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Neuroscientific Study of Religion – What neuroimaging studies tell us about cognitive 

pathways 

 

Abstract 

Cognitive Science of Religion attempts to explain how humans came to develop belief in the 

supranatural by exploring the underlying neurocognitive mechanisms of religion. New 

imaging technologies provide a unique possibility to identify pathways activated during 

religious practice. Main studies in this field have been reviewed and summarised by Schoejdt, 

and by Grafman et al. This thesis reviews the imaging-based studies and applies content 

analysis to investigate whether their design and results are adequate to probe their hypotheses 

and provide information regarding neural pathways involved in religious practice. A total of 

eight studies are identified for further analysis. This thesis reviews the studies based on their 

sample size, subject matter, choice of imaging, psychological tests, hypotheses and outcomes. 

It identifies small sample size and limited diversity but suggests that with stringent study 

design imaging can provide important information about neural basis of religion. 
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Introduction 

The connection between human mind and religious phenomena has always been of interest to 

religious scholars and philosophers alike. The source of revelation has been discussed 

variedly over the centuries. An example in case is the story of Hayy bin Yazqan by the 

Muslim philosopher ibn Tufayl (Goodman 2009). This formidable text explores whether 

recognition of a divine being and religion have their source in the human soul or outside the 

human being.  

 

Scholars with varied backgrounds and interests have attempted to integrate religious science, 

psychology, sociology and neuroscience with differing results. The popular discourse is often 

marred by ad hoc judgements and affirmations that one’s position has been proven  by 

neuroscience  (https://www.independent.co.uk/news/science/belief-and-the-brain-s-god-spot-

1641022.html; https://www.cbc.ca/news/health/second-opinion-november-11-2017-

1.4398138). 

 

The emergence of neurosciences and significant advancements in our knowledge of 

neurological processes has led to renewed interest in the age-old question regarding the 

source of religion and religious experiences. Whilst previously discussions about 

consciousness and intellect were predominantly theological, scientific research into these 

concepts became more prevalent during the late 19th century. A pioneer in this field is 

William James, who investigated development of religious thought during various stages of 

life and proposed a “science of religions” (Proudfoot 2004,9). Whilst James envisioned a 

science of religion at par with physical science (ibid 10), subsequent scholars have attempted 

to integrate biological sciences with investigation of religious experiences. This has led to the 

development of Cognitive Science of Religion (CSR). CSR tries to explain how the humans 

came to develop belief in supranatural beings (Barrett 2011). However, struggling with a 

wide-ranging definition of religion, CSR does not aim to explain religion per se. Rather it 

contends itself with attempt at explaining ideas or practices commonly identified as religious. 

It explores the underlying cognitive mechanisms of various religious thought processes or 

practices (ibid).  

 

Wilson’s evolutionary psychological approach to investigation into development of religion 

argues for group selection contending that religious communities with moral codes had a 
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survival advantage over non-religious communities. This in turn leads to a selection benefit 

(Boyer 2004).  

 

The role of biology in development of religion has been examined variously. Boyer contends 

that evolution has equipped the human brain with networks that facilitate reception of 

religious ideas. He thus describes religious ideas as “by-products of brain function” (Boyer 

2003). However, Fetchenhauer argues that “sheer existence of religion appears to be an 

anomaly to evolutionary theory” (Fetchenhauer 2009). He argues that various evolutionary 

approaches may explain how religion ameliorates fear etc, yet do not explain how religion 

came into existence. He also points out the obvious contradiction between concept of natural 

selection and adaptation to the concept of religion as a by-product of cognitive functions. 

 

Whilst CSR examines cognitive mechanisms underlying religious thoughts, evolutionary 

psychology of religion examines the psychological factors of the same. Neuroscientific 

research of religion on the other hand makes use of neurological methods for exploration of 

religious experiences and behaviours. Schoejdt and van Elk in this context speak of 

“attributional definition” of religion (2022, 327). The neuroscientific study of religion aims to 

explore the neurological substrates involved in religious experience. Schoejdt and Elk 

differentiate between two approaches towards neuroscientific study of religion. The most 

common approach is using conventional neurocognitive theories and methods to explore 

religious experience. This approach hypothesises that religious experience is based on neural 

networks that underlie non-religious experiences as well. It thus does not have a unique 

substrate. Proponents of neurotheology on the other hand assume existence of specific and 

specialised circuits that explain certain aspects of religious experience (ibid 327f).    

 

Aim of study 

In the following, I attempt to revisit the scientific relationship between religion and 

neuroscience as elicited by imaging studies. I will study whether the neuroscientific methods 

applied by the investigators are adequate to answer the questions that they set out. In trying to 

answer this, I describe the scientific tools used in these studies. I also describe the 

circumstances of the studies evaluated, the subjects involved in the studies and the design of 

the studies. I shall discuss the methods that the study designers apply to arrive at hard data. In 

order to examine the relationship of religion and neuroscience postulated by the investigators, 

I analyse their results and the conclusions derived against cognitive science of religion. 
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Applying content analysis to these studies, I investigate whether the imaging studies 

discussed in this thesis allow generalized inferences regarding neural substrates of religious 

experience. I compare my results with two reviews of the field by Schoejdt (2009) and 

Grafman el al (2020).  

Lastly, I shall discuss how future studies may facilitate the neuroscientific research of 

religion. 
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Background 

The question of neurological substrate of religion or religious experience is not a new one. 

Various areas in the brain have been linked to religious behaviour. Epilepsy was known as 

“sacred disease” in ancient times, though already Hippocrates rejected this assumption (Hood 

2018, 65). Foremost, the temporal lobe has historically been thought to be involved with 

religious phenomena.  

 

In Western science investigation of causality is an important factor in scientific studies. Many 

have discussed a connection between psychiatric illnesses and religious experiences. 

However, religious psychologists have highlighted that religious experiences are “natural” 

and show a universality beyond culture, race and faith (Newberg 2014, 210). Newberg 

intonates the necessity of differentiating the normal from the psychopathological. He even 

suggests that religious experiences may be utilised for therapeutic purposes (ibid). The 

problem of differentiating the normal from pathological has been recognised by the American 

Psychiatry Association and is reflected in recommendations in DSM V. According to a 

recommendation to therapists by Johnson and Friedman “Accept reality of spiritual and 

religious experiences” (2008). 

 

Whilst this is not a matter to be discussed further in the present study, it may be highlighted 

that a number of neurological studies have investigated a causality between epilepsy and 

religious experiences as well as temporal lobe stimulation and epilepsy. Tucker et al 

evaluated 76 patients with temporal lobe epilepsy (TLE) and found no evidence for 

hyperreligiosity during the interictal period in these patients (1987). Ogata and Miyakawa 

studied 234 patients and found epilepsy-related hyperreligiosity in only 3 patients (1998). 

Greyson (2014) did not find that mystical experiences were associated with epilepsy. 

Persinger, however reported association between temporal lobe stimulation and religious 

content. He further bolstered his reports by using a “Koren helmet” also known as God 

Helmet to stimulate temporal lobe and elicit religious experiences. His non-blinded study 

showed that 80% “sensed a presence”. However, a double-blinded study by Granqvist et al 

could not reproduce the results (Granqvist 2005). 

 

McNamara et al (2006) studied religiosity in 22 patients with Parkinson’s disease (PD) and 

compared them with a control group of 20 healthy age-matched subjects from the general 

community. The groups were comparable in age, levels of education and MMSE score 
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showed no significant difference. Religious affiliation however differed with the majority of 

PD patients professing catholic faith, whilst in the control group religious affiliation was 

more equally distributed between Judeo-Christian denominations, atheism and agnostics. 

McNamara and his team used Brief Multidimensional Measurement of 

Religiousness/Spirituality to measure religious attitudes. They also used Rivermead Life 

Goals to assess subjective assessments of major life goals. They also performed Stroop test, 

Tower of London task, Wechsler Memory Scale and Ravens Colored Progressive Matrices. 

They found a lower level of religiosity in PD patients. These patients were more depressed, 

however, McNamara reported no significant relation between depression scores and 

religiousness scores. There was no correlation between religiousness index and education 

either. Conversely, PD patients with higher visual intelligence showed more religiosity as 

measured by the religiousness index. The authors postulated that reduced dopamine-levels 

with reduction in dopaminergic activity in central and frontal brain networks might explain 

reduced religiosity in these patients. Whilst McNamara et al draw these conclusions, it is 

important to note that they do not perform any imaging studies!  

 

An area of growing interest is the use of hallucinogenic drugs followed by imaging studies. 

This is an emerging field which aims to investigate consciousness primarily and I have 

therefore chosen not to include it in my evaluation of neural circuits and religion. Briefly 

though the research in this field commonly uses psilocybin which is serotonin 2A receptor 

agonist. Serotonin is an excitatory neurotransmitter produced amongst others in the central 

nervous system. Drugs that inhibit the reuptake of serotonins in brain are frequently used for 

treatment of depression. Drugs such as LSD, psilocybin, psychedelic mushrooms etc are 

serotonin receptor agonists. Psilocybin containing mushrooms are known for their use in 

shamanic ceremonies (Carhart-Harris 2014). A controversial study performed by Pahnke on 

theology students showed that after ingestion of psilocybin 9 out of 10 students reported 

spiritual experiences as well as one student in the placebo group (Partridge 2018). Pahnke 

concluded that psychedelic substances could be used to investigate mystical states (Partidge 

2018).  Leary, Pahnke’s doctoral supervisor concluded that their experiments confirmed 

“experiential – spiritual as well as secular – behavioural potentialities of the nervous system” 

(ibid). The study was not published except as Pahnke’s doctoral thesis. Carhart-Harris et al 

have performed a number of studies measuring the blood flow and electrical activity in the 

brain following injection of psilocybin. Their studies show that psilocybin causes decrease in 

“blood flow …, functional connectivity and oscillatory power in brain regions that are 
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normally highly metabolically active, functionally connected and synchronous/organized in 

their activity” (Carhart-Harris 2014). 

 

Imaging techniques 

The studies reviewed in the following make use of various neuroscientific techniques. The 

most commonly used imaging techniques are fMRI, SPECT and PET. The fMRI or 

functional magnetic resonance imaging requires the subject to lie in a MR scanner. During 

the imaging process, the subject is told to perform certain tasks for example meditate, listen 

to religious texts etc. This is contrasted by a stage in rest when no such task is performed, or a 

non-religious text is read. The MR measures signal change due to change in blood 

oxygenation levels in activated areas during these various tasks, and then a complex matrix is 

used to compute and identify active or non-active areas. SPECT and PET utilise 

radionuclides to visualise active areas as well as identify neurotransmitter receptors. EEG 

measures electrical activity of the brain via scalp electrodes (Lindsay et al 2010, 40ff, 48ff).  

 

The imaging techniques briefly described above require that the subject goes to a research 

facility or hospital. Furthermore, advanced computing matrixes and statistical methods are 

required to process and visualise the data obtained. These factors can compromise the 

authenticity and validity of the results obtained. The subject may not be able to concentrate or 

fully cooperate due to unfamiliar surroundings, restriction of movement, unnatural 

positioning (lying in a scanner as opposed to standing, sitting, kneeling or prostrating during 

prayer/meditation), pain due to injection as well as noise pollution in a MR. Similarly, in 

resting state, it is difficult to ascertain whether the subject is actually abstaining from the 

cognitive task examined. The processing of the data requires approximations and 

assumptions of processes and connections. This means that the imaging data produced in 

articles represents probabilities rather than actual brain signals (Schjoedts 2009).   

 

The common areas of interest evaluated in the studies described in this thesis are depicted in 

Figure 1.  
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Figure 1: Schematic overview of gross brain anatomy. The regions of interest (ROIs) of the prefrontal 

cortex, segmented as described by Carlén. dmPFC, dorsomedial prefrontal cortex; dlPFC, dorsolateral 

prefrontal cortex; vmPFC, ventromedial prefrontal cortex; vlPFC, ventrolateral prefrontal cortex; 

OFC, orbital frontal cortex; ACC, anterior cingulate cortex. (Courtesy: The Indirect Effect of 

Prefrontal Gray Matter Volume on Suicide Attempts among Individuals with Major Depressive 

Disorder - Scientific Figure on ResearchGate. https://www.researchgate.net/figure/The-regions-of-

interest-ROIs-of-the-prefrontal-cortex-segmented-as-described-by_fig1_359831242 [accessed 1 Jan, 

2024]). 

 

Neuroanatomical considerations 

Frontal lobe is involved in a multitude of processes that control human behaviour.  Especially 

the prefrontal cortex plays an important role in cognitive processes. Prefrontal cortex is the 

largest and most recent part of the frontal lobe. It has multiple, bidirectional connections with 

other cortical and subcortical areas of the brain, amongst other with the limbic cortex, 

thalamus, amygdala, hippocampus. It plays a crucial role in abstract reasoning, decision 

making and social interactions. It also is involved in emotions. The ventromedial prefrontal 

cortex is thought to be more involved in emotional processing and motivation, whilst 

dorsolateral PFC associated with executive functions (Firat 2019). The ventrolateral PFC is 

thought to be involved in retrieving working memory and aiding in resolving ambiguities and 

thus in decision-making (Schendan 2012).  

 

                             Somatosensory cortex                 Premotor cortex 

 

Parietal lobe              Motor cortex 

 
Temporal lobe 
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The orbitofrontal cortex is involved in behaviours related to rewards and punishment. 

The limbic system is connected to the PFC and is involved in emotion, memory and 

motivation amongst other tasks. Amygdala is a part of the system located in medial part of 

temporal lobe and is important in emotions such as fear.  

 

The parietal lobe contains somatosensory cortex and plays an important role in visuospatial 

awareness (Legesse et al 2012). 

 

Theoretical considerations and research overview 
Evolutionary Science of Religion 

The existence of beliefs in the supernatural and of rituals across cultures and societies has led 

to some calling religion “natural” (Boyer 2003). Interestingly, even the structural base of 

religions is similar (Shaver et al 2017). This has led to evolutionary theory of development of 

religion. A key point in Darwinian theory of evolution is natural selection. This factor is a 

point of contention amongst scholar ascribing to evolutionary theory of religion.  

Some scholars investigating cognitive substrates of religion conclude that religion is a by-

product of processes adapted for other evolutionary purposes (Shaver 2017, 124ff). 

The evolutionary psychology of religion views religion as an evolutionary by-product 

evolving out of cognitive systems that evolved as adaptive systems unrelated to religion.  

Kirkpatrick thus defines religion as a by-product of evolution “not serving an adaptive 

purpose” (2004, 334). He argues that a bonding system (attachment system) evolved to 

ensure that parents took care of their infants. However, this system according to Kirkpatrick 

can also lead to development of religious beliefs. The mechanisms underlying evolvement of 

religion were not “designed” for this task. Rather, they had other specific purposes such as 

the attachment system meant to ensure a bonding towards offspring with the aim of 

increasing the chance for their survival (Kirkpatrick 2004, 336).  

 

Boyer thinks that whilst religious foundations are a product of natural selection, the specific 

content of religious beliefs are not (Hood 2018, 53). Similar to Kirkpatrick’s view, Boyer 

sees religious beliefs as “a predictable by-product of, ordinary cognitive function” (2003). He 

has investigated the neurocognitive substrates and postulates that religious thoughts arise by 

activating neural systems or networks that do not have this specific function. Rather, these 

systems are relevant in non-religious context and are important for human survival. Religious 

beliefs thus, are based on ordinary cognitive pathways. Acquisition of religious beliefs is 
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therefore generally not a conscious exercise. Rather, these are culturally acquired. These 

culturally acquired beliefs are consciously interpreted to represent one’s own thoughts. Boyer 

suggests that theory of mind, agency-detection, contagion-avoidance and social exchange 

systems are activated and interact to allow for belief in metaphysical beings (2003). Thus, the 

human tendency for belief in supernatural beings is an evolutionary trait that developed on 

basis of cognitive substrates that themselves did not arise for religious thought, but for other 

adaptive purposes.  

 

Theory of Mind 

The cognitive substrate of religion according to Tremlin (2006, 75ff) is based on two 

cognitive tools that human brains are equipped with. The Agency Detection Device (ADD) 

and Theory of Mind Mechanism (TMM). These tools helped humans survive in conditions 

where it was important to detect a potential hidden threat. Thus, human brain is for example 

able to assume a potentially harmful animal behind the bushes by observing rustling of 

leaves. Also, responding to potential threats, the brain tends to err on the safe side and rather 

than assume that the rustling is caused by wind only, assumes that there is a dangerous 

animal. This latter error in judgement is more beneficial for survival. Thus, the ADD 

attributes agency to even unseen phenomena (sounds, movements, actions etc). It is then a 

small leap from attributing for example a sound to a lurking enemy to a ghost (Tremlin 2006, 

80). According to Tremlin, another important factor is attribution of mental causality. The 

agent assumed to be lurking in the bush has the intention of attacking and devouring or 

killing us.  

 

Theory of mind (ToM) postulates that mentalising and being able to reflect on someone 

else’s state of mind are important abilities for human development. ToM Mechanism thus 

allowed the evolving humans to assess and interpret the world around them. It allows humans 

to communicate with each other by interpreting the other’s actions.  

 

Belief – implicit or intuitive 

Bering views religion as implicit or intuitive (Alogna 2019). As basis for their theory, Alogna 

and Bering recorded physiological response to an imaginary ghost presence in individuals 

with belief in afterlife and participants who proclaimed no belief in afterlife. Interestingly, 

regardless of belief in afterlife, participants displayed fear reaction as measured by skin 

conductance (ibid). Bering thus postulates that people may not know or may not be clear 
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about what they believe in. This is in opposition to explicit beliefs as reported by individuals. 

Thus, belief is “in-built”. Bering postulates that selection during evolution has led to 

psychological adaptation for religion – this is in contrast to the widely held by-product view. 

Bering puts forward the theory that fear of supernatural punishment led humans to develop 

restrictive behaviours that allowed them to prosper within the community and thus better 

adapt to the environment.  

 

Another view is that religious discrimination against promiscuity led to long-term 

relationships and higher fertility which was a survival benefit (Shaver 2017) 

In a similar vein, Deborah Kelemen thinks that children are “intuitive theists”. Her research 

shows that children tend to believe that natural phenomena are purposeful entities. Whilst this 

“promiscuous teleology” is thought to have evolved in order to make sense of the biological 

world, it also allows for an intuitive belief in a creator (Shaver 2017).  

 

Genetics of religion 

Looking for genetic substrate of religiosity, Dean Hamer linked a gene VMAT2 which 

encodes a transporter protein that is involved in transport of certain neurotransmitters in the 

central nervous system. According to Hamer, an allele variation of the gene is linked with 

increased spirituality. However, though he published a book called The God Gene: How 

Faith is Hardwired into Our Genes, he has not published his results in a scientific publication 

(Silveira, 2008). Hamer measured spirituality using self-transcendence score. He does 

emphasize though that multiple genes may be involved in religious traits (Hood 2018, 59). 

Waller et al studied religious attitudes in twins reared apart. Their results suggest that 

genetics and environment play an equal part in development of personal faith (Hood 2018, 

62). 

 

Cultural evolution theory 

Atran and Norenzayan suggest a cultural evolution resulting in development of religion. They 

accept Boyer’s theory and view religious concepts as evolving using cognitive substrates 

essential for human survival. Moreover, they highlight cognitive, emotional and social 

interactional components as common “structural contours” (2004).  

 

As above shows, various theories regarding evolutionary development of religion exist. 

Cognitive and neuropsychological research of religion on the other hand deals with 
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phenomenology of religion. Research is aimed at identifying cognitive and neural substrates 

of religion and religious behaviour and experience.  

 

Based on this perceived inevitability of religion and understanding of religion as a brain 

process, recent research has focused on neural basis of religious experiences. The research is 

driven based on theories of religion which have been discussed above. Thus, researchers have 

attempted to investigate the substrates of religious experience in order to answer whether it is 

unique or merely a by-product of thought processes.  

 

Previous reviews of neuroscientific study of religion 

Schoejdt has reviewed research of religious behavior or experiences based on “experimental 

neuroscience” (2009). He analyses various studies to evaluate the “limitations and potential” 

of neuroscience of religion. Amongst others, he reviews imaging studies. His review 

concludes that the field faces some general “problems” with acquisition and interpretation of 

data, anatomical and functional assumptions. He also highlights the need for more 

comprehensive studies in order to be able to establish significant connection between 

consciousness and brain activity. He also criticizes the latent assumption in many studies that 

religious experiences are uniform amongst various communities and cultures. 

Grafman et al (2020) likewise provide a review of the field. They include imaging-based and 

electroencephalography studies to probe their hypothesis that acquisition of religious beliefs 

is similar to acquiring secular beliefs. They also include lesion studies in their review arguing 

that non-lesional studies only show a correlation. Lesional studies on the other hand allow the 

investigation of specific roles of the affected brain region. They conclude that based on the 

studies reviewed religious beliefs and experiences depend on same neural networks as other 

cognitive processes. They criticize the studies for their Eurocentric or US-centric 

investigations rooted in Judeo-Christian traditions. They also criticize the small sample size 

and lack of appropriate controls. However, they do not analyse the imaging techniques used 

in these studies. 
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Methods 
Analytical method 

I shall apply content analysis to the studies selected for this project. In my thesis I apply it in 

form of textual analysis of scientific studies. Content analysis in this context allows to 

compare the studies performed and analyse their own interpretations of the results. Content 

analysis’ aim is to infer reliable and reproducible as well as valid results from study of the 

material. It facilitates investigation into whether the results of the studies are in keeping with 

the conclusions they claim and with the conclusions made by other studies in the same field. 

It allows to identify common, but also at times very differing conclusions of similar findings. 

 

Berelson required content analysis to be systematic in order to mitigate the problem of 

subjectivity (Krippendorf 2019, 25). However, interpretation of various results can differ 

widely. Much like texts that have differing meanings to individual readers, scientific results 

can be interpreted very differently. Therefore, it is important to analyse the context of these 

interpretations to ensure reproducibility of results (Krippendorf 2019, 29). The analyst 

nevertheless, makes inferences. In the field of cognitive science of religions, such inferences 

are made when researchers try to explain various results by correlating these to various 

theories in the field.  

 

In this thesis I apply with modification the framework suggested by Krippendorf for content 

analysis of the scientific papers selected (ibid, 37). This includes the following steps: 

- Identification of scientific papers to be analysed 

- Research question to be answered 

- Identification of the context 

- Analysis of the data 

- Identification of inferences from the data 

 

Inference is an important issue in the context of my thesis. Inductive inference is widely 

applied within scientific research. Inductive inference in this context is generalisation of 

statistical findings. It becomes especially problematic in small sample studies where 

conclusions are generalised based on very few research subjects. Abductive inference is also 

important as it attempts to validate a hypothesis based on interpretation of the data available.  
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Whilst content analysis allows for replicable interferences from the studies to be analysed, it 

is not a completely objective method (Nelson 2011, 110ff). I have attempted to mitigate this 

problem by discussing studies with varying conclusions and by focusing on their scientific 

merit based on number of subjects, the study design and the neural substrates measured. 

 

Selection criteria 

The studies to be analysed are selected based on neurological research methods applied for 

obtaining their results. I have selected imaging-based studies that make use of CT or MR 

imaging to examine religious phenomena in the studied subjects.  

 

Selection of studies is based on the review paper by Uffe Schjoedt “The Religious Brain: A 

General Introduction to the Experimental Neuroscience of Religion” published in “Method 

and Theory in the Study of Religion” in 2009. In order to limit the number of studies 

analysed, I have chosen studies that use CT and MR-based imaging techniques only. I chose 

this paper as it is written by leading researchers in this field and provides a review of the 

developments in the field of cognition science of religion with emphasis on neural basis. 

From the various studies cited in this excellent review article, I have only chosen the ones 

that are performed on subjects with no previous psychiatric illnesses and that make use of 

imaging technologies. 

 

I have also included studies by two groups mentioned by Grafman et al in their review 

published in 2020 titled “The Neural Basis of Religious Cognition” in “Current Directions in 

Psychological Science”. These are the only two studies quoted by the reviewers which are 

performed in patients with brain lesions due to trauma and tumours respectively. These are 

interesting as they allow to investigate the question of neurocognition and religiosity or 

spirituality in people with existing lesions and thus reciprocally can help evaluate 

neurocognitive theories of religion described above. Whilst most studies deal with the 

question which brain regions are activated during religious rituals or practices. The lesion 

studies question whether lesions in these regions effect religiosity or spirituality.  

 

Research questions 

I attempt to analyse the studies by posing the following questions: 

 

What methods are used to conduct the study? 
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What is the study size and how are the subjects selected? 

How is the study conducted? 

What are the results of the study? 

How are these results interpreted? 

How is CSR applied to the results? 

 

By applying this method, I wish to answer whether these studies are adequate to allow the 

conclusions they draw and whether imaging is helpful in identifying neural circuits that are 

associated with religiosity/spirituality. 

 

Selected studies 

The studies quoted by Schoejdt are (see below for references): 

  

1. Azari N, Nickel J, Wunderlich G, Niedeggen M, Hefter H, Tellmann L, Herzog H, 

Stoerig P, Birnbacher D, Seitz R (2001). Neural correlates of religious experience. 

 

2. Newberg A, Alavi A, Baime M, Pourdehnad M, Santanna J, d’Aquili E (2001). The 

measurement of regional cerebral blood flow during the complex cognitive task of 

meditation: a preliminary SPECT study.  

 

3. Newberg, A., Pourdehnad, M., Alavi, A., d’Aquili, E. G. (2003). Cerebral Blood Flow 

during Meditative Prayer: Preliminary Findings and Methodological Issues.  

 

4. Newberg, A. B., Wintering, N. A., Morgan, D., & Waldman, M. R. (2006). The 

measurement of regional cerebral blood flow during glossolalia: A preliminary 

SPECT study. 

 

5. Beauregard M, Paquette V (2006). Neural correlates of a mystical experience in 

Carmelite nuns. 

 

6. Lazar, S. W. , Bush, G. , Gollub, R. L. , Fricchione, G. L. , Khalsa, G. & Benson, H. 

(2000). Functional brain mapping of the relaxation response and meditation.  

 

The lesional studies quoted by Grafman et al and included in this review, are: 
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7. Cristofori, I., Zhong, W., Cohen-Zimerman, S. Bulbulia J, Gordon B, Krueger F, 

Grafman J (2021). Brain networks involved in the influence of religion on empathy in 

male Vietnam War veterans.  

 

8. Urgesi, C., Aglioti, S. M., Skrap, M., & Fabbro, F. (2010). The Spiritual Brain: 

Selective Cortical Lesions Modulate Human Self-Transcendence. 
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Results 

A summary of the results is provided in Table 1 on page 21. 

 

Study 1 – Azari et al 

Azari et al studied PET imaging of 12 subjects (6 religious vs 6 non-religious). The self-

identifying religious subjects belonged to “Free Evangelical Fundamentalist Community”. 

All reported having had a conversion experience and interpreted Bible as the literally as 

divine word. The non-religious subjects were students studying natural sciences and self-

identified as non-religious. There was no significant difference in education, personality or 

life satisfaction measures, imaginability or verbal traits. PET imaging was obtained during 

self-induced religious and non-religious states.  The religious state was induced by 

reading/reciting Psalm 23. This was contrasted with reading/reciting a children’s rhyme, 

reading a set of instructions and a resting state. Positive Affect Negative Affect Scale 

(PANAS) was obtained after every scan. The religious subjects showed decreased negative 

affect during religious state, whilst no change in PANAS was observed in any other state or 

subject. These scans showed increased activation of right dorsolateral prefrontal cortex 

during religious practice. Additionally, activation in dorsomedial frontal cortex and right 

precuneus were observed. Interestingly, limbic structures (including amygdala and 

orbitofrontal cortex) were not activated during religious practice, yet they showed activation 

in non-religious emotional state (Azari 2001). The authors conclude that religious experience 

is a cognitive process based on pre-established neural connections between frontal lobe and 

parietal lobe. They suggest that there exists a “readiness” which activates religious schema 

when presented with religious cues, in this case the Psalm. According to the authors, religious 

experience becomes religious when it is consciously identified with the subject’s own 

religious beliefs. They interpreted the lack of activation in the limbic system as evidence that 

religious experience is to be differentiated from emotional experience of arousal of a happy 

state observed in non-religious subjects.  

 

Study 2 – Newberg 2001 

Newberg’s team studied SPECT imaging of 8 Tibetan Buddhists during rest and meditation 

(2001). They recruited 4 men and 4 women identifying themselves as Tibetan Buddhist 

meditators with more than 15 years of experience. The subjects were injected with contrast 

during a resting state and scanned 30 minutes following this injection. Similar scan was 

performed in 9 healthy control subjects previously. Following the baseline scan, the subjects 
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Table 1: Overview of studies analysed 

Study Hypothesis Subjects Aspect  Method  Areas activated Conclusions 
1 
Azari 2001 

Religion is a cognitive, 
attributional 
phenomenon 

12  
6 Protestant 
and 6 non-
religious 

Religious vs 
nonreligious 
states 

PET R dlPFC, dmFC,  
R precuneus 

- Religious experience based on neural 
connection between frontal and parietal lobes 
- Becomes religious when consciously 
identified with previously-held beliefs 
- different from emotional experience 
 

2 
Newberg 
2001 

Increased CBF in PFC 
Decrease in SPL 
Decrease in 
sensorimotor area 
Changes in midbrain 
Baseline CBF different 
in meditation vs non-
meditation subjects 

8 Tibetan 
Buddhists 
meditators 
9 control 
subjects 

Meditative 
state versus 
resting state 

SPECT 
with 
ROI 

Inferior & orbital frontal cortex, 
dlPFC,  
Sensorimotor cortex, 
Dorsomedial cortex, midbrain, 
cingulate gyrus, thalamus 
Decrease in superior parietal lobe 

Meditation leads to activation of frontal areas 
due to active concentration with inverse 
decrease in superior parietal lobe 
Increased activity in sensorimotor cortex due 
to posturing 
Decrease in superior parietal lobe equates 
loss of self (see Newberg 2006) 

3 
Newberg 
2003 

Meditation -> increased 
CBF in frontal lobes + 
altered flow in parietal 
lobes 
Reduced CBF in 
sensorimotor area 

3 Franciscan 
nuns 

Verbal 
meditation 
versus resting 
state 

SPECT PFC, inferior parietal lobe, inferior 
frontal lobe 
Decrease in superior parietal lobe 

Meditation leads to activation of frontal areas 
Increase in superior parietal lobe due to 
verbal character of meditation 

4 
Newberg 
2006  

Glossolalia -> 
decreased activity 
frontal lobes 
No change in SPL  
Increase in thalamus 
Increase in limbic 
system 

5 female 
Christian 
practitioners 
of 
glossolalia 

Glossolalia vs 
religious 
singing 

SPECT Increased activity L superior 
parietal lobe 
Decreased activity PFC, L 
caudate, L dorsomedial cortex, L 
temporal pole 

One subject had history of substance abuse 
but was abstinent for 4 years at time of study 
Decreased activity in frontal lobe due to loss 
of control in glossolalia 
Glossolalia not associated with loss of self 
and thus no decrease in activity in parietal 
lobe 
No significant change in thalamus or limbic 
system though a trend towards it 

5 
Beauregard 
2006 

Religious experiences 
are mediated by brain 

15 Carmelite 
nuns 

Mystical state 
vs non-
mystical state 

fMRI R medial orbitofrontal cortex, R 
middle temporal lobe, R parietal 
lobe, L inferior parietal lobule, L 
insula, caudate bilat, L brainstem, 
L PFC, L dorsal cingulate cortex 

Activity in temporal lobe – subjective 
impression of contacting a spiritual reality 
Activity in caudate and insula – happiness 
and unconditional love 
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Activity right parietal lobe – modification of 
body schema indicating something greater 
absorbs the subject 
Activity right medial orbitofrontal cortex – 
mystical state considered emotionally 
pleasant by subjects  

6 
Lazar et al 
2000 

Activation of neural 
structures involved in 
attention & arousal 
Relaxation response 
different from early 
stage of meditation 

5 
practitioners 
of Kundalini 
meditation 

Meditative vs 
non-
meditative 
state 

fMRI Activity in putamen, midbrain, 
anterior cingulate cortex, 
hippocampal/para-hippocampal, 
Caudate, amygdala, 
hypothalamus, lateral prefrontal 
and parietal lobe 

Meditation activates frontal and parietal 
cortex which are involved in attention 
 
Neural activity is dynamic during meditation 
 

7 
Cristofori 
et al 2021 

Religious behaviour 
drives empathy 
vmPFC is associated 
with empathy 
 

109 TBI 
patients 
31 healthy 
controls 

Effect of 
brain lesions 
on empathetic 
response 

CT Lesion in vmPFC, dorsolateral 
PFC  
Lesion in posterior superior 
temporal sulcus/temporo-parietal 
junction 

TBI –  higher God Image Inventory score 
vmPFC – higher God Image Inventory score 
can mitigate effect of lesion on empathy with 
stronger belief 
vmPFC lesion with high GII score have low 
anxiety scores 
Belief in God promotes empathy 
  

8 
Urgesi et 
al 2010 

Religious practices may 
modify self-awareness 
and shape personality 
traits 
Frontal and 
temporoparietal 
structures cause 
individual differences 
in self-transcendence 
(ST) 

88 patients 
with 
tumours 
undergoing 
surgery 

Effect of 
lesions on 
self-
transcendence 
scores 

MR Lesion in prerolandic structures 
(anterior frontal lobe/anterior 
lesion) versus lesion in temporo-
parieto-occipital structures 
(posterior lesion) 

ST score increased in anterior patients after 
surgery 
Higher ST score in patients with malignant 
tumours and posterior lesion pre- and post-
surgery 
Higher ST score in patients with low-
malignant tumours and posterior lesion post-
surgery 
Lesions in parietal lobe cause altered spiritual 
and religious behaviour/attitudes 

R – right, L – left, dlPFC – dorsolateral prefrontal cortex, dmPFC – dorsomedial prefrontal cortex, vmPFC – ventromedial prefrontal cortex 
TBI – traumatic brain injury 
CT – computer tomography 
fMRI – functional magnetic resonance imaging 
SPECT – single photon emission computed tomography 
PET – positron emission tomography 
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returned to a meditation room where they meditated for 1 hour. At approaching a deep 

meditative state, a signal incorporated in meditation was observed by the investigators and the 

subjects were injected again from outside the room. After a further 10-15 min the meditation 

session was terminated and a further scan obtained. The images were projected onto an 

anatomical atlas. The scans were than analysed using previously identified (based on 

investigators’ hypothesis) regions of interest (ROI). The regions of interest identified in the 

article were adjusted manually to fit the atlas. They were than copied onto the meditation 

scans. The regional blood flow for ROI was calculated as a ratio of whole brain blood flow. 

Statistical parametric mapping was performed, and Student’s t-test was used for comparison 

with control group. The results showed relatively increased activity in the inferior and orbital 

frontal cortex, dorsolateral prefrontal cortex, sensorimotor cortex, dorsomedial cortex, 

midbrain, cingulate gyri and thalami. On SPM analysis, there was significant increase in 

cerebral blood flow in right thalamus, and decrease in superior parietal lobe right lateral 

temporal and left inferior temporal lobes. Thalamus is an important relay station in the brain 

involved in amongst other attentional activities. Newberg points out that limitations of 

imaging techniques did not allow to specify the area of thalamus activated.  

 

The authors concluded that their results support the hypothesis that meditation is associated 

with increased activity in frontal areas. As these areas are previously known to be activated 

during attention-focusing tasks, the authors conclude that the observed activity during 

meditation is due to active concentration during meditation. There was a reciprocal decrease 

in superior parietal lobe which is associated with spatial processes. This is hypothesised to be 

secondary to increased activity in the frontal lobe during meditation. The authors had also 

hypothesised decrease in sensorimotor cortex, yet this was not confirmed in their study. 

Rather an increase was observed and explained as activity due to posturing during meditation.  

 

Study 3 – Newberg 2003 

Newberg et al (2003) performed SPECT imaging in 3 Franciscan nuns by obtaining baseline 

scans and then further scans after 50 minutes of verbal meditation in a set-up similar to the 

above-described study. Due to small size no statistical mapping was performed. This showed 

increase in blood flow in the PFC, inferior parietal lobe and inferior frontal lobe whilst an 

inverse correlation with blood flow in superior parietal lobe. The activity in PFC and inverse 

correlation in superior parietal lobe was expected, however unlike the study by the same 

group with Buddhist monks, activity in inferior parietal lobe was found (Newberg 2003). This 
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was explained due to the verbal character of the meditation. Whilst the subjects filled out 

questionnaires regarding subjective experiences, these could not be correlated to the imaging 

findings. Overall, the results were later interpreted as showing altered sense of body schema 

during meditation (Beauregard 2006). 
 
Study 4 – Newberg 2006 

Newberg et al (2006) performed SPECT study in 5 female Christian practitioners of 

glossolalia. 1 subject had a previous history of substance abuse but had been abstinent for 4 

years. The study involved the subjects first singing to gospel music whilst standing. Contrast 

was injected 5 minutes after initiation of singing. She continued singing for 15 minutes and 

was then scanned. For glossolalia the subject returned to the same room and started singing to 

same music and then went over to glossolalia within 5 minutes. She was observed for 5 

minutes, following which contrast was injected and glossolalia was terminated after further 15 

minutes when scan was performed.  

 

The mode of analysis was similar to previous studies by the group. It showed decreased 

activity in PFC, left caudate, left dorsomedial cortex, left temporal pole. Increased activity 

was seen in left superior parietal lobe. The decreased activity in frontal lobes was explained as 

loss of control in glossolalia as opposed to meditation studies. No change was seen in the 

superior parietal lobe. The authors suggest that there is no loss of self in glossolalia and 

therefore decrease in activity in this area is not seen. No increase in activity of limbic system 

was seen in contradiction to the authors’ hypothesis. The authors cannot explain this as the 

decrease in caudate activity would indicate altered emotion during glossolalia. 

 

In their review article (2014), Newberg et al discusses the role of the posterior superior 

parietal lobule (PSPL) which is known to be involved in integration of visual, auditory and 

spatial information. The functions of PSPL allow the body to orientate itself in 3-dimensional 

planes. Newberg postulates that thus PSPL may also play a role in differentiating self from 

the external world (2014). Referring to studies performed by his group in 2001 and Herzog et 

al in 1990/91, which show reduced activity in PSPL during meditation, he infers that this area 

is important in spiritual practices (2014). 
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Study 5 – Beauregard 2006 

Beauregard and Paquette explore mystical experiences (2006). They studied fMRI of 15 

Carmelite nuns who were asked to “remember and relive” their most intense mystical 

experience. This provision was taken due to difficulty of having mystical experience at will. 

Blood oxygen level dependent (BOLD) signal change images in fMRI were taken during 

resting state, followed by control images when the subjects were asked to remember their 

strongest human relationship. And lastly, imaging during remembrance of mystical 

experience was obtained. The mystical experience was assessed based on Mysticism Scale. 

Immediately after the scan, a subjected numerical ranking of the control and mystical 

experience was obtained. Data were analysed using SPM software. Student’s t-test was 

performed to compare the activity during the various conditions. Comparison of the images 

showed that mystical experience activated patterns compared to memory of human 

relationship. Various loci within the brain were activated including right medial orbitofrontal 

cortex, right middle temporal lobe, right inferior and superior parietal lobe, left inferior 

parietal lobule, left insula and right and left caudate, left brainstem, left dorsal anterior 

cingulate cortex and left medial prefrontal cortex. The authors concluded that mystical 

experience is complex and involved various brain regions. When Control and Mystical 

conditions were contrasted with Baseline, they found that different regional patterns of 

activation were observed during both recall sessions suggesting that not same neural circuits 

are involved in human versus divine love. They interpreted the activity observed in the 

caudate and insula as correlate of happiness and unconditional love. The activity in the 

temporal lobe was interpreted as “subjective impression of contacting a spiritual reality”. 

Activity right parietal lobe was thought to be modification of body schema indicating 

“something greater than the subjects seemed to absorb them”. Left IPL activity was 

interpreted as alteration of body schema, and in both IPL as related to “motor imagery 

experienced”. Activity in right medial orbitofrontal cortex was explained as mystical state 

considered emotionally pleasant by subjects. It is important to note that the study was funded 

by The John Templeton Foundation. 

 
Study – Lazar 2000 

Lazar and her colleagues (2000) performed fMRI imaging in 5 practitioners of Kundalini 

meditation. The subjects were asked to perform meditation in two 12 minute periods. This 

was preceded by a 6 min control condition when they randomly generated a list of animals. 

Meditation and the control task were performed whilst being scanned. Two sets of analyses 
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were performed: activity during last 6 min of meditation periods was compared with the 6 

min control period. For second analysis, last 2 minutes of both meditation periods was 

compared with the first 2 minutes of each period. The scans showed activity in putamen, 

midbrain, anterior cingulate cortex, hippocampal/parahippocampal formation, caudate, 

amygdala, hypothalamus, lateral prefrontal and parietal lobe. The authors hypothesised that 

areas of attention are activated during meditation which requires concentrating on a certain 

task. This was confirmed by activity in prefrontal and parietal lobes. Activity in limbic 

regions were explained as probable modulation of autonomic response of the body. 

Comparing the two periods of meditation an increment in neural activity was observed during 

the second period. This was explained as dynamic activation during meditation.  

 
Study – Cristofori 2021 

Cristofori, Grafman and colleagues performed a study in 109 veterans from Vietnam war who 

had suffered penetrating brain trauma and compared these with 31 healthy controls (2021). 

They studied subjects drawn from phase IV of W.F. Caveness Vietnam Head Injury Study 

registry. This is a long-term prospective follow-up of male Vietnam veterans with focal 

penetrating head injury and veterans without head injury (healthy controls). Phase IV was 40-

45 years post injury. Rather than performing new imaging studies, the study was designed to 

evaluate religious belief and empathetic response using God image questionnaire, empathy 

questionnaire and empathetic response (Cristofori 2021). They divided the subjects in groups 

depending on site of lesions – ventromedial prefrontal cortex (vmPFC), dorsolateral prefrontal 

cortex (dlPFC), posterior superior temporal sulcus/ temporoparietal junction. The injury and 

control groups were matched in age, education, handedness and pre-injury intelligence. CT 

scans had been performed during phase III of the study. The scans were normalised to a 

template image. Lesion was drawn by a trained psychiatrist and reviewed by a blinded 

observer. The investigators than quantified the percentage of structures damaged by the lesion 

by overlapping with Automated Anatomical Labeling atlas. Neuropsychological testing was 

performed during phase IV. This included God Image Inventory, Interpersonal Reactivity 

Index. Theory of mind was assessed using Reading the Mind in the Eyes Test and Faux Pas 

Recognition Task. 

 

They found that ventromedial PFC lesions were related with high scores on God image 

questionnaire. There was also a positive association between empathy and God image scores. 

They also found that patients with vmPFC lesions and high God image scores had less anxiety 



 27 

(ibid). Lesions of vmPFC have previously been linked to decrease in empathy. Cristofori et al 

explain their findings as showing that belief in God or Gods promotes empathetic behaviour. 

Also, lower anxiety levels in these subjects indicate positive effect of religion on coping 

mechanisms.  
 
Study 8 – Urgesi 2010 

Urgesi et al also performed a lesion study in patients undergoing surgery for brain tumours. 

Their subjects were patients undergoing planned surgery for tumours. The patients were 

divided in an anterior subgroup (prerolandic) and posterior group (temporoparietaloccipital 

structures). Personality assessment was performed using Temperament and Character 

Inventory (TCI) self-report questionnaire. MRI scans were performed 1-7 days prior to 

surgery. Tumour resection extent was confirmed by using surgeon’s report and post-operative 

CT scans. They tested 24 patients with high-grade glioma (HGG), 24 with low-grade glioma 

(LGG), 20 with recurrent glioma and 20 patients with meningiomas. They compared the self-

transcendence (ST) scores prior to and after surgery. An increase in ST score was observed in 

anterior patients after surgery for HGG. Posterior patients with HGG had a higher ST score 

both before and after surgery. ST score for posterior patients with LGG were higher after 

surgery, whereas no difference was observed prior to surgery in the LGG anterior and 

posterior patients. The ST score for recurrent glioma patients was unchanged, though it was 

higher in posterior group. Meningioma patients did not show any difference in ST score pre- 

or post-surgery as this surgery does not damage neural tissue. The study showed that lesions 

in left inferior parietal lobe and right angular gyrus were associated with significant increase 

in self transcendence scores. The authors suggest that the parietal lobe plays an important role 

in meditation-related effects and that it also plays a role in characterisation of individual 

spirituality and personality. They conclude that lesions in the parietal lobe cause altered 

spiritual and religious behaviour (Urgesi 2010). 
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Discussion 
Belief in the metaphysical or spiritual is ancient. Archaeological evidence shows that the 

Neanderthals buried their dead, sometimes even with personal items (Tremlin, 23). 

Recognising this ancient and ubiquitous presence of religion, cognitive science of religion 

attempts to explain evolution of religious thought in human beings and the underlying 

cognitive mechanisms. Use of modern neuroimaging techniques is a recent and exciting tool 

for investigation of cognitive pathways activated during religious practice.  

In my thesis, I have analysed studies that make use of MR and CT imaging. These studies aim 

to investigate neural networks that may be implicated in religious behaviour. Whilst the 

studies use imaging data which is than correlated with religious phenomena, the study by 

Urgesi and Grafman are lesion studies.  

 

Grafman and Cristofori’s group apply a CSR approach to explain “neural basis of religious 

cognition” (2020). Their hypothesis is that acquisition of religious beliefs is similar to 

acquisition of non-religious beliefs and makes use of same networks and brain regions. Their 

investigation aimed to identify whether empathy which is thought to be impaired in vmPFC 

lesions is affected by religious beliefs. Their findings point towards a mitigating effect of 

religion on possible reduction of empathy due to vmPFC lesions. vmPFC is also involved in 

reward and evaluation together with other brain regions. They conclude that secular social and 

cognitive systems also support religious beliefs. They point towards recruitment of semantic 

areas of brain, especially left temporoparietal junction and left ventrolateral PFC in 

processing of sacred values as evidence for their hypothesis. However, they do not comment 

why vmPFC lesions are associated with higher God scores and empathy measures if lesions in 

this area including dlPFC lead to an increase in fundamentalism and decreased openness as 

shown by their own group in another study (Grafman 2020).  

 

The study by Azari et al (2001) quoted above, shows that emotional pathways activated 

during secular activities, were not activated during religious practice. These results have also 

been replicated in a study by Harris et al quoted by Grafman. This apparent contradiction to 

Grafman’s hypothesis is explained by his group by suggesting that religious beliefs have “an 

enhanced and distinctive status in memory and behavior” (2020, 128). Grafman’s group 

performed studies in veterans from Vietnam war with brain lesions. Their finding of vmPFC 

lesions and higher God score as well as higher empathy is interpreted by Cristofori et al 

(2021) as validating Norenzayan’s view that in evolutionary terms religious cognition 
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enhanced prosocial behaviour and thus was advantageous. Applying a psychological 

approach, they explain the positive correlation between high God scores and empathy as 

indication of the role of religion in coping mechanisms (ibid). Interestingly, Cristofori et al in 

the same study report negative correlation between theory of mind abilities and religiosity. 

This is in contrast to studies by Norenzayan et al in autistic subjects who found that people 

with impaired mentalising were less likely to believe in God (Dunbar 2022, 121f).  

 

Grafman’s group also found that subjects with damage to dorsolateral PFC (dlPFC) reported 

more mystical experiences, whilst they also exhibited more fundamentalism. This is explained 

by the group by impaired executive function located in the dlPFC (Grafman 2020).  

 

A recurrent problem seen in the few studies analysed above is the problem of methodology. 

The studies are generally very small. Inductive inferences are made for generalised theories 

regarding certain neural pathways and various religious phenomena based on a hand-full of 

subjects. Beauregard and Paquette’s study of mystical experience includes only 15 subjects 

(2006). Newberg et al evaluated only 3 subjects whilst investigation meditation in one study 

(2003), whereas 8 were included in a different study by the same group (2014). Azari 

included 12 participants in her study of prayers (2001). McNamara’s study of Parkinson’s 

patients and their religiosity includes 22 participants (2006). Thus, most studies include very 

small number of participants. These small numbers impair statistical power of the results 

obtained in a study. Studies with very small numbers cannot confidentially inform on neural 

pathways in the general public. They rather provide information about the individuals 

involved in the study (Schjoedt 2009). 

 

The same remains true of even causal (lesional) studies for example by Urgesi et al (2010). 

This group uses self-transcendence as measurement of religiosity arguing that it reflects the 

tendency of identifying “the self as an integral part of the universe as a whole” (2010). 

Grafman’s group include a larger number of participants. However, their study has some very 

important flaws. Their studies were performed in various stages. They performed CT scans in 

their subjects during Phase III of the study from 2003 to 2006. The neuropsychological 

assessments however, were performed during Phase IV from 2009 to 2012. Faux Pas 

Recognition Task as part of Theory of Mind (ToM) testing was performed during Phase III, 

whilst Reading the Mind in the Eyes Test for assessment of affective ToM dated from Phase 
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IV. The choice of imaging is also poor, as CT does not allow the same resolution and 

accuracy of anatomy as MR imaging. 

 

It is also important to note that the regions quoted in various studies are in reality minute 

areas with no clear boundaries or anatomically distinguishing features on MR images. Thus, 

identifying the various areas in vivo requires significant conjecturing. These problems are 

known from evaluation of deep brain stimulation for various neurological diseases (Bot 

2016). 

 

Whilst fMRI is more commonly used now than PET-CT scans, all imaging modalities rely on 

significant data processing. The images reproduced in various studies are thus the result of 

extensive data processing techniques. Data processing requires that the investigators mark or 

identify an area of interest for IT engineers to focus on. The individual data obtained is then 

reflected on a template brain for further analysis (Schoejdt 2009). This is further analysed 

using advanced statistical tools to show probabilities. These are then interpreted by the study 

investigators and represented in papers. Here, it is important to note that the investigators are 

probing a certain hypothesis and can therefore come to very differing conclusions.  

 

A study in case are studies by Newberg and Azari. Newberg asserts that religious experience 

has its basis in cognitive neural processes in the brain that evolved during human evolution 

and has cognitive and emotional components (2014). Azari on the other hand bases her 

theories on Proudfoot and contends that experience becomes religious when the individual 

recognises it as such. This, so Azari is confirmed by activation of dlPFC and medial parietal 

cortex. dlPFC is involved in memory retrieval and conscious thought processes. Activation of 

these parts indicate that religious experience is retrieved and religious actions “self-initiated” 

(2001). The lack of activation of limbic system in religious subjects during religious practice 

on the other hand indicates that religious experience is not emotional (ibid), but rather a 

cognitive phenomenon.  

 

In another study, Azari has reassessed the previously obtained data and suggests that 

prefrontal activation seen in Psalm recital indicates personal experience of God as these areas 

are associated with social cognition and interpersonal interaction (Schoejdt 2009). She 

interprets Newberg’s experiments with Buddhist monks which showed increased activity in 
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PFC as confirmation of her hypothesis that religious experience is a cognitive, cultural 

phenomenon (ibid). 

 

Newberg suggests that meditation leads to deafferentation of PSPL (posterior superior parietal 

lobe) which then leads to stimulation of right hippocampus. At the same time there is further 

stimulation of hippocampus by thalamus. This stimulates the right amygdala. Newberg points 

to fMRI study by Lazar et al to support his thesis (2014). Regarding PFC activity, Newberg 

insists that meditation or prayer require increased attention. This is according to Newberg 

reflected by activity of PFC as well as in thalamus (2014). Especially, the PFC activity is 

interpreted by Newberg as volitional (ibid). 

 

Studies of mystical states suffer from similar problems. Beauregard and Paquette’s study 

includes only 15 subjects. The study does not induce mystical state, rather it relies on memory 

of mystical experience (2006). It is assumed that study subjects are able to recall and 

reproduce the feelings of their mystical experience within the time limits set by the 

investigators. It is not clear from the study whether the participants were focused and how 

their focus was ascertained. The authors report a plethora of activity including in PFC, right 

temporal lobe, superior parietal lobule, inferior parietal lobule, insula and caudate nucleus. 

Falling back on earlier studies, they interpret the various activated areas in view of basic 

cognitive studies. The activity in the caudate nucleus is interpreted as “feelings of joy and 

unconditional love” (2006). Similarly, a number of further assumptions are made with 

recourse to previous cognitive studies. The activations are assumed to be due to the mystical 

experience, but there is no evidence that given the study design these are not due to 

“background noise”. Beauregard and Paquette conclude that complex neural mechanisms 

underlie mystical experience. Whilst this cannot be refuted, their study design does not allow 

for clear conclusions in this regard.  

 

To summarize, the above quoted studies show a number of problems that confront the 

scientist investigating neural correlates of religious phenomena. 

 

There are a number of technological problems to be overcome such as type of data 

acquisition, conditions of data acquisition, choice of regions of interest, physical difficulties 

associated with scans taken in supine position and reproduction of religious experience during 

scanning to name a few.  
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As above shows, not only are the researchers guided by their hypotheses and the theories they 

think best describe religious experiences. They also make a number of assumptions on neural 

pathways that have not been proven in unequivocal studies. The interpretation of similar 

findings varies widely. 

 

It is also important to note, that neurofunctional imaging and interpretation of neural networks 

is an emerging field. Most studies quoted above make hypotheses on supposed religious 

networks that are presented as uniquely religious. These results have not been reproduced 

independently. fMRI is gaining popularity for investigation of neural networks, yet its 

physical properties require certain positioning of the subject. High noise levels are also a 

significant hindrance. However, it is to be hoped that further technological advance may help 

overcome the current problems. Equally, in my opinion a more thorough investigation of 

basic cognitive pathways and networks is essential prior to embarking on specific networks 

supposedly involved in belief systems.  

 

As far as study population is concerned, two issues are most remarkable – limited number of 

study subjects and lack of diversity. Most studies include Christian participants with very few 

including other religious traditions. The studies also often fail to include different forms and 

aspects of religious experience. Prayer can have various forms depending on religious 

traditions and the need of the individual. Similarly, the mystical experience during meditation 

may differ from the one experienced during glossolalia or that of a whirling dervish. Thus, 

deriving general conclusions regarding neural substrates of religious phenomena from these 

very limited studies is highly speculative at best.  

 

Larger numbers of participants are obtained in lesional studies. The results obtained here 

however, will remain difficult to generalise as these are obtained in subjects with structural 

pathology. The complexity of neural networks and development of alternate pathways in 

cases of damage further complicate interpretation of data obtained in these studies.  
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Conclusions 
In the following I recapture the questions posed at the beginning. 

 

What methods are used to conduct the study? 

The above studies show that a variety of methods is applied to obtain images. There is 

remarkable difference in various imaging techniques and the quality of images. Another 

important issue is the necessity of extensive data processing using various soft wares before 

an image is reproduced. This raises the question of reliability of the results and their 

reproducibility. 

 

What is the study size and how are the subjects selected? 

The study sizes are small and very selective. Most subjects have Christian background. A few 

Buddhist meditation practitioners are also included. Selection criteria are not clear except in 

lesional studies which include all subjects with certain lesions. 

 

How is the study conducted? 

The studies are conducted in “unnatural” environments, e.g. a hospital scanning room. The 

localities and emotional distress of visiting a hospital may be confounding factors that need to 

be taken into consideration when interpreting various networks. The location and simulation 

of religious practice may differ considerably from religious practice in sacral or secluded 

location. Also, the study set-ups do not allow for spontaneity. The knowledge of being 

observed may also affect the subjects. 

The studies reviewed here employ different imaging techniques that are not always 

comparable. Also, the image resolution of different techniques varies considerably. 

All studies make use of different questionnaires. This makes a comparison of their results 

difficult. Not all studies correlate their results with the questionnaires. 

 

What are the results of the study? 

The results of the studies show activation of a wide array of regions as summarised in table 1. 

The authors than choose a specific area of interest and interpret it.  

Lesional studies on the other hand have a pre-existing lesion and thus the researchers just take 

that area into consideration. Whilst this has obvious advantages of narrowing a wide 

anatomical region, some problems that arise are: 
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-the lesion has been acquired naturally and therefore may incorporate adjacent areas or fibres 

as well 

-lesion volumes may differ between subjects 

-other lesions may also exist which are not commented upon 

- Cristofori’s study was performed many years after scans were obtained and therefore exact 

size and site of lesions is unknown 

- Urgesi’s study lack long-enough follow-up 

-lesional studies do not take into consideration dynamic evolution of lesions as well as 

plasticity of brain in forming alternate pathways 

 

How are these results interpreted? 

Despite the issues mentioned above, the authors apply inductive inferences to validate their 

hypotheses. The context of the studies (religious affiliation, ethnicities, differing religious 

practices etc) is also rarely taken into account when generalised statements regarding neural 

pathways of religious behaviour are discussed.  

 

How is CSR applied to the results? 

The authors interpret their results based on their understanding of CSR. Azari’s hypothesis is 

that religious neural pathways differ from emotional pathways. She adopts a cognitional 

attributive view. The other studies do not expand on the psychological implications of their 

findings. But all studies in posing their hypotheses imply that religious and spiritual practices 

and experiences are mediated by existing neural pathways and cognitive mechanisms. The 

studies are designed based on our knowledge of cognitive pathways in the brain which are 

known to be implicated in a variety of activities. The frontal lobe is known to be involved in 

attention and executive functions. Limbic system is involved amongst others in emotions. 

Sensorimotor cortex mediates motor and sensory functions, whilst parietal lobe has 

visuospatial functions amongst others.  

 

The authors of above studies base their hypotheses on this knowledge and aim to identify 

activity patterns in these areas. A problem with this approach is that other areas that may also 

be activated are not recognised as technological considerations require that one defines ROIs 

(regions of interest) for computational purposes (see introduction).  
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My conclusions are in agreement with Schoejdt’s criticism of neuroimaging studies of 

religious behavior. Both Schoejdt and Grafman et al criticize the limited scope of the studies 

performed as highlighted in my thesis as well. Grafman et al, however, do not critically 

review the choice of imaging modality in the studies. This may also be due to the fact that this 

research group performed CT based lesional studies. In addition, I have also found wide 

variation in use of psychological questionnaires. Similarly, the studies employ a variety of 

imaging techniques with differing imaging resolution. This makes a direct comparison of the 

regions activated in various studies difficult.  

 

Though results of my thesis show a number of problems with design and interpretation of 

imaging-based studies with view to religious neural pathways, it is important to emphasize 

that these studies are an important step towards enhancing our knowledge of brain and 

religion. Technological advancement will certainly lead to emulating some of the problems 

highlighted above. It is essential to continue this investigation albeit with stringent study 

designs, clearly formulated questions and incorporation of wider contexts. I also feel that it is 

important to consider that different aspects of spirituality or religiosity may be represented by 

different pathways. Combining neuroimaging techniques with other neurophysiological tests 

may also help eliciting various pathways. 

 

Schjoedt suggests a comparative approach to neuroscientific research of religious phenomena 

by focusing on modulation of cognitive networks by diverse traditions and practices (2009). 

This will likely not allow for generalised conclusions but may help understand neural 

responses to and neural pathways involved in various religious phenomena. 

 

Whilst use of hallucinogenic drugs may give some insight, these cannot and will not be able 

to completely simulate the religious experience of a person in full control of his or her 

cognitive abilities. There are also significant ethical implications of use of such substances. It 

remains to be seen whether they can provide important information on consciousness and thus 

further the study of mystical experiences.  
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Glossary 
(based on Wilson 2003 p510ff) 

 

Amygdala: a structure in medial part of temporal lobe implicated in experience of negative 

emotions 

 

CT – Computer tomograghy: an imaging technique that provides a 3-D image of the brain by 

obtaining xrays of the brain from various angles 

 

Caudate nucleus: a structure in striatum that processes cognitive information 

 

dlPFC – dorsolateral prefrontal cortex: a region of prefrontal cortex that processes auditory 

information 

 

Frontal lobe: most anterior lobe of the brain; contains motor cortex and centres of executive 

function as well as speech 

 

fMRI – functional magnetic resonance imaging: an imaging technique that allows localisation 

of oxygenated haemoglobin in the brain, which indicates brain activity 

 

Hippocampus: area in medial temporal lobe, forms part of limbic system and is associated 

with emotions and memory 

 

Insula: area in frontal lobe associated with amongst others taste 

 

Limbic system: brain circuits that are involved in emotional regulation 

 

Motor cortex – located in the frontal lobe, directs motor control 

 

Parietal lobe – located immediately posterior to the frontal lobe; processes somatic 

information relayed from the body; also contains some speech areas 

 

PET – Positron emission tomography: an imaging technique that makes use of radioactive 

isotopes to localise areas of increased brain activity 
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Prefrontal cortex – most anterior part of the frontal lobe; consists of medial, dorsolateral and 

orbitofrontal parts 

 

Somatosensory – bodily sensation 

 

SPECT – single photon emission computed tomography: an imaging technique based on CT 

which uses photon-emitting isotopes to localise brain activity 

 

Thalamus – structure in diencephalon which relays information from brain stem to the brain 

 

vlPFC – ventro lateral prefrontal cortex: an area of prefrontal cortex that processes visual and 

auditory information 

 

vmPFC – ventromedial prefrontal cortex: an area in prefrontal cortex that is involved in fear 

and risk responses as well as regulation of emotions 

 
  



 40 

References: 

 

Alogna V, Bering J, Balkcom E, Halberstadt J (2019). Religious Intuitions and the Nature of 

“Belief”. Studia Humana 8: 58-68.  

 

Atran S , Norenzayan A (2004). Religion’s evolutionary landscape: Counterintuition, 

commitment, compassion, communion. Behavioral and Brain Sciences. 27: 713-730.  
 

Azari N, Nickel J, Wunderlich G, Niedeggen M, Hefter H, Tellmann L, Herzog H, Stoerig P, 

Birnbacher D, Seitz R (2001). Neural correlates of religious experience. European Journal of 

Neuroscience 13: 1649-1652. 

 

Barrett J (2011). Cognitive science of religion: looking back, looking forward. Journal for the 

Scientific Study of Religion 50: 229-239. 

 

Beauregard M, Paquette V (2006). Neural correlates of a mystical experience in Carmelite 

nuns. Neuroscience Letters 405: 186-190. 

 

Bot M, Bour L, de Bie R, Contarino M, Schuurman PR, van den Munckhof P (2016). Can We 

Rely on Susceptibility-Weighted Imaging for Subthalamic Nucleus Identification in Deep 

Brain Stimulation Surgery? Neurosurgery 78: 353-360. 

 

Boyer, P (2003). Religious thought and behaviour as by-products of brain function. Trends in 

Cogntive Sciences 7: 119-124. 

 

Boyer P (2004).  Religion, Evolution, and Cognition (Atran's In Gods We Trust, Wilson's 

Darwin's Cathedral) Current Anthropology 45: 430-433. 

 

Carhart-Harris R, Leech R, Hellyer P, Shanahan M, Feilding A, Tagliazucchi E, Chialvo D, 

Nutt D (2014). The entropic brain: a theory of conscious states informed by neuroimaging 

research with psychedelic drugs. Frontiers in Human Neuroscience 8:20.  

 



 41 

Cristofori I, Zhong W, Cohen-Zimerman S, Bulbulia J, Gordon B, Krueger F, Grafman J 

(2021). Brain networks involved in the influence of religion on empathy in male Vietnam 

War veterans. Scientific Reports 11, 11047.  

 

Dunbar R (2022). How Religion Evolved And Why It Endures. Pelican books. 

 

Fetchenhauer D (2009). Evolutionary Perspectives on Religion – What They Can and What 

They Cannot Explain (Yet). In: Voland, E., Schiefenhövel, W. (eds) The Biological Evolution 

of Religious Mind and Behavior. The Frontiers Collection. Springer, Berlin, Heidelberg.  

 

Firat R (2019) Opening the “Black Box”: Functions of the Frontal Lobes and Their 

Implications for Sociology. Frontiers in Sociology. 4:3.  

 

Goodman L (2009). Ibn Tufayl’s Hayy Ibn Yaqzan. A Philosophical Tale. University of 

Chicago Press. Chicago, London. 

 

Grafman J, Cristofori I, Zhong W, Bulbulia J (2020). The Neural Basis of Religious 

Cognition. Current Directions in Psychological Science 29: 126-133. 

Granqvist P, Fredrikson M, Unge P, Hagenfeldt A, Valind S, Larhammar D, Larsson M. 

(2005). Sensed presence and mystical experiences are predicted by suggestibility, not by the 

application of transcranial weak complex magnetic fields. Neuroscience Letters 379: 1–6. 

Greyson B, Broshek D, Derr L, Fountain N (2015) Mystical experiences associated with 

seizure. Religion, Brain & Behavior 5: 182-196. 

 

Johnson C, Friedman H. (2008). Enlightened or Delusional?: Differentiating Religious, 

Spiritual, and Transpersonal Experiences from Psychopathology. Journal of Humanistic 

Psychology 48: 505-527.  

 

 

Kirkpatrick LA, Williamsburg M (2004). Attachment, Evolution, and the Psychology of 

Religion. Guilford Publications, New York. 

 



 42 

Krippendorff, K. (2019). Content analysis: an introduction to its methodology (Fourth 

edition). SAGE. 

 

Lazar S, Bush G, Gollub R, Fricchione G, Khalsa G, Benson H (2000). Functional brain 

mapping of the relaxation response and meditation. NeuroReport 11: 1581-1585. 

 

Legesse B, Price B, Murray E (2012). Brain and Behavior Relationships. In Ramachandran V 

(ed) Encyclopedia of Human Behavior. 2nd Edition, p 386-395. 

 

Lindsay K, Bone I, Fuller G (2010). Neurology and Neurosurgery Illustrated. 5t Ed. Elsevier. 

Edinburgh, London, New York 

 

Nelson C, Woods R (2011). Content Analysis. In Stausberg M, Engler S (eds) The Routledge 

Handbook of Research Methods in the Study of Religion. Routledge Taylor and Francis 

Group, London & New York 

 

Newberg A, Alavi A, Baime M, Pourdehnad M, Santanna J, d’Aquili E (2001). The 

measurement of regional cerebral blood flow during the complex cognitive task of meditation: 

a preliminary SPECT study. Psychiatry Research: Neuroimaging 106: 113-122. 

 

Newberg A, Pourdehnad M, Alavi A, d’Aquili E (2003). Cerebral Blood Flow during 

Meditative Prayer: Preliminary Findings and Methodological Issues. Perceptual and Motor  

Skills 97: 625-630.  

 

Newberg A, Wintering N, Morgan D, Waldman M (2006). The measurement of regional 

cerebral blood flow during glossolalia: A preliminary SPECT study. Psychiatry Research 

148: 67–71. 

 

Newberg A, Newberg S (2014). The Neuropsychology of Religious and Spiritual Experience 

in Paloutzian R, Park C (ed). Handbook of the Psychology of Religion and Spirituality.  

 

Norenzayan A (2013). Big gods: how religion transformed cooperation and conflict. Princeton 

University Press, Princeton, New Jersey. 

 



 43 

Ogata A, Miyakawa T (1998). Religious experiences in epileptic patients with a focus on 

ictus-related episodes. Psychiatry and Clinical Neurosciences 52: 321-325 

 

Proudfoot, W (ed.) 2004, William James and a Science of Religions: Reexperiencing The 

Varieties of Religious Experience. Columbia University Press, New York. Available from: 

ProQuest Ebook Central. [30 October 2023]. 

 

Partridge, C (2018). High Culture: Drugs, Mysticism, and the Pursuit of Transcendence in the 

Modern World. New York, 2018; online edn, Oxford Academic  

 

Schendan H (2012). Semantic Memory. In Ramachandran V (ed). Encyclopedia of Human 

Behavior 2nd Edition, p 350-358. 

 

Schjoedt, U (2009). The Religious Brain: A General Introduction to the Experimental 

Neuroscience of Religion. Method and Theory in the Study of Religion 21: 310-339. 

 

Schjoedt U, van Elk M (2022). Neuroscience of Religion, in Barrett, J (ed.). The Oxford 

Handbook of the Cognitive Science of Religion. Oxford Handbooks (2022; online edn, Oxford 

Academic, 20 Apr. 2022) 

 

Shaver J., Purzycki B, Sosis R (2017). Evolutionary Theory in Stausberg M, and Engler S 

(eds), The Oxford Handbook of the Study of Religion. Oxford Handbooks (2016; online edn, 

Oxford Academic, 6 June 2017) 

 

Silveira, L (2008). Experimenting with Spirituality: analyzing The God Gene in a nonmajors 

laboratory course. CBE – Life Sciences Education. 7: 132-145 

 

Tremlin, Todd (2006). Mind and Gods: The Cognitive Foundations of Religion. Oxford 

University Press. 

 

Tucker D, Novelly R, & Walker P (1987). Hyperreligiosity in temporal lobe epilepsy: 

redefining the relationship. The Journal of nervous and mental disease, 175: 181–184.  

 



 44 

Urgesi C, Aglioti S, Skrap M, Fabbro F(2010). The Spiritual Brain: Selective Cortical Lesions 

Modulate Human Self-Transcendence. Neuron (Cambridge, Mass.) 65: 309–319.  

 

Wilson J (2003). Biological Foundation of Human Behavior. Thomson Wadsworth, Canada 

 


