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Abstract
Across cultures and throughout history, human beings have reported a variety of spiritual experiences and the concomitant
perceived sense of union that transcends one’s ordinary sense of self. Nevertheless, little is known about the underlying
neural mechanisms of spiritual experiences, particularly when examined across different traditions and practices. By
adapting an individualized guided-imagery task, we investigated neural correlates of personally meaningful spiritual
experiences as compared with stressful and neutral-relaxing experiences. We observed in the spiritual condition, as
compared with the neutral-relaxing condition, reduced activity in the left inferior parietal lobule (IPL), a result that suggests
the IPL may contribute importantly to perceptual processing and self-other representations during spiritual experiences.
Compared with stress cues, responses to spiritual cues showed reduced activity in the medial thalamus and caudate,
regions associated with sensory and emotional processing. Overall, the study introduces a novel method for investigating
brain correlates of personally meaningful spiritual experiences and suggests neural mechanisms associated with broadly
defined and personally experienced spirituality.
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Introduction
Across cultures and throughout recorded history, human
beings have reported self-transcendent spiritual experiences
(James 1902; Otto and Harvey 1926; Eliade 1959; Haidt 2006).
Though varying widely in form, from ecstatic religious chanting
to a felt oneness with the natural environment, these experi-
ences share in common a perceived dissolution of the bound-
ary between self and other and a sense of union with
something larger than oneself (James 1902; Yaden et al. 2017).
Nonetheless, little is known about how the experience of self-
transcendence operates at the neural level. In this study, we

set out to examine neural mechanisms that underlie personal-
ized spiritual experiences.

A range of specific neural structures and systems have been
linked to aspects of spirituality in religious and general con-
texts. In 16 healthy individuals, availability of the serotonin
transporter in specific raphe nuclei has been linked to self-
transcendence and spiritual acceptance (Kim et al. 2015).
Among Carmelite nuns (n = 15) recollecting their most intense
mystical experience in the order, multiple subcortical and corti-
cal regions were implicated including the brainstem, striatum,
and frontal and parietal cortices (Beauregard and Paquette 2006).
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Among Mormons (n = 19) and across tasks simulating religious
practices, reward, salience and attentional systems were acti-
vated in regions including the ventral striatum (Ferguson et al.
2016). Among 104 individuals at varying risk for depression, a
greater belief in the importance of religion and spirituality was
associated with diminished default-mode connectivity (Svob
et al. 2016). Among individuals with long-term substance-use,
cortical thinning in the posterior cingulate cortex (PCC) was
associated with measures of spirituality (Bouso et al. 2015).
Aspects of spirituality have also been linked to lower brain
volumes in regions including the PCC in a sample of 65
substance-abusing and non-abusing young adults (Simmons
et al. 2012).

Although multiple brain regions may contribute to spiritual-
ity, the parietal cortex is arguably the most frequently implicated
brain region linked to spirituality. For example, a self-reported
sustained high importance of personal spirituality was associ-
ated with cortical thickness in parietal and precuneus regions
(Miller et al. 2014). Spontaneous immersion of spiritual aware-
ness, perception, and relationship to the transcendent was asso-
ciated with regeneration around lesions in the parietal cortex
(Urgesi et al. 2010). During religious recitation, religious indivi-
duals were found to engage fronto-parietal circuitry (Azari et al.
2001). Preliminary data have also suggested that the parietal cor-
tex may also contribute to “Christmas spirit” amongst indivi-
duals with Christmas traditions (Hougaard et al. 2015). Using
electroencephalography (EEG), posterior alpha has been associ-
ated with aspects of religiosity and spirituality (Travis 2001;
Tenke et al. 2017), again implicating the parietal region. Some
research has identified exceptional spiritual perceptions and
mystical experiences in clergy (Beauregard and Paquette 2006),
also showing associations with parietal cortical function.
Neuroimaging studies of meditation and meditative prayer sug-
gest an inverse relationship between parietal lobe activity and
religious/spiritual beliefs (Herzog et al. 1990; Newberg and Iversen
2003; Newberg et al. 2003; Cahn and Polich 2006; Brefczynski-
Lewis et al. 2007), with complementary findings observed in clini-
cal populations (Johnstone and Glass 2008; Johnstone et al. 2012).
In two reports from the same group, excitatory stimulation of the
inferior parietal lobule (IPL) using intermittent theta burst stimu-
lation was associated with decreases in implicit religiousness
and spirituality (Crescentini et al. 2015), whereas a virtual lesion
of the IPL using repetitive transcranial magnetic stimulation
induced rapid increases in implicit religiousness and spirituality
(Crescentini et al. 2014). Together, these findings provide strong
support for the IPL in governing aspects of religiousness and
spirituality.

In considering a theoretical foundation for why the parietal
cortex has been repeatedly implicated in studies of spirituality,
it is important to consider its function more broadly. The parie-
tal cortex contributes to multiple processes including attention,
impulse control, planned reasoning, sensory processing, and
spatial reasoning, amongst other aspects of human functioning
(Arnsten 2009; Teixeira et al. 2014; Barnby et al. 2015).
Intriguingly given that spirituality involves a felt-sense of con-
nection with someone or something outside of oneself, the
parietal cortex, and perhaps particularly in the right hemi-
sphere (Keenan and Gorman 2007; however, see Morin 2007),
has been identified as contributing to a sense of self (Lou et al.
2017). For example, converging evidence using different meth-
odologies suggests that the medial parietal cortex/precuneus,
as part of a medial paralimbic network involving medial pre-
frontal/anterior cingulate regions, represents an important hub
in a “neural signature” of self-awareness (Kjaer et al. 2002;

Newen and Vogeley 2003; Northoff et al. 2006; Lou et al. 2017).
Furthermore, this medial parietal region appears functionally
connected with lateral regions of the parietal cortex associated
with self-reference (Lou et al. 2004). Taken together with the
findings above, data suggest that a felt-sense of connection
outside of oneself that is a core component of spirituality may
involve the IPL and related circuitry.

Although studies have linked specific brain measures to
aspects of spirituality, none have sought to directly examine
spiritual experiences, particularly when using a broader, modern
definition of spirituality that may be independent of religious-
ness. A potential challenge in studying spiritual experiences
involves the vast variety of spiritual experiences that may have
varying degrees of relevance or meaning to different individuals.
A potential solution to this situation involves the generation of
personally-relevant, individually-tailored scripts that relate to
spiritual experiences. In this study, we adapted a widely used
guided-imagery task that we have used to study motivational
and emotional processing relating to substance (alcohol, drug)
cravings and stress responsivity to investigate directly the neural
correlates of spiritual experiences (Potenza et al. 2012; Seo et al.
2016). We hypothesized that behavioral and neural responses to
individualized spiritual cues would differ from those to stress
and neutral-relaxing cues, with the spirituality condition being
associated with higher self-reported spiritual feelings and rela-
tively decreased parietal activation.

Material and Methods
Participants

Participant demographics are reported in Table 1. Participants
were recruited from the New Haven community via advertise-
ment. Twenty-seven English-speaking young adults (mean age:
22 ± 2.2 years, range 18–27 years; 12 female) completed the
functional magnetic resonance imaging (fMRI) protocol. All par-
ticipants completed a Structured Clinical Interview for Axis-I
Psychiatric Disorders (First et al. 1995). Two participants met
criteria for past major depressive disorder, three participants
for past alcohol abuse, two participants for past cannabis
abuse, one for past cannabis dependence, and one for past
social phobia.

Eligibility criteria included that participants had no head
injury or medical condition. Participants were excluded if they
met any of the following criteria: pregnant, breast-feeding,
color-blind, currently taking antidepressant medication or
migraine medication, history of cardiovascular disease, BP >
145/90, bipolar disorder, psychosis, current substance-use

Table 1. Participant demographic information

n 27
Male/female 15/12
Age (SD) 22.3 (2.21)
White/Black/Asian/Other 18/5/3/1
Non-Hispanic/Hispanic 25/2
Years of education 15.15 (1.7)
Body mass index 22.4 (2.2)
Self-report measures
Relationship with G-da 15.96 (2.5)
Eco-awareness 27.21 (6.5)
Intrinsic spirituality 5.33 (3.0)

SD, standard deviation.
aSome of the authors do not write in full the name of G-d.
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disorder, history of seizure or neurologic disease, or uncontrolled
diabetes. This protocol was approved by the Yale University
School of Medicine Human Investigations Committee, and all
participants provided written informed consent. All participants
had negative urine screens for illicit substances.

Imagery Script Development Procedures

Approximately, 1 week prior to scanning, personalized guided-
imagery scripts for spiritual, stress and neutral-relaxing condi-
tions were developed with each participant. The personalized
guided-imagery fMRI procedure is a standardized procedure for
provoking of individual personal experiences and has previ-
ously been described and applied to elicit anxiety and food and
drug craving in various populations (Potenza et al. 2012;
Hommer et al. 2013; Jastreboff et al. 2013; Elsey et al. 2015). The
Scene Development Questionnaire was used to develop the
scripts as previously described (Sinha and Tuit 2012; Sinha
2013). Specific stimuli contexts as well as physiological, subjec-
tive, experiential and cognitive details relating to each situation
were collected, and this information was then constructed into
a script and recorded for presentation during fMRI, as per stan-
dardized procedures (Sinha and Tuit 2012).

For the spiritual script, participants were given the following
instructions:

“We would like you to describe a situation in which you felt a
strong connection with a higher power or a spiritual presence.
Spiritual states are those that through a felt-sense connect you
to something bigger than oneself, a oneness, or strong force
which may be experienced as an energy, force, higher power,
G-d, deity or transcendent figure or consciousness. Such states
may be experienced in places of worship, at home, in your daily
life, or outdoors in nature. Choose a personal lived situation
that you directly experienced, whether others were present or
not. Also, include in your description the bodily sensations you
have experienced in these situations.

Some common experiences of transcendent connection include
a two-way relationship with a higher power, a felt-sense of
oneness in nature by the ocean or atop a mountain, being in a
zone of intense physical activity (such as sports or yoga), sud-
den awareness, bodily felt connectivity or buoyancy, medita-
tion or prayer. These may be extremely vivid or intense
experiences, or these relatively accentuated experiences may
filter into an ongoing felt transcendent connection or daily way
of being connected to something more.

Sometimes it is difficult to think of a positive transcendent or
spiritual experience “on the spot”. It may help to close your
eyes and try to imagine yourself in the situation. While you are
imagining the situation, try to generate the same sensations
and feelings you would experience if you were actually in the
situation. Describe the situation as though you are helping me
see it as if I was there with you. (Please include such details as
who was there; what you were doing; where you were; how
things looked; what bodily sensations you experienced.)”

The spiritual imagery script was developed from a partici-
pant’s account of one of the most personally spiritual events
experienced in the past year. Participants rated the spirituality
on a 10-point Likert scale with “1 = not at all spiritual” and
“10 = the most spiritual experience in the past year”. Script
development occurred only for spiritual situations rated as an
eight or above. Participants had diverse spiritual backgrounds;
examples of spiritual situations included participating in a

religious service at a house of worship, experiencing a connec-
tion with nature, and meditating. Participants also had diverse
perspectives on the divine with individual script themes
including unity/oneness, infinity/wonder and relationality,
and communion. Food, sexual or drug-related scenarios were
not included. Sample scripts are included in Supplemental
section.

Stress and neutral-relaxing scripts were generated as
described previously (Potenza et al. 2012; Hommer et al. 2013;
Jastreboff et al. 2013; Elsey et al. 2015). The stress imagery script
was developed from a participant’s account of one of the most
personally stressful events occurring in the past 12 months.
Participants rated the stressfulness on a 10-point Likert scale
with “1 = not at all stressful” and “10 = the most stress they
experience in the past year”. Script development occurred only
for situations rated as an eight or above. Examples include
situations such as illness/death of a loved one, unemployment-
related stress, or strife with family. Trauma-related situations
were not included. A neutral-relaxing script was developed
from individual’s experience of neutral-relaxing situations,
including reading in bed at night, watching television, or walk-
ing in nature.

Habituation and Imagery Training Session

Approximately, 1 h prior to the scanning session, participants
were acclimatized to specific aspects of the study procedures
and trained in guided-imagery and relaxation procedures as
described previously (Potenza et al. 2012; Sinha and Tuit 2012;
Hommer et al. 2013; Jastreboff et al. 2013; Elsey et al. 2015).

fMRI Procedure

The fMRI session consisted of participants being exposed to
three imagery conditions: spiritual, stress and neutral-relaxing.
Two scripts of each type were developed (i.e., two spiritual, two
stress, two neutral-relaxing). Scripts were recorded using the
same female voice.

Image Acquisition

MRI data were collected using a 3-T Siemens Trio MRI system
equipped with a standard quadrature head coil, using T2*-sensi-
tive gradient-recalled single-shot echo-planar pulse sequence.
Anatomical images of the functional slice locations were
acquired with spin-echo imaging in the axial plane parallel to
the anterior cingulate-posterior cingulate (AC-PC) line with time
repetition (TR) = 300 ms, time echo (TE) = 2.46 ms, bandwidth =
310 Hz/pixel, flip angle (FA) = 60°, field-of-view = 220 × 220 mm,
matrix = 256 × 256, 32 slices with slice thickness = 4 mm and no
gap. Functional images were collected with a single-shot gradi-
ent echo-planar imaging sequence. Thirty-two axial slices paral-
lel to the AC-PC line covering the whole brain were acquired
with TR = 2000 ms, TE = 25 ms, bandwidth = 2003 Hz/pixel, FA =
85°, field-of-view = 220 × 220 mm, matrix = 64 × 64, 32 slices with
slice thickness = 4 mm and no gap. Then, a high-resolution 3D
Magnetization Prepared Rapid Gradient Echo (MPRAGE) sequence
(TR = 2530 ms; TE = 2.77 ms; bandwidth = 179 Hz/pixel; FA = 7°;
slice thickness = 1 mm; field-of-view = 256 × 256 mm; matrix =
256 × 256) was used to obtain sagittal images for multi-subject
registration.

Six fMRI trials (two per condition) were acquired using a
block design. To control for nonspecific order effects, condition
order was randomly assigned and counterbalanced across
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participants. Each script was presented only once for a subject,
and scripts in the same condition were not presented consecu-
tively. Each trial lasted 5 min, including a 1.5-min quiet base-
line period followed by 2.5-min imagery (2 min of read imagery
and 0.5 min of quiet imagery) and a 1-min quiet recovery.
During baseline, participants were instructed to stay still in the
scanner without engaging in any mental activity. Before and
after each trial, anxiety, and spirituality ratings were elicited
verbally for each using a 10-point Likert scale (0 = “not at all,”
10 = “extremely high”).

PreProcessing and First-Level Analyses

Functional MRI data were converted from Digital Imaging and
Communication in Medicine (DICOM) format to analyze format
using XMedCon. To achieve steady-state equilibrium between
radiofrequency pulsing and relaxation, the first 10 images of
each trial were discarded. Images were slice-time-corrected
using a custom-designed MATLAB program. Motion correction
was completed using SPM8 for three translational and three
rotational directions, removing trials with linear motion greater
than 1.5 mm and a rotation exceeding 2°. The recovery period
(1 min) was excluded from the data analysis to prevent carry-
over effects from the imagery period.

Individual-level analysis was conducted using a general lin-
ear model (GLM) on each voxel in the entire brain volume with
a task specific regressor (2.5-min imagery relative to a 1.5-min
baseline) using Yale BioImageSuite (http://www.bioimagesuite.
org/). To account for potential variability in baseline fMRI sig-
nal, drift correction was included in the GLM; drift regressors
were used to remove the mean time course, linear trend, qua-
dratic trend, and cubic trend for each run. Each trial was nor-
malized against the immediate baseline period preceding the
script and then two trials of the same type were averaged.
Functional images were spatially smoothed with a 6-mm
Gaussian kernel, resulting in normalized beta-maps in the
acquired space (3.44 mm × 3.44 mm × 4 mm). To bring data into
a common reference space, three registrations were calculated
within BioImageSuite; a linear registration was computed from
the individual functional image to the corresponding individual
participant 2D anatomical image, a linear registration was com-
puted from the 2D anatomical image to the individual partici-
pants’ 3D structural image and a nonlinear registration was
computed between the individual 3D image and a standard ref-
erence 3D image, the Colin27 Brain. All three registrations were
concatenated and applied as one registration to the normalized

beta-maps in order to bring the data into a common reference
space.

Second-Level Analyses

The Analysis of Functional Neuroimages (AFNI) software package
(http://afni.nimh.nih.gov/afni) was used for whole-brain random-
effects analysis to investigate main effects of condition (neutral-
relaxing, stress, spirituality). Given significant results, these were
further examined using BioImageSuite using two-tailed t-test maps
to examine the source of the main effects of condition. Family-wise
error (FWE) correction for multiple comparisons was conducted
with 3dClustSim from AFNI using the autocorrelation function
option and 10 000 iterations. Input smoothness for these simula-
tions was estimated from the residuals of the t-tests. Results are
shown at P < 0.05 corrected with an initial P threshold of P < 0.001.

Subjective Responses

Participants were questioned on their affective states immediately
prior to and following listening to each of their individualized
scripts. Participants were asked the following two questions: “On
a scale of 0–10 what was the intensity of your spiritual connec-
tion?”; “On a scale of 0–10, how anxious do you feel?” Subjective
ratings of vividness for each script were also obtained for each
script, whereby an individual rated how well they were able to
visualize their individual scenario during scanning (“On a scale of
0–10, how vivid was that story?”).

Results
Subjective Ratings

A repeated-measures ANOVA of the subjective measures of
spiritual intensity showed a significant difference in spiritual
connection following the spiritual scripts (F2,52 = 23.45, P <
0.05). Specifically, participants reported significantly more
intense levels of spiritual connection following the spiritual
scripts, relative to both the stress and the neutral-relaxing
scripts (P < 0.05), with the last two not differing from one
another (P > 0.05; Fig. 1a). Similarly, reports of anxiety differed
between conditions (F2,52 = 28.98, P < 0.05); participants reported
significantly higher levels of anxiety following the stress script
(P < 0.05), relative to the spiritual or neutral-relaxing scripts,
which did not differ from one another (P > 0.05; Fig. 1b). Reports
of vividness between the three conditions did not differ (P > 0.05;
Fig. 1c). Subjective reports are graphically depicted in Fig. 1.
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Figure 1. Subjective responses to the guided-imagery scripts. N = 27 participants were questioned prior to listening to their individualized script (white bars “Pre-

script”) and following the script (black bars “Post-script”). (a) Subjective responses to the question “On a scale of 0–10 what was the intensity of your spiritual connec-

tion?” Participants reported significantly higher spiritual connection following the spiritual script (P < 0.05). (b) Subjective responses to the question: “On a scale of

0–10, how anxious do you feel?” Participants reported significantly higher anxiety following the stress script (P < 0.05). (c) Subjective responses to the question: “On a

scale of 0–10, how vivid was that story?”.
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fMRI Results

Task Main Effect
The main effect of task identified activation involving the medial
thalamus extending to the caudate, the left IPL and the left pre-
cuneus (PFWE < 0.001; Table 2; Fig. 2a; Supplemental Fig. 1).

Pairwise Contrasts Between Conditions
Spiritual versus neutral-relaxing condition. Pairwise contrasts
between conditions were examined to understand the nature
of the main effect findings. These showed that relative to the
neutral-relaxing condition, the spiritual condition elicited less
activity in the left IPL (Table 2; Fig. 2b; Supplemental Fig. S2).

Spiritual versus stress condition. Relative to the stress condition, the
spiritual condition elicited decreased activity in a cluster in the
medial thalamus and striatum (Table 2; Fig. 2c; Supplemental
Fig. S3).

Stress versus neutral-relaxing condition. Relative to the neutral-
relaxing condition, the stress condition elicited greater activity in
a cluster in the bilateral thalamus/caudate. Relatively decreased
activity was noted in clusters in the right temporal lobe, right
and left ventral striatum extending into the orbitofrontal cortex
and the bilateral precuneus extending into the IPL (Table 2;
Fig. 2d; Supplemental Fig. S4).

Discussion
Spiritual experiences involve pronounced shifts in perception
and buffer the effects of stress on mental health. Here, we pro-
vide mechanistic accounts of how these changes may occur at
neural levels. Consistent with our hypotheses, spiritual cues rel-
ative to neutral-relaxing cues were associated with greater self-
reported intensity of spiritual connection and reduced activation
in the inferior parietal lobe (IPL), a region implicated in various
perceptual processes. However, such a difference was not
observed with respect to the stress cue. Additionally, we
observed that, compared with the stress condition, the spiritual-
ity condition was associated with reduced activity in the medial
thalamus and striatum, brain regions implicated in sensory and
emotional processing. These results suggest neural foundations
for spiritual experiences across different traditions and practices.

The present study showed reduced activity in the left IPL
following spiritual cues, which is consistent with several previ-
ous investigations suggesting an inverse relationship between
spiritual awareness and parietal activity. The posterior parietal
cortex has been implicated in religiosity and spirituality across
a wide variety of measures including importance of religion
and spirituality (Miller et al. 2014), trait self-transcendence
(Urgesi et al. 2010), implicit religiousness and spirituality
(Crescentini et al. 2014, 2015), mindfulness meditation training
(Lazar et al. 2000; Farb et al. 2007), and contemplative prayer
(Newberg et al. 2003, 2015). Furthermore, activity in this region
has been linked to spatiotemporal perceptual processes and, in
particular, the representation of the human body in time and
space (Assmus et al. 2003; Lou et al. 2004; Bolger et al. 2014).
Since spiritual practices and experiences typically involve a
perceived alteration in time and space (Newberg and Waldman
2009; Yaden et al. 2017), often an expanded sense of self in rela-
tion to the environment including subjective reports from the
current study (see Supplementary Material), these findings lend
support to our hypotheses and the relatively blunted activity of
the IPL observed in the present study. The hemispheric laterali-
zation of posterior parietal activation differs, however, across
various studies of spirituality, which invites a more nuanced
interpretation. Research has implicated the right IPL in the cog-
nitive representation of one’s own body in space, while the left
IPL has been linked to the visuo-spatial representation of
others (Felician et al. 2003; Lou et al. 2004; Muhlau et al. 2005).
Functionally connected to the ventral premotor cortex, the IPL
contains both motor and mirror neurons which allow an
observer to perceive individuals’ motor behaviors and inten-
tions, and the left IPL in particular has been implicated in read-
ing others’ intentions (Fogassi et al. 2005; D’Argembeau et al.
2008; Bonini et al. 2010). Moreover, research has linked the IPL
to the attribution of agency, whereby left IPL activity may signal
an attribution of agency outside of oneself (Farrer and Frith
2002). Taken together, the present finding suggests that spiritual
experiences may involve a perceived encounter with a spacious
“presence” or entity external to oneself. This interpretation is
consistent with a strong feeling of connection or surrender to a
deity or other revered figure, as often reported in religious and
spiritual literature (James 1902; Wilber 2006).

The IPL has also been implicated in episodic memory
retrieval as well as processing human faces (Leube et al. 2003;

Table 2. Main effect of cue condition (spiritual/stress/neutral-relaxing) on brain activations (PFWE < 0.001) in N = 27 participants

Condition Brain region BA Peak Volume k F-value

x y z (mm3) Max Mean SD

Task main effect Medial thalamus/caudate – −6 0 0 7976 295 16.5 9.55 1.39
Right claustrum/caudate – 24 24 12 1167 43 13.38 9.16 1.00
Left inferior parietal lobule 7, 39, 40 −33 −51 54 3570 132 17.31 9.25 1.10
Left precuneus 7, 39 −27 −75 36 829 31 14.30 9.30 1.09

Spiritual > Neutral Left inferior parietal lobule 40 −51 −36 39 772 29 −4.48 −3.53 0.21
Stress > Neutral Right temporal lobe 20 30 3 −39 677 25 −4.44 −3.59 0.21

Right ventral striatum 11 6 36 −18 1320 49 −5.23 −3.63 0.30
Left ventral striatum 11 −12 18 −9 727 27 −4.51 −3.63 0.29
Medial thalamus/caudate – −6 0 0 26 243 972 5.71 3.80 0.40
Bilateral precuneus/inferior parietal lobule 7, 39, 40 −33 −51 54 20 313 752 −5.84 −3.71 0.33

Spiritual > Stress Medial thalamus into striatum – −24 −15 6 1289 48 −4.63 −3.55 0.24
Thalamus – −12 −6 6 448 17 −4.23 −3.52 0.19
Left white matter – −27 6 30 652 24 −4.83 −3.67 0.32
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Mayes et al. 2004; Wagner et al. 2005), possibly suggesting that
spiritual experiences interact with memory retrieval processes
in a unique way. This possibility, however, is tempered by the
fact that all three conditions involved re-experiencing highly
salient memories, including those that may involve recollection
of people (and thus their faces). As such, the experimental
design argues against these possibilities. Nonetheless, future
investigations involving larger samples may permit investigation
of scripts with and without specific features (e.g., recollection of
people or spiritual beings) to investigate such possibilities directly.
Additionally, it is worth noting that the responses during the spir-
itual cue condition are congruent with the notion that systems-
based changes may occur on neural levels in response to changes
in perception (Freiwald et al. 2016; Mazzarella et al. 2013).

The spiritual condition in comparison with the stress condi-
tion revealed decreased activation in the medial thalamus and
striatum, regions that also showed heightened activity following
stress cues in comparison to the neutral-relaxing condition.
These regions are involved in sensory and emotional processing

and represent components of an identified cortico-striatal circuit
related to stress response, whereby the thalamus relays informa-
tion to striatal regions (Lanius et al. 2003; Sinha et al. 2004, 2016;
Sommer 2003). Reduced activity in these regions suggests, there-
fore, that both spiritual and relaxing experiences may similarly
differ from stressful experiences in activation of these subcorti-
cal regions.

In addition, at a methodological level, this study introduces
a novel script-driven imagery approach to investigating neural
correlates of spiritual experiences that may often occur sponta-
neously and are therefore difficult to study otherwise. The sub-
jective responses demonstrate the ability of the task to
generate personally meaningful spiritual experiences. As an
alternative to studying particular volitional spiritual practices
which typically come from a particular tradition, this method
allows for the inclusion of a multiplicity of backgrounds.

While the results may have mental health implications
given links between spirituality and better mental health
(Miller 2012), it is important to note that our sample is derived
from a healthy population. Future investigations of spiritual
experiences in longitudinal studies or among clinical popula-
tions would produce further insights about such relationships.
Limitations of the study include a relatively small sample of
young adults. Although participants’ religious and spiritual
backgrounds were relatively diverse, the study drew from a rel-
atively small young adult sample. Further investigations should
include larger samples of participants from multiple cultures,
backgrounds, and age groups in order to understand better
individual differences in the neural correlates of spirituality.

In conclusion, these results demonstrate neural mecha-
nisms underlying spiritual experiences across diverse tradi-
tions and perspectives. Continuing to build our empirical
understanding of how spiritual experiences are mediated by
the brain and the future extension of similar studies to clinical
populations could help facilitate the judicious integration of
spirituality into treatment and prevention in areas of mental
health conditions.

Supplementary Material
Supplementary material is available at Cerebral Cortex online.
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