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Abstract

Objective—The psychological processes of doubting and skepticism have recently become
topics of neuroscientific investigation. In this context, we developed the False Tagging Theory, a
neurobiological model of the belief and doubt process, which proposes that the prefrontal cortex is
critical for normative doubt regarding properly comprehended cognitive representations. Here, we
put our theory to an empirical test, hypothesizing that patients with prefrontal cortex damage
would have a doubt deficit that would manifest as higher authoritarianism and religious
fundamentalism.

Method—Ten patients with bilateral damage to the ventromedial prefrontal cortex (vmPFC), ten
patients with damage to areas outside the vmPFC, and sixteen medical comparison patients, who
experienced life-threatening (but non-neurological) medical events, completed a series of scales
measuring authoritarianism, religious fundamentalism, and specific religious beliefs.

Results—VMPFC patients reported significantly higher authoritarianism and religious
fundamentalism than the other groups. The degrees of authoritarianism and religious
fundamentalism in the vmPFC group were significantly higher than normative values, as well; by
contrast, the comparison groups did not differ from normative values. Moreover, vmPFC patients
reported increased specific religious beliefs after brain injury.

Conclusions—The findings support the False Tagging Theory, and suggest that the vmPFC is
critical for psychological doubt and resistance to authoritarian persuasion.
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INTRODUCTION

How we come to develop the cognitive capacities for belief and doubt has been an enduring
focus of psychological and philosophical inquiry. Recently, these processes have begun to
be studied from a neuroscience perspective, and there have been efforts to map out the
neural bases for belief and doubt. For example, neuroimaging studies have shown that tasks
involving evaluation and doubting of beliefs activate the prefrontal cortex, among other
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brain regions (Elliott, Rees, & Dolan, 1999; Fletcher, Anderson, Shanks, Honey, Carpenter
et al., 2001; Harris, Sheth, & Cohen, 2008; Parris, Kuhn, Mizon, Benattayallah, & Hodgson,
2009). However, these studies leave many questions unanswered, and a neuroimaging
approach cannot conclusively show that a neural region is critical for the process of
accepting or rejecting belief representations. Thus, there remain many gaps in our
understanding of how belief and doubt operate in the brain.

We developed the False Tagging Theory (FTT), a neuroanatomically-based theoretical
model of the belief and doubt process (Asp & Tranel, 2012). In brief, the FTT asserts that 1)
the process of belief occurs in two stages, mental representation and assessment (Gilbert,
1991); 2) all ideas that are represented are initially believed, but a secondary psychological
analysis (assessment) can produce disbelief (or doubt) (Gilbert, 1991; Gilbert, Tafarodi, &
Malone, 1993); 3) the mental representation of the idea, which is initially believed or
regarded as true, must be “tagged” to indicate false value, producing doubt (Gilbert, 1991);
4) the prefrontal cortex is necessary for the “false tag” in the assessment component of
belief; and 5) “false tags” are affective in nature, akin to the central tenets of Damasio’s
(1994) “somatic marker hypothesis.” The FTT predicts that focal damage to the prefrontal
cortex should result in a “doubt deficit,” accompanied by a vulnerability to believe
inaccurate information. There is already some evidence in accord with this hypothesis,
including the findings that prefrontal patients 1) often have a general personality trait that is
overconfident, boastful, grandiose, obstinate, and egocentric (Damasio, Anderson, & Tranel,
2011; Stuss & Benson, 1984), indicating a lack of normative doubt; 2) are more gullible
toward disreputable characters (Croft, Duff, Kovach, Anderson, Adolphs et al., 2010;
Damasio, 1994); and 3) are more vulnerable to deceptive advertising (Asp, Manzel,
Koestner, Cole, Denburg et al., in press). A “doubt deficit” or a disruption in the false
tagging mechanism may also explain other cognitive deficits and abnormal behaviors in
prefrontal patients, such as perseveration, confabulation, and distractibility (Asp & Tranel,
2012).

Here, we put our false tagging theory to an empirical test, hypothesizing that patients with
prefrontal cortex damage would have a doubt deficit that would manifest as higher
authoritarianism and religious fundamentalism. Our focus on authoritarianism and religious
fundamentalism was motivated by several factors. Individuals high in authoritarianism tend
to easily submit to authority, are often aggressive in the name of authority, and tend to hold
dogmatic beliefs without a reflexive critique (Adorno, Frenkel-Brunswik, Levinson, &
Sanford, 1950; Altemeyer, 1996). High authoritarians rely on authorities to provide their
beliefs for them, which ushers in rigid, dogmatic attitudes without skeptical safeguards.
Religious fundamentalism refers to an attitude toward religious beliefs, independent from a
specific religion or a set of specific religious beliefs. Religious fundamentalists have high
religious beliefs and tend to hold them with an immutable, unjustified certainty (Altemeyer,
1996). In regard to specific religious beliefs (e.g., belief in literality of the bible), such
beliefs may be particularly valuable for our empirical test in that they are discordant with
physical “reality,” professed to all individuals, held to various degrees, and not directly
falsifiable. Therefore, on average, an individual who has a “doubt deficit” could be expected
to have higher authoritarianism, religious fundamentalism, and more specific religious
beliefs.

Not surprisingly, authoritarianism and religious fundamentalism are not entirely different
constructs. In fact, authoritarianism has been found to correlate fairly highly with religious
fundamentalism, with typical rvalues of 0.68-0.82; (Altemeyer & Hunsberger, 2004), and
religious fundamentalism has even been viewed as simply a religious manifestation of
authoritarianism (Altemeyer, 1996). In our foray into the investigation of the neural basis of
“doubt deficits,” we explored both constructs, recognizing that they overlap. We also
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explored changes in religious beliefs, with the idea that in patients with the adult onset of
focal damage to the vmPFC, there could be a post-morbid increase in religious beliefs due to
damage to the “doubt” mechanism in the vmPFC.

In summary, as an empirical test of our FTT, we studied authoritarianism, religious
fundamentalism, and changes in religious beliefs in patients with focal, adult-onset damage
to the vmPFC. We included two comparison groups: brain-damaged comparisons, namely,
patients with brain damage to regions outside of the vmPFC; and medical comparisons,
namely, patients who had undergone a life-threatening medical event that was non-
neurological in nature. We hypothesized that vmPFC patients would have higher levels of
authoritarianism and religious fundamentalism, and higher post-morbid increases in
religious beliefs, than the two comparison groups.

We studied 20 individuals with adult-onset brain lesions: 10 patients with bilateral damage
to the ventromedial prefrontal cortex constituted our vmPFC group (Fig. 1), and 10 patients
with damage to regions outside the vmPFC constituted our brain damaged comparison group
(BDC) (Table 1, 2). VMPFC lesion etiologies consisted of stroke (n7= 4) and meningioma
(benign tumor) resection (1= 6); BDC lesion etiologies consisted of stroke (n=5) and
surgical resection (n7=15). BDC lesion locations were outside of putative emotion-related
neural structures such as the amygdala; and were distributed as follows: occipital (17 = 2);
temporal (1= 15); posterior frontal (non-prefrontal, 7= 2); and parietal (r7=1). The vmPFC
patients had impaired autonomic responses to emotionally charged pictures, as well as
striking defects in empathy, guilt, and insight; but exhibited mostly intact general
intelligence, working memory, and executive functioning (Table 1). All BDC patients had
normal social and emotional functioning. Generally, vmPFC patients were also more
punitive during the Ultimatum Game and endorsed more immoral actions in personal moral
dilemmas (Table 1). The neurological patients were selected from the Patient Registry of the
Division of Behavioral Neurology and Cognitive Neuroscience at the University of lowa
(Table 2). We also included a medical comparison group (MC), comprised by 16 patients
who had undergone a life-threatening medical event which was non-neurological in nature
(Table 2). The MC group’s medical events involved non-neurological cancer (n= 10),
myocardial infarction (n7=2), dangerous surgery (7= 1), pulmonary embolism (n=1), or a
chronic non-neurological disease (/7= 2). This group was included to control for
authoritarian and religious fundamentalism changes that might be due to having gone
through a profound adverse medical event per se (Ingersoll-Dayton, Krause, & Morgan,
2002). All neuroimaging and attitudinal data in the brain damaged participants were
obtained in the chronic recovery epoch (defined as 3 months or more post lesion onset).
Attitudinal data were collected over a several-month period in 2009 and 2010.

The patients in this study come from a demographically homogeneous region (mainly rural
lowa), and authoritarian and fundamentalism attitudes in this population tend to be similarly
homogeneous. All patients reported affiliation with a moderate/liberal Christian
denomination except for one MC patient who reported affiliation with a fundamentalist
Christian denomination as a Mennonite (denominational demarcation was done via
normative values on the Religious Fundamentalism Scale (Altemeyer & Hunsberger, 1992)):
vmPFC patients reported affiliation with Church of Christ (7= 2), Lutheran (n= 2),
Methodist (7= 3), Presbyterian (n= 2), and Reformed Church in America (n=1); BDC
patients reported Disciple of Christ Church (7= 1), Lutheran (n= 3), Methodist (1= 2),
Roman Catholic (n7= 2), and Unitarian (7= 2); and MC patients reported general affiliation
(n=1), Lutheran (7= 5), Mennonite (7= 1), Methodist (7= 2), Presbyterian (n=2), Roman
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Catholic (n=4), and Unitarian (r7=1). No patient reported a change in denomination
affiliation after their medical event. There were no significant differences in childhood
religiosity or current religious participation between the groups (Table 2). In addition, there
were no significant between-group differences in age, education, sex, or chronicity (Table
2). All patients were free from traumatic brain injury, mental retardation, learning
disabilities, psychiatric disorders, substance abuse, and dementia. Participants gave informed
consent approved by the Institutional Review Board of the University of lowa.

Participants were administered the Authoritarianism Scale (AS) and Religious
Fundamentalism Scale (RFS) from Altemeyer (Altemeyer & Hunsberger, 1992; Altemeyer
& Hunsberger, 2004) and, in addition, four specific religious statements. The AS and RFS
have been used extensively and are psychometrically well established (Altemeyer, 1996).

The AS defines authoritarianism as the covariation of three attitudinal clusters: 1)
Authoritarian submission, a high degree of submission to authority figures who are
perceived to be established and legitimate in society; 2) Authoritarian aggression, a general
aggressiveness that is perceived to be sanctioned by established authorities; and 3)
Conventionalism, a high degree of adherence to the social conventions that are perceived to
be endorsed by society’s authorities. It consists of 30 statements to which patients recorded
responses on a 1-5 (Strongly Agree to Strongly Disagree) basis. Fifteen statements were
con-trait items where the more authoritarian answer was to disagree.

The RFS defined religious fundamentalism with four dimensions: 1) the belief that there is
one set of religious teachings that contains the fundamental, basic, intrinsic, inerrant truth
about humanity and deity; 2) this essential truth is opposed to evil which must be actively
fought; 3) the truth must be followed today according to the fundamental practices of the
past; and 4) that those who follow these fundamental teachings have a special relationship
with the deity. It consisted of 12 statements to which patients recorded responses on a 1-5
(Strongly Agree to Strongly Disagree) basis. Six statements were con-trait items where the
more fundamentalist answer was to disagree. The balanced items of the scales rule out the
possibility that liberal responding, per se, engenders a high authoritarianism or religious
fundamentalism score.

To address the question of whether vmPFC damage led to increased specific religious
beliefs, we selected four follow-up religious statements and asked the patients to record
whether their belief for each specific statement had changed following their brain injury/
medical event. Specific belief selection criteria included: 1) Specificity, declarative beliefs
which are rooted in the dogmatisms of Christianity; and 2) Generality, beliefs which are
common to all Christian denominations.

Patients were given a paper version of the scales and asked to record responses in solitude.
The scales were administered in a neuropsychological testing room in the Department of
Neurology at the University of lowa Hospitals and Clinics.

Neuroanatomical Analysis

The neuroanatomical analysis of the vmPFC patients (Fig. 1) was based on magnetic
resonance data for four patients and on computerized tomography data for six patients. Each
patient’s lesion was reconstructed in three dimensions using Brainvox (Frank, Damasio, &
Grabowski, 1997). Using the MAP-3 technique, the lesion contour for each vmPFC patient
was manually warped into a normal template brain. The overlap of lesions in this volume,
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calculated by the sum of nlesions overlapping at any single voxel, is color-coded in Figure
1. Neuroanatomical analysis of BDC patients was conducted with magnetic resonance data
for seven patients and computerized tomography data for three patients. BDC lesions were
analyzed qualitatively on a case-by-case basis.

Across all the patients tested (7= 36), authoritarianism was significantly correlated with
religious fundamentalism, r=0.78, p = 0.001. This finding is consistent with previous
research (Altemeyer & Hunsberger, 2004) suggesting a degree of overlap between the
constructs of authoritarianism and of religious fundamentalism.

VMPFC patients reported higher authoritarianism (M = 3.45, SE = 0.15) than BDC patients
(M=2.68, SE=0.20) and MC patients (M= 2.67, SE = 0.22) (Fig. 2). VMPFC patients also
reported higher religious fundamentalism (M= 3.73, SE'=0.29) than BDC patients (M=
2.25, SE=0.24) and MC patients (M= 2.50, SE = 0.24) (Fig. 2). Since authoritarianism and
religious fundamentalism were correlated, we analyzed the data with a MANOVA. The
MANOVA revealed a significant effect of group on authoritarianism and religious
fundamentalism, Wilks’ A = 0.67, A4, 64) = 3.63, p = 0.01, partial n2 = 0.19. Simple
contrasts showed that vmPFC patients reported significantly higher authoritarianism than
BDC patients (p = 0.02) and MC patients (p = 0.01), and significantly higher religious
fundamentalism than BDC patients (p = 0.001) and MC patients (p = 0.002). To explore the
external validity of the authoritarianism result, we obtained AS data from Wegmann (1992)
to compare our values to individuals from the general population. After correcting for scale
differences in the normative data (M= 2.78, SE = 0.13) (Fig. 2), t-tests revealed no
significant differences between BDC and normal subjects, £37) = 0.39, p=0.70,d = 0.14,
or between MC patients and normal subjects, {43) = 0.45, p = 0.66, d = 0.14. However,
vmPFC patients reported significantly higher authoritarianism than normal subjects, {37) =
2.86, p=0.01, d = 1.05. In parallel, for a broader perspective to the religious
fundamentalism result, we obtained RFS normative data from Altemeyer (Altemeyer &
Hunsberger, 2004). After correcting for scale differences in the normative data, (M= 2.62,
SE = 0.05) (Fig. 2), t-tests revealed no significant differences between BDC patients and
normal subjects, {432) = 1.14, p = 0.25, d = 0.36, or between MC patients and normal
subjects, {438) =0.47, p = 0.64, d = 0.12. However, vmPFC patients reported significantly
higher religious fundamentalism than normal subjects, {432) = 3.46, p =0.001, d = 1.11.

We conducted a follow-up analysis in which we removed items on the AS scale that
explicitly mentioned topics of religion (Items 3, 4, 18, 20, 21). This yielded significant
differences between the groups, with the vmPFC group having higher authoritarian scores
than the BDC and MC groups, A2, 33) = 3.42, p = 0.045, n2 = 0.17. This suggests that
vmPFC patients did not score high on the AS scale simply because of religion-related item
content, but instead, gave more authoritarian answers to all manner of the items.

Although our vmPFC patients had generally intact intelligence and executive functioning
(Table 1), we were interested in exploring whether our authoritarianism and fundamentalism
results could be explained by a broader disruption of cognition. Across all of the brain-
damaged patients, there were no significant relationships between authoritarianism and 1Q
test (WAIS) scores, T = —0.26, p = 0.12; WCST perseverative errors, T = —0.08, p = 0.65; or
Stroop interference scores, T = 0.05, p = 0.77. Similarly, there were no significant
relationships between religious fundamentalism and 1Q test (WAIS) scores, T = —0.05, p =
0.75; WCST perseverative errors, T = 0.04, p = 0.79; or Stroop interference scores, T = 0.20,
p = 0.25. These data support the conclusion that high authoritarianism and religious
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fundamentalism cannot be explained by a general disruption of intelligence or executive
functioning.

The final question was whether vmPFC damage led to increases in specific declarative
religious beliefs. On the four specific religious belief items, the vmPFC patients (data
available for nine vmPFC patients) reported greater increases in the specific religious beliefs
(M=13.58, SE=0.24) than BDC patients (M= 2.95, SE=0.03) and MC patients (M= 3.14,
SE=0.08). A one-way ANOVA revealed a significant effect of group on belief change, A2,
32) =5.37, p = 0.01, 2 = 0.25. The changes in the vmPFC group on belief change are
illustrated by observations from patient 3534’s husband of 51 years. He reported that his
wife’s belief in God was much stronger following her brain injury; she was a “new” person
who is now a “strong believer in God and Heaven” and “feels overwhelmed that God did so
many miracles.”

DISCUSSION

We found that patients with focal damage to the ventromedial prefrontal cortex (vmPFC)
reported higher levels of authoritarianism and religious fundamentalism than neurological
comparison patients with damage outside the vmPFC (and other emotion-related structures),
and medical comparison patients who had been through a life-threatening (but non-
neurological) medical event. Moreover, vmPFC patients reported greater increases in
specific religious beliefs following their brain injury. The conclusion that vmPFC damage
caused religious beliefs to increase is bolstered by the facts that 1) experiencing a profound,
life-threatening medical event, per se, does not account for the results (as evident from the
MC data); and 2) brain damage, per se, when outside the vmPFC and other neural structures
mediating emotion, does not account for the results (as evident from the BDC data). Our
findings support the False Tagging Theory, which posits that the prefrontal cortex is critical
in mediating doubt, and thus damage to the prefrontal cortex should result in a “doubt
deficit.” There are two potential mechanisms by which specific beliefs could have been
increased after prefrontal damage in the FTT model, both plausible and not mutually
exclusive: 1) the fictile state account, where following exposure to religious propositions
after brain damage, the patient is poor at tagging new religious notions as false, leading to
increased beliefs; and 2) the damaged doubt records account, where prefrontal cortex
damage selectively destroys existing dispositional doubt records of religious beliefs, thereby
increasing beliefs. The FTT suggests that, in effect, prefrontal cortex damage can cause
individuals to become more fundamentalist and to hold more extreme religious views,
predictions the current data support. However, we would not expect that vmPFC patients’
susceptibility to dogmatic beliefs would be confined to or specific for religious tenets
(Harris, Kaplan, Curiel, Bookheimer, lacoboni et al., 2009). For example, we would predict
other dogmatic beliefs frequently espoused by perceived authorities to be higher in vmPFC
patients, such as nationalistic, prejudicial, and contemporary social beliefs (Peterson, Doty,
& Winter, 1993). Further work examining belief specificity will be crucial for the FTT.

Another convergent line of evidence comes from developmental populations, who tend to
have high religious beliefs. The prefrontal cortex in children is disproportionately
underdeveloped in comparison to other brain regions (Dempster, 1992; Giedd, Blumenthal,
Jeffries, Castellanos, Liu et al., 1999), and frontal lobe functioning improves from infancy to
adulthood (Diamond, 2002). Children are also credulous and gullible, with a tendency to
accept propositions uncritically (Bruck & Ceci, 1999; Ceci, Ross, & Toglia, 1987). Thus, in
accordance with our FTT, religious belief is high in childhood, but tends to decrease in
adolescence (Francis, 1989; Gibson, 1989). Moreover, deference to authority is a common
rationale for moral judgments in children; such deference decreases in adolescence (Colby
& Kohlberg, 1987). At the other end of the developmental spectrum, the structural integrity
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of the prefrontal cortex in older adults is can be disproportionately diminished relative to
other brain regions (Pfefferbaum, Adalsteinsson, & Sullivan, 2005; Raz, Gunning, Head,
Dupuis, McQuain et al., 1997), with a decline in frontal lobe functioning (Phillips,
MacPherson, & Dalla Sala, 2002; West, 1996). Older adults tend to be more credulous than
younger adults (Chen, 2007), and older adults have been shown to be more vulnerable to
deceptive advertising than younger adults (Denburg, Cole, Hernandez, Yamada, Tranel et
al., 2007). In older adults, there are greater religious beliefs compared to younger adults
(Argyle & Beit-Hallahmi, 1975; Hunsberger, 1985), which supports our theorizing.
Moreover, authoritarianism tends to increase with age as well (Altemeyer, 1996).

Our findings indicate that vmPFC damage increased authoritarianism, as measured by a
psychometric attitudinal scale. Beyond this scale, behavioral and experimental evidence
suggests that vmPFC patients exhibit characteristics similar to those often seen in healthy
individuals with high authoritarianism and fundamentalism. Healthy individuals high in
authoritarianism demonstrate diminished empathy and guilt (Altemeyer, 1996), increased
punitive judgments (Altemeyer, 1996), and increased endorsement of immoral, hurtful
actions (Altemeyer, 1996; Hing, Bobocel, Zanna, & McBride, 2007). VMPFC patients have
acquired deficits in empathy and guilt, tend to manifest punitive behavior (Koenigs &
Tranel, 2007), and often endorse moral violations (Koenigs, Young, Adolphs, Tranel,
Cushman et al., 2007; Young, Bechara, Tranel, Damasio, Hauser et al., 2010) (see also
Table 1). Reflecting their decreased empathy, healthy authoritarians are also profoundly
egocentric (Altemeyer, 1996) as most prominently illustrated by their blindness to their own
faults and vices (Altemeyer, 1996); likewise, vmPFC patients are notable for being
egocentric (Damasio et al., 2011) and having poor insight into their own deficits (Anderson
& Tranel, 1989) (Table 1). In sum, the behavioral and personality profile of patients with
damage to the vmPFC is strongly reminiscent of authoritarian individuals, consistent with
the interpretation that prefrontal damage increases authoritarianism and fundamentalism.
This profile arises in the absence of deficits in general intelligence or working memory
(Table 1), consistent with the finding that healthy authoritarians have intact general
intelligence (Altemeyer, 1996); and even arises in the absence of deficits on putative frontal
lobe functioning or executive functioning tests (Table 1). Thus, the increase in
authoritarianism and fundamentalism is not due to a general cognitive or executive
functioning deficit per se.

The FTT proposes that, in the final analysis, a disruption in the false tagging mechanism can
account for the behavioral and personality profile of vmPFC patients (Asp & Tranel, 2012),
which is distinctly authoritarian. The vmPFC patients’ abnormal social behaviors (Damasio,
1994) and relative social disinhibition are the direct result of a defective false tagging or
doubting mechanism, where the false tagging mechanism filters potential inappropriate
response representations in post-rolandic cortices. Thus, the doubting mechanism is an
elaborate response selection device that biases the individual away from inappropriate
response representations.

This initial empirical foray into the neural basis of authoritarianism suggests that the vmPFC
plays a critical role in the resistance of authoritarian persuasion intent on injuring others.
Our results extend previous work reporting increased aggression following damage to the
frontal lobe (Giancola, 1995; Grafman, Schwab, Warden, Pridgen, Brown et al., 1996), and
suggest this hostility may be readily harnessed by perceived authority figures. Behavioral
paradigms in vmPFC patients measuring tractability toward authority and aggression against
individuals would provide further tests of these findings. Of interest in this context are some
recent investigations utilizing a virtual simulation of Milgram’s (1974) obedience paradigm,
which have shown activations in the vmPFC (Cheetham, Pedroni, Antley, Slater, & Jancke,
2009) and increased autonomic responses (Slater, Antley, Davison, Swapp, Guger et al.,
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2006) when healthy subjects observed the virtual Learner in pain. Indeed, Milgram’s (1974)
infamous account of the unemotional Mr. Batta passively forcing the Learner’s hand on the
shock plate with indifference raises an intriguing parallel with vmPFC patients characterized
by blunted emotions (Damasio et al., 2011) and stagnant autonomic responses to
provocative social stimuli (Damasio, Tranel, & Damasio, 1990).

Our study has limitations. Sample size is one issue—although we would hasten to point out
that our N’s are reasonably high for studies of this type, which rely on rare neurological
patients. Moreover, the main analyses reached a power value (1 - ) of 0.90, indicating we
had a high probability to find an effect if one existed. Another issue is that vmPFC patients
can be inaccurate reporters of their own behavior. However, self-reports of declarative
beliefs are distinct from reports about past events, in that vmPFC patients often believe their
errant accounts from the past (Gilboa & Moscovitch, 2002). Belief (and doubt) is an online
process that is integral for memory searches about past events (Asp & Tranel, 2012). Thus,
poor or inaccurate self-reporting of the past does not imply anything false about the patients’
declarative beliefs at a particular moment. To address this issue more fully, we attempted to
obtain collateral information from family members and close friends to corroborate the
increased religiosity/authoritarianism of vmPFC patients, but low compliance in returning
the questionnaires precluded analysis of these data. Moreover, religious belief knowledge
obtained from collateral sources may not be very definitive anyway, since personal
declarative beliefs are inherently private and subjective phenomena.

It should be emphasized that the notion that vmPFC damage leads to a bias to accept and
believe more religious dogmatisms does not mean that individuals high in authoritarianism
or religious fundamentalism have some kind of “dysfunction” in the vmPFC. A wide
diversity of experiences and influences act on differing personalities to guide each
individual to a particular religious belief landscape. At a group level, some experiences can
lead to a decrease in religious beliefs, while others can lead to an increase in religious
beliefs. Thus, while we are suggesting that damage to the vmPFC may lead to an increase in
religious beliefs, it is certainly true that individuals without vmPFC dysfunction acquire
religious beliefs and doubts for a range of reasons, entirely independent of brain integrity.

To conclude, the present findings suggest that the vmPFC is a critical neural substrate for
psychological doubt affecting post-rolandic cognitive representations, where damage to the
vmPFC acts to increase religious beliefs and submissiveness to authority figures.
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Fig. 1.
Lesion overlap of vmPFC patients. Lesions of the vmPFC patients displayed in mesial and
coronal slices. The color bar indicates the number of overlapping lesions at each voxel.

Neuropsychology. Author manuscript; available in PMC 2013 July 01.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Asp et al.

Page 13

- vmPFC
(2 BDC
[ Mc

40—

[§ Normal 1
Eﬁ Normal 2

Mean Score

N

AS RFS

Fig. 2.

Authoritarianism and religious fundamentalism mean scores. Authoritarianism is
represented by the AS and religious fundamentalism by the RFS, respectively. Error bars
indicate SEM. For an external validity indicant, we obtained normative data from two
different sources: Wegmann (1992) provided the AS normative group (Normal 1; 7= 29)
and Altemeyer (Altemeyer & Hunsberger, 2004) provided the RFS normative group
(Normal 2; n=424). For both the AS and RFS, the vmPFC group had significantly higher
mean scores than the BDC, MC, and the normative groups.
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