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Abstract

This chapter begins with a brief review of descriptions and definitions of mystical-type 

experiences and the historical connection between classic hallucinogens and mystical experiences. 

The chapter then explores the empirical literature on experiences with classic hallucinogens in 

which claims about mystical or religious experiences have been made. A psychometrically 

validated questionnaire is described for the reliable measurement of mystical-type experiences 

occasioned by classic hallucinogens. Controlled laboratory studies show that under double-blind 

conditions that provide significant controls for expectancy bias, psilocybin can occasion complete 

mystical experiences in the majority of people studied. These effects are dose-dependent, specific 

to psilocybin compared to placebo or a psychoactive control substance, and have enduring impact 

on the moods, attitudes, and behaviors of participants as assessed by self-report of participants and 

ratings by community observers. Other studies suggest that enduring personal meaning in healthy 

volunteers and therapeutic outcomes in patients, including reduction and cessation of substance 

abuse behaviors and reduction of anxiety and depression in patients with a life-threatening cancer 

diagnosis, are related to the occurrence of mystical experiences during drug sessions. The final 

sections of the chapter draw parallels in human neuroscience research between the neural bases of 

experiences with classic hallucinogens and the neural bases of meditative practices for which 

claims of mystical-type experience are sometimes made. From these parallels, a functional neural 

model of mystical experience is proposed, based on changes in the default mode network of the 

brain that have been observed after the administration of classic hallucinogens and during 

meditation practices for which mystical-type claims have been made.
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1. Introduction

Reports of mystical-type experiences date back many centuries (e.g. in the case of Rumi or 

St. Teresa of Avila), if not millennia (i.e. in the case of Plotinus) (Stace, 1960a). Mystical 
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experiences have occurred in the course of structured spiritual or religious practices as well 

as in cases in which there was no direct intention to have such an experience. Mystical 

experiences are uniquely interesting and important to study because they are sometimes 

associated with abrupt, substantial, and sustained changes in behavior and perception (Miller 

& C’de Baca, 2001). Furthermore, the authoritative sense of interconnectedness and 

sacredness that defines such experiences suggest that mystical experiences may be 

foundational to the world’s ethical and moral systems (Huxley 1947). Despite their apparent 

importance, the unpredictability and low probability of “naturally occurring” mystical-type 

experiences, whether they occur in religious or non-religious contexts, has made them 

inherently difficult to study in controlled empirical research.

While there are countless reports of profound spiritual and mystical experiences that have 

occurred in the absence of psychoactive substances, historical evidence abounds for the role 

of psychoactive substances in ceremonial approaches to facilitating such experiences 

(Schultes, Hofmann, & Rätsch, 2001). Further, descriptions of naturally occurring mystical 

experiences (Stace, 1960b) are strikingly similar to profound spiritual experiences 

occasioned by hallucinogenic substances (Roberts, 2001). Experimental investigations have 

begun to utilize classic hallucinogens to study the reliability, characteristics, subjective 

nature, and behavioral consequences of mystical-type experiences (Pahnke, 1963; Griffiths, 

Richards, McCann, & Jesse, 2006; Griffiths et al., 2011; Garcia-Romeu et al., 2015). Classic 

hallucinogens are a structurally diverse group of compounds that bind at 5-HT2A serotonin 

receptors and produce a unique profile of changes in thoughts, emotions, and perceptions, 

often including profound alterations in the perception of reality, that are rarely experienced 

except in dreams, naturally occurring mystical experiences, and acute psychosis. The use of 

classic hallucinogens makes the study of mystical experiences more tractable because classic 

hallucinogens can be administered under double-blind conditions and can occasion mystical 

experiences with high probability (Griffiths et al., 2006; Griffiths et al., 2011). Classic 

hallucinogens allow for prospective and controlled exploration of such experiences, and 

provide a degree of neurobiological specificity and mechanistic understanding that is not 

possible in correlational or descriptive studies, or in reviews of present-day or historical case 

reports.

The following section of this chapter reviews descriptions and definitions of mystical-type 

experiences. Evidence of the historical connection between classic hallucinogens and 

mystical experiences is then presented. The chapter then reviews empirical evidence of 

mystical experiences occasioned by classic hallucinogens and the potential therapeutic 

benefits of such experiences. The chapter ends with an exposition of a functional neural 

model of mystical experience that is based on changes in the default mode network of the 

brain that have been observed after the administration of classic hallucinogens and during 

meditation practices which are sometimes associated with mystical-type experiences.

2. What are Mystical Experiences?

“[Mystical experiences are] those peculiar states of consciousness in which the 

individual discovers himself to be one continuous process with God, with the 
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Universe, with the Ground of Being, or whatever name he may use by cultural 

conditioning or personal preference for the ultimate and eternal reality”

(Watts, 1970)

The theological and philosophical literatures have primarily taken descriptions of 

experiences as their source data for the exploration of mystical experiences. The theological 

literature on mystical experiences is based on accounts of prophets, saints, and the practices 

of mystic sects within religious traditions. Mystic sects exist within all major world 

religions. These sects are lineages of individuals who have organized around a spiritual 

practice within their culture and religion, with characteristic lifestyles, teachings, and 

traditions that instruct the individual and provide a supportive setting for the individual to 

achieve a deeper connection with the God of their understanding. In this fashion, mystics 

may be considered “empirical” theologians (Huxley, 1947). Sufism is a mystical sect within 

the religion of Islam, while Kabbalists explore mysticism in the context of Judaism. 

Individuals from various religious traditions, including Christian (e.g. Meister Eckhart from 

the 13th century, St. Teresa of Avila and St. John of the Cross from the 16th century), 

Islamic (e.g. Rumi and Saadi from the 13th century), and Jewish (e.g. Maimonides of the 

12th century) traditions, are considered to be mystics. Some Hindu and Buddhist meditation 

practices that focus on non-dual experiences likely increase the probability of mystical-type 

experiences (Stace, 1960a).

The most definitive philosophical treatise on mystical experiences was compiled by Walter 

Stace (1960a). Stace identified, collated, and distilled descriptions of mystical experiences 

from a variety of sources. From this literature, he argued that mystical experiences have a 

“common core” of phenomenological features that are independent from the interpretation 

of those experiences. His thesis in this regard was that differences in the descriptions of 

mystical experiences given by mystics of different faiths amount not to a difference in the 

core experience, but rather a difference in the interpretational frame through which those 

experiences are viewed. The idea of a “common core” of mystical experience is consistent 

with the notion of a “perennial philosophy” in which an “immemorial and universal” 

substrate underlies all religions and spiritual paths and is reflected in “every religious 

tradition and in all the principal languages of Asia and Europe” (Huxley, 1947).

A critical definitional feature of the mystical experience is a sense of unity, or the experience 

of becoming one with all that exists. Stace (1960b) described this mystical unity as “the 

apprehension of an ultimate nonsensuous unity in all things”. Stace made a distinction 

between the qualitative nature of unity in extrovertive mystical experiences and the 

qualitative nature of unity in introvertive mystical experiences. Unity in the extrovertive 

mystical experience involves recognition of the oneness of all, in which one finds unity at 

the core of the inner subjectivity or inner reality of all things despite the diversity or 

apparent individual identity and separation of all things. Unity in the introvertive mystical 

experience, on the other hand, involves an experience of the complete dissolution of the self, 

loss of the notion of “I” and loss of all boundaries, such that there is no separation or 

individual identity. Introvertive mystical experience involves an experience of unity that is 

otherwise devoid of content, sometimes referred to as “the void”. While both extrovertive 

and introvertive types are considered experiences of mystical unity, Stace considered 
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extrovertive unity as an “incomplete kind of experience which finds its completion and 

fulfillment in the introvertive kind of experience” (Stace, 1960a).

In addition to the experience of introvertive or extrovertive types of unity, Stace described 

six other dimensions of mystical experience: 1) sacredness: a sense that what is encountered 

is holy or sacred; 2) noetic quality: the experience is imbued with an aspect of meaning and 

a sense of encountering ultimate reality that is more real than usual everyday reality; 3) 

deeply felt positive mood: joy, ecstasy, blessedness, peace, tenderness, gentleness, 

tranquility, awe; 4) ineffability: the experience is difficult to put into words; 5) 

paradoxicality: to explain the experience, one seems to have to describe the co-existence of 

mutually exclusive states or concepts; 6) transcendence of time and space: Introvertive 

mystical experiences may have a non-spatial and non-temporal aspect, such that the 

traditional notions of time and space have no meaning.

As described in more detail later in this chapter, mystical experiences may be encountered 

following the ingestion of classic hallucinogens. The following is a written description of an 

experience reported by a volunteer who received 20 mg/70 kg of psilocybin in a study 

conducted at Johns Hopkins. Bold typeface indicates portions of the description that directly 

align with dimensions of mystical experience that were identified by Stace:

“In my mind’s eye, I felt myself instinctively taking on the posture of prayer in my 

head. I was on my knees, hands clasped in front of me and I bowed to this force. I 

wasn’t scared or threatened in any way. It was more about reverence. I was 

showing my respect. I was humbled and honored to be in this presence. This 

presence was a feeling, not something I saw or heard. I only felt it, but it felt more 
real than any reality I have experienced. And it was a familiar place too. One I 

had felt before. It was when I surrendered to this, that I felt like I let go. I was 

gone…or I should say this earthly part of me was. It was still on the couch in some 

sort of suspended animation awaiting my return. I was in the void. This void had a 

strange and indescribable quality to it in that there was nothing to it but this 

feeling of unconditional and undying Love. It felt like my soul was basking in the 

feeling of this space. I have no idea how long this lasted. Time and space did not 
exist there …it was all different manifestations of this Love feeling I found myself 

wrapped in.”

Mystical experiences have been an active area of investigation in the experimental 

psychology literature, particularly within the psychology of religion (Hood, 2009). Research 

in this domain has frequently used the Mysticism Scale, a psychometric instrument that 

codifies the descriptive definition of mystical experience provided by Stace (Hood, 1975; 

Hood et al., 2001). The Hood Mysticism Scale is scored into three factors: extrovertive 

mysticism, introvertive mysticism, and religious interpretation. While the precise factor 

structure of items of the Hood Mysticism Scale may nominally vary between different 

cultures and different religious backgrounds (Chen, Hood, Qi, & Watson, 2011a; Chen, 

Hood, Yang, & Watson, 2011b; Chen, Zhang, Hood, & Watson, 2012), the basic concepts 

that underlie the factor structure of this instrument are reliable and align with Stace’s model. 

The extrovertive mysticism factor typically includes items related to external unity (unity in 

diversity) and inner subjectivity. The introvertive mysticism factor typically includes items 
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related to internal unity (contentless unity), ego loss, ineffability, timelessness and 

spacelessness. The religious interpretation factor typically includes items that measure 

reverence or sacredness, noetic quality, and positive mood. Paradoxicality, though identified 

by Stace as a characteristic of mystical experiences, was not included as a criterion 

dimension in the Hood Mysticism Scale (Hood, 1975).

The Hood Mysticism Scale has been used in survey research and to assess retrospective 

accounts of mystical experiences in other psychological studies. With tools such as the 

Mysticism Scale, Ralph Hood and colleagues have vigorously defended the thesis of the 

“common core” (Hood & Williamson, 2000; Hood, 2006; Anthony, Hermans, & Sterkens, 

2010) by demonstrating the overall reliability and reproducibility of the factor structure of 

mystical experiences across various participant samples, across cultures, and across a 

number of different religious traditions. Iranian Muslims (Hood et al., 2001), American 

Christians (Hood et al., 2001), Chinese Christians (Chen et al., 2012), Chinese Buddhists, 

(Chen et al., 2011a), and Tibetan Buddhists (Chen et al., 2011b) were assessed using the 

Hood Mysticism Scale and the instrument was shown to validly measure mystical 

experiences in each sample. The common features of mystical experiences shared across 

cultures and religious traditions are consistent with idea that there is a common core to such 

religious experiences (i.e. the perennial philosophy; Huxley, 1947).

It is important to acknowledge that the most extreme interpretation of the common core 

hypothesis, which holds that mystical experience is a direct encounter with the divine, and 

from which claims of a perennial philosophy are made, has been criticized by some scholars 

of religion. These scholars argue that the cross-religion and cross-cultural generality of such 

experiences is impossible from a constructionist position that asserts that all such 

experiences are necessarily and significantly shaped by language and culture, the differences 

in which obviate the potential for a common core to these experiences (Katz, 1978; 1983; 

Proudfoot, 1985; Sharf, 1998). Although debating the conceptual extreme interpretations of 

mystical experience has provided a platform for academic scholarship, it may not be a 

productive strategy for advancing a scientific basis for exploring the immediate causes and 

consequences of such experiences (Hood, 2003). The research discussed throughout this 

chapter is focused on an empirical description and analysis of mystical type experiences, 

which we believe has documented impressive generality and replicability of such 

experiences.

Mystical experiences have not been restricted to any particular path, canon, or dogmatic 

viewpoint, and experiences identified as mystical have been encountered in secular contexts 

outside of the framework of any traditional religious or spiritual practice or interpretation 

(Hood, Morris, & Watson, 1990). Experiences that fit the mystical-type framework have a 

wide range of apparent etiologies, including meditation and prayer (d’Aquili & Newberg, 

2000; Newberg & Iversen, 2003; Newberg et al., 2010; Josipovic, 2014), sensory 

deprivation/isolation (Hood et al., 1990), music listening by “deep listeners” (Gabrielsson, 

2010; Penman & Becker, 2009), breathwork (Grof et al 2010), and ingestion of classic 

hallucinogens such as psilocybin (Griffiths et al., 2006; Griffiths, Richards, Johnson, 

McCann, & Jesse, 2008; Griffiths et al., 2011).
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While certain examples of mystical experience may be accompanied by quite dramatic and 

seemingly paranormal events (e.g. some of the experiences described by prophets in the Old 

Testament), these are exceptions rather than exemplars of mystical-type experiences. 

Likewise, abrupt experiences of “rapture” as described by mystics such as St. Teresa of 

Avila may be atypical (Stace, 1960a). Rapture in the case of St. Teresa involved not only 

feelings of positive mood (ecstasy or pleasure) but also feelings of fear, and abnormal body 

changes (Underhill, 1911 [2009]). Seeing visions and hearing voices are likewise not core 

elements of mystical experiences (Stace, 1960a). Prophetic experiences per se, although 

heavily associated with classic religious and scriptural encounters with God, may not 

contain all the key features of mystical experience (Hood, 2009).

Mystical experiences are not similar to the altered states of consciousness associated with 

intoxication of many common psychoactive drugs such alcohol or opiates (Aaronson & 

Osmond, 1970). Nor are mystical experiences necessarily associated with religious 

experiences such as glossolalia, or speaking in tongues (Newberg, Wintering, Morgan, & 

Waldman, 2006). Mystical experiences may be accompanied by spiritual insights, but the 

mystical experience is not, in and of itself, simply the experience of religious or spiritual 

insight. Mystical experiences are also not simply an interesting aesthetic and/or euphoric 

experience, an experience of an archetypal construct, or a psychodynamic or intellectual 

insight (Richards, 2014). Mystical experiences are defined as a self-reported experience of 

unity accompanied by the additional dimensions of experience as outlined by Stace.

3. Historical Use of Indigenous Hallucinogens

The ingestion of naturally occurring classic hallucinogens in ceremonial contexts has a long 

history. While there is clear anthropological evidence of the ceremonial consumption of 

hallucinogenic plant and fungal matter in the past few centuries (Dobkin de Rios, 1984; 

Guzmán, 2008), there is speculation that ceremonial use of similar psychoactive compounds 

dates back many thousands of years (Schultes, 1969; Westermeyer, 1988; Wasson, Hofman, 

& Ruck, 1998; Schultes et al., 2001). The reasons for ceremonial use of these substances by 

indigenous people included use for medicinal and divination purposes, but a prominent goal 

of ceremonial consumption of classic hallucinogens has also likely been to occasion primary 

spiritual experiences that fit a mystical-type description (Roberts, 2001). Psychoactive plants 

and fungi for which there is substantive knowledge of ceremonial use include peyote, 

ayahuasca, and psilocybin mushrooms. While double-blind studies have not rigorously 

compared the psychoactive effects of these and other classic hallucinogens (including 

synthetic hallucinogens such as LSD), the alterations in consciousness produced by these 

compounds are generally considered to be quite similar, putatively because they share a 

common mechanism of action initiated through agonism at the 5HT2A receptor and likely 

involving downstream glutamate effects (Nichols, 2004, 2016; Vollenweider & Kometer, 

2010). Under appropriate set and setting conditions, these substances may produce mystical 

type experiences.

Peyote is a cactus that contains the hallucinogenic alkaloid mescaline (3,4,5-trimethoxy-

phenethylamine), which was used historically by Mexican indigenous people, including the 

Chichimeca, Huichol, and Tarahumara tribes, for thousands of years (El-Seedi, De Smet, 
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Beck, Possnert, & Bruhn, 2005; Schultes et al., 2001). Historically, peyote has been used 

both for medicinal and ceremonial purposes (Schultes et al., 2001). Peyote is currently used 

for religious purposes by the Native American Church (Halpern, Sherwood, Hudson, 

Yurgelun-Todd, & Pope, 2005; Osmond, 1970). Humphrey Osmond described an experience 

that he had with peyote as a participant in a ceremony of the Native American Church, and 

concluded: “We had wrestled with the angel. We had grappled with the Heavenly Father” 

and “Peyote acts not by emphasizing one’s own self but by expanding it into the selves of 

others, with a deepening empathy or in-feeling. The self is dissolved and, in being dissolved, 

enriched” (Osmond, 1970)

Psilocybin (4-phosphoryloxy-N,N-dimethyl-tryptamine), another hallucinogenic alkaloid, 

occurs naturally in mushrooms of the Psilocybe genus that are found on all continents 

(Guzman, 1983). The ceremonial use of psilocybin-containing mushrooms by indigenous 

tribes in Mexico can be traced back at least to the 15th century. At least nine indigenous 

groups in Mexico have been identified that still consume psilocybin mushrooms in a 

ceremonial context (Guzmán, 2008). R. Gordon Wasson used language suggestive of 

mystical-type experiences when describing his first exposure to psilocybin-containing 

mushrooms during a ceremony led by the now famous mushroom shaman, Maria Sabina: 

“… your soul is free, loses all sense of time … you know what the ineffable is, and what 

ecstasy means … the flight of the soul from the body” (Wasson et al., 1998).

DMT (N,N-dimethyltryptamine) is another hallucinogenic tryptamine alkaloid that has been 

used in various forms for medicinal, prophetic, and divination purposes by groups in South 

America since pre-Columbian times (Dobkin de Rios, 1984; Schultes et al., 2001). 

Ayahuasca is a plant admixture made from two or more plants, including a plant (e.g. 

Psychotria viridis) that contains DMT and other plants that contain monoamine oxidase 

inhibitors (e.g. Banisteriopsis caapi). Ayahuasca is currently used for religious purposes in 

South America, the United States, and Europe by Uniao do Vegetal and the Santo Daime 

Church (Dobkin de Rios, 1996; Grob et al., 1996; Tupper, 2008). While not as widely used 

as ayahuasca, snuffs made from DMT-containing plants also have a history of ceremonial 

use in South America, with more frequent use in pre-Columbian than in modern times 

(Dobkin de Rios, 1984).

4. Experimental Evidence of Mystical Experiences with Psilocybin

The classic hallucinogens produce a unique profile of cognitive, perceptual, and emotional 

changes that have similarities with various states of consciousness, including mystical 

experiences, psychoses, and liminal sleep states. During the first phase of modern human 

scientific research with classic hallucinogens, from roughly the 1950s to the 1970s, classic 

hallucinogens were primarily studied as models of psychosis and as therapeutic agents in a 

variety of disorders. In 1962, Walter Pahnke conducted the remarkable Good Friday 

experiment, administering either 30 mg psilocybin (10 subjects) or 200 mg nicotinic acid (10 

subjects) with the intent of studying the incidence and character of psilocybin-induced 

mystical experiences (Pahnke, 1963).
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In an effort to maximize the effects of set and setting, Pahnke conducted the study with 

seminary students in a private chapel on Good Friday during the broadcast of the traditional 

Good Friday religious service. After the experience, and at a 6 month follow-up, participants 

completed a questionnaire that assessed eight dimensions of mystical experience that were 

based on the model of mystical experience developed by Stace (Stace, 1960a): introvertive 

unity, extrovertive unity, transcendence of time and space, deeply felt positive mood, 

sacredness, objectivity (noetic quality), ineffability, and paradoxicality. In addition, the 

transiency of the experience was assessed for a total of nine dimensions of mystical 

experience.

Pahnke considered a “complete” mystical experience as one in which ratings of at least 60 

percent of the total possible score for each of the nine categories of mystical experience 

were provided (Pahnke, 1969). By this criterion, 30–40% of participants in the psilocybin 

condition achieved a complete mystical experience during the study, whereas none of the 

control participants who received nicotinic acid achieved a complete mystical experience 

(Pahnke, 1967). In a 25-year follow-up to the Good Friday experiment, Doblin (Doblin, 

1991) was able to contact 16 of the 20 original participants and collect additional 

retrospective ratings on the nine dimensions of mystical experience measured by Pahnke. 

Doblin found little change between the 6-month retrospective ratings and the 25-year 

retrospective ratings of mystical experience. Moreover, both Pahnke (at the 6 month follow-

up) and Doblin (at the 25 years) found that participants in the psilocybin condition rated 

persisting positive changes in attitudes and behavior that they attributed to their psilocybin 

experience, while participants in the control condition indicated no such changes.

While groundbreaking, the Good Friday experiment had significant limitations, including 

limited generality due to the highly selective demographics of the participants (seminary 

students), conduct of the study in a group setting that allowed interactions among 

participants (thus resulting in non-independence of individual subject data), explicit 

instructions to participants that some would and some would not receive psilocybin (thus 

creating powerful expectancy effects), and the fact that half of the researchers present during 

the study also received psilocybin. Not surprisingly, under these conditions, the blind was 

broken shortly after drug administration, which likely contributed to the assessed differences 

between groups (Doblin, 1991; Wulff, 1991; Smith, 2000).

In a replication and extension of the Good Friday experiment, Griffiths and colleagues 

conducted a double-blind crossover comparative pharmacology study of psilocybin (30 

mg/70 kg) and methylphenidate (40 mg/70 kg), which were administered in separate 

sessions to each of 36 participants individually, with at least two months between sessions 

(Griffiths et al., 2006; Griffiths et al., 2008). Participants in this study were well educated, 

psychiatrically and medically healthy, had no prior hallucinogen use, and represented a more 

general sample of the population than those used in the Good Friday experiment. The study 

reduced expectancy and group confounding effects by studying participants without personal 

histories of hallucinogen use, by studying only a single participant at a time, and by using an 

experimental design and instructions that obscured the range of drug conditions that would 

be administered as well as the total possible number of sessions. The study also utilized a 

stronger control condition (methylphenidate) than the Good Friday experiment (nicotinic 
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acid). Methylphenidate and psilocybin can both induce strong subjective effects with some 

similarities, and with a reasonably similar time course. Nicotinic acid, in contrast, has a 

relatively short time course and a profile of subjective effects that is very different from 

psilocybin. Finally, in addition to using a revised and updated version of the mystical 

experience questionnaire used in the Good Friday experiment, Griffiths and colleagues used 

two psychometrically validated questionnaires that assessed mystical and spiritual effects 

(the Hood Mysticism Scale and the Spiritual Transcendence Scale) as well as ratings of 

changes in participant’s attitudes and behavior by community observers (family members 

and friends of participants).

In this study, Griffiths and colleagues demonstrated a fairly high frequency of “complete 

mystical experiences” during psilocybin sessions (61% of participants), but not during 

methylphenidate sessions (11% of participants). The criterion for a complete mystical 

experience was a score of 60% of the total possible score on each dimension of the Mystical 

Experience Questionnaire, including scores on either internal or external unity factors 

(whichever was greater) and sacredness, noetic quality, transcendence of time and space, 

ineffability, and positive mood factors (Griffiths et al., 2006). This is a scoring system is 

similar to the one used by Pahnke in the Good Friday Experiment. Two months after the 

session, most participants rated their psilocybin session as among the top five (71%) or 

single most (33%) spiritually significant experience of their lives, compared to 8% of 

participants who rated the methylphenidate experience to be among the top 5 spiritually 

significant experiences of their lives, with no one rating it as the single most. Ratings of 

positive attitudes about life and self, positive mood, positive behaviors, and positive social 

effects two months after psilocybin sessions were significantly greater than those provided 

two months after methylphenidate sessions. Negative ratings of these same dimensions were 

low and did not differ between the psilocybin and methylphenidate conditions. Further, 

community observers rated small but significant changes in participants’ positive attitudes 

and behaviors two months after the psilocybin sessions, but no changes were found two 

months after methylphenidate sessions. In a 14-month follow-up report, 67% of participants 

rated their psilocybin session as among the top five most spiritually significant experiences 

of their lives, and 58% of participants rated their psilocybin session as among the top five 

most personally meaningful experiences of their lives (Griffiths et al., 2008). Ratings of 

positive behavior, mood, attitude, and social changes associated with the psilocybin session 

at the 14-month follow-up were not significantly different from those provided two months 

post-session. Correlation and regression analyses indicated a central role of mystical 

experience assessed on the session day (but not intensity of psilocybin experience) in 

predicting the high ratings of spiritual significance and personal meaning assessed at 14 

months (Griffiths et al. 2008). Figure 1 illustrates the significant relationship between 

mystical experience score and follow-up ratings of spiritual significance.

A further extension of this line of research was published by Griffiths and colleagues in 

2011. This study utilized a double-blind placebo-controlled design that assessed the effects 

of placebo and a range of psilocybin doses on ratings of spiritual significance and 

meaningfulness of psilocybin sessions, and on the likelihood of complete mystical 

experience. Participants in this study were well educated, medically and psychiatrically 

healthy, and most were hallucinogen naïve. Participants received 5, 10, 20, and 30 mg/70 kg 
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of psilocybin in separate sessions in either ascending or descending order, with at least one 

month between each session and a placebo session randomly placed within the sequence. 

Participants were not informed of the ascending or descending nature of the dose sequence. 

61% of participants met criteria for a “complete” mystical experience during the 20 mg/70 

kg session, whereas 67% of participants met criteria for a “complete mystical experience 

during the 30 mg/70 kg session (Figure 2, “Dose Effects Study”, dark grey bars). Although 

“complete” mystical experience was coded in the original publication using items from the 

7-factor, 43-item MEQ (MEQ43), the above percentages were derived using the 

psychometrically validated 4-factor, 30-item MEQ (MEQ30). The MEQ30 has been 

validated in both retrospective accounts of mystical experiences with psilocybin (MacLean, 

Leoutsakos, Johnson, & Griffiths, 2012) and in prospective, experimental laboratory studies 

with psilocybin (Barrett, Johnson, & Griffiths 2015). The criteria for complete mystical 

experiences in the MEQ30 are a score of at least 60% of the total possible score on each of 

four factors of the MEQ30. The MEQ30 will be discussed in more detail later in this 

chapter.

Figure 2 (“Dose Effects Study”) shows that the mean total score on the MEQ30 (light grey 

bars) as well as the percentage of volunteers who met criteria for a complete mystical 

experience (dark grey bars) increased as a function of psilocybin dose. Overall, 72% of 

volunteers had a “complete” mystical experience during the 20 mg/70kg session and/or the 

30 mg/70 kg session (using MEQ30 scoring). Follow-up ratings one month after each 

session of the spiritual significance of the experience (Figure 3, “Dose Effects Study”, dark 

grey bars), as well as ratings of positive behavior change attributed to the experience (Figure 

3, “Dose Effects Study”, light grey bars), increased in a dose-dependent fashion. Eighty-

three percent of participants rated the session experiences after 20 and/or 30 mg/70 kg as 

among the five most spiritually significant experiences of their life; 61% also rated at least 

one of these as the single most spiritually significant experience of their life. Likewise, one 

month follow-up ratings of positive attitudes about life and self, positive behavior, positive 

social effects, and increased spirituality generally increased as a function of psilocybin dose. 

One month follow-up ratings after the 20 or 30 mg/70 kg sessions did not differ from follow-

up ratings 14 months after study completion. Finally, compared to pre-study ratings, 

community observers rated significant positive change in the attitudes and behaviors of 

participants three to four weeks after the final session and 14 months after the final session.

In addition to showing psilocybin dose effects on mystical experience and follow-up ratings, 

the rightmost columns of Figures 2 and 3 (“3 studies”) present data from 119 volunteers 

after a high dose of psilocybin (30 mg/70 kg) (three studies: Griffiths et al., 2006, 2011 and 

an unpublished study in beginning meditators). Fifty-seven percent met criteria for a 

complete mystical experience (Figure 2, “3 Studies”). More than 65% of high-dose sessions 

were retrospectively rated in the top 5 if not the single most personally meaningful (66%) or 

spiritually significant (68%) experience that volunteers have had in their lives, with most 

participants (70%) rating at least moderate positive behavior change that they attributed to 

their session experience (Figure 3, “3 Studies”). The overall rate of complete mystical 

experiences achieved in these studies exceeds the rate achieved by Pahnke in the original 

Good Friday Experiment (30 to 40%; Pahnke, 1967). Various factors likely contributed to 
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this difference, with the most important being the greater volunteer preparation before and 

support during the sessions provided in the more recent studies.

Overall, the psilocybin studies reviewed in this section (Pahnke, 1963; Griffiths et al., 2006, 

2008, 2011, unpublished) make important contributions to the understanding of mystical 

experiences. These studies show that under double-blind conditions that provided significant 

controls for expectancy bias, psilocybin can occasion complete mystical experiences in the 

majority of people studied. These effects are dose-dependent, specific to psilocybin 

compared to a psychoactive control substance (methylphenidate), and have enduring impact 

on the moods, attitudes, and behaviors of participants as assessed by self-report of 

participants and ratings by community observers.

5. The Mystical Experience Questionnaire

A primary tool for the study of mystical experiences with classic hallucinogens is the 

Mystical Experience Questionnaire. The 43-item Mystical Experience Questionnaire 

(MEQ43), also known as the Pahnke-Richards Mystical Experience Questionnaire (Griffiths 

et al., 2006), was comprised of 43 items that were similar, but not identical, to the original 

item set used by Pahnke in the Good Friday experiment. The MEQ43 was scored into seven 

scales based on seven descriptive dimensions of mystical experience described by Stace 

(1960): internal unity, external unity, noetic quality, sacredness, positive mood, 

transcendence of time and space, and a final factor that combined ineffability and 

paradoxicality scores. Items from a transiency scale used by Pahnke were not included. 

Thus, the MEQ43 dimensions are theoretically derived, not empirically derived. The 

MEQ43 was used in the psilocybin vs. methylphenidate comparison study (Griffiths et al., 

2006; Griffiths et al., 2008), the psilocybin dose effects study (Griffiths et al., 2011), and the 

psilocybin smoking cessation study (Johnson et al., 2014; Garcia-Romeu et al., 2015). The 

factor structure of this instrument was recently evaluated through analysis of retrospective 

accounts of mystical experiences with psilocybin-containing mushrooms, collected in two 

internet surveys (MacLean et al., 2012) (n1 = 1602, n2 = 440). Psychometric analysis of the 

MEQ43 responses provided in these samples yielded a four-factor structure using a subset of 

30 of the original 43 items. The four factors of the 30-item MEQ (MEQ30) are: 1. mystical 

(including items from the previously proposed internal unity, external unity, noetic quality, 

and sacredness factors); 2. positive mood; 3. transcendence of time and space; and 4. 

ineffability. The MEQ30 items and factor structure are presented in Figure 4. This factor 

structure differs from that of the Hood Mysticism Scale, which has three factors: introvertive 

mysticism (typically including items measuring contentless unity, timelessness, and 

spacelessness), extrovertive mysticism (typically including items measuring unity in 

diversity and inner subjectivity), and religious interpretation (typically including items that 

measure sacredness, noetic quality, positive affect, paradoxicality, and ineffability). 

Although some items on the Hood Mysticism Scale were shown to load onto different 

factors in different subject populations (Chen et al., 2011a; Chen et al., 2011b), the 

underlying conceptual framework of the three-factor structure of the items of the Hood 

Mysticism Scale has been repeatedly replicated. The four factor structure for the MEQ30 

was found to fit responses to the MEQ30 items better than two variations of a three-factor 

model that included the model proposed by Hood (MacLean et al., 2012).
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The MEQ30 has more recently been validated using data collected after psilocybin 

administration in the context of prospective experimental laboratory psilocybin studies 

conducted at Johns Hopkins (Barrett, Johnson, & Griffiths, 2015). MEQ data from the first 

moderate to high dose session (20 mg/70 kg or greater) for 184 volunteers from a total of 5 

psilocybin studies (Griffiths et al., 2006; Griffiths et al., 2011; Johnson et al., 2014; Griffiths 

et al., in press; and an unpublished study in beginning meditators) were pooled and 

submitted to confirmatory factor analysis. The analysis confirmed the internal validity of the 

MEQ30 by demonstrating acceptable fit of the four-factor structure of the MEQ30. This 

analysis also demonstrated the external validity of the instrument by showing that the four 

factors of the MEQ30 and a higher-level MEQ total score significantly predicted subsequent 

ratings (from 3 to 8 weeks after psilocybin administration) of the meaningfulness, spiritual 

significance, impact on well-being, and positive change in behavior attributed to each 

psilocybin session, while also controlling for rated strength of drug effects (Barrett et al., 

2015). Another recent study suggested a 2-factor solution to the MEQ30, based on ratings 

(N=158) given by individuals who had just completed an ayahuasca ceremony, however this 

solution was not validated with either a separate or a large sample (Bouso et al., 2016). The 

limitations of this study include details of the set and setting as well as the actual dose of 

dimethyltryptamine consumed in any given instance. Without proper control of these 

elements of experience or experimental design, and without validation of the 2-factor 

structure with rigorous methods in separate samples, we must caution readers to treat the 2-

factor structure tentatively (Barrett & Griffiths, 2016).

The MEQ30 has also been utilized in studies of LSD and MDMA. A controlled laboratory 

experiment involving administration of psychedelics compared MEQ30 scores provided in 

reference to experiences with LSD (200 μg), MDMA (75 mg), methylphenidate (40mg), and 

placebo (Liechti, Dolder & Schmid, 2016). While MEQ30 scores for those who received 

LSD were significantly higher than for those in any other experimental condition, rates of 

complete mystical experience were lower for LSD (12.5%) than for previous reports of 

mystical experience after methylphenidate (23–33%) or psilocybin (up to 67% for a high 

dose of psilocybin; Barrett, Johnson, & Griffiths, 2015). It must be noted, however, that the 

set and setting involved in previous reports of mystical experience with methylphenidate and 

psilocybin (Barrett, Johnson, & Griffiths, 2015; Griffiths et al., 2006; Griffiths et al., 2011) 

were highly optimized to support the emergence of mystical experience, involving an 

experimental room modeled after a living room, a continuous musical accompaniment, art 

on the walls and soft lighting, and continual interpersonal preparation, support and 

integration of the experience. The set and setting reported for LSD administration was 

significantly different, occurring in a standard hospital patient room with optional music 

listening (Liechti, Dolder, & Schmid, 2016).

The MEQ30 and the Hood Mysticism Scale are psychometrically validated measures of 

mystical experience that have been derived from the same conceptual frame (Stace, 1960a), 

but they differ in specific items and underlying factor structure. The MEQ30 and the Hood 

Mysticism Scale also differ in the timeframe over which the dimensions of mystical 

experiences are assessed. The MEQ30 assesses phenomena occurring during a single 

discrete experience, while the Hood Mysticism Scale typically assesses phenomena 

occurring over a lifetime. In addition, the MEQ30 has only been used in studies of classic 
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hallucinogens (Griffiths et al., 2006; Griffiths et al., 2011; Johnson et al., 2014; Garcia-

Romeu et al., 2015), whereas the Hood Mysticism Scale has been used most often in the 

context of survey research, in which the etiology of mystical experience is unknown, but 

generally not assumed to be due to classic hallucinogens. Future research is needed to 

validate the MEQ30 in assessing mystical experiences that occur in experimental and non-

experimental contexts in absence of drug administration. The psychometrically and 

experimentally validated MEQ30 may serve as a useful tool to facilitate investigation of both 

the determinants and consequences of mystical experience, including a wide variety of 

behavioral, pharmacologic, neurophysiological, genetic, personality, psychological, and 

therapeutic outcome measures.

While it has been suggested that the oceanic boundlessness (OAV) sub-scale of the Altered 

States of Consciousness (APZ; Dittrich, 1998) questionnaire or the spiritual sub-scale of the 

derivative 5-Dimensional Altered States of Consciousness (5D-ASC; Dittrich, Lamparter, & 

Maurer, 2010; Studerus, Gamma, & Vollenweider, 2010) questionnaire may provide a 

measure mystical experience (Majic, Schmidt, & Gallinat, 2015), the items of these scales 

have only limited conceptual overlap with proposed (Stace, 1960a) and empirically tested 

(Hood, 1975; Griffiths et al., 2006; Hood, 2009; Griffiths et al., 2011) models of mystical 

experience. Unity and positive mood (assessed in the “Blissful State” and “Experience of 

Unity” factors) are scored in the 11-dimension scoring of the 5D-ASC, and may be 

considered more suitable measures of some aspects of mystical experience. However, none 

of the proposed scales of 5D-ASC uniquely assess the constructs of ineffability or 

transcendence of time and space. While the experience oceanic boundlessness, unity, and 

positive mood may be necessary for a complete mystical experience, they may not be 

sufficient. One could expect to experience these effects after ingesting other drugs that 

would not be expected to reliably occasion a mystical experience. For instance, MDMA may 

be expected to increase feelings of unity and positive mood, but it may not be expected to 

occasion mystical experience (Lyvers & Meester, 2012).

The newly developed Ego-Dissolution Inventory (EDI) measures a construct that is shown to 

correlate highly with a select number of MEQ items that assess unity (Nour et al., 2016), 

however this scale does not measure positive affect, ineffability, or transcendence of time 

and space, nor does this scale assess other aspects of mystical experience that are assessed 

by items that load onto the Mystical factor of the MEQ30 (e.g. external unity, noetic quality, 

reverence, or sacredness). It is possible that one might report having experienced ego 

dissolution (e.g. might endorse items from the EDI including “All notion of self and identity 

dissolved away”, “I lost all sense of ego”, “I felt far less absorbed by my own issues and 

concerns”, and “I experienced a [dissolution or disintegration] of my ‘self’ or ego”) under 

the effects of anesthesia (e.g. propofol), but this experience would not include other 

dimensions of mystical experience described by Stace or included in either the MEQ30 or 

Hood Mysticism Scale. Further, some psychedelic experiences of ego dissolution are 

psychologically challenging, are devoid of positive affect, and may have enduring negative 

psychological effects (Carbonaro et al., 2016). As constructed, the EDI will not differentiate 

such experiences from mystical type experiences.
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A complete mystical experience, as described by Stace (1960), which is codified in the 

MEQ30, includes not only just ego dissolution (as assessed by the EDI; Nour et al., 2016), 

unity (as assessed by the 5D-ASC), or positive mood (as assessed by the 5D-ASC), but also 

transcendence of space and time, ineffability, noetic quality, and reverence or sacredness. 

While other inventories have been used to measure and quantify important aspects of the 

subjective of psychedelics, such as experiences of unity and ego dissolution, none but the 

MEQ contains an array of items and subscales that adequately evaluates the construct of a 

complete mystical experience in relation to discrete psychedelic experiences.

6. Mystical Experiences, Classic Hallucinogens, and Therapeutic 

Interventions

Although mystical experiences are an intrinsically fascinating target of research in their own 

right in the study of consciousness, the correlates and consequences of mystical experiences 

may have relevance to therapeutic interventions. Research first conducted in the 1960s and 

continued in the present day suggests the possible efficacy of the classic hallucinogens in 

treating anxiety and depression (Grob et al., 2011; Carhart-Harris et al., 2016; Griffiths et 

al., 2016; Ross et al., 2016) and in treating addiction disorders such as alcohol dependence 

(Bogenschutz and Pommy, 2012; Bogenschutz and Johnson, 2016) and nicotine dependence 

(Johnson, Garcia-Romeu, Cosimano, & Griffiths, 2014). Relevant to the present review, 

drug-occasioned mystical experiences have been suggested as a mediating mechanism 

underlying possible therapeutic effects (Richards et al., 1977; Garcia-Romeu et al., 2015; 

Griffiths et al., 2016; Ross et al., 2016).

A recent open-label, proof of concept study investigated the value of psilocybin as an 

adjunct to a smoking cessation intervention (Johnson, Garcia-Romeu, Cosimano, & 

Griffiths, 2014). Fifteen participants received up to three sessions with either a 20 mg/70 kg 

or 30 mg/70 kg dose of psilocybin. The authors reported a striking clinical outcome of 

successful smoking cessation in 80% of the sample (12/15 participants), with biologically 

verified abstinence 6 months after each participant’s planned quit date. Seventy-three 

percent of participants rated at least one of their sessions as among the top five most 

spiritually significant experiences of their lives. Scores on a measure of individual mystical 

experience (the States of Consciousness Questionnaire, which contains the 43-item Mystical 

Experience Questionnaire, or MEQ43) correlated strongly, negatively, and significantly with 

a validated measure of cigarette craving (the Questionnaire on Smoking Urges). The MEQ43 

data for this study have been re-scored using the MEQ30 scoring, and are presented in 

Figure 5. This suggests a link between strength of mystical experience during psilocybin 

sessions and clinical change in subjective effects that drive addictive behavior (Garcia-

Romeu et al., 2015).

In a separate study, a similar finding was demonstrated in individuals with alcohol 

dependence (Bogenschutz et al., 2015). Ten volunteers were administered either a moderate 

(0.3 mg/kg) or high (0.4 mg/kg) dose of psilocybin in each of two experimental sessions 

during the course of treatment for alcohol dependence. While the exact number of 

participants who attained complete mystical experience was not reported, and while total 
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scores on measures of mystical experience were lower than those attained in previous studies 

with psilocybin, patients in the study exhibited a significant improvement in drinking after 

their first psilocybin session and scores on ratings of psilocybin-occasioned mystical 

experience correlated strongly with change in drinking behavior.

Similar findings have been demonstrated in studies of the effect of psilocybin on anxiety and 

depression. A recent open-label pilot study consisting of an experimental session involving a 

10 mg dose of psilocybin followed by a second experimental session involving a 25 mg dose 

of psilocybin reported sharp declines in depressive symptoms of patients with treatment-

resistant depression at one week and three months after the second psilocybin session 

(Carhart-Harris et al., 2016). A separate series of investigations have demonstrated 

significant reduction in both anxiety and depression symptoms related to a life-threatening 

cancer diagnosis (Grob et al., 2011; Griffiths et al., 2016; Ross et al., 2016). Significant 

negative correlations were found between total mystical experience scores (scored using the 

MEQ30) and outcome measures assessed 5 weeks after a high-dose psilocybin session, 

including measures of anxiety and depression symptoms. Figure 6 shows the relationship 

between total score on the MEQ30 and change from baseline to 5 weeks post-psilocybin on 

the Hamilton Anxiety Rating Scale (HAM-A). Importantly, total score on the MEQ30 was 

shown to mediate the effect of psilocybin on anxiety- and depression-related outcome 

measures (Griffiths et al., 2016; Ross et al., 2016). Initial findings from small-scale open 

label studies (Johnson et al., 2015; Carhart-Harris et al., 2016) along with findings from 

studies including more rigorous scientific controls (Grob et al., 2011; Griffiths et al., 2016; 

Ross et al., 2016) demonstrate the potential for therapeutic effects of psilocybin, and are 

suggestive of a link between mystical experience and therapeutic efficacy.

7. Are Mystical Experiences Reducible to Neural Processes?

Whether experience itself is wholly reducible to neural processes is an open question. There 

are psychological abilities and processes, such as perception and cognition, that are 

amenable to neuroscientific investigation (Gazzaniga, Ivry, & Mangun, 2014), and that could 

be considered the contents of consciousness (Chalmers, 1995). Some theorists have argued 

that while abilities and processes such as these are amenable to investigation, the nature of 

experience itself is nonreducible and should be taken as a fundamental property of 

consciousness (Chalmers, 1995). However, this position is not universally accepted 

(Dennett, 1995). Both of these positions acknowledge that the nature of experience itself is 

difficult to approach from a reductive perspective, and the nature of mystical experience is 

no different.

Some of psychological processes, such as the experience of positive mood or alterations in 

the perception of time and space, are elements of mystical experiences which can be likely 

associated with primary neural processes. However, in the same way that memories or visual 

percepts do not wholly constitute consciousness itself but rather constitute the contents of 

consciousness, explanations of the individual neural elements of mystical experience may 

not provide a complete account of a mystical experience. Yet, there is still value in 

identifying and understanding neural and psychological processes that relate to mystical 

experience.
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Investigation of mystical experiences may reveal valuable information about brain 

functioning. Much in the tradition of the brain lesion model of psychology and neuroscience, 

systematic perturbation of a neural system permits better understanding of that system. 

Thus, the study of the neural correlates of mystical experiences may lead to a better 

understanding of the possible brain mechanisms underlying self-referential, spatial, and 

temporal processing, as well as complex emotions such as reverence or sacredness. Further, 

the study of therapeutic outcomes of mystical experiences may advance the understanding of 

the neural basis of addiction and mood disorders.

8. Hallucinogens and Meditation as Tools to Investigate the Neural 

Correlates of Mystical Experiences

While little is currently known about the neural basis of discrete mystical experiences, we 

have a basic framework from which hypotheses can be generated. Stace’s work provides a 

phenomenological model of mystical experiences. Griffiths and colleagues provide a 

pharmacological model for prospectively investigating mystical experiences that fit the Stace 

model. The reliability and pharmacological specificity of a selective 5HT2A receptor agonist 

(psilocybin) to occasion mystical experiences can be offered as initial evidence in favor of 

some neurobiological component of mystical experiences. Recent neuroimaging research 

with classic hallucinogens provides a basis for beginning to develop a neural model of 

mystical experiences.

Over the past two and a half decades, a wide range of neuroimaging methods, including 

molecular, magnetic, and electrocortical modalities, have been used to study the effects of 

classic hallucinogens in humans. Multiple neural processes in nearly every major cortical 

and subcortical division of the brain have been reported to be modulated by classic 

hallucinogens. Obviously, hallucinogen-related changes in these brain areas cannot be taken 

as absolute markers of mystical experience, since not all experiences with classic 

hallucinogens are mystical. Substances such as psilocybin are neither necessary nor 

sufficient for producing such experiences, and 5HT2A receptor agonism may play only an 

initiatory role in the brain processes that account for or correlate with mystical experiences. 

Thus, the literature on the neural correlates of classic hallucinogens alone will be insufficient 

to provide a complete model of the neural basis of mystical experiences.

One approach to exploring the neural basis of mystical experience is to consider brain states 

produced by other approaches to occasioning mystical experiences, such as meditation 

practices. Although meditation encompasses a broad range of practices (Nash & Newberg, 

2013), a few specific practices have been the focus of brain imaging studies. These include 

focused awareness, open awareness or open monitoring (Lutz, Slagter, Dunne, & Davidson, 

2008), and non-dual awareness (Josipovic, 2010). Focused awareness practice typically 

involves attentional focus on an explicit object of consciousness (e.g. breath exhalation). In 

contrast, the intention of an open awareness practice is effortless sustaining of awareness 

without explicit selection of a discrete object of focus (Lutz et al, 2008). In both cases, a 

goal is to cultivate non-attachment to thoughts or distractions that may arise, with the further 

goal of stabilizing the mind. Such practices may ultimately lead to experiences of unity, with 
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more specific objects of consciousness receding into the background. Non-dual awareness 

practices are a more subtle and perhaps a more direct technique of cultivating the experience 

of unity or pure awareness. In these practices, the object of attention is awareness itself or, as 

some have described it, awareness of awareness. The non-dual or transcendental unitive state 

that can arise from such practices appears to be descriptively identical to those described in 

peak mystical experiences, especially in terms of the dissolution of the conventional sense of 

personhood or the lack of differentiation between the sense of self and other (i.e. mystical 

unity).

9. Hallucinogens, Meditation, Mystical Experience, and the Default Mode 

Network

This section provides a review of hallucinogen studies and meditation studies that identify 

neural changes that may be relevant to mystical experiences – more specifically, changes in 

the default mode network (DMN) of the brain as they relate to the experiences of unity and 

transcendence of time and space, which are core dimensions of mystical experiences. The 

“default mode network” (DMN) consists of a number of brain areas in which task-related 

decreases in activity were reliability identified in early studies of human brain activity using 

positron emission tomography (PET) and functional magnetic resonance imaging (fMRI) 

(Raichle et al., 2001). The pattern of activity that is typically found in the DMN is 

hypothesized to reflect intrinsic patterns of communication in the brain (Raichle & Snyder, 

2007). Activity in the DMN (Power et al., 2011) (also called the “task-negative network”) 

generally correlates with internally directed attention and is typically negatively correlated 

with activity in task-positive networks (i.e. networks that support externally directed 

attention and behavioral response) (Fox et al., 2005).

As is described in more detail below, the medial prefrontal cortex (MPFC), posterior 

cingulate cortex (PCC), and parahippocampal cortex (PHC), which densely express 5HT2A 

receptor sites (the cellular targets of classic hallucinogens), display altered functioning in 

response to classic hallucinogens (Figure 7, “Deactivations During Psilocybin Effects”). 

Activity and connectivity in these brain regions is also altered by acute and long-term 

meditation practice (Figure 7, “Deactivations During Meditation”). It can be argued that 

alteration of neural activity within these brain regions is consistent with the decreases in 

self-referential processing (i.e. dissolution of a sense of self, likely related an experience of 

unity) that accompanies introvertive mystical experience. Neural functioning in the lateral 

default mode network, more specifically in the angular gyrus region of the inferior parietal 

lobule (IPL), is also implicated in meditation, self-transcendence, and experiences with 

classical hallucinogens. It is argued that change in neural activity in this region is consistent 

with spacelessness and timelessness that often accompanies introvertive mystical experience.

9.1 The Medial Default Mode Network

The medial prefrontal cortex (MPFC), the posterior cingulate cortex (PCC), and 

parahippocampal cortex (PHC) have been identified as major nodes of the medial aspect of 

the DMN (Fox et al., 2005). This has been confirmed in multiple large samples of volunteers 

(N between 180 and 1000), using a variety of analysis techniques (e.g. seed-based 
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connectivity analysis, independent component analysis, graph-theoretic analysis, and 

clustering-based analysis) (Doucet et al., 2011; Power et al., 2011; Yeo et al., 2011). The 

psychological processes ascribed to the MPFC and PCC include various types of self-

referential processing including mentalizing (i.e. thinking about your own or others’ 

thoughts) (Gilbert et al., 2006), internal dialogue (Northoff et al., 2006; Denny, Kober, 

Wager, & Ochsner, 2012), self-related judgments (Northoff et al., 2006; Denny et al., 2012), 

and autobiographical memory retrieval (Svoboda, McKinnon, & Levine, 2006). The process 

ascribed to the PHC is primarily the coding of episodic memory content, as opposed to 

semantic memory content which is coded by the perirhinal cortex (Ranganath & Ritchey, 

2012). The MPFC and PCC have been implicated in self-recognition and self-awareness in 

studies using tasks such as recognition of a face as either “you” or “not-you” (van Veluw & 

Chance, 2014), tasks requiring the participant to identify adjectives as traits of themselves or 

others (Kelley et al., 2002), tasks assessing self-agency (Renes, van Haren, Aarts, & Vink, 

2014), and tasks that test false beliefs and theory of mind (van Veluw & Chance, 2014). The 

PHC, and more broadly the hippocampal complex, has been implicated in supporting 

consciousness (Behrendt, 2013) by supporting the moment-to-moment binding of sensory 

information into coherent memory representations, including those thought to be related to a 

sense of self. The PHC is involved in maintaining and recalling memories of self and self-

relevant information.

Molecular (PET and single photo emission computed tomography, or SPECT) and fMRI 

(measuring blood-oxygenation-level-dependent, or BOLD, response) brain imaging methods 

have been used to show that the MPFC, PCC, and PHC are modulated by classic 

hallucinogens. Glucose metabolism after psilocybin ingestion (Vollenweider et al., 1997; 

Gouzoulis-Mayfrank et al., 1999) and cerebral blood flow after ingestion of either ayahuasca 

(Riba et al., 2006) or mescaline (Hermle et al., 1992) have been shown to increase in medial 

frontal areas that include or overlap with the MPFC. After intravenous administration of 

psilocybin or LSD, cerebral blood flow and BOLD activity in MPFC and PCC decreased 

substantially (Figure 7, “Deactivations During Psilocybin Effects”), as did effective 

connectivity between these areas (Carhart-Harris et al., 2012, 2016). In the same studies, 

decreased cerebral blood flow correlated with increased intensity of drug effects and 

decreased sense of self (or increased “ego-dissolution”). The discrepancy between 

Vollenweider, Riba, Gouzoulis-Mayfrank, and Hermle’s work (showing increases in glucose 

metabolism and cerebral blood flow with classic hallucinogens) and the findings of Carhart-

Harris and colleagues (showing decrease in BOLD activity and cerebral blood flow with 

classic hallucinogens) may be due to various factors including differing rates of drug CNS 

penetration, drug metabolic differences due to differing routes of administration (oral vs. 

intravenous, respectively), and differences in the specific neuronal process being measured 

by the different techniques (molecular techniques with PET and SPECT in the cases of 

Vollenweider, Riba, and Hermle, and magnetic resonance imaging techniques in the case of 

Carhart-Harris).

With injected psilocybin, decreased low frequency power and long-range temporal 

correlations in BOLD data were observed in the PCC and MPFC, suggesting a breakdown in 

communication between these areas (Tagliazucchi, Carhart-Harris, Leech, Nutt, & Chialvo, 

2014). Increased spectral power and a greater diversity of functional connectivity was 
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observed in the PHC after injected psilocybin, suggesting a substantial shift in 

communication involving the PHC (Tagliazucchi et al., 2014). After injected LSD, increased 

global connectivity was shown to correlate with increases in “ego dissolution” (Tagliazucchi 

et al., 2016) and decreases in mental time travel to the past (Speth et al., 2016). Both 

psilocybin (Lebedev et al., 2015) and LSD (Lebedev et al., 2016) were shown to increase 

global brain entropy. These findings all support a breakdown of long-distance 

communication in brain regions involved in the medial DMN.

Additional evidence for the breakdown of long-distance communication in the brain comes 

from studies using electroencephalography (EEG) or magnetoencephalography (MEG) that 

demonstrate changes in electro-cortical activity induced by classic hallucinogens. Slow or 

low-frequency electro-cortical oscillations (e.g. delta: 1–4 Hz; theta: 4–8 Hz, alpha: 8–16Hz) 

are often shown to coordinate communication of distant neural areas, whereas faster or 

higher-frequency oscillations (e.g. gamma: 32+ Hz) are often shown to coordinate local 

synchronization of a small number of neurons within limited populations (von Stein & 

Sarnthein, 2000; Buzsaki, Logothetis, & Singer, 2013). An absolute decrease in oscillatory 

power in all frequency bands was observed in frontal areas using EEG during the 

administration of ayahuasca (Riba et al., 2002), and with MEG during the administration of 

psilocybin (Muthukumaraswamy et al., 2013). With ayahuasca, this decrease was 

accompanied by an increase in the ratio of high to low frequency oscillatory power (Riba et 

al., 2002), suggesting that low-frequency oscillatory power is more strongly decreased than 

high-frequency oscillatory power. With psilocybin, despite the decrease in power, stimulus-

induced high frequency oscillations were preserved (Muthukumaraswamy et al., 2013). 

Reduced synchronization of cortical oscillations in the PCC and PHC has been shown to 

correlate with a measure of spiritual experience during the effects of oral psilocybin 

(Kometer et al., 2015). Taken together, evidence in BOLD and electro-cortical signals 

suggest an alteration of long-distance communication in the brain and a relative preservation 

of local and basic perceptual processing.

After psilocybin, oscillatory power decreases in all frequency bands in the PCC correlated 

with ratings of “disintegration of the self”, with alpha power decreases correlating most 

strongly (Muthukumaraswamy et al., 2013). These power decreases in the PCC were 

consistent with the excitation of layer 5 pyramidal neurons, which densely express 5HT2A 

receptors, the primary site of action of classic hallucinogens. The negative correlation 

between alpha power and ratings of disintegration of self is notable because alpha power is 

positively correlated with perceptual framing, self-reflection, and introspection (Carhart-

Harris et al., 2014). These findings may be relevant to mystical experiences insofar as a 

sense of disintegration of self is a primary aspect of the experience of introspective unity, a 

defining feature of the mystical experience.

With regard to meditation, amplitude of spontaneous fluctuations in the DMN have been 

shown to be reduced during mindfulness meditation (Berkovich-Ohana et al., 2016), and 

consistent deactivations of the MPFC, PCC, and IPL have been found during both focused 

awareness and open monitoring practices (Fox et al., 2016). Josipovic et al. (2011) 

demonstrated that while the typically observed negative correlations between the DMN 

(associated with internally directed attention) and task-positive networks (associated with 
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externally directed attention) are maintained during a focused awareness practice and during 

a simple visual perception task, this negative correlation is significantly decreased during a 

non-dual awareness meditation practice, which may be associated with mystical-type 

experiences. Decreased negative correlation between the DMN and task-positive networks, 

as well as decreased activations and decreased spontaneous fluctuations in BOLD signal, are 

changes in brain dynamics that one might expect to accompany an experience of unity (a 

critical dimension of mystical experiences) in which representations of internal and external 

objects of consciousness blend together. Interestingly, decreased negative correlations 

between DMN and task positive network areas in meditation are consistent with reports of 

increased resting-state functional connectivity between the DMN and various task-positive 

networks after intravenous psilocybin administration (Roseman, Leech, Feilding, Nutt, & 

Carhart-Harris, 2014), and increased global connectivity after LSD administration 

(Tagliazucchi et al., 2016). These decreases are also possibly consistent with both a 

breakdown of within-network functional connectivity in the DMN during the effects of 

psilocybin and LSD (i.e. between MPFC and PCC regions; Carhart-Harris et al., 2012; 

Carhart-Harris et al., 2014; Tagliazucchi et al., 2014; Carhart-Harris et al., 2016), increased 

brain entropy during the effects of psilocybin and LSD (Lebedev et al., 2015, 2016), and the 

development of new homological scaffolds in functional brain networks identified during the 

effects of psilocybin (Petri et al., 2014).

A very intriguing parallel between neuroimaging research on meditation (Brewer & 

Garrison, 2014) and neuroimaging research with classic hallucinogens (Carhart-Harris et al., 

2014) involves the functional relevance that is attributed to change in the activity of the 

PCC. The PCC is implicated in “internally directed cognition” (Leech & Sharp, 2014), 

“‘getting caught up in’ one’s experience” (Brewer, Garrison, & Whitfield-Gabrieli, 2013), 

and “ego integrity” (Carhart-Harris et al., 2014). One could argue that activity in the PCC 

may reflect self-referential processing (i.e. an internal dialogue or chatter) that is quieted by 

meditation training. This is supported by research demonstrating that mind-wandering is 

associated with PCC activity (Mason et al., 2007). Meditators with many years of experience 

in mindfulness practice showed decreased activity in the DMN (specifically the MPFC and 

PCC; Figure 7, “Deactivations During Meditation”) compared to non-meditators when data 

were collapsed across practices including focused awareness and open monitoring 

meditations (Brewer et al., 2011). Subsequent studies used a neuro-feedback paradigm to 

demonstrate that decreased activity in the PCC correlated with decreased mind-wandering 

during focused awareness practice (Garrison, Santoyo, et al., 2013; Garrison, Scheinost, et 

al., 2013). This is generally consistent with observations after intravenous psilocybin 

administration showing decreased low frequency power and long-range temporal 

correlations in BOLD data in the PCC and MPFC (Tagliazucchi et al., 2014), substantially 

decreased effective connectivity in BOLD data between the PCC and MPFC (Carhart-Harris 

et al., 2012), and decreases in alpha oscillatory power in the PCC correlated with ratings of 

ego disintegration (Muthukumaraswamy et al., 2013). Considering all of the findings 

summarized above, it could be hypothesized that decreased activity and functional 

connectivity in the PCC and MPFC (medial nodes of the DMN) mediate aspects of the 

experience of introvertive unity (including decreased self-referential processing and a loss of 
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sense of self) that is a key component of mystical experience, be that occasioned by classic 

hallucinogens or by meditation.

9.2 The Lateral Default Mode Network

The inferior parietal lobule (IPL) is one of the only lateral regions of the brain that is 

consistently identified as a node of the DMN across various techniques used to identify the 

DMN (Buckner, Andrews-Hanna, & Schacter, 2008). The IPL is a complex region that 

contains the anatomical locations of the angular gyrus (in the posterior IPL) and 

supramarginal gyrus (in the anterior IPL). The angular gyrus is variously implicated in 

spatial cognition (Amorapanth, WIdick, & Chatterjee, 2009), semantics and memory 

(Humphreys & Lambon Ralph, 2014), empathy, (Kubit & Jack, 2013), and identifying and 

tracking the intentions of others (Scholz, Triantafyllou, Whitfield-Gabrieli, Brown, & Saxe, 

2009; Kubit & Jack, 2013). The supramarginal gyrus is implicated more generally in 

categorical information processing (Amorapanth et al., 2009), phonological information 

processing, attentional processing (Scholz et al., 2009; Humphreys & Lambon Ralph, 2014), 

target detection, and reorienting to salient stimuli (Kubit & Jack, 2013). Distributed regions 

in the IPL have also been implicated in the processing of time and temporal relationships 

(Battelli et al 2007, Bueti & Walsh, 2009).

The angular gyrus is the region of the IPL most consistently included in the DMN, whereas 

the supramarginal gyrus most consistently overlaps with task-positive networks (Kubit & 

Jack, 2013; Humphreys & Lambon Ralph, 2014). The precise functional role of the angular 

gyrus may depend on the regions that are co-active with it in a given context (Seghier, 2013). 

In the context of the DMN and self-referential processing, the angular gyrus may support 

spatial and temporal processing and the representation of the self as an individual in space 

and time.

With regard to meditation and mystical experience, d’Aquili and Newberg (2000) 

hypothesized that the experience of unity encountered in meditation and religious 

experiences is related to decreased activity in the posterior superior parietal lobe and IPL, 

consistent with alterations of the subjective experience of space and time. This relationship 

during meditation was confirmed using SPECT imaging in studies of Tibetan Buddhist 

meditators (Newberg et al., 2001). The IPL has also been implicated in the experience of 

unity outside of meditative practice. Patients undergoing parietal lobe surgery for resection 

of brain tumors completed a self-transcendence scale that included items that assess aspects 

of the mystical experience such as unity, timelessness, and spacelessness. The investigators 

reported that resection of the inferior posterior parietal lobes (the IPL in the left hemisphere, 

and specifically the angular gyrus in the right hemisphere) increased the experience of self-

transcendence (Urgesi, Aglioti, Skrap, & Fabbro, 2010).

With regard to the classic hallucinogens, neuroimaging studies have reported changes in 

activity and functional connectivity of the IPL in response to these compounds. A decrease 

in regional cerebral blood flow in the inferior parietal cortex was identified after mescaline 

ingestion (Hermle et al., 1992), and an increase in glucose metabolism was identified in the 

lateral parietal cortex after psilocybin ingestion (Vollenweider et al., 1997). Decreased low 

frequency power in BOLD signal in the angular gyrus but not the supramarginal gyrus 
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(Tagliazucchi et al., 2014) and decreased functional connectivity between the PCC and the 

IPL (likely the angular gyrus, though exact coordinates were not provided) was 

demonstrated (Carhart-Harris et al., 2012) after psilocybin injection.

With regard to electro-cortical findings, ayahuasca ingestion led to decreased current density 

in delta, alpha and beta frequency bands localized to both the angular gyrus and the 

supramarginal gyrus (Riba, Anderer, Jane, Saletu, & Barbanoj, 2004). Psilocybin ingestion 

led to a decrease in pre-stimulus alpha band oscillations in parieto-occipital regions as 

detected using EEG (Kometer, Schmidt, Jancke, & Vollenweider, 2013). Decreased power in 

delta, theta, alpha, and beta bands was detected with MEG over lateral parietal regions after 

psilocybin injection, specifically over the supramarginal gyrus, but the angular gyrus was not 

identified (Muthukumaraswamy et al., 2013).

Decreased activity in the IPL (and specifically in the angular gyrus), and decreased 

communication between the IPL and other areas involved in maintaining a sense of self 

(such as the PCC) is observed both in studies of meditation and in studies of classic 

hallucinogens. These observations are consistent with the experience of altered sense of time 

and space that has been reported with both meditation (d’Aquili & Newberg, 2000) and 

classic hallucinogens (Griffiths et al., 2006). Considering the findings summarized above, it 

could be hypothesized that decreased activity and functional connectivity in the IPL (a 

lateral node of the DMN) mediates the experience of timelessness and spacelessness that 

accompanies introvertive mystical experience, be that occasioned by meditation or by classic 

hallucinogens.

10. Toward a Neural Model of Mystical Experiences

The experience of unity that is central to mystical experiences involves a decrease in self-

referential processing. There is compelling evidence for a network of brain areas (i.e. the 

nodes of the DMN) that are involved in self-referential processing and maintenance of a 

sense of the self in space and time. Decreased activity in these areas has been observed using 

multiple imaging modalities, both after administration of classic hallucinogens and during 

meditation practices. After classic hallucinogens, BOLD and electrocortical data show 

decreased activity and low-frequency power localized to DMN areas (Riba et al., 2002, 

2004; Carhart-Harris et al., 2012, 2016; Muthukumaraswamy et al., 2013), which and may 

be related to a decrease in long-range neural communication between these and other brain 

areas. Alteration of the efficiency or fidelity of long-distance communication between nodes 

of the DMN after classic hallucinogens may be a neural mechanism underlying changes in 

activity in the DMN, and it may be a mechanistic change that is crucial to supporting 

mystical experiences.

Consistent with the general neural principle of low-frequency oscillations supporting long-

range neural communication (von Stein & Sarnthein, 2000; Buzsaki et al., 2013), decreased 

long-distance and increased short-distance connections may reduce “small world” features 

of brain networks and increase either “random graph” features or “regular lattice” features 

(Bullmore & Sporns, 2009). In a “small world” network, most nodes only have a small 

number of connections to other nodes, and are generally not many connections away from 
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any other node in the network. These features support efficient communication between 

nodes in large networks and they are nearly ubiquitous in natural complex systems 

(including healthy brains). Movement away from this small world architecture (e.g. toward 

“random graph” architecture, in which each node has equal probability of being connected 

directly to every other node) would represent a notable departure from typical brain 

organization. This is consistent with idea that psychedelics induce disintegration and 

desegregation of functional brain networks (Carhart-Harris et al., 2016). The PCC, MPFC, 

and IPL can be considered connector hubs that support the small-world architecture of the 

brain; thus, breakdown of long-distance connections between these nodes, or decreased 

integration and segregation of these nodes of the DMN, that is observed with meditation and 

classic hallucinogens may be a marker of altered brain state that is consistent with mystical 

experiences.

Despite the lack of a ground truth against which to definitively validate a mystical 

experience, states engendered by classic hallucinogens and meditation share 

phenomenological descriptions that are consistent with mystical experiences, and it is 

tempting to interpret the neural correlates of hallucinogens and meditation as a model of the 

neural correlates of mystical experiences. While a number of observations have been made 

with classic hallucinogens and meditation that are consistent with aspects of mystical 

experiences, these observations have not been explicitly linked to “complete” mystical 

experiences. Thus, we conclude with the following hypotheses that are not specific not to 

meditation or experience with classic hallucinogens per se, but rather are specific to mystical 

experiences occasioned by meditation or classic hallucinogens: 1) activity within the medial 

nodes of the DMN will decrease, and communication between these nodes and other cortical 

targets in associative and sensory processing cortex will be fundamentally altered, in support 

of decreased self-referential processing during introvertive mystical experiences; 2) activity 

within the lateral nodes of the DMN will decrease, and communication between these nodes 

and other cortical targets will be fundamentally altered, in support of the experience of 

timelessness and spacelessness experienced during introvertive mystical experiences; 3) 

long-distance cortical communication will generally decrease, while local sensory and 

associative processing is maintained to some degree, during mystical experiences; 4) “small-

world” properties of the brain will decrease during mystical experiences.

11. Conclusion

Naturally-occurring mystical experiences (Stace, 1960a) as well as the ceremonial use of 

classic hallucinogens (Schultes et al., 2001) have long histories that in some cases are 

complementary and may be intertwined (Osmond, 1970; Dobkin De Rios, 1984; Schultes et 

al., 2001). Certainly, not all experiences with classic hallucinogens are of the mystical type. 

However, with the proper setting, preparation, support, and dose of a classic hallucinogen, 

mystical experiences are occasioned at high probability (Griffiths et al., 2011). Post-session 

and follow-up ratings of mystical experience and positive impact of psilocybin session 

experiences are dose dependent (Griffiths et al., 2011) and sustained at follow-up periods 

ranging from several weeks to 25 years (Pahnke, 1963; Doblin, 1991; Griffiths et al., 2006, 

2008, 2011). Hallucinogen-occasioned mystical experiences are pharmacologically specific 

(i.e. occur at much higher frequency after a high dose of psilocybin than after placebo, low 
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doses of psilocybin, methylphenidate, or nicotinic acid; Griffiths et al., 2006; Pahnke, 1963) 

and not generally due to expectancy (i.e. demonstrated under conditions that obscured the 

range of drug conditions administered and not shown with placebo or a low dose of 

psilocybin Griffiths et al., 2006, 2011). Mystical experiences have a clear operational 

definition (MacLean et al., 2012; Barrett, Johnson, & Griffiths, 2015), and the positive 

outcomes associated with mystical experiences have been empirically demonstrated 

(Griffiths et al 2006, 2008, 2011; Bogenschutz et al 2015; Garcia-Romeu et al 2015).

Although the most fundamental questions regarding mystical experiences presently evade a 

reductive neuroscientific explanation, analysis of the biological correlates suggestive of 

underlying mechanisms of mystical experiences are tractable. We have highlighted an 

intriguing overlap in neural findings on classic hallucinogens and neural findings on 

meditative practices that may occasion mystical experiences. More specifically, changes in 

activity, connectivity, and neural oscillatory processes in regions of the default mode 

network may underlie dimensions of mystical experience, especially decreased self-

referential processing and altered sense of time and space that accompany introvertive 

mystical experiences. Further research with classic hallucinogens as experimental tools can 

be expected to provide significant insights into both the neural mechanisms and well as the 

biological and behavioral consequences of mystical experiences. Such information may have 

important implications for developing a science of moral and ethical behavior (Shermer, 

2015) as well as for developing novel therapeutic interventions for producing persisting 

positive behavioral and psychological changes.
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Figure 1. 
Mystical experience on session days predicts ratings of spiritual significance at 14 months. 

Total score on the 30-item Mystical Experience Questionnaire (MEQ30) is expressed as the 

percent of the maximum possible score. Data points represent individual participants (n=36). 

B = slope of the regression of spiritual significance on mystical experience questionnaire 

total score. SE = standard error of the slope (B). Adjusted R2 indicates the amount of 

variance in spiritual significance ratings that is explained by the mystical experience 

questionnaire total score. MEQ30 data have been rescored from MEQ43 responses reported 

in Griffiths et al., 2008.

Barrett and Griffiths Page 31

Curr Top Behav Neurosci. Author manuscript; available in PMC 2019 August 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Measures of mystical experience on session days as a function of psilocybin dose. “Dose 

Effects Study” data (5 pairs of bars at the left) show the dose-related effect of psilocybin on 

two measures of mystical experience (Griffiths et al 2011). “3 studies” observations (bars at 

the right) show post-session ratings from the first high-dose (30 mg/70 kg) session 

administered in each of 3 studies (Griffiths et. al. 2006, 2011, unpublished study in 

beginning meditators). Dark bars show the percentage of volunteers who met criteria for 

having a complete mystical experience. Lighter bars show the mean Mystical Experience 

Questionnaire total score expressed as a percentage of maximum possible score; brackets 

show ± 1 S.E.M. Categorizations of complete mystical experiences and calculations of total 

scores were based on the 30-item Mystical Experience Questionnaire (MEQ30).
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Figure 3. 
Follow-up ratings of spiritual experience and positive behavior change as a function of 

psilocybin dose. “Dose Effects Study” data (5 pairs of bars at the left) show the dose-related 

effect of psilocybin on retrospective ratings assessed 1 month after sessions (Griffiths et al., 

2011). “3 studies” observations (bars at the right) show retrospective ratings assessed 3 to 8 

weeks after the first high-dose (30 mg/70 kg) session administered in each of 3 studies 

(Griffiths et. al. 2006, 2011, unpublished study in beginning meditators). Dark bars show the 

percentage of volunteers who rated their session as within the top five or single most 

spiritual experience of their life. Lighter bars show the percentage of volunteers who rated a 

moderate or greater degree of positive behavior change at follow-up.
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Figure 4. 
Revised 30-item Mystical Experience Questionnaire (MEQ30). The MEQ30 is a 

psychometrically-validated retrospective measure of mystical experience. The 4 factors of 

the psychometrically validated questionnaire are derived from a total of 30 items that probe 

7 dimensions (designated by underlines) of mystical experience that were identified by Stace 

(1960). The Mystical factor is composed of 15 items probing four dimensions of the Stace 

model (internal unity, external unity, noetic quality, and sacredness). Positive Mood (6 
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items), Transcendence of Time and Space (6 items) and Ineffability (3 items) factors 

correspond to three separate dimensions of the Stace model.
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Figure 5. 
Mystical experience scores on session days predicts change in smoking craving score at 6 

months. X-Axis: total score on the 30-item version of the Mystical Experience 

Questionnaire (MEQ30) expressed as the percent of the maximum possible score. Y-Axis: 

difference in score on the Questionnaire on Smoking Urges between study intake and 6-

month follow-up. Data points represent individual participants (n=15). B = slope of the 

regression of cigarette smoking craving change score on mystical experience questionnaire 

total score, SE = standard error of the slope (B). Adjusted R2 indicates the amount of 

variance in spiritual significance ratings that is explained by mystical experience 
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questionnaire total score. MEQ30 data have been rescored from MEQ43 responses reported 

in Garcia-Romeu et al. 2015.
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Figure 6. 
Mystical experience on session days predicts change in anxiety at 5 weeks post-psilocybin. 

X-Axis: total score on the 30-item version of the Mystical Experience Questionnaire 

(MEQ30) expressed as the percent of the maximum possible score. Y-Axis: difference in 

score on the Hamilton Anxiety Rating Scale between baseline and 5-week follow-up. Data 

points represent individual participants (n=51). r = Pearson product moment correlation 

between HAM-A and MEQ30 scores. Data are from Griffiths et al., 2016.
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Figure 7. 
Similar deactivations in the medial default mode network during meditation and experience 

with psilocybin. The upper portion of the figure illustrates approximate locations of the 

medial prefrontal cortex (labeled in green) and posterior cingulate cortex (labeled in red). 

The center portion of the figure (adapted from Carhart-Harris et al 2014, Figure 4, with 

permission), shows regions in the medial default mode network, including the medial 

prefrontal cortex and posterior cingulate, where both deactivation in blood-oxygenation-

level-dependent (BOLD) data and decrease in cerebral blood flow (CBF) were observed 
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after intravenous injection of psilocybin. The lower portion of the figure (adapted from 

Brewer et al 2011, Figure 1, with permission) shows regions in the medial default mode 

network, including the medial prefrontal cortex and posterior cingulate, where decreases in 

BOLD data were observed during meditation. The decreased activity within the medial 

prefrontal cortex and posterior cingulate which is observed after psilocybin and during 

meditation is consistent with decreased self-referential processing that accompanies 

introvertive mystical experience.
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