:' frontiers Frontiers in Human Neuroscience

@ Check for updates

OPEN ACCESS

EDITED BY
Daniele Corbo,
University of Brescia, Italy

REVIEWED BY
Lluis Oviedo,

Pontifical University Antonianum, Italy
Rizky Amelia,

Lambung Mangkurat University, Indonesia

*CORRESPONDENCE
Patrick McNamara
pmcnamar3@gmail.com

RECEIVED 12 September 2024
ACCEPTED 05 November 2024
PUBLISHED 29 November 2024

CITATION

McNamara P and Grafman J (2024) Advances

in brain and religion studies: a review and
synthesis of recent representative studies.
Front. Hum. Neurosci. 18:1495565.
doi: 10.3389/fnhum.2024.1495565

COPYRIGHT

© 2024 McNamara and Grafman. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the

copyright owner(s) are credited and that the

original publication in this journal is cited, in
accordance with accepted academic

practice. No use, distribution or reproduction

is permitted which does not comply with
these terms.

Frontiers in Human Neuroscience

TYPE Hypothesis and Theory
PUBLISHED 29 November 2024
pol 10.3389/fnhum.2024.1495565

Advances in brain and religion
studies: a review and synthesis of
recent representative studies

Patrick McNamara®?3* and Jordan Grafman*®

!Department of Psychology, National University, San Diego, CA, United States, 2Boston University
School of Medicine, Boston, MA, United States, *Center for Mind and Culture, Boston, MA,
United States, *Cognitive Neuroscience Lab, Shirley Ryan AbilityLab, Chicago, IL, United States,
*Department of Psychology, Feinberg School of Medicine, Northwestern University, Chicago, IL,
United States

We review and synthesize recent religion and brain studies and find that at a
broad network neuroscience level, religious/spiritual experiences (RSEs) appear
to depend crucially upon interactions between the default mode network (DMN),
the frontoparietal network (FPN), and the salience network (SN). We see this
general result as broadly consistent with Menon's et al. “Triple Network or Tripartite
Model” (TPM) of neuropsychiatric function/dysfunction. A TPM cycling model is
here offered to account for details of neural bases of an array of RSE phenomena
including ecstatic seizures, neuroimaging of religious participants, psychedelically
induced mystical states and perceptions of supernatural agents. To adequately
account for SA perceptions, however, recent evidence suggests that REM sleep
and dreaming mechanisms likely play a role. Future research should examine
neurodevelopmental mechanisms of acquired SA perceptions as well as societal-
level effects such as brain mediated religious beliefs of in-group cohesion and
out-group hostility.
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Introduction

The purpose of this paper is to review and synthesize recent work on the brain basis of
religious and spiritual experiences (RSEs). We also propose an integrative framework that can
guide future research. The field has in our estimation reached a threshold, such that syntheses of
results into testable theories would now be fruitful, and where wider dissemination of these
findings would further strengthen the work. We will also suggest new directions for research that
can build upon important insights attained in the last 5years. This essay is not meant to serve as
a comprehensive review nor an exhaustive cataloging of all recent work. Rather, we aim to provide
the reader with a sampling of representative new research findings on RSE phenomena neglected
by previous reviews (such as ecstatic religious seizures, psychedelics and REM sleep processes)
that point the way toward new understanding of brain mediation of RSEs. In the first half of the
paper we review recent studies within the framework of the Triple Network or Tripartite Network
Model (TPM) of brain function, the introduce the TPM cycling model of brain mediation of RSEs
and then turn to specific RSE phenomena neglected in previous reviews including ecstatic
seizures, REM sleep dreaming and supernatural agent cognitions. We conclude the essay by
placing brain and religion studies within the broader biocultural evolutionary framework while
suggesting lines of investigation for future work or directions in religion and brain studies.

To focus our review and facilitate synthesis of this area of research, we adopt a minimal
and narrow definition of RSEs. RSEs can provisionally be understood as those experiences,
beliefs or practices that occur to an individual or group when that individual or group engages
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in rituals, beliefs or practices directed at, or involving sacralized
supernatural agents (SAs). This definition is not meant to capture the
full array of experiences deemed RSEs, but it is at least consistent with
what we believe most religious studies scholars would point to as
recurring and essential elements of many if not most RSEs across time
and cultures (Norenzayan, 2013; Pyysiainen, 2009).

But why study the brain basis of RSEs in the first place? Identifying
the brain basis of RSEs can illuminate their nature, functional
components, and their potential biocultural functions. RSEs need to
be studied because they have been fundamental for generation of beliefs
and behaviors for most people across most historical epochs (Bellah,
2011). Even today billions of people worldwide [5.8B according to a
Pew Survey—Key Findings From the Global Religious Futures Project
(Pew Research Center, 2022)] claim to be religious. RSEs, furthermore,
can promote pro-social and altruistic behavior and enable group-level
cooperation (Kelly et al., 2024). But as history also tragically illustrates,
religious beliefs and behaviors can also fuel conflict on a truly terrifying
scale. RSEs therefore need to be studied and better understood.

The central role of the brain in religious phenomena follows from
its central role in human life history. Briefly put, the key life history trait
among human beings, i.e., the trait that influences all other life history
variables in the standard catalog of life history traits (e.g., average
lifespan, body size, length of juvenile period, gestational period,
interbirth intervals, fertility rates, parenting and aging) is brain size,
structure, and function. Gestational period, dependency period,
interbirth intervals and parenting effort are all substantially influenced
by the need to invest huge metabolic resources in brain development,
maintenance, and daily functioning. Among humans, for example, it has
been estimated that about 65% of all resting energetic expenditure is
used to support the maintenance and growth of the brain in the first year
oflife (Holliday, 1986). In the adult, the brain requires about 20-25% of
the energy of the whole body just to maintain its resting state activity
levels despite representing only 2% of the body mass (Chen and Zhang,
2021). Task demands routinely increase the brain’s energy demands up
to 10% (Shulman et al., 2014). The central role of the brain in human life
history trajectories is especially dependent upon development and
functioning of these resting state networks. These functional brain
networks even in the resting state exhibit distinct energetic signatures,
consistent with their central status in brain function as well as their
separate functional specializations (Shokri-Kojori et al., 2019). For
example, Shokri-Kojori et al. measured two dimensions of energy
requirements of the brain. The first labeled “relative power (rPWR)”
captured the level of concurrent metabolic need and observed activity,
relative to the rest of the brain. The second dimension labeled relative
cost (rCST) captured the extent to which glucose metabolic needs
exceed (or fall behind) the observed activity, relative to the rest of the
brain. The authors found that that default mode network (DMN) had
the highest rPWR while the frontal-parietal network or FPN had the
highest rCST or relative cost in energy requirements. We will see below
that these 2 brain networks (along with the salience network or SN) play
a disproportionately significant role in RSE phenomena.

Previous reviews of brain and religion
studies

In their review of the neuroscience of RSE literature up to about
2016, van Elk and Aleman (2017) noted that existing findings up to

Frontiers in Human Neuroscience

10.3389/fnhum.2024.1495565

then were largely correlational. They tentatively assigned mediatory
functions of RSEs to large-scale brain networks known to support
non-RSE-related basic cognitive functions. For example, the default
mode network (DMN) likely mediated self-transcendent experiences.
The components of the so-called “theory of Mind or ToM” network
(which is considered a subnetwork of the DMN and includes the face-
processing area, the vmPFC or ventromedial prefrontal cortex and
elements of the limbic system) mediated prayer and over-attribution
of intentionality. The temporal cortex typically associated with
language and memory processing mediated mystical and ecstatic
experiences, and the anterior cingulate cortex (ACC) and the PFC were
associated with top-down mechanisms involved in acquiring, reflecting
upon and maintaining intuitive supernatural beliefs. Grafman et al’s
(2020) review in 2020 largely concurred with van Elk and Aleman’s
findings but described the relevant networks in information processing
terms. Grafman et al. noted that the DMN-related theory-of-mind
network is involved in rationalizing God’s intent and emotions. The
semantic-processing and storage network consisting of the
ventrolateral prefrontal cortex (VIPFC), superior temporal gyrus
(STG), and temporopolar region is involved in retrieving religious
beliefs. The FPN is involved in down-regulating supernatural
interpretations of unusual religious experiences. The salience network
(SN; described below) is involved is involved in evaluating established
or newly acquired religious beliefs. Multisensory integration, processed
in the parietal lobe and the temporal-parietal-occipital junction
(TPO), is crucial for experiencing spiritual transcendence. Finally, the
conflict-detection and error-response network consists of the anterior
cingulate cortex (ACC) and is involved in detecting conflicts between
religious beliefs and task stimuli or demands (Figure 1).

Our review of the recent literature largely agrees with these 2 past
reviews but in addition suggests that at a broad network neuroscience
level, RSE phenomena appear to depend crucially upon interactions
between 3 centrally important resting state neural networks: the
default mode network (DMN), the frontoparietal network (FPN), and
the salience network (SN). We see this general result as broadly
consistent with Menon, 2011 and Menon et al., 2023 “Triple Network
or Tripartite Model” (TPM) of neuropsychiatric function/dysfunction
(see also McNamara, 2022). Bringing in TPM theory into the religion
and brain field significantly deepens our understanding of religion and
brain relationships by situating these relationships firmly within the
wider context of network neuroscience. Viewing RSE phenomena
from within the lens of TPM also helps to illuminate specific causal
mechanisms, functional capacities and aberrations in religious and
spiritual phenomena. However, the devil is in the details and we will
see that TPM-level explanations of RSE phenomena, while an advance
over previous frameworks, will need to be supplemented by other data
and networks to account for existing neuroscience findings concerning
RSE phenomena.

The triple network model

The basic idea behind the TPM is that altered activation patterns
between 3 canonical resting state neural networks, FPN, DMN, and
SN (see Figure 2) are consistently implicated in a range of
neuropsychiatric disorders, and thus may be centrally important for
neurocognition more generally. In this paper we suggest that TPM,
with appropriate adjustments, can also account for a range of
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Key brain regions involved in religious beliefs and the social, cognitive, and emotional processes mediated by these structures (used with permission
from Grafman et al,, 2020). Convergent evidence from functional neuroimaging, noninvasive brain stimulation, and lesion-mapping studies identified a
set of brain networks important to religious cognition. The theory-of-mind network consists of the inferior frontal gyrus (IFG), medial prefrontal cortex
(MPFC), temporoparietal junction (TPJ), and precuneus and is involved in rationalizing God's intent and emotions. The semantic-processing and
storage network consists of the ventrolateral prefrontal cortex (VIPFC), superior temporal gyrus (STG), and temporopolar region and is involved in
retrieving religious beliefs. The cognitive-control network encompasses the dorsolateral prefrontal cortex (dIPFC) and is involved in down-regulating
supernatural interpretations of unusual religious experiences. The reward and evaluation network consists of the nucleus accumbens (NAcc),
ventromedial prefrontal cortex (vmPFC), and dorsomedial prefrontal cortex (dmPFC) and is involved in evaluating established or newly acquired
religious beliefs. Multisensory integration, processed in the parietal lobe, is crucial for experiencing spiritual transcendence. Finally, the conflict-
detection and error-response network consists of the anterior cingulate cortex (ACC) and is involved in detecting conflicts between religious beliefs
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RSE-brain associations as well. At this point we need to say a bit more
about each of these 3 networks that, we will see, repeatedly appear in
the story of religion and brain studies.

The DMN

The default mode network (DMN) is a highly correlated network
of brain regions comprising medial prefrontal cortex (mPFC), lateral
superior and inferior frontal gyrus (IFG), rostral anterior cingulate,
posterior cingulate cortex (PCC), precuneus (PCu), retrosplenial
cortex (RSC), posterior inferior parietal cortex (IPC), angular gyrus,
(TPO),
hippocampus, parahippocampus, and lateral temporal cortex. The

temporoparietaloccipital  junction temporal  pole,
DMN is often conceived to be composed of 2 subsystems: one centered
on the hippocampal formation (medial temporal lobe) referred to as
the “theory of mind” or simulation subsystem and the other centered
on the vmPFC referred to as the self-referential subsystem (Pace-
Schott and Picchioni, 2017). DMN activity reflects the brain at rest

and is primarily dominant during daydreaming, “mentalizing or
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theory of Mind tasks” (ToM), future-oriented thinking and most
especially self-related experiences and self -referential thought.

FPN activity is significantly negatively correlated with the DMN
(Uddin and Menon, 2009), and involves interactions between the
lateral posterior parietal cortex (PPC) and the dorsolateral prefrontal
cortex (dIPFC; Seeley et al., 2007). The FPN handles what are typically
referred to as “executive cognitive functions” (ECFs) such as goal-
directed thought, planning, problem-solving, focused attention and
reflective thought.

The SN includes the anterior insular cortex or AIC, the dorsal
cingulate cortex (dACC; Sridharan et al., 2008) and perhaps the
posterior cingulate cortex (PCC) though some authors would place
PCC with the DMN. The SN often recruits subcortical nodes in the
hypothalamus, thalamus, midbrain and some authors include
brainstem nuclei. It is also connected to dopaminergic reward systems
including the NAC-meso-limbic and the striatal-prefrontal systems. As
mentioned above the SN (according to the TPM) evaluates significance
levels of incoming external and internal stimuli and serves as a dynamic
“switch” between the DMN and FPN, in line with importance of the
information and cognitive effort required to address the challenge.
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default mode network

central executive network

salience network

FIGURE 2

Major resting-state networks relevant to Menon's Tripartite Model of Brain Function in neuropsychiatric disorders (reprinted with permission from
Mulders et al.,, 2015). The default mode network (DMN) consists of two core regions: the medial prefrontal cortex (mPFC) and the posterior cingulate
cortex/precuneus (PCC/PCu), with the inferior parietal lobule (IPL) also being reported consistently. The central executive network (CEN) or what

we call the FPN in the paper is centered on the dorsolateral prefrontal cortex (dIPFC) and posterior parietal cortex (PPC), and also includes the
dorsomedial prefrontal cortex (dmPFC) and frontal eye fields (FEF). The salience network consists of the insular cortex (IC) including the anterior insular
cortex (AIC), dorsal anterior cingulate cortex (dACC), temporal pole (TP) and amygdala (Amy)

Interestingly, the SN, particularly its AIC node, is distinguished
by a unique cellular component, the von Economo neurons (VENs)
(Banovac et al., 2021). VENs are characterized by large spindle-shaped
cell bodies with a single basal dendrite. They are high conduction
velocity, long range projection and specialized neurons that are often
called the “empathy cells” because their degeneration is associated
with diminished empathy for others, self-awareness, social cognition,
moral reasoning, and emotional intelligence (Sfera et al., 2024). Some
cases of bvFTD (especially when the right-temporal lobe exhibits
marked degeneration) that are especially characterized by involvement
of the SN, are associated with a transient hyperreligiosity (Chan et al.,
2009; Veronelli et al., 2017; Block and Miller, 2020).

While the SN is especially characterized by VENS, the SN, and the
other 2 networks in the TPM (DMN and FPN) exhibit disproportionate
distribution of 5SHT2A receptor signaling systems. Relevant to RSE
phenomena these signaling systems, in turn, are preferentially
modulated by lysergic acid (LSD), psilocybin, and mescaline, which
cause the subjective experiences of a psychedelic trip as well as
outright hallucinations (Vollenweider and Preller, 2020). 5ht2A
antagonists and inverse agonists, including second-generation
antipsychotics can block a psychedelic experience if the individual is
administered a serotonergic psychedelic and they can reverse the
perceptual disturbances of psychiatric illnesses such as schizophrenia
(Halman et al., 2024). These 5ht2A receptor signaling systems are also
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known to regulate sleep mechanisms (Landolt and Wehrle, 2009; Zhao
et al,, 2022). This fact will become important later when additional
brain systems, in this case the REM dreaming system, are brought in
to help explain people’s perceptions of supernatural agents (SAs).

Within the TPM framework the SN is theorized to operate as a
kind of controlling switch that, depending on task demands, either
simultaneously activates DMN and deactivates FPN or vice versa. The
FPN and SN demonstrate correlated activity, and both networks are
anti-correlated to the DMN. When the salience network increases its
activation level after identifying a significant or unexpected/
surprising event, it reduces the activity of the self-oriented and mind
wandering default mode network and activates the external goal-
oriented FPN to deal with the surprise. For tasks demanding focused
attention activating FPN and downregulating DMN is required,
whereas for tasks requiring self-referential thought or imaginative
simulations more generally, relative downregulation of SN and FPN,
and upregulation of DMN will be required and so on. Therefore, key
aspects of cognitive processing will depend upon proper assignment
of relevance or salience to stimuli coming from within the individual
or from without the individual. Failing to assign appropriate levels of
significance to something important or assigning any level of
relevance to something unimportant can create equally dysfunctional
cascade effects where the FPN and DMN do not engage or
disengage appropriately.
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TPM and RSEs

Given that assignment of salience or importance to experiential

» o«

stimuli is fundamental for derivation of “meaning” “value” and
“significance” to those experiences, it is clear that such a mechanism
(as modeled by the TPM) should be of central relevance to religion and
spirituality. After all most people conceive religion and spirituality as
being centrally concerned with ultimate or sacred values, and
individual and group related meaning and purpose in life (Park, 2005).
It follows therefore that at a minimum, people will deem an experience
or belief spiritual or religious to the extent that it is considered salient,
meaningful and significant. In short, to the extent an event is surprising
the chances that the event will be deemed an RSE will increase. These
assertions or predictions are consistent with recent predictive
processing accounts of religion put forth by several authors (Schjoedt,
2009; Van Elk and Aleman, 2017; Andersen, 2019) but predictive
processing is not enough to account of RSE phenomena. The predictive
processing account of neurocognitive function suggests that the brain
operates as a prediction machine which generates models of what is to
be expected in the world. When those expectations are violated or
when the system is surprised, an error signal is generated which
prompts the system to update its predictive models of the world. Given
that survival and flourishing depends on the ability of those predictive
models to accurately anticipate opportunities and threats it follows
that information/events are considered significant and valuable to the
extent that they trigger intense surprise and force radical updating of
predictive models. These are the kinds of experiences which we claim
increase the odds of those experiences being deemed RSEs.

If we understand the TPM framework to be suggesting that when
surprise occurs (and the SN is activated) the experience has to
be evaluated both reflectively (via FPN) and with respect to
significance for the self (via DMN), then it follows that the TPM
system must be involved in updating of predictive models. We suggest
that such updating involves repeating cycles through the evaluation
process such that the salient/surprising error signal is evaluated in
relation to self (emphasizing DMN activation) in the absence of
reflective thought and then switches to evaluating the event more
abstractly and reflectively (via FPN) without reference to the self per se
and so on repeatedly until the event is adequately processed and
predictive models are adequately updated. We call this conjecture of
the predictive processing enriched version of TPM the “TPM cycling”
account of RSEs. We next review the recent representative studies in
religion and brain studies in light of this TPM cycling account of RSEs.

TPM cycling applied to religion and
brain studies

The TPM cycling framework arguably illuminates results
coming from neuroimaging, clinical neuroscience and experimental
One
neuroimaging study suggests that people who regularly attend

neuroscience accounts of changes in RSEs. recent
religious services have significantly different brain connectivity
patterns than people who do not regularly attend religious services
(Kieckhaefer et al., 2023). Capitalizing on the neuroimaging and
behavioral data from ~40,000 participants from the UK Biobank
population cohort, Kiekhafer et al. used structural and functional
fMRI brain scan data gathered on these participants to explore how
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social participation, including weekly attendance at religious
groups, is reflected in the human brain. When contrasted with
people who frequented social clubs or sports groups, people
participating in religious groups were especially characterized by
increased volumes in pre and postcentral gyrus, right middle
temporal gyrus, right superior temporal gyrus and right rostral
anterior cingulate —all sites within SN or DMN. Overall, the authors
reported a combination of enhanced within-network and between
network functional connections within the DMN, SN, and in the
FPN cognitive control network. By contrast, the dorsal attention
network and the visual cortex both showed reduced within network
connectivity strengths in what they called “spiritually active” people
relative to the other social groups. Clearly, if regular religious
participation influences resting state brain functional networks this
report places that influence firmly within the TPM with “spiritually
active” people exhibiting enhanced connections both within each
network and between all 3 networks relative to people who regularly
attend other non-religious social activities such as sports clubs.
Religious people apparently tend to utilize or cycle through the
TPM more regularly than others.

TPM also appears able to account for clinical RSE phenomena.
For example, for some patients with bipolar disorder (BPD) religious
states and perceptions of supernatural agents (SAs) increase during a
manic episode and become absent during a depressive episode.
Although the neurobiology underlying bipolar disorder is exceedingly
complex there is some evidence linking changes in the SN and in
dopaminergic transmission to changes in religious beliefs in the two
major phases of the illness—the manic vs. the depressive phases.
Dopamine is a catecholaminergic neurotransmitter involved in a wide
array of physiological functions but is known to be crucial for
voluntary movements and reward salience-among other cognitive
functions. Excessive dopaminergic stimulation, for example, via
administration of dopamine agonist such as amphetamine, can trigger
manic symptoms in patients with BPD (Beaulieu and Gainetdinov,
2011; Brunello and Tascedda, 2003; Anand et al., 2011). Conversely,
depression is associated with a hypo-dopaminergic state (Ashok et al.,
2017). In a recent review of the literature Ouwehand (2024) found that
many patients with BPD report intense spiritual experiences during
the manic phase but largely lose these experiences during the
depressive phase. For example, during the manic phase the BPD
patients tended to report sensing God’s presence as if he was actually
sitting in same room as the patient, or they reported that they felt a
heightened sense of meaning and purpose etc. During the depressive
phase the patients reported a feeling the absence of God, and an
increase in religious doubt, guilt and suicidal ideation.

Recent meta-analytic studies of neuroimaging studies of bipolar
disorder patients have shown that functional integration within and
among the three TPM core brain networks (SN, DMN, and FPN) is
abnormal (Sha et al., 2019; Zhang et al., 2023). BPD patients evidenced
altered connectivity both within networks (FPN, SN) and between
(DMN-SN, DMN FPN). In particular, during the euthymic and manic
stages hyperconnectivity within the FPN and reduced connectivity
between SN and FPN and SN and DMN were noted (Zhang et al.,
2023). In the depressive stage connectivity within FPN and between
FPN and other networks was reduced. Thus with the case of BPD
we get clear RSE experiential changes as a function of both phase of
the illness and differences between connectivity patterns within and
between the 3 canonical networks of the TPM. If there is reduced
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connectivity between SN and DMN/FPN during the manic phase then
presumably SN cannot effectively act as a switch that down regulates
DMN and up-regulates FPN thus leaving the DMN overactivated
resulting in a grandiose sense of self without critical reflection from
FPN input. As significance increases in association with the sense of
Self so does the tendency to ascribe religious significance to that
experience. There is reduced input from FPN so checks on that
ascription process are inhibited. In the depressive phase the TPM
system itself is not functioning so all meaning-generation is lost and
the individual loses contact with his or her experience of God.

TPM can illuminate findings from experimental brain stimulation
studies of RSEs as well. For example, in a pre-registered study,
Holbrook et al. (2020) reported that while death or threatening primes
transiently increases religious beliefs, downregulating posterior
medial prefrontal cortex or pMFC via ¢TBS (transcranial brain
stimulation) reduces self-reported religious belief after those beliefs
had been stimulated by a recent, prime concerning death and bodily
decomposition suggesting that you need pMFC -a key node within
the DMN, for those religion-promoting primes that are related to
threats to the sense of self to work. Similarly, Nencha et al. (2022)
found that generation of an ecstatic religious state in a 56 year old male
with intractable epilepsy depended upon electrical stimulation in the
dorsal AIC -a key node in the SN. Electrical stimulation in the dorsal
AIC repeatedly produced a blissful sensation of mental clarity, without
any epileptiform after discharge on the SEEG. The patient’s self-
reported scores on the mystical experiences questionnaire (MEQ)
significantly increased after AIC stimulation and he reported that
“everything seems simplified” He felt “liberated” and reported a very
strong feeling of fullness. His consciousness “had suddenly enlarged”;
“it is like looking at infinity, I no longer have any limits, as if everything
was connected, and I was connected with any part around me”
He started to describe these feelings 1 to 2 after the end of the 3-s
stimulations. The authors suggested that the blissful state was due to
electrical stimulation preventing the generation of interoceptive
prediction errors via inhibition of AIC activity. In addition to acting
as the central node in SN operating as a regulator of FPN and DMN
interactions, the AIC may also act as a comparator of expected- to
-actually experienced interoceptive and emotional reactions. When
that comparator suggests that all expectations have been met and that
there are no surprises to deal with, then spiritual bliss and mystical
states ensue.

We see a similar phenomenon occurring in so-called ecstatic
seizures, described as mystical or spiritual states by the patients
themselves. Dostoyevsky may have experienced these sorts of seizures
(Hughes and Melyn, 2005). In their review of the neurology of ecstatic
auras/seizures whose related experiential states were dubbed mystical
or religious by the patients themselves, Gschwind and Picard (2016)
studied 52 published cases. They concluded that the ecstatic symptoms
in these patients appeared to localize to a functional network centered
around the AIC. Geschwind and Picard note that patients with these
kinds of seizures often report that “everything seems to be exactly in
the right place, as it should be,” that perfect solutions have been
arrived at, that all is well and all will be right with the world, and that
this is a spiritual insight and RSE. The authors hypothesize that “in the
ecstatic auras the mechanisms of interoceptive prediction error
generation are blocked, the comparator between the actual and the
predicted state no longer functions, and therefore there is no more
mismatch” (Gschwind and Picard, 2016, p. 14) and thus the patient
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concludes that all is right with the world and all is right between him
and God etc. If we evaluate Geschwind and Picard’s account of ecstatic
seizures against the TPM framework we might conclude that the
switching/appraisal mechanism, the SN, is appraising the information
it is receiving as highly significant possibly because the AIC within the
SN is returning no error / surprise signals. Therefore, the SN would
presumably not need to engage the DMN and FPN. There is no
challenge/surprise to meet and therefore there is no need to engage/
disengage these networks. Over time, however, there presumably
would be downstream effects on FPN and DMN along with
corresponding effects on RSEs. But only longitudinal studies with such
patients would yield answers to the questions posed by these patients.

With respect to religion-related seizure activity, the TPM cycling
account of RSE phenomena may throw new light on clinical
observations that arguably launched the field of religion and brain
studies back in the 1970s (Dewhurst and Beard, 1970; Waxman and
Geschwind, 1975; Geschwind, 1979; Bear and Fedio, 1977). These
reports described a small group of patients with a particular form of
temporal lobe epilepsy (TLE) who seemed to ascribe extraordinary
meaning and significance to their interictal experiences. These
patients deemed many of their experiences as RSEs and often wrote
reams of material to expound on the religious significance of their
insights. In attempting to explain such phenomena Bear and Fedio
(1977) argued that the tendency to ascribe intense significance to
everyday experiences was due to hyper-connectivity (due to seizure
activity) between cortical sites mediating language comprehension
with subcortical sites such as the limbic system and the amygdala
which mediate emotional processing. Some patients with TLE had
greater connectivity between these cortical and subcortical sites and
therefore inappropriately assigned greater significance to incoming
sensory events. The fact that the patients were ascribing too much
significance to their everyday experiences can be accounted for by
either a chronically activated SN network or by SN over-activating
DMN and down regulating FPN thus emphasizing the overwhelming
significance of events for the sense of Self. And the hypergraphia or
filling notebooks with reams of metaphysical speculations on these
experiences suggests an over-activated FPN-related reflective
processing on those experiences. In short, when something like the
Geschwind syndrome of hyper-religiosity, hypo-sexuality and
hypergraphia occurs in a small number of patients with TLE, it may
be mediated in part by this TPM cycling phenomenon when
individual experiences are being repeatedly and dysfunctionally
examined in relation to self and then over-reflected upon.

The TPM cycling account is also consistent with (1) the relation
of belief formation to meaning making processes in religion; (2) the
core group of findings concerning religion’s facilitation of emotional
and physical healing; (3) the relation between religion and empathy
and (4) most recent “4E” accounts of brain/mind relations.

TPM and belief formation

With regard to the relation of belief formation to meaning making
processes in religion we rely on our own work (Krueger and Grafman,
2012; Cristofori et al., 2022) and the work of Seitz et al. (2018).
According to the Seitz et al’s, credition model, beliefs are the result of
neural processes involving perception, valuation, information storage,
and prediction. They are considered unique probabilistic cognitive
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representations based on sensory signals from external and internal
sources of noise and then built up via social interactions involving
rituals and construction of social narratives. Formally, Seitz et al.
suggest that this basic model can be stated as: B=S/N * V.

A belief (B) is probabilistically and dynamically formed over time
by the perception (P) of an object or event, that is, by identification of
a signal (S) out of a sample of ambient noise (N). The larger the S/N
ration the greater confidence expressed in the belief. But every belief
is also theorized to be assigned a level of salience, significance or value,
V, for the individual. The value can be either positive (indicating
reward or attraction) or negative (indicating aversion, threat, or
danger). In addition, S/N and V are independent of each other; thus,
a large S/N can have a small V, and a small S/N can have a large
subjective V. Thus, in general, a positive value of B is an indicator of a
meaningful representation of high probability, that is, a “belief. Seitz
et al. note that the entire belief formation process tends to be regulated
by medial PFC with the valuation process in particular being
dependent upon mPFC. In our previous review of brain networks
crucial for religious belief formation Cristofori et al. named the
prefrontal cortex including dIPFC and vmPFC, and more posterior
regions such as superior temporal cortex (STC), and pSTS/TP]
(default mode network).

Both the Seitz et al. credition model and the Crisfori et al. model
of the neural processes involved in belief formation are consistent with
the TPM cycling account presented here given that the SN is explicitly
assigned the task in the TPM (as in the credition and Cristofori
models of valuation or assessment of the significance of experiences).
The TPM cycling account adds to these models of belief formation the
additional process of the elaboration of meaning via ritual and social
contexts via engagement of the FPN in particular and the concomitant
downregulation of the DMN.

TPM and religion’s effects on health

There have been several exhaustive reviews of the literature
(Koenig et al., 2024; Dornisch, 2024) on religion’s effects on measures
of health. While thousands of studies have now been published many
of these studies are methodologically flawed, but an increasing
number of rigorous studies, in this area, have been published. Both
the older literature and the recent more methodologically sound
studies suggest reliable protective effects of religious participation,
especially religious service attendance, on health and mental health,
for outcomes as diverse as all-cause mortality, depression, suicide,
cancer survival, and subjective well-being. With respect to the neural
basis of these effects Rosmarin et al. (2022) evidence indicates that
S/R is health-related
neurobiological correlates, including cortical thickness, decreased

associated with protective mental
default mode network (DMN) connectivity, and greater posterior
alpha. We note in passing that decreased DMN connectivity and
increased posterior alpha power are also brain signatures associated
with both REM sleep and the serotoninergic psychedelics, both of
which we discuss below. In their review of the literature on neural
correlates of R/S, van Elk and Aleman (2017) suggested that temporal
brain areas are associated with religious visions and ecstatic
experiences; multisensory brain areas and the default mode network
are involved in self-transcendent experiences; the Theory of Mind-
network (including mPFC) is associated with prayer experiences and
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over attribution of intentionality; top-down mechanisms instantiated
in the anterior cingulate cortex and the medial prefrontal cortex
could be involved in acquiring and maintaining intuitive
supernatural beliefs.

The literature on religion and health is partially consistent with
the TPM cycling account offered here. But to see that clearly we have
to bring in the evidence from psychedelics and REM sleep
neurobiology and the role these play in the salience and default mode
networks. We discuss these matters more thoroughly below in the
sections on REM sleep and psychedelics. Briefly put, optimal mental
health depends on the balance between the correlated activity levels
of the 3 major networks within the TPM. If the DMN is chronically
over-activated it will inhibit FPN functioning and thus gradually
impair mental functioning. Conversely if the DMN is chronically
under-activated similar mental health decrements will occur. Mental
health problems in turn gradually make it more difficult to cope with
chronic health issues.

TPM cycling and empathy

Empathy, or the ability to feel and sympathize with the pain and
suffering of another has always been linked with morality and has
often been actively promoted by religions. Empathy very likely is
crucial for facilitating prosocial behaviors and therefore larger scale
cooperative enterprises. In their review of the literature on the neural
basis of empathy He et al. (2024) noted crucial roles for the anterior
and middle cingulate cortex (ACC, MCC), middle and anterior insula
cortex (MIC, AIC) as well as prefrontal and sensorimotor regions.
Within this network, the cingulate and insula primarily extract the
affective dimension of pain and interact with the subcortical, motor,
and prefrontal regions to appraise meaning. In neuropsychiatric
disorders associated with impaired empathy He et al. found that the
left anterior cingulate gyrus, adjacent medial prefrontal cortex, and
right middle temporal gyrus, were dysfunctional. The hyperactive
regions showed network-level interactions with the core default mode
network (DMN).

As mentioned above from the TPM cycling perspective optimal
mental health, including normal empathic responding, depends on
the balance between the correlated activity levels of the 3 major
networks within the TPM. If the DMN is chronically over-activated
as appears to be the case where dysfunction in empathic responding
is documented, it will inhibit FPN functioning and thus gradually
impair mental functioning. Conversely if the DMN is chronically
under-activated similar mental health decrements will occur.

TPM cycling and 4E

In our previous work (e.g., McNamara, 2022) we noted that
religious beliefs and experiences likely behave much like any other
ordinary beliefs and experiences. But beliefs and experiences are the
product of brain-culture nexus that we call “the mind” But to
understand the Mind we adopt and assume some, not all of the
claims of “4E cognitive science” (suitably modified to take into
account relevant brain functioning and constraints), namely that the
mind is embodied, enacted, embedded and extended. It is embodied
insofar as it reflects and expresses bodily needs and aims. Mind does
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not float out there in some nebulous cultural ether untethered to
body and brain. Our basic cognitive capacities and categories are
grounded in bodily sensorimotor experiences and elaborated via
metaphor. Many computations performed by the brain begin with
internal or interoceptive messages or information. These bodily
computations scaffold more complex representations such as the
sense of self. The mind, furthermore, is enacted. It is built for action,
for grasping and manipulating the objects and things in the world.
It is not some passive information processing device. It is always
operating in a world. Its beliefs and models of the world are oriented
toward actionable goals. But this does not, as some enactivists have
argued, imply or mean that the brain does not process computations,
content or representations. There is abundant evidence that the
brain does indeed perform computations on what can be construed
as very rich cognitive content/representations. Mind, however, is
indeed embedded in the world. Mind manifests only when
interacting with the world or particular contexts. No ecological
context-no mind. Finally, Mind is therefore extended. It does not
end at the skin of the thinker/doer. It extends into the context, the
environment. Our tools, for example, are extensions of our minds
and mind, in turn, are shaped and extended by the tools. The tools
themselves are extensions of the culture. The upshot with respect to
religion of these 4E considerations is that the brain does not
“contain” the religious mind. The religious mind is not reducible
without remainder to the brain. The brain is necessary for
manifestation of the religious mind but the mind itself has to
be thought of as larger than the physical brain. It may be partially
co-extensive with the culture, but it interacts with culture which
then operates on the brain eliciting some mental capacities and
shutting down others. These capacities then articulate with the
cultural processes of other minds and artifacts to produce “my
mind.” Without culture there would be no mind, but without brain
there would be no culture. Historically, religion utilized these
pre-existing cognitive capacities in order to promote cumulative
cultural evolution and to facilitate human cooperation and group
success via conflict between religiously defined out-groups. All that
the TPM cycling account can add to the 4E framework on the
religious mind is that optimal meaning construction and social
interactions occur when TPM cycling is operating normally as
discussed more thoroughly below.

Given the brief summary above of some representative studies in
brain and religion, and the relation of important topics in religion to
the TPM cycling account offered here, the TPM cycling framework
looks promising for characterizing the religious influences on brain
network functioning. It nevertheless remains unclear whether the
neural basis of core aspects of RSEs—namely encounters with spiritual
or “supernatural agents” (SA) such as God or angels or demons etc.,
can be so captured. We turn next to that core aspect of RSE
phenomena: supernatural agent cognitions.

Brain systems necessary for
perceptual encounters with
supernatural agents/SAs

Early work identified the DMN/ToM networks as especially

important for cognizing SAs. For example, Kapogiannis et al. (2009,
2014) using Granger Causality analytic techniques on brain scan data
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from religious vs. non-religious participants identified a large number
of brain areas within the DMN network that activated when
participants verified statements concerning the involvement of God
in daily life. Significantly, a pathway from the right inferior frontal
gyrus (IFG) was demonstrated to modulate a network downstream
from it when participants were evaluating statements about daily
interactions with God —namely the dorsomedial prefrontal cortex
(dmPFC) and precuneus, — brain regions previously found to
be involved in reward salience, value judgments, self/other processing
and emotional memory. This causal effect of IFG on downstream
networks held true only for religious individuals. The brain sites
modulated by these religious statements concerning interactions with
God all were situated within the SN or DMN. These data seem to
suggest that encounters with SAs are related-to, or extensions of
normal ToM mentalizing processes we regularly utilize to model the
minds of others. However, this simple account situated as it is within
the TPM, may not be the whole story. When we look for neural-causal
mechanisms generating SA percepts rather than mere correlations
between brain activity patterns and religious cognitions, the story gets
more complicated.

Vehar et al. (2022) described an experimental neuroscience set-up
which can be used along with fMRI to reliably induce perception of
an unseen presence /SA or what they called “presence hallucinations”
or PH. Ronchi et al. (2018) had previously developed a robotic
stimulation system that exposed participants to temporally and
spatially conflicting sensorimotor signals. Participants were asked to
repeatedly move a small robot in front of them with their hand (motor,
tactile, and proprioceptive signals) while receiving tactile feedback on
their back delivered by another small robot in back of them (back
robot), under conditions of sensory deprivation (Figure 3A). Being
subjected to such conflicting somato-sensory-motor stimulations
characterized by an additional delay between front and back robot
elicits PH in healthy individuals. Such an experimental set up fools the
cognitive system into inferring the presence of an agent other than the
self or patient/participant.

Given that PH or the sense of an invisible agent appears when the
self-generated motor signal (to move robot in front of participant)
occurs within 500 ms of being stimulated on the back by the robot
behind participant, Vehar et al. (2022) suggest that the sense of an
unseen presence or PH comes from an error or mis-match signal
between an expected sensation and what actually occurred. The
participant expects feedback sensations to occur immediately after
he moves the front robot. When that expected sensation does not
occur and instead the back is stimulated, surprise ensues and an
error signal is generated. To account for the error signal the mind
generates a hypothesis that an unseen agent must be responsible for
the feedback. In short, the authors argue that invisible presences
result from faulty integration of motor signals with somatosensory
signals. These somatosensory-motor signals are summated at the
cortical level within IFG, TPO, AIC and posterior superior temporal
sulcus (pSTS) into the global self-representation of a person’s body
(Park and Blanke, 2019). Now, once again, all of these sites are
situated within canonical TPM networks—particularly the SN and
DMN networks. The suggested neurocognitive mechanism
producing the SA percept is that when the mismatch between
expected sensation and actual outcome occurs there is a
misperception of oneself as another agent because the mind has to
guess at what caused the mismatch and then generates another agent
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FIGURE 3

Experimental set up to induce sense of presence of an unseen agent (used with permission from Vehar et al., 2022). (A) The robotic set-up used for
induction of invisible presences in patients with Parkinsons’ disease in a sitting position. Patient was moving the front robot in a poking motion, using
the right-hand index finger, while receiving a corresponding tactile stimulation on their back. They were in a state of sensory deprivation, wearing
headphones playing white noise and with their eyes closed, wearing a blindfold. The stimulation on the back was either synchronous with their
movement of the front robot (the back robot had 0 ms of delay) or asynchronous (the back robot randomly delayed from 0 to 500 ms in steps of
100 ms), with the asynchronous stimulation being significantly associated with experiencing robot-induced PH (ri-PH) as a function of sensorimotor
delay. (B) The robotic set-up was adapted to be MR-compatible and used for an fMRI study in a healthy population of participants. (C) The brain
activation and connectivity patterns were collected in an fMRI experiment with healthy and neurological non-parkinsonian patients. The schematic
bilateral display of the connectivity overlap between the network connectivity in spontaneous PH identified using lesion network and connectivity
analysis and ri-PH network from healthy participants. The bilateral regions are ventral premotor cortex (vPMC), inferior frontal gyrus (IFG), and posterior

superior temporal sulcus (pSTS).

as the most likely explanation for the error signal. When the error
signal occurs the SN presumably considers that a salient signal and
then activates the switch to down regulate DMN and upregulate FPN
in order to evaluate the error signal. The neuroimaging data from
Vehar et al. suggests that engagement of TPM networks mediate
generation of perception of the PH or unseen agent/SA. Apparently,
when the TPM oscillates between DMN downregulated/ FPN
upregulated and FPN downregulated, DMN upregulated, the TPM
system with its ToM simulation capacities and the FPN system with
its abstracting capacities generates hypotheses/guesses or
explanations as to why the surprise occurred and then offers the
conclusion that an unseen agent was responsible. Down-regulation
of DMN is causal because it results in surprise when an event occurs
and the individual cannot conclude that he or she is the agent of the
event (given that sense of self is reduced when DMN is reduced). The
error signal triggers SN to start the TPM evaluation cycle which then
concludes with the claim that if the event cannot be traced back to
the individual (and it cannot because sense of self is degraded when
DMN activity is inhibited) then an unseen agent is responsible for

the event.

Entity encounters under psychedelics

As with an experimental set-up such as Vehar et al. design, we can
also assess causal effects within the nervous system with
pharmacologic agents. Stimulation of brain networks via

administration of serotonergic psychedelics results in dose-dependent
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alterations in self-consciousness, experiences of self-transcendence,
and crucially for religious cognition: encounters with other-worldly
entities including some that could be characterized as supernatural
agents or SAs such as “spirit guides,” angels, demons and religious
figures. While anecdotally it appears that most people who have taken
a psychedelic do report encounters with SAs, we can learn about those
encounters via interviewing people who actually claim such
experiences. For example, in two investigations of people who
encountered SAs while on a psychedelic (N=561, Davis et al., 2020;
N=606, Griffiths et al., 2019) 96% asserted that the SAs encountered
were conscious beings, intelligent (96%), benevolent (78%), sacred
(70%), and agentic (they had special powers) (54%). Majorities of
respondents firmly believed that the SA existed independently of their
consciousness, i.e., that there were “realer than “real” beings.
Approximately 28% of the sample reported that they were atheist
before the entity encounter, but there were only 10% of respondents
who self-reported as atheist after the encounter.

What might the brain mechanisms be that could produce such
profound encounters with SAs? As we have just seen from the Vehar
etal. (2022) experiments the TPM networks appear to be involved and
mismatch error signals around the issue of individual intentional
states, agency or generation of actions are crucial. With respect to
generation of SA perceptions during psychedelic experiences similar
mechanisms appear to be involved. In an early landmark study,
Carhart-Harris et al. (2012) found that psilocybin decreased cerebral
blood flow in the thalamus, putamen, hypothalamus, posterior
cingulate cortex, precuneus, bilateral angular gyrus, supramarginal
gyrus. Anterior cingulate cortex, frontoinsular cortex and orbitofrontal
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cortex. Most of these structures involve the DMN or the SN. The
importance of the DMN and SN to the psychedelic experience was
later confirmed by others. For example, Tagliazucchi et al. (2016a,
2016b) utilized fMRI to investigate “ego dissolution” correlations after
global and local brain connectivity changes from the resting state
following intravenous injection of LSD versus placebo in 15 healthy
volunteers. The “ego dissolution” experience is important to investigate
as it appears to be crucial for generating the full psychedelic
experience. In particular, it predicts the onset of mystical experiences,
presumably including SA encounters during the trip. Tagliazucchi
et al. (2016a, 2016b) found that the DMN and the thalamus showed
increased global connectivity under the drug but decreased within-
network integrity. Lebedev et al. (2015) studied brain functional
connectivity correlates of ego dissolution and mystical experiences in
15 volunteers given 2mg of psilocybin. Analysis of within-network
integrity revealed an association between decreased salience network
integrity and ego dissolution. In addition, ego dissolution was also
associated with decreased functional connectivity between the
hippocampus and both the SN and the FPN. The intensity of ego
dissolution was found to be strongly anticorrelated to the density of
connections in the anterior part of the para-hippocampal circuit or
PHC. The PHC, in turn, mediates the connectivity of the hippocampus
with the DMN. Thus, the result of down regulation of the PHC is
decoupling between structures in the medial temporal lobe (including
hippocampus) and the DMN. In short decreased resting-state
functional connectivity within the SN and between the PHC and
prefrontal cortex was identified under psilocybin and was predictive
of ego dissolution (Carhart-Harris and Nutt, 2017). Overall,
psychedelics appear to decrease intrinsic DMN connectivity but
extrinsic connectivity patterns between DMN and other networks are
generally increased and in addition SN activity is altered (Gattuso
et al., 2023; van Elk and Yaden, 2022; Stoliker et al., 2022). Stoliker
etal. (p. 879) suggest that “Decreased DMN connectivity likely relates
to ego dissolution and may involve the dissolution of self-related
priors (beliefs) sustained by the DMN. These priors may support a
narrative sense of self that disintegrates during ego dissolution”

What initiates the psychedelic experience to begin with appears
to be activation of 5HT2A receptor signaling systems. The classical
serotoninergic psychedelics show high affinity for these receptors and
if these receptors are pharmacologically blocked there will be no
psychedelic experience even if a psychedelic is administered. The
5-HT2A receptor is involved in learning and memory, pain perception,
and the sleep/wake cycle (Duerler et al., 2022). 5-HT2A receptors can
be found in the so-called pyramidal neurons in layer 5 of the cortex,
and in transmodal, higher-order association areas in the brain, such
as the temporo-parietal junction and the medial prefrontal cortex—
once again sites firmly within the DMN and thus the TPM framework.
However, the strongest concentration of 5HT2A receptors may
be found in the striate and extrastriate visual cortices (Preller and
Vollenweider, 2018)—sites not accounted for within TPM. In any case,
the wealth of findings associated with the renaissance in psychedelic
studies suggest that activation of 5SHT2A receptor signaling systems
in SN, DMN and extrastriate and striate cortex may be related to, or
permissive for SA cognitions.

But the TPM framework does not readily account for recruitment
of extrastriate visual systems under psychedelic conditions of ego
dissolution/mystical states and via activation of SHT2A receptor
signaling systems. Both the TPM networks, and the visual systems,
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however, are known to be recruited during REM sleep which in turn
is tightly regulated by 5HT2A signaling systems. Indeed, recent work
by various investigators in the religion and brain field have suggested
an important role for REM sleep and dreams in generating RSEs—
especially encounters with SAs.

A potential role for REM sleep and
dreams in RSE phenomena

One of the most striking cases for the perception of an SA occurs
in sleep paralysis. Sleep paralysis (SP) is a transient experience of
conscious paralysis when transitioning into sleep or out of sleep
(Hishikawa, 1976). REM sleep is associated with atonia or paralysis
that lasts the entire REM episode but occasionally the paralysis persists
into the waking state so the person is conscious but cannot move. A
recent meta-analysis (Hefnawy et al., 2024) involving 76 studies from
25 countries with 167,133 participants estimated the global prevalence
of SP was 30%. Basically, a third of all persons likely have experienced
at least one and probably several episodes of SP. Subjective phenomena
associated with SP involve perceptions of “intruders” or a “succubi”
sitting on the chest of the victim. These SAs are often influenced by
cultural scripts around the supernatural and considered as demonic
SAs who intend the paralyzed victim harm (Cheyne et al., 1999). What
brain mechanisms mediate perception of an SA in some cases of SP?
Since the majority of the SAs in SP are perceived to be malevolent and
threatening one possibility is that SP is mediated by brain circuits
within the limbic system dedicated to detection of threats which gets
triggered during an episode of sleep paralysis. The paralysis sets up an
expectancy of impending threat. That recruits the threat detection
system which then triggers some other part of the brain which
attempts to explain the source of the threat and concludes it must
be an evil presence with super-normal powers. That other part of the
brain that generates the explanation for the experience of threat
we suggest are the TPM networks DMN and FPN as described under
the TPM cycling account. But can TPM cycling account for other SA
phenomena associated with sleep and dreams?

REM sleep and dreams more generally appear, in fact, to be very
potent sources of SA perceptions. Take the case of so-called “visitation
dreams” for example. About 50 to 60% of hospice patients report a
“visitation” by someone —a relative or a spirit guide who is not there
while they dream or are awake: a phenomenon renowned in end-of
life care as a deathbed vision or End-of-Life Dreams and Visions
(ELDV; Rabitti et al., 2024). Conversely, many (up to 80% in some
estimates) bereaved individuals experience extraordinary visitations
of their deceased loved ones in a dream (Wright et al.,, 2013). The
bereaved individual often experiences the deceased individual in the
dream as “realer than real,” and absolutely “there” or fully present such
that the dreamer can smell, feel, touch and embrace the deceased
person as if they were alive again. The deceased often imparts a
message to the individual that they are OK and not to grieve. The
dreamer awakens feeling absolutely convinced that they received a
communication from their deceased loved one in the afterlife and
thereby proving to them that there is an afterlife.

It should not be surprising that dreams are a very potent source
for SA perceptions. Dreaming is a universal human experience. Most
recalled dreams likely come from “rapid eye movement” or REM sleep.
Rapid eye movement sleep is a state characterized by occurrence of
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rapid eye movements (REM), electroencephalographic activation
comparable to waking consciousness, muscle atonia, hippocampal
theta oscillations, and ponto-geniculo-occipital (PGO) waves, which
are field potentials that are similar to “orienting reactions” generated
after a challenge/threat/surprise. They are generated from the
cholinergic brain stem and pons, lateral geniculate nucleus, and striate/
extrastriate cortex, and vivid dreaming. 5HT2A receptors and GABA-
ergic (y-aminobutyric acid-ergic) neurons localized in the ventrolateral
periaqueductal grey function to modulate REM-on neurons. In
addition, tract tracing studies in monkeys have demonstrated that
VENSs project to the PAG and parabrachial nucleus (PBN), indicating
a role for VENs in regulation of PAG-related and sleep related
functions (Saleh et al., 2017). Thus, PAG and likely SHT2A receptors
are key neural systems implicated in REM onset, maintenance and
intensity (Luppi et al., 2017; Park and Weber, 2020). Interestingly,
recent work suggests that PAG plays a key role in expressions of RSEs.
Ferguson et al. (2022) used lesion mapping analysis and 2
independently assembled datasets —a neurosurgical dataset (N=88)
and (penetrating traumatic brain injury dataset, N=105), to examine
relationships between self-reported religiosity and lesion site. The
authors found that lesions associated with spirituality and religiosity
mapped to a human brain circuit defined by connectivity to the
periaqueductal grey (PAG). As noted above, the PAG, in turn, is
known to play a critical role in descending pain inhibition (it is rich in
opioid receptors), autonomic nervous system function, behavioral
responses to threatening stimuli and maintains dense interconnectivity
with key TPM structures of the SN, DMN and FPN.

Brain mechanisms associated with REM dreaming are clearly
consistent with production of mental simulations of counterfactual,
bizarre and extraordinary SAs. During REM dreaming external sensory
input is reduced, cholinergic and dopaminergic activity levels are high,
while serotoninergic and noradrenergic levels are low or absent, thus
enhancing brain plasticity and pushing the brain-mind into a visually
and emotionally driven, hyper-associative state (Hutchison and Rathore,
2015; Llewellyn, 2016; Pace-Schott and Hobson, 2002; Walker and
Stickgold, 2006). In addition, brain regions dynamically modulated
during REM tend to strictly obey principles of TPM: fMRI and rCBF
scanning with simultaneous EEG scalp recordings of healthy
participants asleep in the scanner demonstrate selective activation of the
pontine tegmentum, thalamic nuclei, several limbic elements including
the amygdala and the hippocampus, anterior cingulate cortex,
mediobasal prefrontal lobes, and extrastriate cortex (Dang-Vu et al.,
2010; Maquet et al., 1996; Fox et al., 2013). In contrast, the dorsolateral
prefrontal cortex and parietal networks are downregulated in REM sleep
(Hobson et al., 2000; Nofzinger et al., 1997; Pace-Schott and Picchioni,
2017) just as they appear to be during the psychedelic experience. In
non-REM phases of sleep there is a functional uncoupling of the DMN’s
anterior and posterior nodes (particularly the MPFC and PCC) which
are then re-coupled with the onset of REM (Chow et al., 2013; Horowitz-
Kraus et al., 2017). In short, the SN apparently activates DMN elements
and down regulates FPN in REM sleep as required by TPM theory.

In summary, REM appears to promote intense visual simulations
of socio-emotional associative processing largely in the absence of
reflective thought. Thus, experiences of encounters with extraordinary
beings in extraordinary realms are not uncommon in dreams and are
generally accepted uncritically in our dreams. But do these dreams
influence waking consciousness and waking behaviors? Do they
influence waking RSEs?
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Balch et al. (2023) constructed an experimental design to answer
just such questions. They used computational textual analytics on
35,000 dreams and 20,000 religious experience narratives and found
that when people report high “supernatural content” including
encounters with SAs and extraordinary realms it was experienced
subjectively by the dreamer as a set of images invested with high
dominance (the image rivets the attention), arousal and negative affect
and thus reduced the dreamer’s subjective sense of self-agency. Overt
SAs appeared in supernatural environments characterized by
strangeness, negative affect, bizarreness, increased sensory elements and
insubstantiality. After thus characterizing cognitive features of
supernatural content in dream and RSE reports, the authors then
recruited N=116 community volunteers to participate in a two-week
intensive longitudinal assessment of mood, religiosity measures, stress,
social conflict, dream recall and sleep architecture measures. Sleep
architecture was monitored with the DREEM - 3 Headband device.
Multi-level modeling analyses were conducted with lagged and cross-
lagged effects estimated thus enabling exploration and evaluation of
causal effects on generation of SAs in dream content. The authors were
able to collect 1,502 dreams during the 2 week in-home study from 116
participants. On average participants reported 9 dreams per person
across the 2week period. Construction of computational word
dictionaries resulted in identification of dream narratives with high
supernatural content. These were judged via unbiased research
assistants and Al tools as significantly more strange, bizarre, unpleasant,
and containing lesser amounts of dreamer agency than non-supernatural
control narratives. Daily stress activity levels predicted subsequent
increases in supernatural content in dreams. In addition, the higher the
average REM%, the higher the daily subjectively experienced closeness
to God ratings by the participant. Dream supernatural content and
dreamer agency predicted closeness to God ratings with a 4 day lag but
not vice versa. Negative dream affect predicted increases in authoritarian
God image ratings also with a 4day lag. The authors concluded that
high supernatural content occurs both spontaneously and can
be triggered by daily stressors. The authors concluded that supernatural
content is common in dreams and is associated with otherworldly
realms and SAs and increases daytime closeness to God ratings. The
REM dreaming system may act facultatively to produce positive or
negative God images depending on local context (e.g., high levels of
stress and uncertainty, low levels of social trust etc.).

RSEs, SA encounters and social
cooperation

The significance of these findings on REM dreams and the
generation of positive and negative God images during REM that
actually affect daytime spiritual experiences (e.g., closeness to god
rating) is due to the fact that one’s unconscious “God image” operates
as a central organizing feature of one’s basic religious experience and
life narrative (Mencken et al., 2009). If on€’s image of God is of a
loving, kind and compassionate figure then one’s religious experiences
and story will on average be positive. Conversely, a harsh, judgmental
and authoritarian image of God will tend to generate greater spiritual
struggles, guilt and anxiety. There is now solid evidence that people’s
conception of God dramatically influences one’s willingness to
cooperate with other, willingness to cheat on cooperative games,
mental and physical health as well as a variety of well-being outcomes
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(Dezutter et al., 2010; Schaap-Jonker et al., 2002; Nguyen et al., 2015;
Gall and Guirguis-Younger, 2013). Silton et al. (2014) found that
people who believe in an “angry god” are statistically more likely to
show signs of suffering from mental disorders. Froese and Bader
(2008) show that an harsh, judgmental, authoritarian image of God is
negatively related to political tolerance and positively related to
support for gun ownership and defense spending. Mencken et al.
(2009) present data that suggests that belief in a loving, forgiving God
can build bonds of trust, while beliefs in a judgmental, authoritarian
God tend to make believers more wary of others. Francis (2007)
presented evidence for a correlation between God images and images
of self and images of others. Images of God as the God of mercy may
be reflected in a more positive self-concept and in higher levels of
empathy with and for others, while images of God as authoritarian
may be reflected in less positive self-concept and in lower levels of
empathy with and for others.

Given that basic God images can influence willingness to cheat on
cooperative games, social interactions and levels of social trust Balch
et al. (2023) speculate that the REM dreaming system may act to
generate God images that facilitate social cooperation depending on
social context. If local social cooperative activities are ongoing and
successful and the individual is living in a high-trust society then the
REM dreaming system would generate God images that are either
authoritarian enough to maintain such high trust levels or would
produce loving God images. If however there are low levels of social
trust in the dreamer’s local environment then the REM dreaming
system would be biased to produce more harsh, threatening,
frightening, nightmarish and judgmental authoritarian God images.
This is because such God images would act to police and punish bad
social-actors such as non-cooperative free-riders (see Shariff and
Norenzayan, 2011). The so-called supernatural punishment hypothesis
(SPH; Johnson, 2016) on the evolution of God concepts in general
suggests that an all-seeing, all-knowing, wrathful and judgmental God
is watching you to ensure that you do not break the rules of your social
group. But creating an authoritarian God image via REM sleep
dreaming processes may not be enough to inhibit free-riding over the
long term. Other neuro-cognitive mechanisms will need to
be recruited to adjust individual behaviors once “sins” or deviations
from group moral norms are flagged via the “policemen in the head”
mechanism.

Future directions

As the above summary suggests cognitive neuroscientists have
begun to bring to bear powerful techniques such as brain imaging
techniques (fMRI, MEG, high density EEG) and neuromodulation
approaches (TMS, BCI, DBS) to identify how the brain shapes religion
and vice versa. As this work proceeds the outlook is good that new
insights will be uncovered as to how religious culture protects against
disease, promotes in-group cooperation and out group hatred and
elicits the most extreme states of saintliness and fanaticism known to
human beings. However, to realize the promise of this new area of
research we need to build upon the insights gained in past work.

One area where religion and brain studies are deficient is
understanding brain mechanisms that mediate the “groupishness” of
religion. How does the brain support group-level aspects of the
religious experience? By pursuing this question we may be able to
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uncover how the brain supports both social cooperation and social
conflict. For example, to build upon our understanding on how the
brain supports religious group-individual interactions and religious
in-group vs. out-group interactions we suggest more work needs to
be done on the role neuroendocrine compounds such as oxytocin/
vasopressin play in group formation. Oxytocin is known to modulate
social affiliation and feelings of belonging and is beginning to
be recognized as a major factor in human sociality, serving as the
neuroendocrinological hub for social cognition (Dunbar, 2020;
Churchland and Winkielman, 2012; Crespi, 2016; Shamay-Tsoory and
Abu-Akel, 2016; Stockly, 2020).

To rigorously investigate brain mechanisms of religiously-defined
group interactions we suggest we need to remember that religion is a
biocultural phenomenon. We therefore need to bring in frameworks
from biological anthropology to help us understand the brain’s role in
supporting individual vs. group interactions. We humans are experts
at creating various types of groups in order to cooperate with one
another for some larger purpose. Religion, and religious ritual in
particular, has facilitated cooperation at every stage in recorded
human history. Dunbar (2020) has suggested that religion was
especially good at supporting group cohesion as group size increased
over time. Religion according to Dunbar likely evolved in two stages:
an early immersive form with no formal structure based on trance-
dancing (a form still evident in the rituals and practices of many
hunter-gatherers) and a later form which had more formal structures
and gave rise to our modern doctrinal religions. The evolution of both
internal group cohesion and cooperation between individuals and
groups more broadly can be partially understood via inclusive fitness
theory, indirect reciprocity/evolutionary game theory, and multilevel
selection theory (Wilson and Wilson, 2007). Inclusive fitness refers to
investment in genetically-related others. Indirect reciprocity basically
involves self-interested give and take with non-related others.
Multilevel selection refers to the fact that selection pressures can
under certain circumstances occur at the group level as well at the
individual/organismic level. Group effects are most clearly seen when
groups are involved in direct conflict and competition with other
groups. Culture, including religion, is another evolutionary force
affecting all levels of the multi-level selection process as well as the
formation of distinctive human groups. The dual inheritance model
of human evolution refers to two interacting processes in the evolution
of human groups: biological evolution and cultural evolution. Models
of cultural evolution (Richerson and Boyd, 2005) are crucially
important for understanding religion. Human evolution is coevolution
with cultural evolution mediated largely by processes of social
learning, language, symbols, norms and religion.

The problem that every cooperating group faces is free riders-
those who extract benefits of the group without actually contributing
any resources to the group. In small groups we can keep track of free-
riders via gossip, memory of cheats, reputations etc. However, as
group size expands to modern-day societies that number in the
billions, the ability for cognitive systems to track each potential
cooperation partner via reputation falls apart. Group rituals may
provide supplementary information via signaling mechanisms during
the ritual as to who is cooperating and who is not (Whitehouse et al.,
2014). At a cultural group selection level, groups that are formed on a
basis of ritual demonstrations of devotion to the group are empirically
observed to last longer, suggesting a direct selective benefit to forming
social systems based in ritual performance (Sosis, 2006). But little or
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nothing is known about the brain bases of these signaling processing
that occur during group rituals. Rituals must reinforce some
mechanism that can inhibit free-riding without the need for
individuals to track the free riders. One way to do this is to implant in
each group member’s brain an internal-policemen or supernatural
monitor who can observe and keep track of all your sins/free-riding.
That internal implant equates to an authoritarian God image. As
we have seen above the REM dreaming system could be co-opted to
bias its output into generating and reinforcing such authoritarian God
images. When combined with belief supernatural monitoring
(especially if that monitoring is omniscient) of moral behavior,
supernatural punishment beliefs that include daily/nightly reinforced
images of an authoritarian God may inhibit some amount of free-
riding and at a group level create a cluster of beliefs in Gods that are
not only powerful but are also passionately interested in our “moral”
behaviors (Norenzayan et al., 2016). An individual would need to
monitor his or her relationship with the religious group in order to
know if he or she was “sinning” But again little or nothing is known
about brain mechanisms that would mediate an individuals
interactions with the group.

Balch et al. (2023) suggested that brain mechanisms activated
when an individual needs to-realign with group moral and religious
norms are mediated via DMN and SN networks, particularly the

10.3389/fnhum.2024.1495565

anterior cingulate cortex (ACC) which is typically engaged in error
detection and self-identity. Such an individual/group alignment brain
mechanism was outlined by Shamay-Tsoory et al. (2019) and
comprises the TPM canonical networks including the dorsomedial
prefrontal cortex (dmPFC), the dorsal anterior cingulate cortex
(dACC), and the anterior insula (AI). In Figure 3 the alignment
system (red) comprises the inferior frontal gyrus (IFG), the inferior
parietal lobule (IPL), and the premotor cortex. The alignment reward
circuit (green) comprises the orbitofrontal cortex (OFC), the
ventromedial PFC (vmPFC), and the ventral striatum (VS). When a
gap between individual vs. group beliefs occurs it is detected/
registered and then motivational and motor systems are engaged to
realign and finally reward/salience systems reinforce that realignment
(see Figure 4).

Cognitive neuroscience of religion projects can build upon the
Shamay-Tsoory model of group alignment processes to include
religion as a grouping variable in order to isolate brain mechanisms
that place constraints on such individual vs. group interactions. Some
recent studies have also linked brain oxytocin activity to group-level
cooperative activities. For example, using allele trajectory modeling
with both ancient and contemporary whole genomes, Joseph et al.
(2024) showed that genes linked with increased oxytocinergic
receptor or OXTR expression in the dopaminergic nucleus

FIGURE 4

. Alignment reward
O Misalignment detection
. Alignment/observation—execution

Brain mediation of individual alignment with group beliefs (used with permission from Shamay-Tsoory et al., 2019). The alignment system (red)
comprises the inferior frontal gyrus (IFG), the inferior parietal lobule (IPL), and the premotor cortex. The alignment reward circuit (green) comprises the
orbitofrontal cortex (OFC), the ventromedial PFC (vmPFC), and the ventral striatum (VS). When a gap between individual vs. group beliefs occurs it is
detected/registered and then motivational and motor systems are engaged to realign and finally reward/salience systems reinforce that realignment.
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Node Centrality: Region Importance in the Network

Religiosity-related Religiosity-independent

God is first; Parents should teach their Children should always do things
family is second children how to pray to make their parents happy

FIGURE 5

Node centrality: region importance in the network (used with permission from Brooks et al., 2022). Significant positive and negative associations were
estimated, between strength of religious (God is first, family is second, and parents should teach their children how to pray), one religion-independent
belief (children should always do things to make their parent happy), and node centrality (regional importance in a network). The colored bars
represent the range of positive (yellow-red) and negative (green—blue) standardized regression coefficient values in statistical models that assessed
these effects. Two and three-dimensional views of both hemispheres are shown

accumbens circuit or NAC and the dorsal anterior cingulate cortex  brain functions and those effects are largely located within the TPM
or dACC (nodes in SN and DMN), as well as those linked with  systems (see Figure 5).
increased oxytocin (OT) secretion, underwent rapid positive Another example where religion and brain studies can benefit are
selection in the Andes during a period of great societal and religious  in-depth clinical neuroscience studies of neuropsychiatric populations
change over 2 thousand years ago. The timing and strength of the  that evidence RSE changes. For example, there is some evidence that
selection events suggest that the genetic effects of selection for ~ RSE measures change reliably in a small subgroup of patients with
cooperation, coordination, and social bonding may have played an ~ Parkinson’s Disease (PD). PD is a progressive neurodegenerative
outsized role compared with other possible drivers of selection like  disorder characterized by both motor and the nonmotor deficits due,
intergroup conflict. These selection events commenced around 2.5  in part, to degeneration of dopaminergic neurons in the striatal and
and 1.25 thousand years ago, placing them in the region’s Upper  the mesolimbic-prefrontal dopaminergic systems. Among the
Formative and Tiwanaku periods—a time of population growth, = non-motor deficits of PD, automatic access to religious representations
religious change (Janusek, 2006), urbanization, and relatively low  may be slowed relative to controls particularly in a subgroup of PD
rates of violence. patients-namely-left-onset patients (Butler et al., 2010). These patients
We think another promising area for future research in the also report fewer religious experiences and engage in fewer R/S
religion and brain landscape concerns developmental effects of  practices than controls. These findings have recently been extended
religion on brain and vice versa. Typically developing neural circuits ~ via examination of longitudinal relationships between R/S and PD
are highly heterogeneous. Brooks et al. (2022) studied such  onset (see Otaiku, 2023). Otaiku (2023) used multivariate logistic
developmental effects in N=5,566 children (median regression modeling on 2 longitudinal datasets to assess Parkinson’s
age=120.0 months; 52.1% females; 71.2% with religious affiliation) =~ Disease or PD-R/S associations across time. Analyses revealed that
from the Adolescent Brain Cognitive Development study. They  low religiosity at baseline was associated with a remarkable 10-fold
examined relationships between parental religious and non-religious  increase in risk of developing PD many years later relative to
beliefs on the child’s TPM brain networks. Strength of both belief  individuals who reported higher religiosity at baseline. There was also
types was correlated with robustness of frontoparietal control,  evidence for a dose-response relation between religiosity level at
temporoparietal, and dorsal attention networks. Stronger religious  baseline and later risk for PD. It is possible that years before onset of
beliefs were negatively associated with various properties of  motor symptoms (and therefore diagnosis of PD) the NACc -meso-
TPM-related salience, FPN and default-mode networks. While the  limbic dopaminergic and striatal-prefrontal dopaminergic systems
findings were complex, they seem to conclusively demonstrate that  begin to slowly degenerate thereby causing subtle personality changes
religious beliefs of parents have measurable effects on their children’s  including RSEs.
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A final area where religion and brain studies could make a
contribution is the rising probability that some AI (artificial
intelligent) systems will begin to be treated as religious SAs that
human beings defer to, reverence or submit to. What brain
mechanisms permit or promote such behavior? The TPM cycling
account might help to illuminate this kind of religious behavior
directed at superintelligent machines if those machines are seen as
generating a surplus of meaning-making opportunities. Recall that
the TPM cycling account treats the canonical resting state
networks as essentially a set of networks that assess significance,
meaning and salience for self and the group. It would be surprising
if these networks were not mediating interactions with
these machines.

Discussion

We find that at a broad network neuroscience level, religious/
spiritual experiences (RSEs) appear to depend crucially upon
interactions between the default mode network (DMN), the
frontoparietal network (FPN), and the salience network (SN).
We see this general result as broadly consistent with Menon, 2011
and Menon et al., 2023 “Triple Network or Tripartite Model” (TPM)
of neuropsychiatric function/dysfunction. A TPM cycling model can
account for the neural bases of an array of RSE phenomena including
ecstatic seizures, neuroimaging of religious participants,
psychedelically induced mystical states and perceptions of
supernatural agents. To adequately account for SA perceptions,
however, REM sleep and dreaming mechanisms likely also play a
role. Future research should examine neurodevelopmental
mechanisms of acquired SA perceptions as well as societal-level
effects such as brain mediated religious beliefs of in-group cohesion

and out-group hostility.
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