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Third wave meditation research—the study of advanced meditation—investigates states, stages, and end-

points of meditation practice that emerge with increasing mastery. We review current neuroscientific prog-

ress, outline future research directions, and highlight far-reaching implications of this emerging scientific 
subfield.

Introduction

Meditation, the deliberate engagement in 

specific mental activities (e.g., attention, 

observation, imagination) toward the reali-

zation of certain aims intrinsic to the prac-

tice itself, is a fundamental human capacity 

that has been cultivated and refined—in 

some cases, over millennia—across 

diverse contemplative traditions. 1 In recent 

decades, interest in meditation, particu-

larly mindfulness meditation, has rapidly 

accelerated in the West, driven in part by 

burgeoning scientific research, structured 

therapeutic programs, and meditation-

based smartphone applications. 2 Today, 

many millions of people worldwide prac-

tice mindfulness, defined as intentional, 

nonjudgmental awareness of present-

moment experience, to reduce stress and 

psychiatric symptoms and to enhance pro-

ductivity and general well-being. Yet 

contemporary mindfulness practice repre-

sents only the beginning of contemplative 

training. 1,2 With increasing mastery, medi-

tation progresses into advanced medita-

tion, including practices and experiences 

that engender far greater phenomenolog-

ical depth, variety, and possibility than is 

recognized in current popular or scientific 

mainstream discourse on meditation. 

Advanced meditation is associated with 

profound experiential shifts, including 

ecstatic bliss, profound insight, powerful 

compassion, and, ultimately, meditative 

endpoints. 1–5 These shifts are thought to 

relate to enduring change to one’s sense 

of self and experience of the world. 

Notably, altered states of consciousness 

related to advanced meditation are widely 

reported in the general population and 

may arise inconsistently during early-stage

training or spontaneously yet remain ne-

glected scientifically, underscoring the 

need for systematic study.

The first systematic physiological and 

electrophysiological investigations of 

meditation emerged in the 1960s and 

1970s, spanning both transcendental 

meditation and traditional contemplative 

practices, and provided initial empirical 

foundations for the scientific study of medi-

tation. Beginning in the 1990s, a substantial 

expansion of empirical research brought 

meditation into mainstream scientific 

focus, from which the field has since 

unfolded in ‘‘waves,’’ each with distinct pri-

mary research foci. 1,2 The first wave (mid-

1990s to early 2000s) established medita-

tion’s therapeutic effects, principally 

through mindfulness-based interventions. 

The second wave (mid-2000s until 2020) 

investigated the cognitive-affective mech-

anisms underlying mindfulness medita-

tion’s therapeutic effects and introduced 

greater clinical methodological rigor. The 

emerging third wave centers on advanced 

meditation, 2 encompassing distinct states 

(e.g., advanced concentrative absorption 

meditation [ACAM]), 3 stages (e.g., 

advanced investigative insight meditation 

[AIIM]), 4 endpoint events (e.g., momentary 

and extended cessations), 5 and persistent 

endpoints characterized by enduring psy-

chological transformations. 1 A neuroscien-

tific framework grounded in the neuroimag-

ing and electrophysiology of diverse 

advanced meditative phenomena is rapidly 

gaining traction. Here, we review recent 

milestones and progress in the neurosci-

ence of advanced meditation and highlight 

future research directions. We also 

consider select broader scientific and soci-

etal implications, including advanced 

meditation and (1) therapeutic applica-

tions, (2) contributions to consciousness 

science, (3) acceleration of meditative 

development, (4) synergies with psyche-

delics, (5) relevance for artificial intelligence 

(AI), (6) considerations related to morality, 

and (7) existential concerns of suffering, 

well-being, and meaning.

A research agenda for the 

neuroscience of advanced 

meditation

Despite its nascency, third wave medita-

tion research has progressed rapidly, ex-

tending neuroscientific inquiry beyond 

mindfulness into advanced meditation. 2 

A defining feature of this emerging work 

is its emphasis on phenomenology, 

wherein practitioners’ first-person reports 

are systematically integrated with strong 

theoretical frameworks grounded in mod-

ern mind and brain science, contempla-

tive traditions, and neuroimaging/electro-

physiology (Figure 1A). This contrasts with 

earlier research that, even when involving 

what have been called long-term or 

expert practitioners, relied on duration-

based participant groupings and seldom 

assessed meditation-related phenome-

nology, thereby limiting efforts to link neu-

ral dynamics with experiential features of 

advanced meditation. In what follows, 

we briefly outline the emerging neurosci-

ence of advanced meditation across 

states, stages, and endpoint events, high-

lighting initial breakthrough examples and 

key future research directions. 

Meditative states: ACAM

ACAM constitutes a class of advanced 

meditation practices characterized by
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highly stable attention and mental ab-

sorption. 3 Although ACAM is described, 

and often taught and practiced, across 

diverse contemplative traditions, jh� ana

meditation within Therav� ada Buddhism 

(ACAM-J 1,3 ) provides a particularly 

powerful framework for scientific investi-

gation; it has a long, well-documented 

history; is taught through systematic, 

highly structured methods (including 

detailed meditation maps 1 ); elicits stable 

and recurring phenomenology; and repre-

sents an advanced form of the broader 

family of mindfulness-based and focused 

attention practices that already command 

widespread scientific and public interest. 

Both traditional accounts and contempo-

rary reports describe ACAM-J as a state-

based progression, characterized by 

increasingly deep absorption states 

marked initially by deep bliss, joy and, 

equanimity, followed by increasingly 

deeper psychological clarity, effortless-

ness, and subtlety. 1,3 Recent efforts 

have established a scientific framework 

and related terms anchored in phenome-

nology that can be systematically 

assessed.

A series of first-of-their-kind neurophe-

nomenological investigations of ACAM-J 

using EEG and fMRI in an intensive sin-

gle-case design was recently conducted 

(Figure 1B). In the initial report, distinct 

brain activity patterns emerged across 

cortical, subcortical, brainstem, and 

cerebellar regions during progression 

into deeper ACAM-J states and in com-

parison to non-meditative control condi-

tions. 3 These patterns correlated with 

ACAM-J phenomenology (e.g., atten-

tional focus, meditative depth, narrative 

and sensory processing) and revealed 

a systematic reorganization from 

higher-order to early sensory cortices. 

Several subsequent publications have 

further identified neural changes associ-

ated with ACAM-J through a variety of 

sophisticated analytic techniques (e.g., 

gradient mapping, dynamic functional 

connectivity, eigenmode decomposi-

tion, complexity, and directed connec-

tivity), and there are several forth-

coming and preprinted group-level 

investigations.

Meditative stages: AIIM

Within third wave meditation research, the 

investigation of meditative develop-

ment—how stages of practice unfold 

with time and mastery—represents a 

crucial new frontier. Across contempla-

tive traditions, such practices are 

described through detailed develop-

mental maps that outline psychological 

realizations related to profound shifts in 

perception, self-related processing, 

cognition, and emotion. 1 A class of prac-

tices termed AIIM cultivate deepening 

insight through systematic observation 

or examination of experience. 1,4 In the 

Therav� ada Buddhist tradition, Vipassan� a

(‘‘insight meditation’’) offers a particularly 

influential framework. These contempla-

tive maps provide testable propositions 

that may be empirically validated and 

refined through an integrative scientific 

approach to understand meditative 

development. 1 As with ACAM, doctrinal 

debate can be avoided by orienting the 

investigation of AIIM toward phenomeno-

logically anchored scientific frameworks 

and related terms.

In the first biological investigation of 

AIIM, progression through insight stages 

was linked to decreased activity in brain 

regions associated with self-related pro-

cessing (medial prefrontal cortex, tempo-

ral poles) and increased activity in re-

gions associated with awareness and 

perception (parietal and visual cortices, 

caudate, several brainstem nuclei, cere-

bellum), correlating with reported insight 

phenomenology (Figure 1C). 4 These find-

ings align with the notion that AIIM re-

flects a shift from conceptual self-pro-

cessing to non-reactive, perceptually 

grounded awareness. This study marks 

an initial milestone for an active area of 

research that includes additional analytic 

approaches, group-level investigations, 

and theoretical work integrating medita-

tive insight with cognitive and computa-

tional neuroscience.

Meditative endpoints: Cessation 

events

With continued progress and mastery, 

practitioners may experience specific 

culminations called meditative end-

points. 1,5 Across contemplative tradi-

tions, meditative endpoints have been 

described using terms such as ‘‘enlight-

enment,’’ ‘‘salvation,’’ ‘‘awakening,’’ and 

‘‘liberation,’’ among others. One notable 

meditative endpoint that can occur 

through AIIM is the momentary ‘‘cessa-

tion’’ event (nirodha in Pali, the liturgical 

language of early Buddhism), character-

ized by a complete momentary loss of 

consciousness lasting on the order of 

seconds. 5 Following cessation, practi-

tioners frequently report radical psycho-

logical clarity, openness, and experiential 

transformation.

Several recent studies investigated the 

neural correlates of momentary cessation 

events (Figure 1D). In one study, whole-

brain alpha power decreased and theta 

power modestly increased before cessa-

tion, followed by linear recovery of alpha 

thereafter. 5 These and other published 

findings provide initial evidence that 

cessation involves distinctive neural dy-

namics. Notably, this is only the start for 

an ongoing research domain aiming to 

elucidate the neural mechanisms of 

endogenously induced loss, and subse-

quent re-emergence, of consciousness, 

including several forthcoming, and pre-

printed, group-level studies of longer-

duration ‘‘extended cessations’’ and 

related theoretical and empirical work.

Future research directions

While the neuroscience of advanced 

meditation has developed considerably 

in recent years, several key directions 

remain for future research. Many initial in-

sights come from intensive case studies; 

future studies must expand to larger 

samples to establish reliability and 

generalizability of findings. Additionally,

Figure 1. The emerging neuroscience of advanced meditation

(A) Third wave meditation research integrates phenomenology, theory, and empirical methods to study advanced meditation.

(B) Advanced concentrative absorption meditation (ACAM) has been related to distinct neural activity across cortical, subcortical, brainstem, and cerebellar 
regions, correlating with ACAM phenomenology. 3

(C) Advanced investigative insight meditation (AIIM) stages have been linked to reduced activity in self-related regions and increased activity in sensory regions 
relative to counting and memory control conditions. 4

(D) Cessation events have been related to transient decreases in whole-brain alpha power, followed by recovery thereafter. 5

(E) The emerging neuroscience of advanced meditation holds broad scientific and societal implications.
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most advanced meditation research 

has been cross-sectional. Longitudinal 

within-participant and between-group 

designs are needed to inform increas-

ingly mechanistic neural and experiential 

models across training and to identify 

practice features (e.g., types of instruc-

tion, mental activities) and individual 

characteristics that shape meditative 

development. 1,2 Intensive retreat cohorts 

may be especially valuable in this regard 

given the sustained depth of practice 

therein. Although Buddhist, particularly 

Therav�ada, traditions have thus far been 

central to much of the study of advanced 

meditation, future research should incor-

porate a broader range of religious, spir-

itual, and contemplative lineages. Com-

parable practices and phenomenology 

are sometimes described across diverse 

traditions—for example, in Christianity, 

Sufism, Kabbalah, Vedanta, and others. 

Cross-tradition comparisons of neuro-

phenomenological outcomes promise to 

determine whether these practices share 

basic human capacities accessed 

through distinct cultural pathways. 1 Dif-

ferences in how traditions value or inter-

pret specific advanced meditative phe-

nomena should also be considered. 

Relatedly, research must address the 

potentially much wider spectrum of 

states, stages, and endpoint events that 

may be possible in advanced meditation. 

These include, but are not limited to, 

other non-dual/minimal/selfless/content-

less states 6,7 and related phenomena 

(e.g., minimal phenomenal experience 

during conscious deep sleep 8 or the 

dying process 9 ) and other contemplative, 

mystical, aesthetic, and numinous expe-

riences, along with those already 

described. The task for third wave medi-

tation research is to systematically eval-

uate these wide-ranging advanced medi-

tative phenomena considering emerging 

phenomenological and neuroscientific 

evidence, thereby advancing a secular, 

scientific understanding of advanced 

meditation while respecting the traditions 

and communities that sustain these 

practices.

Scientific and societal implications 

The emerging neuroscience of advanced 

meditation carries significant implications 

for many aspects of science and society

more broadly; here, we highlight several 

of these domains (Figure 1E). 

Therapeutic applications

Advanced meditation may enable broad 

therapeutic impact, extending beyond 

symptom reduction to profound experien-

tial shifts 3 and enduring psychological 

transformations that promote sustained 

well-being and flourishing across clinical 

and non-clinical populations. 2 The thera-

peutic potential of advanced meditation 

is underscored by the existence of well-

characterized developmental trajec-

tories 1 that allow outcomes to be antici-

pated, reliably elicited, and tailored to 

specific applications.

Psychiatric conditions such as major 

depressive and post-traumatic stress 

disorders are thought to involve hyperac-

tive self-related processing, a tendency 

that also pervades daily life for many indi-

viduals. Advanced meditation that pro-

foundly modulates self-related process-

ing may therefore hold incredible 

therapeutic value, fostering openness, 

well-being, and psychological flourish-

ing. 2 Equally important is equanimity, 

cultivated in both ACAM and AIIM, which 

reflects profound non-reactivity toward 

experience. This underexplored dimen-

sion of mental health may enhance 

emotional resilience and reduce stress 

reactivity. As other examples: ACAM 

bliss may benefit anhedonia, and 

advanced loving-kindness may counter 

self-criticism and social disconnection. 

Meditative endpoints 5 hold further 

promise for radical transformations of 

mental illness toward health, including 

what has been believed to be complete 

and enduring reductions of suffering in 

some contemplative traditions. 1 Howev-

er, caution is warranted in translating 

advanced meditation to clinical popula-

tions, as emerging evidence suggests 

that meditation, especially intensive or 

poorly paced practice, could precipitate 

psychological adverse effects, chal-

lenging, unpleasant, and negative experi-

ences, particularly for those with 

psychiatric conditions. Nonetheless, by 

directly targeting mental illness, 

advanced meditation may offer a more 

fundamental path to transformative 

change than many conventional thera-

pies, with tremendous potential in both 

clinical and non-clinical contexts.

Consciousness science

Beyond its therapeutic potential, the 

neuroscience of advanced meditation pro-

vides a unique opportunity to catalyze 

progress toward elucidating the neural ba-

sis of consciousness. Since the 1990s, 

empirical and theoretical work on con-

sciousness has expanded rapidly, yet a 

mechanistic account remains elusive. 

Most studies have focused on content-

rich waking states, which are entangled 

with diverse perceptual, cognitive, affec-

tive, and self-related processes, compli-

cating efforts to isolate the underlying neu-

ral dynamics of consciousness itself. In 

contrast, some forms of advanced medita-

tion provide a unique empirical context for 

consciousness research. Indeed, many 

advanced meditation practitioners can 

reliably enter and report on a wide range 

of altered states, from deep absorption 

and non-dual awareness to cessations of 

experience, 3–5 that can be systematically 

investigated under controlled laboratory 

conditions. These capacities create a 

rare opportunity to study the boundaries 

and varieties of human consciousness 

and, through comparisons among various 

subtle states, to isolate neural features of 

fundamental aspects of consciousness. 

Accelerating meditative 

development

Progress in the emerging neuroscience 

of advanced meditation may inform 

strategies to accelerate and deepen 

meditative development, ranging from 

low-tech methods (e.g., verbal instruc-

tions) to high-tech neuromodulation-

based approaches. Prior research has 

combined meditation with various neu-

romodulation techniques; however, 

almost all studies have targeted basic 

meditation/mindfulness practices, leav-

ing its applications to advanced medita-

tion underexplored. Both low- and high-

tech methods may make advanced 

meditation more accessible to lay prac-

titioners, thereby enabling scaling to 

broader populations. Such approaches 

may also deepen the effects of 

advanced meditation, potentially pro-

moting greater therapeutic outcomes, 

general well-being, and thriving. 1,2 In 

addition, neuromodulation of proposed 

neural mechanisms may help to estab-

lish causal links between brain dy-

namics and phenomenology, advancing
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an increasingly comprehensive mecha-

nistic account of advanced meditation, 

and human experience more broadly. 

Finally, such approaches may support 

personalized contemplative training, in 

which an individual’s use of specific 

methods is informed by their neural pro-

file and desired outcomes. 

Psychedelics

Psychedelics and advanced meditation 

may exert both overlapping and distinct 

effects. 2 Psychological capacities culti-

vated through advanced meditation, 

such as flexible self-representation and 

emotion regulation, may aid psychedelic 

preparation and navigation, reducing the 

likelihood of adverse reactions while 

also facilitating the consolidation and 

integration of insights afterward to pro-

mote longer-lasting psychological bene-

fits. Psychedelics, in turn, may offer 

initial glimpses of altered states of con-

sciousness and ways of being, serving 

as both motivation and potential way-

points for contemplative training. If 

these approaches prove to engage 

distinct yet complementary neural 

mechanisms, their combination could, 

in principle, amplify both therapeutic 

and eudaimonic outcomes beyond 

either alone.

Artificial intelligence

The neuroscience of advanced meditation 

provides a unique perspective on the 

development and responsible use of AI. It 

can be meaningfully argued that advanced 

meditators are among the most refined, 

compassionate, and adaptable human 

minds. 1 Insights from the study of these 

minds may therefore provide one of our 

best means of guiding the design of AI sys-

tems that are benevolent, ethical, and 

aligned with human values 10 —addressing 

the all-important ‘‘alignment problem.’’ 

Relatedly, the vast experiential landscape 

revealed through advanced meditation 

may broaden our conception of ‘‘mind’’ it-

self, 3–5 potentially inspiring new directions 

in AI development.

Morality

The neuroscience of advanced medita-

tion carries profound moral implications 

that may ultimately redefine how we relate 

to animals, artificial systems, other hu-

mans, and ourselves. As empirical work 

is revealing, experiential features widely 

held to be fundamental and pervasive in 

human minds (e.g., sensory perception,

sense of self, spatiotemporal representa-

tion) are actually higher-level construc-

tions that can be radically transformed 

or even dissolved through advanced 

meditation. 3–5 Recognizing the contin-

gency of these aspects of experience 

challenges prevailing assumptions about 

the nature of consciousness and, by 

extension, the criteria for moral consider-

ation. Such insights may ultimately 

reshape how we attribute the capacity 

for experience and suffering to other be-

ings, including animals and non-biological 

systems. Additionally, advanced medita-

tion is often believed to promote prosocial 

qualities such as compassion, equanim-

ity, and interconnectedness, suggesting 

a plausible link between meditative 

development and moral behavior. 1 

Furthermore, neuroscientific study could 

strengthen a case for broader cultivation 

of advanced meditation, with significant 

implications for societal well-being if 

adopted at scale.

Conclusions

Meditation research is at an inflection 

point: its focus is expanding rapidly 

beyond mindfulness and basic medita-

tion training to incorporate advanced 

meditation, including states, stages, 

and endpoints that come with increasing 

mastery, and include potentially enduring 

psychological transformations. 2 Here, 

we reviewed recent advances in the bur-

geoning neuroscience of advanced 

meditation, highlighted key priorities for 

future research, and considered a selec-

tion of broader scientific and societal im-

plications. Importantly, these implica-

tions will require considerable future 

research to evaluate their potential 

impact. Even more fundamentally, third 

wave meditation research on advanced 

meditation may illuminate central consid-

erations of human existence that have 

long been within the purview of spiritual, 

religious, and philosophical traditions. 

For millennia, contemplative traditions 

have engaged suffering, happiness, 

meaning, and death, yet such perspec-

tives have remained largely absent from 

the modern scientific worldview. 1 Now, 

however, these questions are entering 

the realm of empirical inquiry (e.g., ces-

sations 5 ). This research holds radical sci-

entific and philosophical significance that 

is also deeply practical, as addressing

such questions, and how one responds 

to them, can profoundly shape one’s 

life. Indeed, as we have previously sug-

gested, advanced meditation represents 

a powerful yet understudied dimension 

of human development, centered on 

meaning making and the potential for 

transformative psychological growth. 1 

The union of advanced meditation and 

neuroscience offers radical potential for 

understanding the foundations of happi-

ness and the nature of the human 

experience.
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