACC volume (see Table S4).

Extension: Correlations between other areas and ideology

We subsequently conducted a whole-brain analysis on the first split-half of the data. In these analyses, we looked for a linear relationship be-
tween the volume of an area and each of the four ideology constructs adjusted for multiple comparisons. On this basis, we identified and
preregistered a positive correlation between social ideology and the left (h3a) and right (h3b) fusiform gyrus (FG). Note that we did not pre-
register a link between social identity and the left FG, because the significant finding we had there was not robust against alternative model
specifications. We further found and preregistered a negative correlation between social ideology and the ACC (h1). Note that there were
minor voxel differences between our localization of the ACC and the one used in the study by Kanai et al.” These preregistered expectations
and an extensive pre-analysis plan were stored on OSF - https://osf.io/k7nt5/, prior to analyzing data from the second split-half.

Figure 3 presents the overview of these results. First, regarding the ACC (top panel), our exploratory analyses supported a negative rela-
tionship between social ideology and the ACC (Figure 3 also shows a positive effect of social identity. But this is driven by the modeling strat-
egy. This effect disappears in a bivariate regression model, yet this was not replicated in our confirmatory part, nor in our analysis of the whole
dataset. The Bayes factor of social ideology in the whole dataset analysis is 0.104, providing substantial evidence in favor of the null hypothesis
of no effect. We therefore reject the link between social ideology and ACC.

Based on the exploratory analyses, we preregistered positive relationships between the volume of the left and right FG and social ideol-
ogy. Both tests on the confirmatory split-half, however, find insignificant results as visualized in Figure 2. The whole data analysis indicates a
positive, but insignificant relationship between social ideology and the left FG (whole data: b = 3.628, SE = 2.776, p, one-tailed test = 0.096,
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Figure 2. Relationships between ideological identitification, ACC, and amygdala

(A and B) Show the means (dots) and 95% confidence intervals (bars) of respectively amygdala volume and ACC volume along the progressive-conservative social
identity measure. The betas and SEs in (A and B) refer to a linear regression model with brain region as dependent variable and identity as a linear predictor.
(C) Shows average amygdala volume and social identity per political party. The size of the dot of each party corresponds to the number of participants in our
sample. The horizontal lines represent the 95% confidence intervals for identity, the vertical lines represent the 95% confidence intervals for amygdala volume.

z=0.044), as well as a positive and significant relationship between social ideology and the right FG (whole data: b = 5.298, SE=2.221, p, one-
tailed test = 0.009, z = 0.081).

To further assess the strength of our evidence, we calculated Bayes factors on the results of the whole data analysis. The Bayes factor of the
social ideology-left FG link is 0.182, suggesting clear evidence in favor of the null hypothesis. We therefore reject hypothesis 3a. The Bayes
factor for the social ideology-right FG link is still only 0.973, suggesting as much evidence for the null as for the alternative hypothesis. Placing
more weight on our preregistered frequentist analyses than these post hoc Bayesian analyses, we conclude there is weak and suggestive ev-
idence for a positive relationship between social ideology and the right FG. Yet, ultimately we need more data here.

Regarding economic ideology in the exploratory split, we find a statistically significant, positive relationship with the right FG. But we did
not preregister this. The confirmatory split also finds a positive, but not significant, effect. The whole data analysis suggests a positive signif-
icant relationship (b = 5.147, SE = 2.298, p, two-tailed test = 0.025, z = 0.079). Also, here the Bayes factor (0.487) is substantially less favorable
toward the alternative hypothesis than our preregistered frequentist analysis. Regarding economic identity, none of the results suggest a sig-
nificant effect.

Alternative explanations

To evaluate the robustness of our results and rule out alternative explanations, we ran a series of exploratory analyses. Specifically, we used
social-economic background variables such as income, education, and gender; big-5 personality factors such as openness, conscientious-
ness, agreeableness, neuroticism, and extraversion; and the F-scale and the political-religious dimensions extracted from the Survey of Dic-
tionary-based “Isms"** as predictors of the volume of the key areas, namely the ACC, amygdala, left FG, and right FG. We selected these
independent variables because they were included in the survey. We add these independent variables one-by-one to the analyses reported
in Figure 3. Figure S1 shows the effect of the four ideology variables in models including the different independent variables we mentioned
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Figure 3. Ordinary least squares (OLS) regression coefficients of ideology on gray matter volume

Each row represents a single analysis with the gray matter volume of a region as dependent variable, and the four ideology variables as independent variables.
There is one exception: the original Kanai replication is based on four OLS regressions with single estimators. Dots represent the regression effect and bars the
90% Cl. Black dots and bars indicate a significant relationship, gray ones denote an insignificant relationship.

here. With one exception, none of the variables changes our main result, that is, each estimate of the effect of ideology is within the confi-
dence interval of the main result. Only adding education changes the main result, but this is because we only have 349 observations for that
variable, thereby dramatically reducing the sample.

DISCUSSION

The question whether biological characteristics play a role in political cognition goes back at least 50 years ago.””?” The famous work by E.O.
Wilson”® sparked initial interest among political psychologists and biologists, giving rise to the quest for specific genes””*° and brain
areas’'"*” responsible for shaping political ideology. This has led to the emerging field of neuropolitics, more recently.*® Existing evidence
partially supports a neurobiological association of the rAMG and ACC with political orientations, such that gray matter volume of the
rAMG is greater in conservatives compared to liberals and that the ACC was larger in liberals.*'***

Adding to previous investigations, our study highlights that political orientation is a multi-dimensional concept. Large-scale neuroimaging
data offer the possibility to test the robustness of previously reported brain-phenotype associations and to draw the big picture of individual
differences and variation in measuring ideology. This has been particularly an issue in previously conducted investigations on this topic, which
suffered from limited measures of ideology and used small and rather homogeneous sample sizes. Although still rare, such large-scale pop-
ulation MRI projects are important for advancing the field of neuropolitics.**** Here, we concretized ideology by dividing into an issue-based
ideology measure and an identity-based measure, following political science work.'”~'” We found that these measures are weakly and posi-
tively correlated, yet they also produce variation in how they relate to certain brain areas.

We first revisited the original Kanai et al.® hypotheses and attempted a conceptual replication using a more diverse, large, and represen-
tative sample. Using a split-data design,” we preregistered and replicated the finding that amygdala gray matter volume correlatives posi-
tively with conservatism. However, we failed to replicate the negative correlation between conservatism and the ACC. In all, given that the
exploratory and the confirmatory data splits did not yield similar results, we should consider the analysis on the whole data as most
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informative. In addition, we analyzed gray matter volumetric associations with ideology and report correlations between economic and social
dimensions of ideology and identity, and gray matter volume in the left and right fusiform gyri. Regarding the left FG, we fail to reject the null
hypothesis of no relationship with any of the ideology concepts. However, we do find evidence that gray matter volume of the right part of the
FG structure positively correlates with the economic and social dimensions of ideology (i.e., against governmental regulation and diversity/
equality).

Notably, the effect sizes identified in our study are very small, so small that our exploratory and confirmatory findings do not align. In retro-
spect, this was to be expected because, with 450 participants, the power of a test that yields a Pearson’s r of about 0.08 is barely 52.1%. A
correlation coefficient the size of 0.12 can only be detected at the acceptable power level of 80%. From that perspective, the analyses of
all data pulled together deserve the most confidence. Even so, and considering the original study’s sample size, it is striking how much
data were needed to replicate the Kanai et al.® study (partially). This raises questions both about the replicability of much MRI research as
well as the amount of underpowered null findings that are gathering dust in some drawer. It also suggests that reported effects heavily
depend on different operationalizations of ideology, therefore yielding very low predictive power for political ideology on the basis of brain
structure. In particular, social ideology, which was measured with issue-position items, is markedly skewed to the right, presumably because
some of the items were too extreme for the Dutch context and because other social ideology as issue-position items, such as immigration or
climate change, were not included in our questionnaire. For a comprehensive description of the social-ideology measure, see Table S1inthe
STAR Methods section. This could explain the absence of a systematic effect for social ideology, suggesting that identification and issue align-
ment may be more fundamentally different than hitherto assumed and that it therefore matters which one of the two concepts researchers
choose to analyze. Our findings suggest that a more nuanced operationalization of ideology is needed, compared to the oversimplified
notion that liberals and conservatives have fundamentally different brains. While we do observe neurobiological differences in gray matter,
it is critical to approach these findings with caution, to avoid fostering misconceptions and stereotypes, which can inadvertently fuel social
polarization and undermine democratic participation and egalitarian values.

Ideology and the amygdala

The amygdala is an almond-like structure located deep in the cerebral hemispheres of all vertebrates. In human adults, the amygdala contains
approximately 13 million neurons. Based on its cytoarchitecture, the amygdala consists of six distinctive subregions, some of which have been
previously linked to the regulation of mood and internal states. For instance, the basolateral complex and the centromedial group contain
crucial subnuclei for processing pain sensitivity and emotional and social experiences, while dysfunctions to certain subregions have been
linked to several psychiatric disorders (see the study by Zhang et al.”). The amygdala is a highly complex organ comprising a cluster of
(at least) 13 nuclei in the rostral temporal lobe that are primarily involved in the processing of negative stimuli (like threats) and in regulating

38)

associated emotions, such as sadness, uncertainty, rage, and fear, this way efficiently serving cognitive and behavioral adaptations to envi-
ronmentally salient events.” %3740

Although the amygdala is part of the limbic system, an evolutionary old brain region, its structure and function are subject to develop-
mental changes from adolescence to adulthood,*" as well as to situational factors such as chronic stress exposure.42 Research shows that
mature neurons in the amygdala increase from childhood into adulthood.*” The distinctive characteristics of stress-induced changes in the
amygdala, along with alterations in other brain regions, may have enduring effects on cognitive performance and the development of
long-term anxiety.*® This could explain individual variation in amygdalar volume as a function of conservatism, as a regulatory response to
perceived social treats.

In addition, there is evidence for a positive association between amygdalar gray matter volume and social status in macaques,”® socioeco-

4 . L - . .
4445 a5 well as social network size in both macaques and humans.**™*® This evidence

nomic status and learning of social hierarchies in humans,
aligns with human data showing that the amygdala is involved in the acceptance, learning, and maintenance of social hierarchies and social
dominance,® serving as another theoretical explanation for conservatism.

Combining findings from neuroimaging, brain lesions,** and non-invasive brain stimulation studies enable direct observation of specific
brain regions that are necessary for certain behavioral outcomes. Such studies may provide particularly convincing and methodologically
rigorous insights regarding the relation between brain anatomy and political ideology or motivated reasoning. A recent study by Nam
et al.’* compared political orientations in patients with frontal lobe and amygdala lesions and healthy control subjects. Results showed an
association between conservatism and damage in the dorsolateral prefrontal cortex (DLPFC), but not the amygdala. While the role of the
DLPFC in modulating conservatism has been further documented by Chawke and Kanai’? using repetitive transcranial magnetic stimulation,
it is not possible to apply non-invasive stimulation methods to the amygdala, as it is a structure that lies deep in the brain.

In all, the implication of the amygdala specifically in predicting political orientations seems a consistent finding across multiple studies.
The current replication study using a fairly large and politically diverse dataset adds partial support to this hypothesis. Our results imply
that a progressive voter has on average an amygdala volume 0.14 standard deviation units smaller than a conservative voter does (we
compare here the difference between one standard deviation below the social identity scale to one standard deviation above). This trans-
lates to 10 mm? in physical space, which is just a little bit larger than a sesame seed. Of course, such a difference in the amygdala corre-
sponds to thousands of neurons, possibly adding up to millions of neural synapses. We deem it possible that a small anatomical variation in
the amygdala may link to substantial variance in functional orchestration and neural connectivity, accounting for some of the measurable
differences at the level of political conservatism across individuals. However, we must not forget that the precise functions of the amyg-
dala’s subnuclei and their role in fear learning remain elusive.'” Because of the correlational nature of neuroimaging studies, it remains

6 iScience 27, 110532, October 18, 2024



iScience ¢? CellPress
OPEN ACCESS

unresolved if the association between amygdala volume and conservatism identified in the Kanai et al.® study supports a causal role of the
amygdala in regulating conservatism. In the pursuit of understanding the neural underpinnings of political ideology; we argue that future
research in political neuroscience needs to shift toward functional connectivity of the amygdala and its subnuclei with other brain areas
relevant for political conservatism.

Politics and the FG

Located in the ventral temporal lobe’s center, the FG stands as the ventral temporal cortex’s most substantial component, distinguished by its
intricate cytoarchitectonic properties and receptor distribution patterns. This region, essential for visual and cognitive functions, exhibits a
sophisticated anatomical organization into medial (FGm), lateral (FGI), and anterior (FGa) subregions, each with unique connectivity signa-
tures and roles.”® FGm primarily facilitates early visual processing, acting as a conduit to higher-order visual areas. In contrast, FGa specializes
in processing semantic category information, such as faces or words, received from the FGI. Distinct functions emerge depending on the FG's
laterality, with the left FGI uniquely associated with language processing through fibers extending to related cortical brain regions, while vi-
suospatial and face recognition tasks are processed bilaterally across the FG.>' Stimulation of right FGa selectively impairs the ability to recog-
nize face identity.”” This anatomical and functional specificity underscores the FG's role in decoding visual information along the ventral tem-
poral lobe’s posterior-anterior axis, highlighting its critical involvement in categorical perception of faces, discrimination of body parts,
recognition of object features, and semantic processing.

Research in political neuroscience has indicated a functional role of the FG in processing politically salient stimuli, including faces and
statements, as well as non-political stimuli depending on preexisting political attitudes.” In a recent electroencephalogram (EEG) studly,”
resource-scarcity framing was found to reduce FG activity to Black (vs. White) faces, suggesting biases in visual processing of identity-
related characteristics under conditions of economic stress. A 2020 fMRI study found that individuals with xenophobic (versus non-xeno-
phobic) attitudes elicited higher BOLD responses to faces of refugees and terrorists in the left FG and increased functional connectivity
between the distinct clusters of the FG and the right middle frontal gyrus, the left supplementary motor area, the right precuneus, and
the right lingual, parahippocampal gyri.”> Furthermore, the FG is involved in partisan-dependent neural synchronization in response to
political videos.”® These findings suggest that information processing in the FG reflects not only the detection of low-level visual features
but also the dynamic computation of high-level aspects of the stimulus, including social categories, stereotypes, and attitudes, in a top-
down manner.”’

In our study, we find a positive relationship between gray matter volume in the right FG structure and issue alignment with statements
relevant to economic and social attitudes, indicating a nuanced role of the right part of the FG in processing specific statements tied to social
and economic concepts. In all, and given that the FG's anatomical specialization and connectivity with other brain regions support complex
semantic processing and biased encoding of political information, we deem that findings from our study reinforce the notion that structural
differences in the FG may underpin higher-order cognitive processes related to political orientation. This suggests a sophisticated neural ba-
sis for political attitudes, rooted in how the FG integrates and interprets complex visual input bearing social significance. This prediction
should be addressed further in future studies, using functional neuroimaging methods such as EEG or fMRI, in order to avoid interpretations
based on reverse inference.

The ACC and other areas

The ACC lies in the medial wall of each hemisphere, close to the corpus callosum. It is also a very complex organ linking to multiple areas of
the brain, including direct connections to the limbic system and the amygdala. Based on its cytoarchitecture, receptor mapping, and connec-
tions, the ACC can be separated into a ventral- and a middle-cingulate cortex area. In brief, the middle cingulate cortex shows high connec-
tivity with cognitive- (e.g., lateral prefrontal) and motor-related (e.g., premotor and primary motor) areas of the cortex and with both pain- and
motor-related thalamic nuclei. The ventral part of the ACC has extensive connections with areas related to emotion (e.g., amygdala), memory
(e.g., hippocampal region), and reward (e.g., orbitofrontal cortex and ventral striatum), with specialized neurons that enable faster signaling,
thereby facilitating action execution and adaptation in social situations.'’

The ACC is primarily involved in conflict detection,”® and political conservatism can be seen as increased sensitivity to conflicting informa-
tion relative to traditional values. In the original Kanai et al.® study, the ACC was found to be larger in liberals. In our study, we find inconsistent
evidence that gray matter volume in the ACC correlates with conservatism. Results from the exploratory and the preregistered confirmatory
sections of our data do not align. Although our study was sufficiently powered, we still fail to replicate this relationship.

Nonetheless, and given that the ACC has been linked to the detection of conflicting ideological principles in previous investigations,
it is possible that differences between liberals and conservative spotted in the ACC can reflect functional instead of structural properties.

31,59,60

Functional neuroimaging and connectivity studies, focusing on functional rather than on anatomical properties, have also documented dif-
ferences in the ACC and in other brain regions, between liberals and conservatives.'*"%¢1¢2 Recently, Yang et al.** presented a functional
connectivity analysis of 174 liberal and conservative brains, using self-reports and behavioral paradigms used in cognitive neuroscience to
tackle human performance in fundamental cognitive domains (i.e., retrieval, empathy, and monetary reward). Using convolutional neural net-
works analysis, the researchers modeled a functional connectivity network that predicts political conservatism, linking the rAMG, inferior fron-
tal gyrus, and hippocampus together.

In addition to these regions, differences between liberals and conservatives have been previously linked to patterns of neural activation

in the left insula,”’"*>°% the ventromedial, dorsolateral, and dorsomedial parts of the prefrontal cortex,>**7¢4¢7 the dorsal part of the
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ACC,® the temporoparietal junction, and the precuneus.®” Activity in these brain regions typically corresponds to functions like motivation
and disgust,”””" emotional processing, decision-making, memory, self-perception, and social cognition,”? attention and inhibition, reward
processing, mentalizing (i.e., thinking about the mental states of the self and others), error monitoring, and processing of pain. Because all
these regions are involved in a diverse array of cognitive functions, associations with ideology should be regarded with caution and call for
further investigation. In our whole-brain analysis, we did not find relationships between these areas and the different ideology concepts we
tested for.

Final remarks: Brain morphology and political orientations

The ability to determine the specific regions of the brain that engage during political judgment and decision-making creates a foundation for
examining the differing worldviews of liberals and conservatives. This perspective assumes that the complex components of partisanship and
ideology can either (1) be deducted to morphological differences in a small set of brain regions, implying that an independent module or
network with its own domain-specific functions and properties determines political orientations or (2) be attributed to functional connectivity
networks, implying that ideological beliefs are emergent mental constructs that arise from the dynamic interplay between low-level feature
processing and higher-order cognitive operations relevant for social categorization, identification, and valuation.””*’* The integration of spe-
cific question items related to social identity, economic identity, social ideology, and economic ideology into demographic surveys for large
neuroimaging projects presents an opportunity to advance political neuroscience. Such granularity is essential for a comprehensive under-
standing of the complex relationship between brain structure and political beliefs, providing valuable insights into the cognitive underpin-
nings of ideology.

STARXMETHODS

Detailed methods are provided in the online version of this paper and include the following:

o KEY RESOURCES TABLE
o RESOURCE AVAILABILITY
O Lead contact
O Materials availability
O Data and code availability
o EXPERIMENTAL MODEL AND PARTICIPANT DETAILS
O Sample description
O Procedure
o METHOD DETAILS
O Measuring ideology
O Scanner details and protocol
O MRI and voxel-based morphometry (VBM) preprocessing steps

SUPPLEMENTAL INFORMATION
Supplemental information can be found online at https://doi.org/10.1016/].isci.2024.110532.

AUTHOR CONTRIBUTIONS

G.S. and D.P.P. conceptualized the study. G.S. and S.S. developed the research analysis plan and models. D.P.P.: writing of original draft, pre-
analysis plan, and OSF preregistration. S.S.: pre-processing and analysis of the MRI data. G.S.: main analysis and visualization of the data.
D.P.P. and G.S.: writing — review and editing and supervision.

DECLARATION OF INTERESTS

The authors declare no competing interests.

Received: October 17, 2023
Revised: March 14, 2024
Accepted: July 15, 2024
Published: September 19, 2024

REFERENCES
1. Johnston, C., and Madson, G. (2022). Publisher: Nature Publishing Group. https:// 2. Oxley, D.R., Smith, K.B., Alford, J.R., Hibbing,
Negativity bias fails to predict right-wing doi.org/10.1038/s41562-022-01324-8. M.V., Miller, J.L., Scalora, M., Hatemi, P.K_,
ideology and personality in five studies. Nat. https://www.nature.com/articles/s41562- and Hibbing, J.R. (2008). Political Attitudes
Human Behav. 6, 622-623. Number: 5 022-01324-8. Vary with Physiological Traits. Science 321,

8 iScience 27, 110532, October 18, 2024


https://doi.org/10.1016/j.isci.2024.110532
https://doi.org/10.1038/s41562-022-01324-8
https://doi.org/10.1038/s41562-022-01324-8
https://www.nature.com/articles/s41562-022-01324-8
https://www.nature.com/articles/s41562-022-01324-8

iScience
Article

(&)

~

[ee]

1667-1670. https://doi.org/10.1126/science.
1157627 https://science.sciencemag.org/
content/321/5896/1667.

. Osmundsen, M., Hendry, D., Laustsen, L.,

Smith, K., and Bang Petersen, M. (2021). The
Psychophysiology of Political Ideclogy:
Replications, Reanalysis and
Recommendations. J. Polit. 84. https://doi.
org/10.1086/714780.

. Bakker, B.N., Schumacher, G., Gothreau, C.,

and Arceneaux, K. (2020). Conservatives and
liberals have similar physiological responses
to threats. Nat. Hum. Behav. 4, 613-621.
https://doi.org/10.1038/s41562-020-0823-z.
URL. http://www.nature.com/articles/s41562-
020-0823-z.

. Zmigrod, L., Eisenberg, |.W., Bissett, P.G.,

Robbins, T.W., and Poldrack, R.A. (2021). The
cognitive and perceptual correlates of
ideological attitudes: a data-driven
approach. Phil. Trans. Biol. Sci. 376,
20200424. https://doi.org/10.1098/rstb.
2020.0424.

. Kanai, R., Feilden, T., Firth, C., and Rees, G.

(2011). Political orientations are correlated
with brain structure in young adults. Curr.
Biol. 21, 677-680.

. Baeken, C., Marinazzo, D., Van Schuerbeek,

P.,Wu, G.-R., De Mey, J., Luypaert, R., and De
Raedt, R. (2014). Left and right amygdala-
mediofrontal cortical functional connectivity
is differentially modulated by harm
avoidance. PLoS One 9, €95740.

. Murphy, J.E., Yanes, J.A., Kirby, L.A.J., Reid,

M.A., and Robinson, J.L. (2020). Left, right, or
bilateral amygdala activation? how effects of
smoothing and motion correction on ultra-
high field, high-resolution functional
magnetic resonance imaging (fmri) data alter
inferences. Neurosci. Res. 150, 51-59.

. Bush, G., Phan, L., and Posner, M.I. (2000).

Cognitive and emotional influences in
anterior cingulate cortex. Trends Cogpnit. Sci.
4,215-222.

. Sander, N., Ridderinkhof, K.R., Blom, J.,

Band, G.P.H., and Kok, A. (2001). Error-
related brain potentials are differentially
related to awareness of response errors:
evidence from an antisaccade task.
Psychophysiology 38, 752-760.

. Stevens, F.L., Hurley, R.A., and Taber, K.H.

(2011). Anterior cingulate cortex: unique role
in cognition and emotion. J. Neuropsychiatry
Clin. Neurosci. 23, 121-125.

. Jost, J.T. (2006). The end of the end of

ideology. Am. Psychol. 61, 651-670.

. Hannah Nam, H., Jost, J.T., Kaggen, L.,

Campbell-Meiklejohn, D., and Jay, J.V.B.
(2018). Amygdala structure and the tendency
to regard the social system as legitimate and
desirable. Nat. Human Behav. 2, 133-138.

. Kay, A.C., and Jost, J.T. (2003).

Complementary justice: effects of" poor but
happy" and" poor but honest" stereotype
exemplars on system justification and implicit
activation of the justice motive. J. Pers. Soc.
Psychol. 85, 823-837.

. Liu, S., Abdel, A, Verweij, K.J.H., and van

Wingen, G.A. (2023). Replicable brain
phenotype associations require large-scale
neuroimaging data. Nat. Human Behav. 6.

. Visser, R.M., Bathelt, J., Scholte, H.S., and

Kindt, M. (2021). Robust bold responses to
faces but not to conditioned threat:
challenging the amygdala’s reputation in
human fear and extinction learning.

J. Neurosci. 41, 10278-10292.

. Mason, L. (2018). Ideologues without Issues:

The Polarizing Consequences of Ideological

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

Identities. Publ. Opin. Q. 82, 866-887. https://
doi.org/10.1093/pog/nfy005.

. Kinder, D.R., and Kalmoe, N.P. (2017). Neither

Liberal Nor Conservative: Ideological
Innocence in the American Public (University
of Chicago Press).

. Ellis, C.R., and Stimson, J.A. (2012). Ideclogy

in America (Cambridge University Press).
Bakker, R., Vries, C.D., Edwards, E., Hooghe,
L., Jolly, S., Marks, G., Polk, J., Rovny, J.,
Rovny, Steenbergen, M., and Vachudova,
M.a. (2012). Measuring party positions in
Europe: The Chapel Hill expert survey trend
file, 1999-2010. Party Polit. 21, 1999-2010.
https://doi.org/10.1177/1354068812462931.
Malka, A., Soto, C.J., Inzlicht, M., and Lelkes,
Y. (2014). Do needs for security and certainty
predict cultural and economic conservatism?
A cross-national analysis. J. Person. Soc.
Psychol. 106, 1031-1051. https://doi.org/10.
1037/a0036170. URL. http://www.ncbi.nlm.
nih.gov/pubmed/24841103.

Peterson, J.C., Smith, K.B., and Hibbing, J.R.
(2020). Do people really become more
conservative as they age? J. Polit. 82,
600-611.

Snoek, L., van der Miesen, M.M.,
Beemsterboer, T., van der Leij, A., Eigenhuis,
A., and Scholte, H.S. (2021). The amsterdam
open mri collection, a set of multimodal mri
datasets for individual difference analyses.
Sci. Data 8, 85.

Saucier, G. (2000). Isms and the structure of
social attitudes. J. Pers. Soc. Psychol. 78,
366-385. https://doi.org/10.1037/0022-3514.
78.2.366.

Fowler, J.H., and Schreiber, D. (2008).
Biology, politics, and the emerging science of
human nature. Science 322, 912-914.

Joan, S.R. (2021). Blue brain-red brain: The
biopsychology of political beliefs and
behavior. In The Psychology of Political
Behavior in a Time of Change (Springer),

pp. 15-53.

Mendez, M.F. (2017). A neurology of the
conservative-liberal dimension of political
ideology. J. Neuropsychiatry Clin. Neurosci.
29, 86-94.

Wilson, E.O. (1975). Sociobiology: The New
Synthesis (Harvard University Press).

Martin, N.G., Eaves, L.J., Heath, A.C., Jardine,
R., Feingold, L.M., and Eysenck, H.J. (1986).
Transmission of social attitudes. Proc. Natl.
Acad. Sci. USA 83, 4364-4368.

Alford, J.R., Funk, C.L., and Hibbing, J.R.
(2005). Are political orientations genetically
transmitted? Am. Polit. Sci. Rev. 99, 153-167.
Amodio, D.M., Jost, J.T., Master, S.L., and
Yee, C.M. (2007). Neurocognitive correlates
of liberalism and conservatism. Nat.
Neurosci. 10, 1246-1247.

Westen, D., Blagov, P.S., Harenski, K., Kilts,
C., and Hamann, S. (2006). Neural bases of
motivated reasoning: An fmri study of
emotional constraints on partisan political
judgment in the 2004 us presidential election.
J. Cogn. Neurosci. 18, 1947-1958.

Darren Schreiber (2017). Neuropolitics:
Twenty years later. Politics Life Sci. 36,
114-131.

Nam, H.H., Jost, J.T., Meager, M.R., and Van
Bavel, J.J. (2021). Toward a neuropsychology
of political orientation: exploring ideology in
patients with frontal and midbrain lesions.
Philos. Trans. R. Soc. Lond. B Biol. Sci. 376,
20200137.

Hannah Nam, H. (2020). Neuroscientific
approaches to the study of system

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

¢? CellPress

OPEN ACCESS

justification. Current Opinion in Behavioral
Sciences 34, 205-210.

Yang, S.E., Wilson, J., Lu, Z.L., and Cranmer,
S. (2022). Functional connectivity signatures
of political ideology. PNAS Nexus 1,
pgac066. In review.

Anderson, M.L., and Magruder, J. (2017).
Split-sample Strategies for Avoiding False
Discoveries (National Bureau of Economic
Research). Technical report.

Zhang, H., Wang, D., Wei, P., Fan, X,, Yang, Y.,
Yang, A., Yang, D., Feng, T., Shan, Y., Ren, L.,
et al. (2023). Integrative roles of human
amygdala subdivisions: Insight from direct
intracerebral stimulations via stereotactic
eeg. Hum. Brain Mapp. 44, 3610-3623.
Avino, T.A., Barger, N., Vargas, M.V., Carlson,
E.L., Amaral, D.G., Bauman, M.D., and
Schumann, C.M. (2018). Neuron numbers
increase in the human amygdala from birth to
adulthood, but not in autism. Proc. Natl.
Acad. Sci. USA 115, 3710-3715.

Chudasama, Y., Izquierdo, A., and Murray,
E.A. (2009). Distinct contributions of the
amygdala and hippocampus to fear
expression. Eur. J. Neurosci. 30, 2327-2337.
Russell, J.D., Marsee, M.A., and Weems, C.F.
(2021). Developmental variation in amygdala
volumes: modeling differences across time,
age, and puberty. Biol. Psychiatry. Cogn.
Neurosci. Neuroimaging 6, 117-125.
Roozendaal, B., McEwen, B.S., and Chattarji,
S. (2009). Stress, memory and the amygdala.
Nat. Rev. Neurosci. 10, 423-433.

Kumaran, D., Melo, H.L., and Duzel, E. (2012).
The emergence and representation of
knowledge about social and nonsocial
hierarchies. Neuron 76, 653-666.

Lotze, M., Domin, M., Schmidt, C.O., Hosten,
N., Grabe, H.J., and Neumann, N. (2020).
Income is associated with hippocampal/
amygdala and education with cingulate
cortex grey matter volume. Sci. Rep. 10,
18786.

Watanabe, N., and Yamamoto, M. (2015).
Neural mechanisms of social dominance.
Front. Neurosci. 9, 154.

Bickart, K.C., Wright, C.I., Dautoff, R.J.,
Dickerson, B.C., and Barrett, L.F. (2011).
Amygdala volume and social network size in
humans. Nat. Neurosci. 14, 163-164.
Noonan, M.A.P., Sallet, J., Mars, R.B.,
Neubert, F.X., Reilly, J.X.O.", Andersson, J.L.,
Mitchell, A.S., Bell, A.H., Miller, K.L., and
Rushworth, M.F.S. (2014). A neural circuit
covarying with social hierarchy in macaques.
PLoS Biol. 12, €1001940.

Sallet, J., Mars, R.B., Noonan, M.P.,
Andersson, J.L., OaAZreilly, J.X., Jbabdi, S.,
Croxson, P.L., Jenkinson, M., Miller, K.L.,
Matthew, F.S., and Rushworth. (2011). Social
network size affects neural circuits in
macaques. Science 334, 697-700.

Chawke, C., and Kanai, R. (2015). Alteration of
political belief by non-invasive brain
stimulation. Front. Hum. Neurosci. 9, 621.
Ali, H.P., O'Connor, K.P., Milton, C.K.,
Anderson, C., Pelargos, P., Briggs, R.G.,
Conner, A.K., O'Donoghue, D.L., Glenn, CA.,
and Sughrue, M.E. (2020). Anatomy and white
matter connections of the fusiform gyrus. Sci.
Rep. 10, 13489.

Wen, Z., Wang, J., Fan, L., Zhang, Y., Fox, P.T.,
Eickhoff, S.B., Yu, C., and Jiang, T. (2016).
Functional organization of the fusiform gyrus
revealed with connectivity profiles. Hum.
Brain Mapp. 37, 3003-3016.

Rossion, B., Jacques, C., and Jonas, J. (2024).
The anterior fusiform gyrus: the ghost in the

iScience 27, 110532, October 18, 2024 9



https://doi.org/10.1126/science.1157627
https://doi.org/10.1126/science.1157627
https://science.sciencemag.org/content/321/5896/1667
https://science.sciencemag.org/content/321/5896/1667
https://doi.org/10.1086/714780
https://doi.org/10.1086/714780
https://doi.org/10.1038/s41562-020-0823-z. URL
https://doi.org/10.1038/s41562-020-0823-z. URL
http://www.nature.com/articles/s41562-020-0823-z
http://www.nature.com/articles/s41562-020-0823-z
https://doi.org/10.1098/rstb.2020.0424
https://doi.org/10.1098/rstb.2020.0424
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref1
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref1
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref1
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref1
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref8
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref8
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref8
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref8
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref8
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref8
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref9
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref9
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref9
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref9
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref9
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref9
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref9
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref10
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref10
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref10
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref10
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref11
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref11
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref11
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref11
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref11
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref11
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref12
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref12
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref12
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref12
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref13
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref13
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref14
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref14
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref14
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref14
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref14
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref15
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref15
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref15
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref15
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref15
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref15
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref16
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref16
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref16
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref16
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref17
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref17
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref17
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref17
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref17
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref17
https://doi.org/10.1093/poq/nfy005
https://doi.org/10.1093/poq/nfy005
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref19
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref19
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref19
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref19
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref20
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref20
https://doi.org/10.1177/1354068812462931
https://doi.org/10.1037/a0036170. URL
https://doi.org/10.1037/a0036170. URL
http://www.ncbi.nlm.nih.gov/pubmed/24841103
http://www.ncbi.nlm.nih.gov/pubmed/24841103
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref23
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref23
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref23
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref23
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref24
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref24
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref24
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref24
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref24
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref24
https://doi.org/10.1037/0022-3514.78.2.366
https://doi.org/10.1037/0022-3514.78.2.366
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref26
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref26
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref26
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref27
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref27
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref27
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref27
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref27
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref28
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref28
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref28
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref28
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref29
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref29
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref30
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref30
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref30
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref30
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref31
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref31
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref31
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref32
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref32
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref32
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref32
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref33
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref33
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref33
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref33
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref33
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref33
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref34
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref34
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref34
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref35
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref35
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref35
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref35
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref35
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref35
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref36
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref36
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref36
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref36
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref37
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref37
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref37
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref37
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref2
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref2
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref2
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref2
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref38
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref38
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref38
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref38
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref38
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref38
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref39
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref39
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref39
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref39
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref39
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref39
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref40
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref40
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref40
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref40
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref41
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref41
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref41
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref41
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref41
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref42
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref42
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref42
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref43
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref43
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref43
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref43
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref44
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref44
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref44
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref44
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref44
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref44
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref45
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref45
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref45
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref46
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref46
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref46
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref46
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref47
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref47
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref47
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref47
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref47
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref47
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref48
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref48
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref48
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref48
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref48
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref48
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref48
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref49
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref49
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref49
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref50
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref50
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref50
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref50
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref50
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref50
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref51
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref51
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref51
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref51
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref51
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref52
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref52

¢? CellPress

53.

54.

55.

56.

57.

58.

59.

60.

61.

10

OPEN ACCESS

cortical face machine. Neurosci. Biobehav.
Rev. 158, 105535.

Ahn, W.-Y., Kishida, K.T., Gu, X., Lohrenz, T.,
Harvey, A., Alford, J.R., Smith, K.B., Yaffe, G.,
Hibbing, J.R., Dayan, P., and Montague, P.R.
(2014). Nonpolitical images evoke neural
predictors of political ideology. Curr. Biol. 24,
2693-2699.

Krosch, A.R., and Amodio, D.M. (2019).
Scarcity disrupts the neural encoding of black
faces: A socioperceptual pathway to
discrimination. J. Pers. Soc. Psychol. 117,
859-875.

Kesner, L., Fajnerova, I., Adamek, P., Buchtik,
M., Grygarové, D., Hlinka, J., Kozelka, P.,
Nekovéfova, T., Spaniel, F., Tintéra, J., et al.
(2020). Fusiform activity distinguishes
between subjects with low and high
xenophobic attitudes toward refugees. Front.
Behav. Neurosci. 14, 98.

Katabi, N., Simon, H., Yakim, S., Ravreby, .,
Ohad, T., and Yeshurun, Y. (2023). Deeper
than you think: Partisanship-dependent brain
responses in early sensory and motor brain
regions. J. Neurosci. 43, 1027-1037.

Ryan, M.S., and Freeman, J.B. (2016). Neural
pattern similarity reveals the inherent
intersection of social categories. Nat.
Neurosci. 19, 795-797.

Haas, I.J., Warren, C., and Lauf, S.J. (2020).
Political neuroscience: Understanding how
the brain makes political decisions. In Oxford
Research Encyclopedia of Politics.

Johnsen Haas, ., Baker, M.N., and Gonzalez,
F.J. (2017). Who can deviate from the party
line? political ideology moderates evaluation
of incongruent policy positions in insula and
anterior cingulate cortex. Soc. Justice Res. 30,
355-380.

Weissflog, M., Choma, B.L., Dywan, J., van
Noordt, S.J.R., and Segalowitz, S.J. (2013).
The political (and physiological) divide:
Political orientation, performance
monitoring, and the anterior cingulate
response. Soc. Neurosci. 8, 434-447.

Kim, T., Hur, J.-W., Kwak, S., Jang, D., Lee,
S.-H., and Soo Kwon, J. (2020). Intrinsic
functional connectivity of blue and red brains:

iScience 27, 110532, October 18, 2024

62.

63.

64.

65.

66.

67.

68.

69.

70.

neurobiological evidence of different stress
resilience between political attitudes. Sci.
Rep. 10, 1-10.

Tusche, A., Kahnt, T., Wisniewski, D., and
Haynes, J.-D. (2013). Automatic processing of
political preferences in the human brain.
Neuroimage 72, 174-182.

Schreiber, D., Fonzo, G., Simmons, A.N.,
Dawes, C.T., Flagan, T., Fowler, J.H., and
Paulus, M.P. (2013). Red brain, blue brain:
Evaluative processes differ in democrats and
republicans. PLoS One 8, €52970.

Falk, E.B., Spunt, R.P., and Lieberman, M.D.
(2012). Ascribing beliefs to ingroup and
outgroup political candidates: neural
correlates of perspective-taking, issue
importance and days until the election.
Philos. Trans. R. Soc. Lond. B Biol. Sci. 367,
731-743.

Knutson, K.M., Wood, J.N., Spampinato,
M.V., and Grafman, J. (2006). Politics on the
brain: An fmri investigation. Soc. Neurosci.
1, 25-40.

Yuan, C.L., Chen, J., Willer, R., and Zaki, J.
(2020). Conservative and liberal attitudes
drive polarized neural responses to political
content. Proc. Natl. Acad. Sci. USA 117,
27731-27739.

Zamboni, G., Gozzi, M., Krueger, F.,
Duhamel, J.-R., Sirigu, A., and Grafman, J.
(2009). Individualism, conservatism, and
radicalism as criteria for processing political
beliefs: a parametric fmri study. Soc.
Neurosci. 4, 367-383.

Nash, K., and Leota, J. (2022). Political
orientation as psychological defense or basic
disposition? a social neuroscience
examination. Cogn. Affect. Behav. Neurosci.
22, 586-599.

van Baar, J.M., Halpern, D.J., and
FeldmanHall, O. (2021). Intolerance of
uncertainty modulates brain-to-brain
synchrony during politically polarized
perception. Proc. Natl. Acad. Sci. USA 118.
e2022491118.

Aarge, L., Petersen, M.B., and Arceneaux, K.
(2017). The behavioral immune system
shapes political intuitions: Why and how

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

iScience
Article

individual differences in disgust sensitivity
underlie opposition to immigration. Am.
Polit. Sci. Rev. 111, 277-294.

Pizarro, D., Inbar, Y., and Helion, C. (2011). On
disgust and moral judgment. Emotion Review
3, 267-268.

Roy, M., Shohamy, D., and Wager, T.D. (2012).
Ventromedial prefrontal-subcortical systems
and the generation of affective meaning.
Trends Cognit. Sci. 16, 147-156.

Jay, J.V.B., and Pereira, A. (2018). The partisan
brain: An identity-based model of political
belief. Trends Cognit. Sci. 22, 213-224.

Tustison, N.J., Avants, B.B., Cook, P.A.,
Zheng, Y., Egan, A., Yushkevich, P.A., and
Gee, J.C. (2010). N4itk: improved n3 bias
correction. |IEEE Trans. Med. Imaging 29,
1310-1320.

Dale, A.M., Fischl, B, and Sereno, M.I. (1999).
Cortical surface-based analysis: I.
segmentation and surface reconstruction.
Neuroimage 9, 179-194.

Klein, A., Ghosh, S.S., Bao, F.S., Giard, J.,
Hame, Y., Stavsky, E., Lee, N., Rossa, B.,
Reuter, M., Neto, E.C., and Keshavan, A.
(2017). Mindboggling morphometry of
human brains. PLoS Comput. Biol. 13,
e1005350.

Fonov, V., Evans, A.C., Botteron, K., Almli,
C.R., McKinstry, R.C., and Collins, L.D. (2011).
Unbiased Average Age-Appropriate Atlases
for Pediatric Studies. Neuroimage 54,
313-327.

Avants, .B., Tustison, N., and Song, G. (2009).
Advanced normalization tools (ants). Insight j
2,1-35.

Zhang, Y., Brady, M., and Smith, S. (2001).
Segmentation of brain mr images through a
hidden markov random field model and the
expectation-maximization algorithm. [EEE
Trans. Med. Imag. 20, 45-57.

Andersson, J.L.R., Jenkinson, M., and Smith,
S. (2007). Non-linear registration, aka spatial

normalisation fmrib technical report tr07ja2.
FMRIB Analysis 2, e21.


http://refhub.elsevier.com/S2589-0042(24)01757-7/sref52
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref52
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref53
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref53
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref53
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref53
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref53
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref53
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref54
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref54
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref54
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref54
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref54
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref55
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref55
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref55
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref55
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref55
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref55
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref55
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref55
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref55
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref55
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref56
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref56
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref56
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref56
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref56
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref57
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref57
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref57
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref57
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref58
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref58
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref58
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref58
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref59
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref59
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref59
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref59
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref59
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref59
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref60
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref60
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref60
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref60
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref60
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref60
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref61
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref61
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref61
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref61
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref61
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref61
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref62
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref62
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref62
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref62
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref63
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref63
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref63
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref63
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref63
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref64
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref64
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref64
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref64
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref64
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref64
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref64
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref65
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref65
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref65
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref65
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref66
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref66
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref66
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref66
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref66
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref67
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref67
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref67
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref67
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref67
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref67
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref68
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref68
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref68
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref68
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref68
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref69
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref69
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref69
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref69
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref69
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref69
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref70
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref70
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref70
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref70
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref70
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref70
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref71
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref71
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref71
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref72
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref72
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref72
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref72
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref73
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref73
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref73
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref74
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref74
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref74
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref74
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref74
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref75
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref75
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref75
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref75
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref76
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref76
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref76
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref76
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref76
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref76
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref77
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref77
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref77
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref77
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref77
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref78
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref78
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref78
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref79
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref79
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref79
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref79
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref79
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref80
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref80
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref80
http://refhub.elsevier.com/S2589-0042(24)01757-7/sref80

iScience ¢? CellPress
OPEN ACCESS

STARXMETHODS

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Software and algorithms

R CRAN https://cran.r-project.org/
FSL FreeSurfer v6.0.1 Dale et al., 1999”°

ANTs v2.1.0 antsRegistration tool

4BiasFieldCorrection v2.1

antsBrainExtraction.sh v2.1

Other

Philips 3T Philips https://www.usa.philips.com/healthcare/resources/
landing/the-next-mr-wave/ingenia-elition

RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources should be directed to and will be fulfilled by the lead contact, dr. Diamantis Petropoulos Pet-
alas (dpetropoulos@acg.edu).

Materials availability

This study did not generate new materials.

Data and code availability
e All original MRI data can be accessed from the Amsterdam Open MRI Collection (see Snoek et al.?d).
e Data reported in this study can be accessed in a public repository containing the original (raw) and preprocessed data: https://
openneuro.org/datasets/ds003097/versions/1.2.1 lead contact
e The code used to analyses the data an be accessed through Open Science Framework: https://osf.io/k7nt5/
e Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND PARTICIPANT DETAILS

We use structural magnetic resonance imaging scans from the Amsterdam Open MRI Collection (see Snoek et al.”®), involving a total of
(N = 928 healthy volunteers (mean age: 22.86 (SD = 1.70) years, 52% females), who were recruited via an agency (Motivaction international
B.V.) between 2010 and 2012. The STAR Methods section A provides more details regarding the scanner and protocol.

Sample description

The sample is representative of the Dutch population in terms of educational level (low: 10%, medium: 43%, high: 43%) and socioeconomic
status (very low: 16%, moderately low: 26%, average: 28%, moderately high: 19%, high: 11%). Figure 1 shows that the voting preferences of our
sample are more left-wing or liberal than the general population. A rough distinction between left-wing and right-wing parties yields 40% of
sample participants favoring the right, whereas this is 55% in the population. Yet radical parties such as the SGP, PVV, and Christian Union are
very well represented in the sample, indicating sufficient variation in ideology.

Procedure

Written consent was obtained from all participants and the study was approved by the faculty’s ethical committee prior to data collection (EC
number: 2010-BC-1345). All participants were informed upfront about the goal and scope of the research, the MRI protocol, safety measures,
general experimental procedures, privacy and data sharing concerns, and voluntary nature of the project (i.e., participants were explained
they could withdraw from the study at any time, without giving a reason for it).
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METHOD DETAILS
Measuring ideology

To measure ideological identification on the social dimension, we used a single-item that asked participants to indicate on a 1-7 Likert scale if
they identify themselves politically progressive/conservative (social identity). To measure ideological identification on the economic dimen-
sion we used a similar question that asked participants to identify themselves as economically left/right-wing (economic identity). On average,
respondents scored moderately in the two orientation constructs (raw score left/right-wing: M = 3.79, Mdn = 4, SD = 1.64; raw score progres-
sive/conservative: M= 3.31, Mdn = 3, SD = 1.3) as is also shown in Figure 1B. In the analyses these two variables are z-standardized to facilitate
interpretation.

We measured economic ideology based on the following four items, using a Likert scale from 1to 5: 'Are you for or against the government
taking drastic measures to reduce the differences in possession?’, ‘Are you for or against the government taking drastic measures to reduce
the differences in ownership?’, ‘Are you for or against the government taking drastic measures to reduce the differences inincome?’; and 'The
government must/oblige companies to allow employees to share in the profits as much as they do’. With a Cronbach’s alpha of 0.73 economic
ideology has an acceptable fit.

The grand mean of these items is 2.88 which indicates a minor skew to the left (also see Figure 1C We measured social ideology by
combining scores from the following four items: "Homosexuals should be removed from society’, '"Homosexuals should be freed as much
as possible to live their own way’, ‘It is unnatural for women to lead men in a company’; and "'Women are more suitable for raising small chil-
dren than men’. Social ideology had a weak fit (Cronbach’s alpha of 0.6) due to the fact the data is highly skewed, as shown in Figure 1C.
Ideally, social ideology would also include questions on immigration and climate change. Nonetheless, with SGP and Christenunie voters
the most socially conservative on this scale and Groenlinks the most socially progressive, the scale does have face validity. Both the social
ideology and economic ideology variables are z-standardized (Table S1).

Scanner details and protocol
All participants were scanned on the same Philips 3T (Philips, Best, the Netherlands), using a 32-channel head coil. At the beginning of each
scan session, a low-resolution survey scan was made, which was then used to determine the field-of-view location. For all structural (T1-
weighted) scans, the slice stack was not angulated. The set of scans acquired was relatively consistent across all three scan sessions and
participants.

High-resolution anatomical images were acquired using a T1-weighted 3D Modified Driven Equilibrium Fourier Transform sequence
(repetition time = 8.10 ms; echo time = 3.70 ms; field of view = 160*256*256 mm; voxel size = 1*1*1 mm); saggittal acquisition direction).

MRI and voxel-based morphometry (VBM) preprocessing steps
Each T1w MR image volume was corrected for intensity non-uniformity using 4BiasFieldCorrection v2.1.0’* and skull-stripped using antsBrai-
nExtraction.sh v2.1.0 (using the OASIS template). Brain surfaces were reconstructed using recon-all from.

FreeSurfer v6.0.1,”° and the brainmask estimated previously was refined with a custom variation of the method to reconcile ANTs-derived
and FreeSurfer-derived segmentations of the cortical gray-matter of Mindboggle.”® Spatial normalization to the ICBM 152 Nonlinear
Asymmetrical template version 2009c”” was performed through nonlinear registration with the antsRegistration tool of ANTs v2.1.0,”® using
brain-extracted versions of both T1w volume and template. Brain tissue segmentation of cerebrospinal fluid (CSF), white-matter (WM) and
gray-matter (GM) was performed on the brain-extracted T1w using fast.”” These files were then registered to the MNI152 standard space us-
ing non-linear registration.®” The resulting images were averaged and flipped along the x axis to create a left-right symmetric, study-specific
gray matter template. Second, all native gray matter images were non-linearly registered to this study-specific template and “modulated” to
correct for local expansion (or contraction) due to the non-linear component of the spatial transformation.
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