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ABSTRACT

BACKGROUND: A significant share of meditation research relies on trait psychometric measures of mindfulness,
which neglect the complex and dynamic unfolding of experiential processes entailed by meditation over time.
However, there have been a few attempts to capture ongoing changes in experience during meditation. In this study,
we integrated and expanded on 3 of these previous approaches to create a novel instrument, which we called the
Lyon Assessment of Meditation Phenomenology (LAMP). This questionnaire encompasses contextual, conative,
affective, somatic, attentional, cognitive, and metacognitive domains.

METHODS: Fifty-three experienced meditators completed the LAMP after each meditation session during an
intensive 10-day retreat. We modeled the time courses of the individual answers to each question using generalized
additive modeling and automatically clustered participants using group-based trajectory modeling.

RESULTS: Over 60% of the dimensions assessed by LAMP exhibited significant change during the retreat across the
group, following distinct temporal trajectories. These trajectories reflected differences between meditation types
(chiefly, focused attention and open monitoring) and individual expertise, supporting a previously proposed multi-
dimensional phenomenological model of mindfulness-related practices. We also identified 3 clusters of individual
temporal trajectories associated with prior meditative experience and difficulties experienced during the retreat.
Finally, we replicated and extended core findings from mindfulness research on pain regulation.

CONCLUSIONS: The proposed multidimensional experience-sampling approach provides a rich characterization of
the dynamic aspects of meditative experience and may be used to deepen our knowledge of the phenomenology and
mechanisms of meditation and meditation-based interventions.

https://doi.org/10.1016/j.bpsgos.2025.100474

In recent years, there has been a surge in literature examining
the effects of various mind-body training regimes that fall un-

our understanding of the mechanisms that underlie their clin-
ical benefits.

der the umbrella of contemplative practices. This research field
is still in its infancy, and various practices are studied (1);
however, a significant focus has been placed on mindfulness
practices, which are conceptualized as attention-based, reg-
ulatory, and self-inquiry training regimes cultivated for pur-
poses such as well-being and psychological health (2-4). This
surge of interest reflects the growing recognition of the positive
impact of mindfulness meditation (MM) on mental well-being
(3,4), cognitive processes (5), and overall psychological
health (4). Evidence from meta-analyses indicates that
mindfulness-based interventions (MBls) have beneficial effects
in specific areas of psychopathology, including depression,
anxiety, chronic pain, and substance abuse (3). Aithough key
mechanisms of action of MBls, such as decentering (6,7), have
been identified, in the current study, we aimed to further refine

A substantial portion of this research has relied on trait
psychometric measures of mindfulness (8-10), which typically
refer to a generic class of events (e.g., “In difficult situations, |
can pause without immediately reacting”) or even to self-
concepts (“I am easily distracted”). Although clinically rele-
vant, some of these measures have problematic construct
validity (2,11). Furthermore, conceiving mindfulness as a fixed
state or trait is likely to oversimplify the complex dynamic
processes that unfold with regular practice (2) and can lead to
spurious findings (12). In contrast, the current study is aimed at
specifically investigating the very specific and fresh
experience—namely a meditation session that has just
ended—so as to characterize the temporal dynamics of
meditative experience that unfold across several days of
practice. It also aims to showcase the effectiveness of using
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fine-grained first-person data to probe the cognitive mecha-
nisms that underlie MM.

A few authors have proposed different conceptual frame-
works to capture changes in experience during meditation. Our
study integrates and extends 3 prominent existing frameworks,
among others, into a novel psychometric instrument that was
used during an intensive 10-day meditation retreat. The
phenomenological matrix of mindfulness (PMM) by Lutz et al.
(2) views MM as a continuum of practices that involve states
and processes that can be mapped into a multidimensional
phenomenological space. This space consists of 7 features: 3
primary dimensions (object orientation, dereification, and
meta-awareness) and 4 secondary qualities (aperture, clarity,
stability, and effort). While providing a theoretical foundation
for characterizing the fundamental structural features of
mindfulness phenomenology, empirical validation is currently
lacking.

Kok and Singer (13) proposed measures reflecting
meditation-related shifts in experiential contents related to
temporality, self-relevance of thoughts, and the valence and
conative dimensions of feeling states. Complementing these
approaches, Lindahl et al. (14) focused on underreported,
challenging meditation-related experiences and identified a
taxonomy of 59 experiences across 7 domains.

Based on these frameworks, as well as teachings and ex-
periences that diversely shaped our personal understandings
of meditative processes, we designed the Lyon Assessment of
Meditation Phenomenology (LAMP) questionnaire, which
comprises 37 questions across several phenomenological and
psychological domains. The questionnaire also includes
questions that probe relatively infrequent meditative phenom-
enology such as perceptual distortions, alterations in the sense
of self, as well as adverse or blissful experiences of unusual
intensity. We aimed to capture dynamic shifts in the contents
of experience (i.e., the “what”) and qualities of experience (i.e.,
the “how”) during meditation retreats. In contrast to most self-
report questionnaires, the LAMP questionnaire requires spe-
cific methodological considerations due to the phenomeno-
logical nature of many of its items. Investigating the “how” of
experience often necessitates first- and second-person quali-
tative methods because these aspects of consciousness (e.g.,
quality of attention, affective tone) are typically lived prere-
flectively and intransitively. These methods are aimed at
helping participants become more reflectively attentive to
experiential qualities to accurately report them (15,16). Here,
MM itself is assumed to function as a first-person method that
cultivates an explicit attitude of attentive self-awareness (16).
We also conducted a 1.5-hour training session to introduce the
questionnaire and provided concrete examples to ensure that
participants engaged with it both cognitively and experientially.

We anticipated that this multidimensional questionnaire
would reveal rich insights into the phenomenology of mind-
fulness. Firstly, we hypothesized that the sustained meditation
regime of an intensive residential retreat, where participants
dedicate most of their time to practice, often in silence, for
days and weeks (17), would be associated with significant
changes in most dimensions of contemplative experience. We
also predicted that these changes would be consistent with
distinctions between meditative states (focused attention [FA]
and open monitoring [OM] meditation) and the participants’
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prior meditation experience, as initially proposed for the PMM
(2). Secondly, we anticipated that this framework would repli-
cate and expand previous findings about the effect of mind-
fulness on pain regulation (18,19). MM has a well-documented
history of efficacy in chronic pain management (20,21) and has
been shown to modulate acute pain perception among regular
practitioners (19,22). Notably, a defining feature of MM is to
engage fully with the pain experience while reducing reactivity.
This process primarily influences the affective aspect of pain,
as opposed to its sensory dimension, a phenomenon that we
termed sensory-affective uncoupling (19). In this study, we
aimed to test whether participants’ proficiency in meditation,
as acquired over the course of the retreat, would lead to
increased pain uncoupling. We also aimed to identify the active
principles of this regulation. These principles, such as atten-
tional control, acceptance/nonreactivity, metacognitive insight,
adaptive self-beliefs, and motivation, have been the focal
points of previous psychotherapeutic interventions for pain
(23,24).

METHODS AND MATERIALS

Participants and Ethics Statement

We recruited 54 participants with variable meditation experi-
ence (see demographics in Table 1). Inclusion and exclusion
criteria are detailed at length in the clinical trial record of the
study (ClinicalTrials.gov ID: NCT04449913), which received
approval from an independent ethics committee on human
research (CPP Est IV 2020-A00669-30). The main inclusion
criteria were ages between 18 and 67 years, speaking French
fluently, having been trained in a formal meditation practice
(mindfulness, mindfulness-based stress reduction [MBSR],
Buddhist traditions), having a regular practice of at least 20
minutes per day 3 times a week for at least 1 year, and having
already participated in a silent meditation retreat of at least 2
days with a minimum of 6 hours of meditation per day.

Table 1. Demographic Characteristics of the Retreat
Participants

Characteristic N =53
Gender
Women 33 (62%)
Men 20 (38%)
Age, Years 49 (38-55)
Socioprofessional Category
Farmers 0 (0%)
Craftsmen, shopkeepers, and business owners 1 (1.9%)
Executives and intellectual professions 21 (39.7%)
Intermediate occupations 7 (13.2%)
Employees 5 (9.4%)
Workers 0 (0%)
Retirees 3 (6.7%)
Others without professional activity 13 (24.5%)
NA 3 (56.7%)

Values are presented as n (%) or mean (range). The socioprofessional category
is an official index of socioeconomic status developed by the French National
Institute of Statistics and Economic Studies. Here we used the 2003 classification.

NA, not available.
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Exclusion criteria were a history of neurological or psychiatric
conditions, chronic pain or any other medical condition that
caused acute pain or increased sensitivity to pain, motor or
sensory deficit in the hands, severe auditory loss, and regular
use of opioids or drugs that act on the central nervous system.
During their first visit to the laboratory, inclusion and exclusion
criteria were strictly assessed, with the participants also
receiving a detailed explanation about the study and its mea-
surements before signing an informed consent form. They
were then interviewed by the experimenter, who quantified
their history of daily and retreat meditation.

Experimental Design

For detailed information regarding the retreats’ setting and
structure, the meditation instructor, and meditation practices,
see Supplemental Section 1.

Retreat Information. Data collection was organized in 3
waves, each one involving a 10-day MM retreat, which took
place between fall 2020 and spring 2021 at the IZARIAT retreat
center (Le Poizat-Lalleyriat, France). All retreats followed the
same structure, but due to initial difficulties in recruitment and
COVID-19 restrictions, they varied in the number of partici-
pants: 11 (8 women and 3 men) took part in the first one, 23 (15
women, 8 men) in the second, and 19 (10 women, 9 men) in the
third retreat. The first retreat stopped 1 day earlier due to the
announcement of a COVID-19 lockdown in France. The daily
schedule included approximately 7 hours of formal group
meditation, divided into eight 45- to 60-minute sessions. All
retreats were supervised by co-author SO, a qualified medi-
tation instructor trained in Tibetan Buddhism and MBSR (see
Supplemental Section 1.2).

The meditation retreats arranged for the current study were
secular and followed a sequence of mindfulness and
compassion practices as described in meditation manuals

All sessions

83% 82% 69% g2,

Single—practice ("pure") sessions

B FA (bodiy) oM
FA (external) . Compassion

FA (mental) . Mindful movement
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(25,26). The retreat started with FA meditation on bodily sen-
sations and extended to external sensations, thoughts, and
emotions, with the aim of calming the mind and fostering
concentration and meta-awareness. The practices gradually
shifted into OM meditation, characterized by an equanimous
acceptance of anything that spontaneously enters the field of
consciousness (see Figure 1 and Supplemental Section 1.3).

Meditation Experience and Psychometric Ques-
tionnaires. Participants’ previous meditation experience
was assessed by multiple metrics (see Supplemental Section
2.1 and Table S1). In the current study, we focus on total
lifetime practice. Participants completed a battery of standard
psychometric questionnaires (see Supplemental Section 2.3)
during their first visit to the laboratory and again 3 weeks after
the retreat. For the purposes of the current report, we only use
the Drexel Defusion Scale (DDS) (27) and the Pain Cata-
strophizing Scale (PCS) (28) scores collected before the
retreat. The PCS is a 13-item questionnaire used to measure
the extent to which individuals have exaggerated negative
thoughts and feelings about their pain. The DDS is a 10-item
questionnaire designed to measure cognitive defusion, the
ability to achieve psychological distancing from distressing
thoughts and view them as mere mental events rather than
truths.

LAMP Questionnaire

The latest version of the questionnaire is available for reuse at
https://osf.io/e2fud. The versions used for the retreats had
some minor differences, which are described in detail in
Supplemental Section 2.2.

Development. The LAMP was designed to capture aspects
of the subjective experience of a meditation session in a
quantitative fashion. One driving motivation for LAMP was to

Figure 1. Average timeline and frequency of
meditation practice styles during the retreat across all
participants, as reported by participants on the
postmeditation questionnaire. See Figure S1 for the
timeline of each retreat. (A) Overview of all meditation
sessions for each day of the retreat. Percentages
indicate the prevalence of a practice style among all
sessions on that day. For sessions with multiple
practices reported, prevalence was weighted so as to
sum to 1. The most frequently practiced techniques
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were focused attention (FA) (67.2% of overall practice
time) on either bodily sensations, external sensations,
or mental events and open monitoring (OM) (23.5%),
predominating during the first and second half of the
retreat, respectively. Mindful movement sessions
were incorporated (7.3%) from the beginning, while
compassion meditation started midway through the
retreat (2% overall). The specific timing of these
practices slightly varied by 1 or 2 days across re-
treats, reflecting the instructors’ efforts to tailor the

teachings to the evolving needs and progress of each group (see Figure S1). (B) Total number of sessions using a single meditation technique (pure session)
over the 3 retreats performed in the study. In contrast to manualized interventions, practitioners had the flexibility to gradually select 1 or 2 techniques to
practice preferably during a session. Percentages indicate the proportions of pure sessions among all sessions. It is maximal in the first 2 days and then
declines sharply with the introduction of new practices. Description of practice types: FA (bodily), attention on the breath or bodily sensations; FA (external),
attention on external stimuli, typically sights or sounds; FA (mental), attention directed toward thoughts, feelings, and emotions; OM, open monitoring and open
awareness practices; and mindful movement, practices based on movement, such as walking meditation and exercises inspired by yoga or gi gong.
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explore the multidimensional PMM (2), initially designed to map
states and processes across various mindfulness-related
practices. The version of LAMP presented here measures 6
of the 7 core dimensions and 2 of the 4 contextual features of
PMM (see Supplemental Section 2.2 for details).

The LAMP adopted 1 question on the distractibility of
thoughts from Kok and Singer (mental stickiness), as well as 4
questions that pertain to the temporal orientation and self/
other orientation of spontaneous thoughts (13). We refined the
characterization of thoughts by adding a present orientation
option, questions on their temporal depth, and a question on
the thematic orientation toward spiritual and/or material con-
cerns. Our approach to probing feeling states departed from
Kok and Singer’'s 2-dimensional affect grid (valence and
arousal). Instead, we implemented a multiselect approach with
a list of affective states inspired by the Positive and Negative
Affective Schedule (29).

We also included items that probe aspects of experience
that feature prominently in some Buddhist traditional
phenomenological accounts of meditation, either as support-
ive or adverse factors (30) (see Supplemental Section 2.2 for
details). We also collect contextual information about the
meditation session, such as the practices that the participants
followed during the session and whether they kept their eyes
open or closed.

Finally, the last section of the LAMP allows participants to
report remarkable experiences. One special class of such
experience is insight, defined as “the impression of gaining
some novel understanding” about the meditative practice; the
teachings; and/or one’s own mind, life, or something else.
Other unusual experiences can be described in free text and/or
assigned to one or more categories. The list of options was
drawn from the categories of meditation-related effects that
emerged from the thematic content analysis of the phenome-
nological interviews of Buddhist meditators by Lindahl et al.
(14). These unusual experiences will be analyzed and reported
in a future publication.

The items were written collectively by all authors, who have
experience in various contemplative traditions (Zen, Vipas-
sana, Tibetan, mindfulness) and are acquainted with Buddhist
psychological theories. A preliminary version of the question-
naire was first tested by author OA during a 10-day Vipassana
retreat, as well as by experienced practitioners at an MM
retreat led by the meditation instructor SO. The questionnaire
was revised after each piloting phase.

In the remainder of the article, the probed dimensions are
organized into 6 domains for the benefit of communicating
findings: conative, affective, somatic, attentional, meta-
cognitive/reflexive, and cognitive (see Figure 2 for an overview
of the questions foci and the complete questionnaire for a
detailed list of the questions).

Data Collection and Preprocessing. Participants
completed the LAMP on individual tablets available for the
duration of the retreat. A training session about the use of the
tablets and the questionnaire was organized the evening
before each retreat, which allowed the participants to clarify
any ambiguity or misunderstanding with the experimenters.
Thereafter, participants were invited to complete the ques-
tionnaire after every meditation session of the retreat. Although
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this was not compulsory, the completion rate was very high at
98% and resulted in 3603 data points.

Some of the variables reported in the current report were
preprocessed or derived from the original responses (see
Supplemental Section 3.1).

Data Analysis

Generalized Additive Mixed Modeling. We investigated
the dynamics of phenomenological ratings using generalized
additive mixed models (GAMMs). GAMMs allow for nonlinear
relationships between predictors and the response variable,
incorporating smooth functions of covariates, and can account
for the multilevel structure that arises from within-subject
sampling using (nonlinear) random effects. We modeled each
response variable as a nonlinear smooth function of time-into-
retreat (day) and within-day time (session). By-subject day and
session random factor smooths were included to model
nonlinear individual variability from the group means. Thin plate
regression splines were used for both fixed and random ef-
fects. There was no need to model residual autoregression
because it was low in all models (maximum 0.14). The R
package mgcv was used to specify and fit the models using
the fast restricted maximum likelihood algorithm (31,32).

For the model testing the predictions of PMM, we used a
linear mixed model with a by-subject random intercept. Model
fitting and inference were conducted with the Ime4 and
ImerTest packages, respectively (33,34).

Group-Based Trajectory Modeling. Group-based tra-
jectory modeling (GBTM) is a type of finite mixture model that
uses maximum likelihood estimation to identify homogeneous
subgroups in a heterogeneous collection of time series (35). It
assumes a finite number of subgroups, each described by a
polynomial function of time, and estimates both the parame-
ters of the generative functions and the group membership.
GBTM is very useful to unravel the structure of variability in
temporal trajectories, such as the time courses of dimensions
of meditation experience. We used the gbmt package in R (36).
This implementation requires prespecification of the degree of
polynomial functions as well as the maximum number of
clusters. We chose fourth-degree polynomials because the
average effective degrees of freedom estimated by the
GAMMs was close to 4. To determine the optimal number of
clusters, we ran the algorithm on a range of cluster numbers
and chose an optimal value that balanced model parsimony
and goodness of fit, as indexed by information criteria.

To identify homogeneous subgroups of participants across
the 6 dimensions of PMM (2), we used a multivariate extension
of GBTM implemented in gbmt (37).

Correlations. All correlations reported in the current study
are Spearman coefficients, which are equivalent to Pearson
correlations of rank-transformed data. They assess the
strength and direction of the monotonic relationship between
variables. For correlations between variables of the question-
naire, we adopted a multilevel approach, which effectively
provides a group-level estimate of the association within par-
ticipants (38).
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RESULTS

Exploratory Analysis of the Dynamics of
Phenomenological Dimensions

Figure 2 presents the average time courses of ratings for each
phenomenological dimension observed throughout the entire
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Figure 2. Time courses of the ratings of each phenomenological dimension across the entire retreat. For convenience, the cognitive domain has been
divided into 2 subdomains laid out over 2 columns, time orientation and mental content. Curves are model predictions, and confidence bands are 95% Cls.
Significance is indicated by the style of the curves: p < .05 after false discovery rate correction for solid and opaque curves, .05 < p < .10 for solid pale curves,
p > .10 for dashed pale curves. Above each curve, an approximation of Cohen’s d is displayed together with the effect size rank of the variable (see
Supplemental Methods 3.2). Thus depth of insight is the dimension with the highest effect size (d = 7.07, #1), and negative affect has the lowest one (d = 0.03,
#39). The colors of each graph represent 6 psychological domains of inquiry: conative, affective, somatic, mental contents (including time orientation),
attentional, and metacognitive. dist, distance.
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Figure 3. Classes of phenomenological temporal evolution identified by group-based trajectory modeling. This data-driven clustering procedure on the
significant and nearly significant (p < .1) dimensions identified 5 distinguishable temporal evolution classes for the collected phenomenological dimensions,
showing how both cumulative practice time across the retreat and daily changes in the content of the meditative program differently impacted the dynamics of
these dimensions. The most populated class comprises dimensions that evolved linearly throughout the retreat (linear). The second-largest class gathers
dimensions that quickly increased or decreased in the first 3 days before slowing down (early). Three dimensions, pertaining to the thematic orientation of
spontaneous thoughts and intensity of insight, had similar levels at the beginning and end of the retreat but reached a peak around days 5 and 6 (transient).
Four dimensions increased slightly in the first half of the retreat before decreasing sharply (late). Finally, 3 dimensions had a more complex temporal pattern,
featuring both an early and a late change (biphasic). Phenomenological dimensions that evolve opposite to the patterns illustrated at the top are followed by the

(=) sign. dist, distance.

structural features—the “how” of experience (e.g., subjective
realism). In particular, the strongest effects were observed in
depth of insight, drowsiness, engagement, stability, pain un-
pleasantness, and mental effort (see Figure 2).

Over the course of the retreat, past-oriented thoughts
shifted to events progressively more distant in the past (see
temporal dist. (past) in Figure 2), while general thoughts tended
to be more future-oriented during the final 4 days (see future
oriented in Figure 2). There was also a gradual transition to-
ward thoughts being more self-directed and spiritually related,
particularly during the middle phase of the retreat. Experiential
changes over the course of the retreat followed specific time
courses that could be categorized into 5 clusters of distin-
guishable temporal evolution (Figure 3 and Figure S2). The
most prevalent patterns included linear changes (10/28 di-
mensions), rapid early changes (8/28), transient effects peak-
ing at the midpoint of the retreat (3/28), late delayed effects (4/
28), and biphasic effects (3/28).

On a finer time scale, within a day, consistent changes
across individuals were also observed for 18 dimensions, with
an additional 5 showing trends toward significance (see
Figure 4). Having followed a bottom-up descriptive approach in
the first part of this report, now we shift our focus to a targeted
investigation of a subset of phenomenological dimensions to
test specific theoretical hypotheses. Our objective is 2-fold: to
explore predictions based on a previously developed model of
MM and to expand on previous findings about pain perception
during meditation.

Predictions of the PMM

The PMM [Lutz et al. (2)] provides a theoretical framework to
understand the richness of meditation-induced changes in the
structure of subjective experience. It also makes predictions
about the effects of different styles of practices and levels of
expertise on the following dimensions: meta-awareness, der-
eification (the reverse of subjective realism), object orientation,
clarity, stability, aperture, and effort. We tested predictions
from the PMM regarding the effects of mindfulness styles (FA
vs. OM) and expertise (except for object orientation, which was
not adequately measured in the version of the LAMP used for
study retreats). For each dimension of the PMM, we tested
both the practice style and expertise effects in a single model
controlling for age. All dimensions except for clarity were
significantly different in FA at the beginning of the retreat
compared with OM at the end (all ps < .001) (Figure 5A; see
Table S2 for detailed statistics) in the directions predicted by
PMM. However, because the temporal order of the practice
styles in the retreat was confounded with time into retreat, with
a larger prevalence of FA and OM during the first and the
second half of the retreat, respectively (see Figure 1), we
cannot exclude the possibility that part of the observed effects
are due to time into the retreat.

Consistent with the PMM model, meta-awareness, der-
eification, and aperture increased (and mental effort
decreased) significantly with expertise, as indexed by cumu-
lative lifetime practice (all ps < .01) (Figure 5B). The slopes for
stability and clarity as a function of expertise were also in the
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Figure 4. Time courses of the ratings of each phenomenological dimension within a retreat day. One type of change most likely corresponds to a post-
prandial effect (e.g., drowsiness, awareness of the surroundings). Another dynamic pattern reflects a gradual increase in physical and mental discomfort
throughout the day, as indicated by rises in tension, restlessness, pain intensity, pain unpleasantness, and effort for stillness, coupled with a decline in energy,
positive affect, and confidence in both the efficacy of the practice and one’s own meditative competence. Interestingly, this discomfort experienced toward the
end of the day was accompanied by an increase in depth of insight. Additionally, an oscillatory pattern for what concerns the perceived stability and clarity of
mental state was observed, whereby an increase during one session was frequently followed by a decrease in the following one. Curves are model predictions,
and confidence bands are 95% Cls. Significance is indicated by the style of the curves: p < .05 after false discovery rate correction for solid and opaque
curves, .05 < p < .10 for solid pale curves, p > .10 for dashed pale curves. The colors of each graph represent 6 psychological domains of inquiry: conative,
affective, somatic, mental contents (including time orientation), attentional, and metacognitive. Meal times are indicated at the bottom of each graph: B,
breakfast; L, lunch; D, dinner. Note how the highest peak in drowsiness occurs following lunchtime and thus likely reflects postprandial somnolence. dist,
distance.

predicted direction, although not statistically significant, values on these dimensions than more experienced ones and
possibly due to the restricted range of meditation experience in showed a different temporal evolution. They reported a gradual

our sample. Figure 5C graphically illustrates the differences in increase in all dimensions of interest until the end of the retreat,
dynamic trajectories as a function of meditation experience. with values nonetheless being lower on average than those of
More experienced practitioners (>2000 hours of meditation in the experienced practitioners.

life) improved only on dereification. They began and remained To further explore the interindividual variability in the dy-

at high values on other dimensions during the retreat. By namics across the PMM, we next applied group-based multi-
contrast, less experienced practitioners started from lower variate trajectory modeling to the subset of 6 phenomenological
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Figure 5. Testing the predictions from the phenomenological matrix of mindfulness (PMM) (2). (A) Effect of practice on the PMM dimensions. Except for the
dimension of clarity, focused attention (FA) and open monitoring (OM) practices differed following these predictions. To simplify the interpretation of this
analysis, we used only sessions for which participants reported practicing either only bodily FA or only OM. Note that the observed effect is confounded by a
practice order effect during the retreat (FA was prominent in the first half of the retreat and OM in the second half). In particular, the observed increases in
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dimensions. This data-driven approach qualitatively confirmed
and refined the findings displayed in Figure 4C. Three clusters
emerged (Figure 5D and Figure S3). A small group (n = 10/53,
orange cluster) started high on all dimensions and remained
stable across the retreat, except for a linear increase in der-
eification; the practitioners in this group were also significantly
more experienced than the rest of the sample (mean = 3320
hours vs. 1299 hours, Wilcoxon rank-sum test: W = 113.5,
p =.023). A second group, which included most participants
(n = 38/53, green cluster), progressed linearly over the time
course of the retreat in all dimensions. Finally, the smallest
group (1 = 5/53, red cluster) included participants who
decreased on some dimensions, especially toward the end of
the retreat; these low scores were associated with personal
difficulties that arose toward the end of the retreat (physical,
e.g., toothache, tinnitus, and motivational struggles).

Replicating and Extending Findings on Pain
Sensory-Affective Uncoupling During MM

Consistent with our prediction, we found that pain sensory-
affective uncoupling, operationally defined as the difference
between pain intensity and unpleasantness ratings, increased
over time, reaching statistical significance from day 3 onwards
(Figure 6A, left). After orthogonalization of the 2 pain di-
mensions, the effect appeared to be driven by a specific
decrease in pain unpleasantness (Figure 6A, right).

Building on our earlier work (39), we tested whether trait
cognitive defusion (DDS) was a better predictor of pain
uncoupling than trait pain catastrophizing (PCS) scores. Con-
firming these findings, we found that preretreat scores on DDS,
but not on PCS, negatively correlated with retreat-averaged
pain unpleasantness after orthogonalization with pain in-
tensity (r = —0.34; 95% Cl, —0.56 to —0.08; p = .012)
(Figure 6B). This correlation persisted even after controlling for
pain catastrophizing (r = —0.29; 95% CI, —0.52 to —0.02; p =
.034).

Next, we investigated the potential active contributions to
pain regulation (23,24) of dimensions of subjective experience
probed by LAMP. We tested whether the changes in these
dimensions across the retreat could predict variations in pain
ratings at the individual level (Figure 6C). We found that con-
fidence in practice and skills, engagement, mental intrusive-
ness, reactivity, state stability, mental stickiness, premotor
awareness, and subjective realism were associated with
changes in pain unpleasantness after orthogonalization with
pain intensity. These associations were highly specific for

Biological
Psychiatry:
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confidence in one’s own skills, reactivity to experiences, meta-
awareness, and premotor awareness. None of the tested di-
mensions correlated with pain intensity after orthogonalization
with pain unpleasantness.

DISCUSSION

In this study, we aimed to develop a measurement tool to
assess the fine-grained structure and changes in subjective
experience of meditation practitioners. We demonstrated it by
describing in detail the temporal evolution of various di-
mensions of contemplative experience reported by a sample of
experienced practitioners during a 10-day intensive meditation
retreat. The architecture of the retreat mirrored a natural pro-
gression in many contemplative traditions from concentrative
practices (FA) to a broader scope of attention to any arising
phenomenon (OM). We identified meaningful statistical regu-
larities and found that phenomenological dimensions could be
grouped into a small number of temporal evolution classes.
Many dimensions, including physical relaxation, mental ease,
and metacognitive insight, showed an approximately linear
progression during the course of the retreat, suggesting that
they are general outcomes of meditation practice. Among the
experiential features that showed marked increases early in the
retreat, some indicated a shift of mindset and adaption to the
retreat setting (engagement, confidence, and self-directedness
of thoughts), while others are widely considered specific tar-
gets of FA practices (attentional stability, alertness). Two core
dimensions of contemplative experience, equanimity and
dereification, changed only later, possibly reflecting the spec-
ificity of OM practices and/or the requirement for cumulated
practice.

Furthermore, our findings are largely consistent with pre-
dictions about the average locations occupied in a phenome-
nological space during FA and OM practices (2). Participants
with more extensive accumulated lifetime experience rated
higher in meta-awareness and dereification, suggesting the
accrual of practice-related effects over time. Finally, we
examined how the phenomenon of pain uncoupling—whereby
the affective (unpleasantness) and the sensory (intensity)
component of pain can partially dissociate in an individual’s
experience—would be affected by the retreat, given our pre-
vious work (39) and traditional claims about the effects of
meditation (40). We observed that pain uncoupling increased
linearly with time into retreat and was significantly predicted by
the individual scores on a scale assessing individual trait ca-
pacity for achieving psychological distance from mental

meta-awareness, stability, and dereification and the decrease in mental effort during the course of the retreat could have occurred not only due to the gradual
introduction of the OM practice but also by practitioners becoming more proficient in meditation as the retreat progressed. (B) The relationships between the
phenomenological scores averaged across retreats and participants’ total lifetime practice are also congruent with the PMM model for meta-awareness,
dereification, mental effort, and aperture. We used only sessions with FA or OM practices in this analysis. While the estimation of the regression lines
(black lines) may seem to be driven by the 3 outlier participants (with more than 8000 hours of practice), slopes in fact remain similar when these points are
removed (blue lines). (C) For an easier comparison, we replicated the graphical scheme used in Figure 1 in Lutz et al. (2). (C) Left: Group-averaged data for pure
bodily FA and OM sessions. (C) Right: Group-averaged data for 2 subgroups of low and high meditation experience at different stages of the retreat. The cutoff
between the subgroups was arbitrarily chosen to illustrate the effect of experience on the baseline and temporal evolution. (D) Data-driven clusters of par-
ticipants based on the joint temporal trajectories across the 6 dimensions of the PMM, where different colors identify different subgroups of participants as
detailed in the main text, and dashed lines represent 95% confidence bands. In particular, the red cluster consists of 5 participants who exerted high effort in
their meditation practice but reported low stability; unlike others, these participants exhibited a decrease in dereification, stability, and clarity during the second

part of the retreat. Significance: *p < .05, *p < .01, **p < .001.
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Figure 6. Evolution and regulatory mechanisms of the sensory-affective uncoupling of pain during meditation. (A) Both the sensory and affective com-
ponents of pain (indexed by ratings of intensity and unpleasantness, respectively) appeared to decrease significantly over the course of the retreat. However,
after orthogonalization of the 2 scales, only the decrease of pain unpleasantness remained significant. (B) Trait cognitive defusion (Drexel Defusion Scale
[DDS)) predicted retreat-average orthogonalized pain unpleasantness, but not pain intensity, an effect that remained significant after partialling out Pain
Catastrophizing Scale (PCS) scores (values within parentheses). Trait pain catastrophizing was not associated with any measure of pain. Line widths are
proportional to the corresponding partial correlation coefficients, and asterisks mark significant correlations at the p < .05 level. (C) Spearman, multilevel,
within-subject correlations between pain ratings and hypothesized phenomenological dimensions implicated in pain regulation. To account for potential
confounds arising from shared temporal patterns, all correlations were adjusted for time into retreat. Significant correlations (o < .05) are denoted by a black
square. False discovery rate (FDR) correction for multiple comparisons was applied to each family of correlations, corresponding to a row of values in the plot.
The zero-order correlations, reflecting direct associations with pain ratings, were found to be uniformly highly significant. However, upon orthogonalizing pain
ratings— partialling out pain unpleasantness from correlations with pain intensity and vice versa—only correlations with pain unpleasantness remained sig-
nificant (first-order partial correlations). This dissociative pattern suggests that the active processes and factors cultivated through meditation practice target
the affective, rather than sensory, dimension of pain. Even after fully accounting for shared covariance among variables, in addition to the variance of the
complementary pain scale, confidence in self-efficacy, reactivity to thoughts, and premotor awareness remained significantly correlated with pain unpleas-
antness (full-order partial correlations).

events. Processes such as acceptance, meta-awareness, and
self-belief—but, interestingly, not attentional capacities—
influenced pain uncoupling, highlighting their role in success-
ful pain management. These findings provide novel hypothe-
ses regarding the regulatory mechanisms that underlie the
clinical effects of MBIs on chronic pain and mood disorders.
While the study is, to our knowledge, the first one to
investigate the changes in subjective experience during an
intensive meditation retreat in such detail, it has limitations.
First, the depth and precision of phenomenological insight, as
well as the understanding of questions and labels, may be
affected by meditative expertise (11,41,42); therefore, caution
should be exercised in using the instrument to contrast
novices and more adept practitioners in cross-sectional
studies [but see (43) for a promising approach]. Second, our
retreats featured a gradual progression from FA to OM
practice, favoring a naturalistic approach at the expense of
controllability. This precluded us from unambiguously
assessing the effect of time and common factors versus the
effect of a specific meditative technique/style and warrants
investigation into retreats where the same practice is adopted
throughout (e.g., Zen Soto sesshin). Third, the potential
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influence of participants’ expectations and social desirability
on their subjective reports deserves careful consideration.
While we took special care to minimize these effects by
framing the questionnaire as a tool for self-investigation and
by assuring anonymous processing of the data, we cannot
rule out the possibility that some of the observed effects are
partially affected by demand characteristics. However,
several properties of the data suggest that practitioners were
genuinely tracking their variations in experience: the presence
of distinct and complex temporal evolution trajectories
(especially nonmonotonic ones, such as the transient and
biphasic patterns of Figure 4), the lack of statistically signifi-
cant change in dimensions that are commonly viewed as
primary targets of meditation practice (e.g., negative affect,
frequency of spontaneous thoughts), and large temporal and
interindividual variability. Fourth, the presence and guidance
of the meditation instructor might have had a moderating
effect on some of the participants’ responses, especially
where it overlapped semantically with the questionnaire.
Finally, our sample size allowed us to detect only medium
effect sizes, so that our findings may underestimate the
changes associated with the meditation retreat.
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To the best of our knowledge, the LAMP is the most
comprehensive and refined phenomenological questionnaire
on meditation experience available. However, it has important
gaps that should be filled in future versions. These short-
comings include items that probe the motivations and goals
that underlie practice, the consistency of thoughts, the
awareness of the transient nature of experiences, and tools
that capture the fine-grained dynamics of a meditation session
(44).

Conclusions

We offer a proof of concept for the fine-grained study of the
plasticity of subjective experience induced by intensive medi-
tative practice. Our phenomenological instrument enables
investigation of causal relationships among variables, popu-
lation heterogeneity, and individual variability, as well as pre-
dictive factors of retreat effects such as prior experience,
personality, etc. Such an approach could serve as a blueprint
for guiding clinical and neurophenomenological investigations
of mental health (45) and meditation practices (46), as well as
providing diversified and rich data for testing computational
models of subjective experience (47).
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