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How do people form their political beliefs? In an effort to address this
question, we adopt a neuropsychological approach. In a natural experiment,
we explored links between neuroanatomy and ideological preferences in
two samples of brain lesion patients in New York City. Specifically, we com-
pared the political orientations of patients with frontal lobe lesions,
amygdala lesions and healthy control subjects. Lesion type classification
analyses revealed that people with frontal lesions held more conservative
(or less liberal) beliefs than those with anterior temporal lobe lesions or no
lesions. Additional analyses predicting ideology by extent of damage
provided convergent evidence that greater damage in the dorsolateral
prefrontal cortex (dIPFC)—but not the amygdala—was associated with
greater conservatism. These findings were robust to model specifications
that adjusted for demographic, mood, and affect-related variables. Although
measures of executive function failed to mediate the relationship between
frontal lesions and ideology, our findings suggest that the prefrontal
cortex may play a role in promoting liberalism. It is possible that the
dIPFC is a critical region for the development of liberal ideology. Our
approach suggests useful directions for future work to address the issue
of whether biological developments precede political attitudes or vice
versa—or both.

This article is part of the theme issue “The political brain: neurocognitive
and computational mechanisms’.

1. Introduction

‘Thad always considered my thoughts as something abstract, but they weren't; they were
as material as the heart beating in my chest. . . All of our systems, too—communism,
capitalism, religion, science—they also originated in electrochemical currents flowing
through this three-pound lump of flesh encased in the skull’

Karl Ove Knausgaard

The idea that even very complex political beliefs and social systems are the pro-
duct of human minds is non-controversial. Still, the conclusion that these
political outcomes can be linked to observable features of the organ that com-
prises mental states—the brain—is surprising to some. An emerging science of
the neurobiology of politics has illustrated several ways in which researchers
learn about the nature of political psychology by directly examining the brain
[1-9]. In the current investigation, we take a neuropsychological approach to
better understand the connection between specific brain regions and political
attitudes, building on foundational work in political neuroscience.

Research in political neuroscience has identified links between brain func-
tions and structures, on the one hand, and political ideology, on the other (for
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reviews, see [4,8,9]). This work builds on a rich literature that
conceptualizes political ideology as a belief system that is
motivated by basic social, cognitive and motivational needs
(e.g. [10-12]). Theory and evidence indicate that liberals (or
leftists) and conservatives (or rightists) are motivated by
fairly different psychological preferences and tendencies.
Whereas conservatism is associated with heightened prefer-
ences for cognitive consistency, closure and structure, as
well as greater attention to threat and needs for security, liber-
alism is associated with increased tolerance for uncertainty,
ambiguity and cognitive conflict [12].

Neuroscientific investigations have provided evidence that
is highly congruent with the behavioral evidence [3], includ-
ing some studies showing stronger evidence for ideological
differences in patterns of neural activity than in observed
behavior (e.g. [13,14]). Liberals have been found to exhibit
increased brain activity and more grey matter volume in the
anterior cingulate cortex, a brain region important for detect-
ing cognitive conflict [15,16]. Furthermore, conservatives
have been found to possess more gray matter volume in the
amygdala, a region that detects motivationally salient objects,
including threatening stimuli [16]. These studies have helped
to establish a growing body of research linking political beliefs
and personality traits to specific neuropsychological and
psychophysiological substrates [17,18].

The correlational nature of neuroimaging studies cannot
help us to determine whether the brain influences political
attitudes and behaviors or if it is the other way around (or
both; see [4]). Lesion studies can provide a bridge between
such correlational neuroimaging work and more direct tests
of causality, such as approaches that directly manipulate
regional brain function (e.g. [19]). Individuals who have
experienced a significant biological alteration due to neuro-
pathology and treatment through surgical interventions of
focal areas of the brain provide a kind of quasi-experimental
test group [20]. Lesion studies provide insight into whether a
certain brain region may be necessary for a specific behavioral
outcome, insofar as individuals with damage to that area
exhibit behavioral responses that are different from those
who do not have damage in that area.

Lesion studies can, therefore, help to illuminate the criti-
cal roles played by different brain regions. For instance,
research on lesion patients has found that damage to the
amygdala is associated with decreased fear [21]; damage to
the dorsolateral prefrontal cortex (dIPFC) is associated with
religious fundamentalism [22]; damage to the ventromedial
prefrontal cortex (vmPFC) is associated with right-wing
authoritarianism [23]; and damage to the hippocampus (i.e.
in anterograde amnesia patients) is associated with impaired
explicit—but not necessarily implicit—memory for political
candidates [24]. Taken in conjunction, these studies suggest
that these brain regions might be linked to the expression
of political beliefs and behaviors.

In the present study, we examined a sample of clinically
treated patients with focal lesions to explore the roles of the
frontal cortex and amygdala in political ideology. In particular,
we considered the possibility that certain brain regions would
be integral to ideology by examining whether damage to one
region was associated with differences in liberal-conservative
orientation. The lesion method is used here to explore which
neuroanatomical regions—and the cognitive functions associ-
ated with them—may be especially important when it comes
to understanding ideological preferences.

RSTB20200137—21/12/20—23:14-Copy Edited by: Not Mentioned

(a) Frontal lobe lesions

Because previous research suggests a link between individual
differences in cognitive flexibility and political orientation,
we focused first on a neuroanatomical region that is respon-
sible for many executive functions, namely the prefrontal
cortex [25-30]. Functional neuroimaging studies have
suggested that frontal lobe activity in the dIPFC is associated
with processing political information that is inconsistent and
associated with opposing candidates [31-34]. In addition,
heightened dIPFC activity has been observed in those who
change their candidate preferences in response to negative
political advertising [35]. Transcranial random noise stimu-
lation (tRNS) and fMRI studies suggest that enhanced
activity in the dIPFC may be associated with political conser-
vatism [34,36]. There is also evidence based on transcranial
magnetic stimulation (TMS) that links decreased dIPFC
activity to socio-cognitive processes such as stereotyping
and punishment [37,38]. However, the existing evidence con-
cerning the political significance of dIPFC activation (and
deactivation) is ambiguous at best.

A few lesion studies, including those mentioned above,
suggest that injuries to the dIPFC may have ideological conse-
quences. The most pertinent study found that lesions in this
area were associated with more religious fundamentalism,
and the association was mediated by decreased openness
and cognitive flexibility [22]. In other research, dIPFC
damage was found to be associated with less cooperation in
a public goods game, perhaps indicating increased individua-
listic selfishness [39]. Another study suggested that frontal
lobe dysfunction due to frontotemporal dementia was associ-
ated with dramatic changes in personality, including political
orientation [40]. However, to our knowledge, no lesion work
has yet directly examined the link between dIPFC damage
and political ideology.

Building on prior research, we investigated whether fron-
tal lobe lesions would be associated with increased
conservatism (or decreased liberalism). We also considered
the possibility that changes to executive function due to frontal
lesions might exert ideological effects. Our approach was
inherently exploratory because the existing evidence based
on multiple methodological approaches is inconclusive
concerning the relationship between the prefrontal cortex
and political orientation. Nevertheless, we compared patients
with frontal lobe lesions to patients with amygdala lesions
as well as healthy control participants (with no lesions).
This allowed us to assess whether the prefrontal cortex is a
necessary region for promoting liberalism.

(b) Amygdala lesions

We also examined the possibility that the amygdala—a neural
structure involved in the detection of emotionally salient
stimuli, including objects connoting uncertainty and threat
(e.g. [41,42])—would play a role in the formation of political
beliefs. Neuroimaging studies reveal that the amygdala is
especially active when people ponder issue positions and
political candidates with which they agree [32,43,44]. Further-
more, people who show decreased amygdala activation in
response to counter-attitudinal evidence are more likely to
change their mind [45]. Larger amygdala volume has also
been found to predict political conservatism [16], in addition
to being (a) positively associated with system justification
(that is, the tendency to accept existing social, economic,
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and political arrangements as fair and legitimate), and
(b) negatively associated with participation in protests aimed
at changing the societal status quo [46]—attitudinal and
behavioral characteristics linked to political conservatism.

Although we know of no amygdala lesion studies that
have focused on human political behavior, there is some
previous work suggesting that the amygdala plays a key
role in threat detection and various forms of social beha-
vior [47-49]. In rhesus monkeys, for instance, amygdala
damage impairs the ability to accurately perceive external
risks as well as the social status of conspecifics [50-53].
A famous human patient with rare focal bilateral amygdala
lesions due to Urbach-Wiethe disease failed to express
normal fear and distress responses in response to a range of
potentially frightening objects and situations, including
snakes, spiders, haunted houses and horror movies [21].
Studies of other human patients with amygdala lesions
found that damage to this region was associated with
diminished loss aversion [54].

In light of these varied findings, we explored the possible
role of the amygdala in the development of political
ideology. Because the amygdala is clearly linked to threat
detection [21,50], and behavioral evidence suggests that
conservatives are more sensitive to potential threats in
their environment [55-57], we explored the possibility that
people with amygdala lesions would be more likely to hold
liberal attitudes than people with frontal lobe lesions and
healthy control participants.

2. Material and methods

(a) Participants

Sixty-two participants (mean age=38 years; 31 female;
40 White/European-American, 10 Black/African-American,
5 Asian/Asian-American, 7 Latino/Hispanic) were recruited
from the Patient Registry for the Study of Perception, Emotion
& Cognition (PROSPEC) at New York University. This registry
includes patients who have damaged brain tissue and/or surgi-
cal resections of brain tissue to treat brain pathology as well as
matched healthy control participants with normal brains. Most
of the lesion patients in our study had damaged brain tissue
because of surgical interventions to treat tumors or focal epi-
lepsy. Therefore, the cause of their brain damage was almost
surely unrelated to political orientation. The study was approved
by the University Committee on Activities Involving Human
Subjects (UCAIHS) at NYU, and all participants provided writ-
ten informed consent.

Using neuroanatomical masks created by a board-certified
neuropsychologist, the lesion patients were classified by their
primary tissue damage. This procedure resulted in the classifi-
cation of 18 patients with primary damage in the frontal lobe
and 26 patients with primary lesions in the anterior temporal
lobe (ATL), which includes the amygdala. Eighteen healthy con-
trol subjects with no brain damage were also recruited from the
registry (see table 1 for demographic details of each group).
These three classifications served as ‘natural’ experimental
groups, which were equivalent with respect to age (F(2,58) =
0.47, p=0.63), gender (;(2(2) =1.78, p=0.41), years of education
(F(2,59) =.35, p=0.71), and intelligence (F(2,59)=0.03, p=0.97)
as measured by the WAIS-IV (Wechsler Adult Intelligence
Scale IV, Full-Scale IQ; [58]. Racial identification was unevenly
distributed between the lesion groups to a marginally significant
degree (;(2(6) =10.63, p=0.10), so we conducted additional
models with demographic covariates.

RSTB20200137—21/12/20—23:14-Copy Edited by: Not Mentioned

(b) Procedure

As part of a larger battery of neuropsychological tests and ques-
tionnaires administered to all patients and control participants in
the registry during initial PROSPEC inclusion, participants in our
study answered surveys administered by a board-certified neu-
ropsychologist assessing psychological characteristics and
political ideology (see electronic supplementary material, table
S1 for correlations among behavioral measures). All de-identified
data and analysis code will be made publicly available upon
publication at https://osf.io/xcwgy/.

(i) Political ideology

Our primary-dependent variable was political ideology. Partici-
pants reported their political ideology using a self-placement
item ranging from 1 (extremely liberal) to 6 (neither) to 11 (extremely
conservative) on general political orientation (Where on the fol-
lowing scale of political orientation would you place yourself
(overall, in general)?). Prior research has established that a
single-item self-report measure of general political orientation
is strongly predictive of voting behavior in nationally representa-
tive American samples, among many other things [11]. To
explore more specific dimensions of ideology [59], participants
also reported their political orientation in terms of social (In
terms of social and cultural issues, how liberal or conservative
are you?) and economic (In terms of economic issues, how liberal
or conservative are you?) issues. On average, participants were
slightly liberal overall (M =4.73, s.d.=2.24) and in terms of
both social (M =4.39, s.d. =2.54) and economic issues (M =5.31,
s.d.=2.71).

(ii) Affective and cognitive tests
A battery of standard affective and cognitive tests for brain lesion
patients was administered to all participants. Tests of mood and
affect were administered to rule out the possibility that differ-
ences in general emotional experiences would account for
differences in ideology between the lesion classification
groups.! These tests included measures of depression, state and
trait anxiety, and general positive and negative affect. Clinical
depression was measured using the beck depression inventory
(BDI-IL; [62]). The mean level of endorsed depressive symptoms
was 7.44 (s.d.=7.92), which is considered to be in the range of
normal ‘ups and downs’ in mood. Ratings of recently experi-
enced anxiety symptoms was evaluated using the beck anxiety
inventory (BAL [63]). The average level of anxiety symptoms
was 5.71 (s.d. =6.24), which is considered to be low (with poss-
ible scores ranging from 0 to 21). We used the State-Trait
Anxiety Inventory to obtain self-ratings of chronic anxiety as
well as acute symptoms (STAI; [64]). The average state anxiety
score was 32.31 (s.d.=9.83), and the average trait anxiety score
was 40.10 (s.d.=10.41); both scores are considered to be below
the level of clinical significance. Finally, general positive and
negative affect was assessed with the positive and negative
affect schedule (PANAS; [65]). The average positive affect score
was 34.32 (s.d. =7.61) and the average negative affect score was
19.47 (s.d. =7.65). Both of these scores are close to the averages
for non-clinical populations. As expected, measures of affect
and mood disorders were highly intercorrelated (see electronic
supplementary material, table S1 for bivariate correlations).
Previous research suggests that (a) lesions of the frontal lobe
affect executive functions such as response inhibition and flexible
set switching [25-30]; and (b) measures of cognitive flexibility are
associated with liberal ideology [12,66,67]. We, therefore, selected
a set of cognitive tests from the neuropsychological battery to
determine whether differences in cognitive functioning,
especially executive functioning, in patients with various brain
lesions might account for differences in political ideology.
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Table 1. Demographics and neuropsychological status of lesion dlassification groups.
191
ii frontal lesion amygdala (ATL) lesion healthy control
104 (N=18) (N =26) (N=18)
195 demographics
135 age39723620 e o
W gy o) o ..
199 sex M=1 M=13 M=7 x2=178
200 F=7 F=13 F=1
- education 1594 554 16.00 F=035
oo i e s
204 racial identification white = 14 white =19 white =7 22=10.63
205 black =2 black =2 black =6
ig? Asian=1 Asian =1 Asian =3
s Hispanic=1 . Hspanic =4  Hispanic =2
209 cognitive and affective tests
210 WAIS-IV FSIQ 105.28 105.46 104.17 F=097
i; (13.43) (1237) (28.53)
213 BDI 9.00 9.54 2.83 F=487*
214 (8.37) (8.67) (3.55)
215 BAI 7.28 7.00 2.28 F=425*
o (6.63) (6.98) (256)
218 STAI trait 41.00 40.81 38.17 F=043
219 (12.44) (10.48) (8.21)
220 STAI State 321 3242 3233 F=10.01
ii (9.54) (10.26) (10.03)
3 PANAS positive 3439 34.81 33.56 F=0.14
224 (8.49) (7.63) (7.01)
225 PANAS negative 201 21.46 15.94 F=3.05"
zj (9.18) (6.80) (6.15)
8 WCST total categories completed 3.06 3.58 3.67 F=078
229 (1.76) (1.50) (1.61)
230 WCST perseverative errors 40.72 44.96 45.72 F=164
iz (7.50) (8.70) (10.88)
273 WCST accuracy rate 0.67 0.75 0.72 F=11
234 (0.20) (0.14) (0.21)
235 Stroop 50.76 5435 53.39 F=072
i;g (10.96) (8.27) (10.16)
238 TMT-A (time in seconds) 29.94 22.15 25.11 F=5.51%*
239 (11.96) (6.70) (10.49)
240 TMT-B (time in seconds) 64.12 57.96 60.94 F=0.51
ig (27.64) (17.50) (23.38)
a3 <001, *p < 0.05 Tp<0.1.
244 Standard deviations in parentheses. WAIS-IV FSIQ, Wechsler adult intelligence scale IV, full scale IQ; BDI, beck depression inventory 2nd Ed.; BAI, beck anxiety
245  inventory; STAI, state-trait anxiety inventory; PANAS, positive and negative affect schedule; WCST, Wisconsin Card Sorting Task; Stroop, Stroop Colour-Word Test;
246 TMT-A, Trail Making Test Part A; TMT-B, Trail Making Test Part B.
247
248 Specifically, we analysed data from three tests of executive flexible pattern response switching [68,69]; the colour-word
i‘;?) function that have been extensively used and standardized for interference score from the Stroop Test (STROOP), a measure

clinical populations: the Wisconsin Card Sorting Test (WCST),
251 focusing on the number of total categories completed, the perse-
252 verative errors score, and the overall accuracy rate as measures of

of response inhibition [70]; and the Trail Making Test (TMT)
Parts A and B, a measure of executive response switching [71].
As expected, the cognitive tests were moderately correlated
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Figure 1. General political orientation as a function of primary lesion group.
Note: Higher values on general political orientation reflect greater conserva-
tism, and lower scores reflect greater liberalism. Error bars represent 95%
confidence intervals (*p < .05, 'p < 0.10). ATL, Anterior Temporal Lobe
(includes amygdala damage). Patients with damage to their frontal cortex
reported more conservative political orientation than ATL patients and
matched healthy control participants.

with one another (see electronic supplementary material, table S1
for bivariate correlations).

3. Results

(a) Predicting political orientation by primary lesion
classification

We began with a focal test using the full sample to examine
possible differences in ideology between primary lesion
classification groups as identified by a board-certified neurop-
sychologist. Although the frontal and anterior temporal lobes
are both regions that serve multiple functions, the purpose of
starting with a comparison between lesion classification
groups was to explore whether broad functional dissociation
for executive function (in the frontal lobe) and emotional
and memory functions (in the ATL) might be related to politi-
cal orientation. We modelled general political orientation as a
linear function of dummy coded primary lesion classification.
The lesion classification regression model suggested there
were marginally significant differences among the groups,
F(2,59)=2.76, p =0 .07 (figure 1 and table 2, Model 1). Specifi-
cally, frontal lesion patients (M =5.75, s.d. =2.38) were more
politically conservative than patients with ATL lesions (M =
4.31, s.d. =1.98; p =0.03), and they were marginally more con-
servative than healthy control subjects (M =4.33, s.d. =2.25;
p=0.06). There was no difference between the ATL lesion
patients and healthy controls in terms of political orientation
(p=0.97)>

We conducted two additional types of analyses to assess
the robustness of the association between frontal lobe lesions
and political orientation. First, we adjusted the model for the
demographic variables of age, sex, race, education, and IQ
(table 2, Model 2) and observed that frontal lesion patients
were indeed significantly more conservative than ATL lesion
patients (p =0.02) and healthy controls (p =0.01). Moreover,
hierarchical regression modelling revealed that the inclusion
of lesion classification explained a significant amount of
variance in political orientation above and beyond the
effects of demographic variables (4 Adj. R?=0.09, p=0.02).

RSTB20200137—21/12/20—23:14-Copy Edited by: Not Mentioned

Table 2. Hierarchical linear regression models predicting general political ]
orientation from lesion classification groups (Model 1) and with
demographic covariates (Model 2).

(1 ()]
general political general political
variables orientation orientation
frontal lesion 142* 1.91%
. .(0.73) S (0..75).
ATL lesion —0.03 0.34
F(O.67)‘ o (0.69)‘
age 0.02
(0.28)
female —0.45
(0.57)
non-white 1.61*
(061)
education —0.34
(0.29)
WAIS 1Q 0.48
0.29)
constant 4.33%x* 3.68***
(0.51). R (072)...
F 2.76% 2.401%
df. 2,59 ' A
Adjusted R? 0.05 0.14

*%p < 0,001, **p < 0.01, *p < 0.05, *p<0.1.
Standard errors in parentheses. Reference group is healthy control.

Second, because we observed some differences in depression,
anxiety, and negative affect between the lesion groups and the
healthy control group (table 1), we assessed three additional
lesion classification models adjusting for BDI, BAI and the
PANAS negative scale, respectively. Results revealed that
lesion classification continued to be a significant predictor of
political orientation above and beyond the effects of the
affect variables.”

We also conducted a more exploratory analysis assessing
differences between lesion classification groups in terms of
ideological extremity, in light of prior work suggesting a
link between cognitive inflexibility and extremity [72].
Specifically, we examined ideological extremity on general,
social, and economic dimensions both as absolute distance
from the ideology scale midpoint and separately for those
on the left versus right on the ideology scale. However, we
failed to observe any statistically significant associations
between lesion type and any of the indicators of ideological
extremity, whether we adjusted for demographic variables
or not (electronic supplementary material, tables S4-56).

(b) Predicting political orientation from percentage of
damage in dIPFC and amygdala

We conducted a complementary analysis on a subset of par-
ticipants for whom we had information on the degree of
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Figure 2. General political orientation as a function percentage of damage in
the dIPFC and amygdala regions. Note: Error bands represent 95% confidence
intervals.

damage to focal brain regions (1 =43), using percentage of
damage in the regions of interest as a continuous predictor
of general political orientation (see [39]). This enabled us to
compare per cent damage in the amygdala and dIPFC to
assess the relationship between neural structure and political
ideology in a more targeted manner. Although these analyses
were conducted on a smaller subsample, they provide a finer
grained analysis that complements our lesion classification
analyses. Consistent with the lesion classification analyses,
linear regression models predicting general political orien-
tation by per cent damage in the dIPFC and in the
amygdala revealed that greater damage in the dIPFC was
associated with conservatism, even after adjusting for demo-
graphic variables (figure 2 and table 3). Degree of amygdala
damage was unrelated to political orientation.*

(c) Exploratory analyses: cognitive tests

Finally, we explored the possibility that the nature of brain
lesions could impact political ideology via changes to execu-
tive functioning as assessed by a range of cognitive tests,
following previous work in neuropsychology (e.g. [25-30]).
Specifically, we aimed to determine (a) whether there were
differences between the different lesion classification groups
on tests of flexible response-switching and response inhibition,
and if so, (b) whether such differences might help to explain
the observed differences in political ideology. Thus, we first
compared the primary lesion classification groups on each of
the cognitive tests and found that although mean score differ-
ences trended in the direction consistent with expectations,
none were statistically significant except for TMT-A. Frontal
patients took more time than ATL patients and healthy con-
trols on the Trail Making Tests. Although frontal lesion
patients tended to perform worse than ATL patients and
healthy controls on the Stroop task and the WCST measures
with respect to total categories completed, number of perse-
verative errors, and accuracy rate, these group differences
were not statistically significant (table 1).

RSTB20200137—21/12/20—23:14-Copy Edited by: Not Mentioned

Table 3. Hierarchical linear regression models predicting general political [}
orientation from ROl damage as continuous variables (Model 1) and with
demographic covariates (Model 2).

m 0)]
general political general political
variables orientation orientation
dIPFC % damage 0.13* 0.15%
005 (0.06)
amygdala % damage —0.003 —0.002
. (0..02) R (002)
age 0.01
033)
female —0.10
(0.71)
non-white 1.26%
067)
education 0.24
(041)
WAIS 1Q 0.21
033
constant 4,65%%* 497
03 (064
F 3.362% 1.52
df. 2,40 ' 7,35
Adjusted R? 0.10 0.08

*%p < 0.001, **p < 0.01, *p < 0.05, " p < 0.1.
Standard errors in parentheses.

Because only one significant association between lesion
classification type and cognitive test score was observed, we
conducted a single mediation model [73]. On an exploratory
basis, we assessed a simple mediation model using the psych
package’s mediate function in R, requesting 95% confidence
intervals using 10000 resamples, to examine whether time
spent on TMT-A helped to explain the relationship between
lesion type and political orientation (following the bootstrap-
ping technique outlined by [74], and [75], for small sample
sizes). The 95% confidence interval for the indirect effect
of frontal lesion classification through TMT-A on political
orientation was {-0.08, 0.26}, which was considered to be
non-significant because the interval included 0.

4. Discussion

We found that frontal lobe lesion patients reported more
conservative (or less liberal) political orientation than patients
with damage to their anterior temporal lobe and healthy
control participants with no history of brain damage. ATL
lesion patients were as liberal as healthy control participants.
These findings were robust to various model specifications,
including those that adjusted for demographic, mood and
affect-related variables. Moreover, the extent of damage in
the dIPFC was positively associated with self-reported con-
servatism, whereas the extent of damage in the amygdala
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was not associated with ideology. These results were not
attributable to ideological extremity, which was unrelated to
brain damage.

The results of our study suggest that the prefrontal cortex
may be a region that is integral to the expression of liberal pol-
itical attitudes, insofar as damage to this brain region was
associated with a more conservative orientation. The results
are also suggestive of the possibility that the amygdala is an
important structure for the development of conservative atti-
tudes, given that ATL lesion patients were less conservative
than frontal lobe lesion patients. This would be consistent
with prior work linking greater amygdala volume to conserva-
tism [16] and system justification [46]. At the same time, ATL
lesion patients were no more liberal than healthy control par-
ticipants, and the degree of amygdala damage was not
associated with ideology, so at least in this context, it appears
that the amygdala per se is not a necessary structure for conser-
vatism. We hope that future work will be able to assess causal
pathways more directly, perhaps by obtaining information
about political attitudes before and after a planned surgical
resection of brain tissue.

Based on research linking (a) political liberalism to cogni-
tive flexibility and control and (b) executive functioning to
frontal lobe activity, we explored the possibility that patients
with frontal lobe lesions were more conservative due in
part to diminished executive functioning. However, this
possibility was not borne out in this study. We examined per-
formance on three established tests of executive function; the
differences we observed were in the expected direction, but
they were not statistically significant, possibly because our
sample was too small to provide sufficient statistical power.
It is possible that specific cognition type could be useful to
consider. For instance, it may be that social or identity-related
cognitive functions are especially pertinent when it comes to
linking frontal cortex function to political ideology (see [9]).
Future research would do well to investigate these possibili-
ties in larger samples, possibly by combining several small
samples of patients with different types of lesions.

Some have argued that the study of political ideology
requires the measurement of multiple dimensions, such as
social and economic attitudes [59]; but see [76]). We had no
specific predictions regarding social versus economic dimen-
sions of ideology (as opposed to overall liberalism-
conservatism), but we did administer individual items to
measure them separately. We found no evidence that brain
lesions were differentially linked to social versus economic atti-
tudes, nor to ideological extremity on any of these dimensions.
Nevertheless, future research based on larger (and more
diverse) samples would do well to explore these possibilities.

In conclusion, we have undertaken a neuropsychological
investigation of political orientation by focusing on patients
with different brain lesions. Our findings speak to the ques-
tion of whether certain brain regions are necessary for the
development of specific political beliefs, opinions and
values. It may be worth noting that by exploring brain lesions
we are not in any way suggesting that holding liberal or
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Endnotes

!Previous studies suggest that patients with amygdala lesions do not
exhibit markedly different generalized mood states compared to
healthy controls [47,60,61].

*We also examined political orientation on social and economic
dimensions as a function of lesion type. However, lesion classification
models predicting social conservatism (electronic supplementary
material, table S2) and economic conservatism (electronic sup-
plementary material, Table S3) did not explain a significant amount
of variance in either dimension of ideology, whether we adjusted
for demographic variables or not. Pairwise comparisons between
lesion classification groups also failed to produce consistent results.
Therefore, we decided not to explore potential differences between
social and economic dimensions of ideology any further in this study.
3Adjusting for depression (BDI), frontal lesion patients were more
conservative than ATL/amygdala lesion patients (p=0.04) and
healthy controls (p=0.03). Adjusting for anxiety (BAI), frontal
lesion patients were more conservative than ATL/amygdala lesion
patients (p =0.03) and healthy controls (p = 0.04). And finally, adjust-
ing for negative affect (PANAS negative), frontal lesion patients were
more conservative than ATL/amygdala lesion patients (p =0.04) and
healthy controls (p =0.04).

*We also conducted parallel analyses (11 =25) excluding healthy con-
trol participants, which yielded results consistent with the larger
sample. Among lesion patients, the degree of damage in the dIPFC
(M=3.5%, s.d.=8.13) was significantly associated with political
orientation (p=0.04), whereas degree of damage in the amygdala
(M =16.62%, s.d. =18) was not (p = 0.44). Adjusting for demographic
covariates, dIPFC damage was marginally associated with political
orientation (p <0.10), whereas amygdala damage was not (p =0.37).
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