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Preliminary validation and
refinement of the psychedelic
aesthetic experience
questionnaire

Jake F. Hooper*, Jarrod M. Ellingson and Kent E. Hutchison

Department of Psychiatry, University of Colorado Anschutz Medical Campus, Aurora, CO, United States

Introduction: Aesthetic experiences under psychedelics are often described as
vivid, emotionally powerful, and meaningful, yet they remain under-measured in
psychometric research. This study aimed to refine and validate the Psychedelic
Aesthetic Experience Questionnaire (PAEQ), a novel instrument designed to
assess the aesthetic dimensions of acute psychedelic experiences.
Methods: A total of 365 past-year psilocybin users completed an anonymous
online survey assessing their most typical psychedelic experience. Exploratory
factor analysis (EFA) and confirmatory factor analysis (CFA) were conducted on
split samples to examine the latent structure of the PAEQ. Reliability, convergent
validity, and regression models predicting self-reported psychological outcomes
were evaluated.
Results: EFA and CFA supported a four-factor structure reflecting sensory,
affective, semantic, and flow dimensions. Internal consistency was high for the
total scale (α = 0.90) and acceptable across subscales. Convergent validity was
supported by strong correlations with MEQ (r = 0.69), EBI (r = 0.54), and PIS (r =
0.56). PAEQ scores modestly predicted improvements in sleep, pain, substance
use, anxiety, depression, and quality of life following psychedelic use.
Discussion: Despite some weaknesses, the PAEQ provides a psychometrically
sound measure of aesthetic engagement during psychedelic experiences, a
domain not fully captured by existing instruments. Its multidimensional structure
grounded in the aesthetic triad and flow theory offers new avenues for assessing
altered states of consciousness and their therapeutic relevance.
Conclusion: The refined PAEQ is a valid tool for quantifying aesthetic aspects of
psychedelic experiences and contributes to advancing empirical approaches for
characterizing altered states of consciousness.
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Introduction

The psychedelic experience has long been associated with profound changes in
perception, emotion, and cognition, often described as highly aesthetic. That is, the
subjective experience under psychedelics is characterized by intensified sensory perception,
meaningful imagery, and deeply felt emotions (Hooper et al., 2025a; Nichols, 2016).
Research has shown that psychedelics increase emotional responsiveness to music,
particularly to complex or emotionally evocative compositions, often evoking a sense
of awe, unity, or transcendence (Barrett et al., 2017; Kaelen, 2017; Kaelen et al., 2015).
Similarly, visuals (and visual art) are often perceived as more vivid, moving, or meaningful
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under psychedelics, with users reporting deeper engagement with
colors, forms, and content (Krippner, 2017; Ray Swanson, 2022).

Empirical and phenomenological studies document a wide
range of psychedelic-induced aesthetic phenomena ranging from
alterations in elementary visual features to complex multimodal
constructs. At lower intensities, psychedelics reliably enhance color
saturation, brightness, and contrast, distort depth and orientation,
and generate recurrent geometric “form constants” such as lattices,
tunnels, and spirals (Díaz, 2010; Fischer et al., 1970; Hill and
Fischer, 1973; Klüver, 1942). Higher intensities produce fractal,
symmetrical, and hyperbolic geometries, often coalescing into
immersive, architecturally complex environments populated by
autonomous entities (Gómez-Emilsson, 2016; Lawrence et al.,
2022; Makin et al., 2023; Michael et al., 2023; Sanders et al.,
2025; Shanon, 2002, 2010; Strassman et al., 1994). Like aesthetic
experience, psychedelic visual experiences are frequently described
as simultaneously novel and familiar and are often emotionally
charged and imbued with deeper meaning (Doss et al., 2024;
Lawrence et al., 2024).

Aesthetic experiences are thought to play a key role in
triggering emotional responses and driving positive changes
in cognition and behavior (Mastandrea et al., 2019). While
certain aspects of the psychedelic experience—such as mystical
states—have received significant attention, they may not fully
encompass the breadth and specificity of subjective effects,
particularly those that are aesthetic in nature. Despite increasing
interest to understand these experiences, there remains a lack of
validated tools to assess the subjective components of psychedelic
states comprehensively. To address this gap, we developed the
Psychedelic Aesthetic Experience Questionnaire (PAEQ) (Hooper
et al., 2025b), providing a structured framework to capture
the unique components of aesthetic experiences induced by
psychedelics. By focusing on these often-overlooked dimensions,
this study aims to contribute to the sparse literature on the
relevance of aesthetics to psychedelic experiences and their
potential therapeutic outcomes.

The emerging field of neuroaesthetics provides insight into
the biological basis of aesthetic experiences. Neuroaesthetic
research has identified three core neural systems—sensory-motor,
emotion-valuation, and meaning-knowledge—that contribute to
the experience of art and other aesthetically significant stimuli
(Chatterjee and Vartanian, 2014). These systems form the
foundation of what has been termed the “aesthetic triad.” The
PAEQ uses this conceptual triadic framework to assess the
confluence of sensation, emotion, and cognition that characterize
psychedelic-induced aesthetics. We hypothesize that the aesthetic
triad applies to psychedelic experiences, with psychedelics engaging
each system in distinct yet convergent ways (see Hooper et al.,
2025a).

The concept of flow can also add to an understanding of
psychedelic-induced aesthetic states. Flow experiences, as originally
described by Cziksentmihalyi (1990), represent optimal states
of full engagement, often referred to as “being in the zone”
or “getting lost in the moment.” Empirical work developing
the Aesthetic Experience Questionnaire (AEQ) has shown that
aesthetic experiences while viewing art can evoke flow states,
suggesting overlap between these two psychological phenomena

(Wanzer et al., 2020). Correspondingly, leveraging a predictive
processing framework, aesthetic experience can be understood as
an optimally balanced processing state in which prediction error
minimization is maximized without becoming trivial, sustaining
engagement and reward (Consoli, 2016; Frascaroli et al., 2024;
Sarasso et al., 2020; Van de Cruys et al., 2024; Van de Cruys and
Wagemans, 2011; Yoo et al., 2024). Psychedelics may promote
such states by perturbing high-level priors, increasing the precision
of bottom-up sensory signals, and thereby altering the dynamic
between systems described in the aesthetic triad. This type
of modulation may generate the immersive, self-transcendent
qualities of flow while enriching perceptual, affective, and cognitive
dimensions of the experience. The AEQ is a reliable and valid
tool for studying how individuals experience visual art, showing
consistency across diverse samples and cultural contexts (Swiatek
et al., 2023; Wanzer et al., 2020). The PAEQ was intended to build
on the AEQ by indexing how psychedelics induce comparable states
of deep aesthetic engagement.

While our initial study provided foundational evidence that
aesthetic quality during a psychedelic session correlates with
emotional breakthroughs, insight, and wellbeing, it relied on a
single-item measure of aesthetic experience (Hooper et al., 2025b).
The present study aimed to validate and refine the original PAEQ by
examining its reliability, factor structure, and construct validity in a
sample of individuals with recent psychedelic experiences. Through
exploratory and confirmatory factor analyses and convergent
validation, this study aims to determine whether the initial 21-
item structure and content adequately represents the underlying
dimensions of psychedelic aesthetic experience or if modifications
are required to enhance its psychometric properties. We aim to
establish an updated and validated version of the PAEQ that can
be effectively utilized for assessing the sensory, affective, semantic,
and flow components of aesthetic experiences, providing avenues
for further research into the therapeutic and experiential potential
of psychedelics.

Methods

Participants

This study targeted U.S. adults, aged 18 and older, and collected
data on both those who use and those who do not use psychedelic
substances. Data was collected via a voluntary and anonymous
online survey as part of a larger study conducted from July 2024
to January 2025. The data analyzed here extends prior work;
the present analysis incorporates additional participants and is
cited alongside the initial PAEQ development paper (Hooper
et al., 2025b) and the primary survey study (Hooper et al.,
2025c) to maintain continuity. The study received approval from
the University of Colorado Multiple Institutional Review Board,
and participants provided informed consent electronically before
proceeding with the survey.

Participants were recruited through social media
advertisements, word-of-mouth, in-person outreach, and snowball
sampling. Primary recruitment efforts focused on attracting
participants residing locally in Colorado, with ads distributed
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via Meta and Google to eliminate bias inherent in recruitment
from psychedelic-related forums. Individuals under 18 were
excluded from participation, and no other specific inclusion or
exclusion criteria were applied for enrollment. While mental health
history, frequency of psychedelic use, and concurrent use of other
psychoactive substances were recorded, they were not used as
exclusion criteria. This inclusive approach aimed to maximize
ecological validity.

Procedure

The survey, hosted on the Research Electronic Data Capture
platform (REDCap, www.redcap.com), gathered comprehensive
information on participants’ demographics, health status, and
substance use patterns, including reporting on their acute
psychedelic experiences. The present study included only complete
data exclusively from current (past-year 1+ use) psilocybin
users (n = 365), who were asked to describe their most
typical experience. This phrasing was deliberately chosen to
minimize bias by avoiding emphasis on either positive or
negative experiences.

Measures

The survey was designed to assess various dimensions
of participants’ psychedelic experiences. Several validated
instruments were used alongside the newly developed PAEQ
to capture the full scope of these experiences and to establish
convergent and divergent validity. Each instrument was originally
developed and validated primarily in controlled experimental
contexts, often within placebo-controlled psychedelic trials and
administered during or immediately after the session to capture
acute experiential content. In their original use, each instrument
was designed to minimize recall bias and measure phenomenology
in close temporal proximity to the psychedelic state. The
present study administered these instruments retrospectively,
outside of controlled settings, which introduces potential
differences in construct expression and may influence reliability
and validity estimates. While the core constructs measured
by these scales are theoretically stable, their psychometric
robustness in long-term retrospective contexts has been less
frequently examined.

Psychedelic aesthetic experience questionnaire
The PAEQ (Hooper et al., 2025b) was designed to assess

aesthetic experiences associated with psychedelic use. The
original structure of the PAEQ consisted of 20 items that were
theoretically divided into four primary dimensions: Sensory,
Semantic, Affective, and Flow (see Appendix A). Each dimension
reflects distinct components of the aesthetic experience under the
influence of psychedelics. Additionally, a single item was included
as a logical proxy to represent the total aesthetic experience in
an initial exploratory analysis. This item was intended for use
in applicable cases as a short version of the PAEQ. Each item is

scored on an 8-point Likert scale from 0 (strongly disagree) to 7
(strongly agree). Both the total score and sub-scores are computed
as averages of their respective items.

The Sensory dimension captures sensory aspects of the
psychedelic experience, with a specific focus on visual phenomena
(e.g., “The visual patterns I experienced were vivid”). Items in
this dimension assessed the vividness, complexity, and symmetry
of visual patterns, as well as changes in color perception.
This dimension was crucial in highlighting the altered sensory
environment that characterizes psychedelic experiences. The
Semantic dimension focuses on the cognitive and meaning-
making aspects of the experience, such as the emergence
of meaningful visions, altered thought patterns, and insights.
This dimension captures how psychedelics can lead to new
interpretations and connections, contributing to a different
interpretation of one’s surroundings or self. The Affective
dimension measures the emotional intensity and evaluative
aspects of the aesthetic experience, including both positive and
negative emotions. Items in this dimension assess feelings of
heightened beauty or ugliness, emotional variability, and whether
the experience was moving. These items provide insight into
the range and depth of emotions elicited during the psychedelic
experience. Finally, the Flow dimension captures aspects of
immersion, such as losing track of time and oneself. This
dimension emphasizes the deep engagement often reported
during psychedelic experiences, where individuals feel fully
absorbed in the moment, similar to the psychological concept
of flow.

Mystical experience questionnaire
The MEQ (Barrett et al., 2015; MacLean et al., 2012) measures

the mystical qualities of psychedelic experiences. This 30-item
scale is divided into four dimensions: mystical, positive mood,
transcendence of time and space, and ineffability (α = 0.97,
0.96, 0.86, 0.90). Each item is rated on a 6-point scale from
0 (none) to 5 (extreme), with higher scores reflecting more
intense mystical experiences. The MEQ has been validated in
studies of psilocybin use and is consistently associated with long-
lasting positive psychological effects, making it a key measure for
capturing the profound, peak experiences that often accompany
psychedelic use.

Emotional breakthrough inventory
The EBI (Roseman et al., 2019) measures the intensity

of emotional breakthroughs during participants’ most typical
psychedelic experience. The EBI consists of 6 items (α = 0.94),
rated on a scale from 0 (disagree) to 100 (agree), where higher
scores indicate greater emotional breakthroughs. When combined
with other measures, such as the MEQ and CEQ, it provides a more
complete understanding of psychedelic experiences and their effect
on long-term wellbeing.

Psychological insight scale
The PIS (Peill et al., 2022) assessed the psychological

insights gained following psychedelic experiences, emphasizing

Frontiers in Psychology 03 frontiersin.org

https://doi.org/10.3389/fpsyg.2025.1648968
http://www.redcap.com
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Hooper et al. 10.3389/fpsyg.2025.1648968

self-reflection, and behavior change. A 6-item scale (α = 0.94),
the PIS asks participants to rate their agreement with statements
about psychological insights on a scale from 0 (strongly disagree)
to 100 (strongly agree). Higher scores reflect greater insight and
a higher likelihood of meaningful psychological or behavioral
change. The PIS has been shown to correlate with decreased
symptoms of depression and anxiety, and it often mediates
the relationship between emotional breakthroughs and long-
term wellbeing.

Challenging experience questionnaire
The CEQ (Barrett et al., 2016) was developed to assess

the challenging or adverse psychological aspects of psychedelic
experiences, often referred to as “bad trips.” The scale was
constructed and validated based on responses to items drawn from
multiple established hallucinogen-sensitive questionnaires, leading
to the identification of and strong internal consistency across seven
key factors: grief, fear, death, insanity, isolation, physical distress,
and paranoia (all α ≥ 0.79). The final version of the CEQ consists
of 26 items, each rated on a six-point Likert scale ranging from 0
(“none; not at all”) to 5 (“extreme; more than ever before in my
life”), with higher scores reflecting greater intensity of challenging
experiences. While such experiences are typically transient and
context-dependent, they can profoundly shape the overall impact of
the psychedelic session, influencing measures of meaning, insight,
and wellbeing.

Psychological and behavioral outcomes
Changes in anxiety, depression, pain, sleep quality, alcohol

use, opioid use, and overall quality of life were assessed via
single-item self-report questions specific to the participant’s most
typical psilocybin experience in the past year. For each outcome,
participants were asked, “Please rate how each of the following
changed as a result of your psilocybin use in the past year.” Responses
were provided on a 7-point Likert scale ranging from −3 (“much
worse”) to +3 (“much improved”), with 0 indicating “no change.”

Ethical considerations

This study adhered to the ethical guidelines set forth by
the American Psychological Association (APA). The survey
was conducted anonymously, ensuring that no personal health
information could be traced back to respondents or compromised.
All data were securely managed and stored using the REDCap
platform, which is designed to safeguard sensitive information.
Access to the data was restricted to the research team through
secure, password-protected logins.

Before participating, all individuals were fully informed
about the study’s objectives, and the voluntary nature of
their involvement. Participants gave their informed consent
electronically before starting the survey. Once data collection was
complete, the data were exported into RStudio for analysis. Files
were stored on the research team’s password-protected computers
to ensure the ongoing security of the information.

Data analysis

Analysis

Data were exported from REDCap to excel. All data
unnecessary for analysis were removed (incomplete or irrelevant
measures). Categorical variables were recorded numerically
and imputed into a codebook for reference. Variables were
scored appropriately for each measure. Descriptive and standard
psychometric analysis using the psych package was performed
using R (R Core Team, 2022). Spearman correlations were
computed using complete observations to identify monotonic
relationships between variables of interest.

To ensure independent validation of the factor structure,
the full cleaned dataset was randomly divided into two non-
overlapping groups. Participants were assigned to either an
exploratory group (EFA) or a confirmatory group (CFA) with
approximately equal sample sizes (n = 182, 183). This random split
was performed after initial descriptive and demographic analyses
but prior to any factor analysis procedures. The EFA group was used
to explore the latent structure of the scale, while the CFA group was
used to independently test and validate the model identified in the
EFA. A custom function was implemented to calculate a p-value
matrix alongside the correlation matrix, enabling the evaluation
of statistical significance for each observed association. CFA were
conducted with the lavaan package (Rosseel, 2012). Maximum
likelihood estimation was used in all CFA.

Dimensionality and item suitability for factor analysis were
assessed using Bartlett’s Test of Sphericity and the Kaiser-Meyer-
Olkin (KMO) measure. Principal Components Analysis (PCA)
was conducted to assess the underlying dimensions of the PAEQ,
using eigenvalues and a scree plot to determine the appropriate
number of factors. Subsequently, factor analysis using Principal
Axis Factoring (PAF) was conducted to identify latent factors.
Factor loadings were examined to interpret the structure and ensure
construct validity.

Model fit was assessed using the comparative fit index
(CFI) and the standardized root mean square residual (SRMR)
(Bentler, 2006), with chi-square goodness-of-fit index changes
reported between models. Following standard model fit criteria, a
combination of fit indices was used, where values of SRMR < 0.09
and CFI > 0.90 were considered indicative of an acceptable fit
(Brown, 2006; Hu and Bentler, 1999). To account for potential non-
normality in the data, chi-square values and CFI were computed
using the Satorra-Bentler scaled test statistic (Satorra and Bentler,
2001).

Convergent validity was assessed by calculating Average
Variance Extracted (AVE) for each latent factor using standardized
loadings from the CFA model. AVE reflects the proportion of
variance in observed indicators accounted for by the latent
construct and was computed as the mean of the squared
standardized loadings for each factor (Fornell and Larcker, 1981).
Values exceeding 0.50 were interpreted as evidence of adequate
convergent validity, indicating that the construct captures more
variance than is attributable to measurement error.

To further assess convergent validity, Spearman’s rank-order
correlations were conducted between the total PAEQ score and
theoretically related constructs. Given significant non-normality in
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the data as indicated by Shapiro-Wilk tests, Spearman’s rho was
used to identify monotonic associations. In addition to bivariate
correlations, a multiple regression model was constructed to
determine the predictive contribution of each external measure on
PAEQ scores. This allows for a more precise examination of which
components of the psychedelic experience most strongly relate
to aesthetic engagement, while controlling for shared variance
across predictors.

To evaluate the potential therapeutic relevance of aesthetic
engagement, a separate series of linear regression models were
conducted with the PAEQ total score as the sole predictor of
various psychological and behavioral outcomes. These included
self-reported changes in anxiety, depression, pain, sleep quality,
alcohol use, opioid use, and overall quality of life as a direct
result of a participant’s typical (past year) psychedelic experience.
Each model tested whether greater aesthetic engagement during a
psychedelic experience was associated with improved wellbeing or
behavioral change.

Results

Descriptives

Survey respondents were primarily younger adults, with
smaller proportions in older age groups. Gender representation was
mostly male (38.1% female). Most respondents identified as White
(85.2%), with smaller representations from other racial groups.
Education levels varied, with about half reporting a degree from
higher education (47.7%); see Table 1. Measurement scores are
reported in Table 2.

Reliability analysis

The PAEQ Total score was scored by calculating the average
score across all items for each respondent, with item 16 reverse
coded. The average score among respondents was 4.69, with a
standard deviation of 1.01, indicating moderate variability. Scores
ranged from 0.76 to a maximum of 7. The 25th percentile was 4.10,
the median was 4.76, and the 75th percentile was 5.38, suggesting
that the majority of scores were clustered closer to the higher end
of the scale.

An initial reliability analysis of the PAEQ items yielded a
Cronbach’s alpha of 0.89, indicating high internal consistency
and suggesting that the items reliably measure a common
underlying construct. Additional psychometric analyses revealed
a squared multiple correlation (G6) value of 0.92, confirming
the scale’s robustness and reliability, as this metric provides a
more conservative estimate of internal consistency (Guttman,
1945). The signal-to-noise ratio (S/N) was calculated as 8.3,
demonstrating a strong ability to differentiate between true
variance and measurement error.

Item-total correlation analysis identified item 16, “I experienced
a heightened sense of ugliness,” as problematic due to a low
corrected item-total correlation (0.19), indicating weak alignment
with the overall construct. Despite being reverse-coded to align
with other items on the scale, item 16 demonstrated high variability,

TABLE 1 Demographic characteristics of survey responder’s n (%).

Age

18–24 116 (31.8%)

25–34 95 (26%)

35–44 59 (16.2 %)

45–54 51 (14%)

55–64 24 (6.5%)

65+ 20 (5.5%)

Sex

Male 226 (61.9%)

Female 139 (38.1%)

Race

White 311 (85.2%)

Asian 10 (2.74%)

Black or African American 4 (1.1%)

American Indian 3 (0.8%)

More than one 29 (8%)

Education

Less than high school 7 (1.9%)

High school 48 (13.2%)

Some college 89 (24.4%)

Bachelor’s degree 119 (32.6%)

Graduate degree 55 (15.1%)

suggesting it may not effectively measure the intended construct.
Given these findings, item 16 was removed from the scale to
enhance reliability. Following removal, the recalculated Cronbach’s
alpha increased slightly to 0.90, reflecting an improvement in
internal consistency.

Exploratory factor analysis

Bartlett’s test of sphericity and KMO were analyzed to assess
the suitability of the items for factor analysis. Bartlett’s test was
significant with χ ² (190) = 1,596, p < 0.001, indicating that
the correlation matrix was significantly different from an identity
matrix and suitable for factor analysis. KMO yielded an overall
Measure of Sampling Adequacy (MSA) of 0.86, which is considered
meritorious, demonstrating that the sample was adequate for factor
analysis. Individual item MSA values ranged from 0.77 to 0.93,
further supporting the suitability of the dataset for factor analysis.

Dimensionality was assessed using PCA. Based on Kaiser’s
Criterion, which retains components with eigenvalues greater
than 1, we selected the first four principal components based
on eigenvalues of 6.18, 3.34, 2.03, and 1.70. Together, these
components account for approximately 66% of the total variance
in the dataset. Examination of the scree plot and factor loadings
confirmed the retention of four factors, paralleling the intended
four dimensions of the PAEQ; see Figure 1.
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Confirmatory factor analysis

Reliability testing
The Cronbach’s alpha results for the PAEQ factors show

varying levels of internal consistency; see Table 3. The Sensory,
Affective, Semantic, and Flow factors have a Cronbach’s alpha
of 0.85, 0.63, 0.76, and 0.74, respectively indicating good overall

TABLE 2 Descriptive statistics of all measures (%).

Measure M SD

PAEQ total 58.63 12.63

PAEQ single-item 70.13 19.00

EBI 68.05 21.99

PIS 72.75 21.62

PIS single-item 73.44 23.72

MEQ total 48.67 19.33

MEQ mystical 45.67 23.17

MEQ positive mood 59.83 17.33

MEQ transcendence 39.50 21.50

MEQ ineffability 59.50 23.00

CEQ total 12.54 13.98

Fear 13.92 18.61

Grief 15.30 17.46

Physical distress 13.93 15.95

Insanity 11.42 19.73

Isolation 10.98 17.28

Death 10.16 21.41

Paranoia 03.70 11.64

MEQ and PAEQ scores were converted to percentages of their maximum possible scores to
facilitate comparative interpretation with other scales.

internal consistency, suggesting that the items measuring each
factor are cohesive.

CFA results indicate that most PAEQ items load well onto
their respective factors, with some exceptions. The Sensory factor
shows strong contributions, with items 1, 2, 3, 4, and 6 loading
above 0.68, confirming their relevance. However, item 5 (0.50)
is weaker, and item 19 (0.34) contributes minimally, suggesting
poor alignment with the latent construct. The Affective factor loads
adequately overall, though its reliability (α = 0.63) falls below the
conventional threshold (>0.70), indicating room for refinement. In
the Semantic factor, items 7, 8, 9, 10, and 11 exhibit moderate-to-
strong loadings, supporting their inclusion, while item 20 (0.49)
falls below the preferred threshold, suggesting that refinement
may improve its alignment. The Flow factor demonstrates good
internal consistency, with items 12 and 13 both loading above
0.70. However, it may be appropriate to balance this factor with
additional items. None of the items showed significant cross-
loadings, indicating robust discriminant validity.

Validity testing
To assess the structural validity of the current PAEQ model,

model estimation utilized a robust maximum likelihood estimator
(MLM) to account for potential non-normality in the data. The
initial CFA model demonstrated reasonable alignment with the
proposed structure but indicated areas for improvement. Fit indices
were as follows: Comparative Fit Index (CFI) = 0.822 (preferred
> 0.90), Standardized Root Mean Square Residual (SRMR) = 0.089
(preferred < 0.08), and Chi-Square (χ ²) = 427, df = 161.

The revised model demonstrated improved fit: CFI = 0.840
(closer to 0.90), SRMR = 0.080, and Chi-Square (χ ²) = 348, df
= 126 (suggesting improved model parsimony). A Satorra-Bentler
chi-square difference test confirmed that this revision significantly
enhanced model fit (�χ ² = 64, p = 0.002), supporting the removal
of these items.

Finally, AVE was calculated for each factor to indicate the
proportion of variance in the observed items that is explained
by the underlying latent construct, with values above 0.50

RE 1FIGU

A scree plot representing a principal components analysis reveals 4 suitable factors.
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TABLE 3 Item factor loadings.

Factor Item Estimate Standardized
loading

Sensory 1 1 0.820∗∗∗

Sensory 2 1.06 0.829∗∗∗

Sensory 3 0.999 0.721∗∗∗

Sensory 4 1.128 0.818∗∗∗

Sensory 5 0.627 0.503∗∗∗

Sensory 6 0.937 0.683∗∗∗

Sensory 19 0.462 0.338∗∗∗

Affective 15 1 0.555∗∗∗

Affective 17 1.359 0.598∗∗∗

Affective 18 1.262 0.666∗∗∗

Semantic 7 1 0.476∗∗∗

Semantic 8 0.856 0.623∗∗∗

Semantic 9 1.049 0.546∗∗∗

Semantic 10 0.765 0.542∗∗∗

Semantic 11 0.991 0.619∗∗∗

Semantic 20 0.782 0.487∗∗∗

Semantic 14 0.954 0.669∗∗∗

Flow 12 1 0.770∗∗∗

Flow 13 1.179 0.774∗∗∗

∗∗∗p < 0.001.

considered acceptable (Fornell and Larcker, 1981). Results indicate
that the Sensory (0.605) and Flow (0.596) factors demonstrate
adequate convergent validity, suggesting that their items strongly
represent the intended constructs. However, the Affective (0.369)
and Semantic (0.325) factors fall below the recommended
threshold, indicating weaker item convergence. These factors may
benefit from further refinement and serve as areas for potential
improvement in scale development.

Updating the factor structure

Based on the CFA results, modifications were made to the
factor structure of the PAEQ to improve coherence, reliability, and
construct validity. These changes aimed to refine the measure’s
ability to capture distinct dimensions of psychedelic aesthetic
experience while maintaining accessibility for respondents.

Sensory dimension
Item 5 (“The visual patterns I experienced were smooth”)

exhibited a weak loading (0.503), indicating that it did not strongly
contribute to the Sensory construct. Given that smoothness may
not be as defining a feature of psychedelic visual phenomena
as complexity or vividness, it was removed to improve internal
consistency. Additionally, item 19 (“I experienced a physical

reaction”) showed an even weaker loading (0.338), suggesting
misalignment with the Sensory factor. This item likely measured
somatic rather than sensory changes. The removal of these items
improved Cronbach’s alpha for the Sensory dimension to 0.88,
confirming their negative impact on the factor’s reliability. No
further modifications were necessary as the remaining items
exhibited strong loadings and alignment with the sensory construct.

Semantic dimension
The Semantic dimension exhibited weak convergent validity

(AVE = 0.325), indicating that some items did not adequately
capture the construct. To enhance conceptual clarity and
alignment, three items were revised. The original item “I
experienced visions of objects, places, or entities” had a moderate
loading but lacked specificity in the interpretative significance of
visions. It was revised to “I experienced vivid and meaningful
visions of objects, places, or beings,” incorporating the terms
“vivid” and “meaningful” to strengthen its connection to meaning-
making processes in psychedelic experiences. Similarly, the original
item “I experienced pareidolia (the tendency to see a specific,
often meaningful image in a random or unclear pattern)” had a
moderate loading, but the technical term “pareidolia” may have
hindered accessibility. It was revised to “I perceived meaningful
images or shapes within patterns or textures,” maintaining the
core concept while improving respondent comprehension. Lastly,
the original item “The experience was unique” showed poor
convergence and was overly vague in capturing the uniqueness
of psychedelic experiences. It was revised to “The experience felt
unlike anything I had encountered before,” emphasizing subjective
comparison to past experiences, thereby reinforcing its semantic
relevance. These refinements ensure that the Semantic factor
better reflects the interpretative and meaning-making aspects of
psychedelic experiences.

Affective dimension
The Affective factor’s reliability (α = 0.63) and AVE (0.369)

indicated suboptimal convergence, suggesting that the existing
items did not fully capture the breadth or specificity of emotional
responses in psychedelic aesthetic experiences. To address this,
two items were revised, and two new items were added. The
original item “I experienced a heightened sense of beauty” had
a moderate loading and needed greater emphasis on evaluative
engagement. It was revised to “I felt deeply moved by the beauty of
my experience,” strengthening the affective engagement component
by capturing emotional depth beyond the perception of beauty.
Similarly, the original item “I experienced a wide range of emotions
that changed as I progressed through the experience” had a weaker
loading possibly due to vague wording. It was revised to “My
emotions shifted dramatically throughout the experience,” making
the statement more direct and evocative while enhancing clarity.
In addition to these revisions, two new items were introduced to
further enhance the dimension. The first, “I felt an overwhelming
sense of connection to my perceptions and the beauty of what I
experienced,” integrates sensory and affective elements, reinforcing
the evaluative component of aesthetic judgment. The second,
“I experienced deep emotional release or catharsis,” captures the
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intense emotional purging or resolution that is commonly reported
in psychedelic experiences. These modifications ensure that the
Affective factor more comprehensively represents the emotional
dynamics associated with psychedelic aesthetic experiences.

Flow dimension
The Flow dimension was expanded to improve structural

robustness, as the initial model contained only two items (12 and
13), limiting reliability. To better capture immersive engagement,
three new items were introduced. The first, “I experienced a sense of
effortless involvement during the experience,” reflects the hallmark of
flow states, emphasizing engagement without struggle. The second,
“I was fully immersed in the experience,” explicitly addresses deep
absorption, reinforcing the construct. The third, “I felt a deep sense
of focus and concentration,” captures the paradoxical nature of
psychedelic-induced focus, which is both enhanced and fluid. These
additions aim to provide a more comprehensive measure of self-
consciousness loss, time distortion, and immersive engagement,
strengthening the construct’s validity.

Retained single-item measure
Item 21 (“The experience was aesthetically pleasing”) was

retained as a standalone exploratory measure. Despite its moderate
correlation with other aesthetic dimensions (r = 0.51, p = 0.02), it
functions as a general summary item and remains unaltered.

A mixed order for the items in the revised PAEQ was chosen to
enhance the psychometric validity of the measure by minimizing
potential biases in participant responses. Specifically, a mixed
item presentation reduces the likelihood of response set bias and
acquiescence bias (Krosnick, 1999). Items were interleaved allowing
participants to more easily consider each item independently. This
approach improves the integrity of the factor structure during
analysis and ensures that each response reflects the participant’s
genuine experience without undue influence from the order of
questions (Podsakoff et al., 2003); see Table 4. Finally, the 8-point
Likert scale design was changed to a 6-point (0 to 5) design to be
more consistent with related scales and reduce cognitive load.

Convergent validity analysis

We examined the validity and empirical consistency of the
PAEQ by evaluating how well it measures its intended construct
compared to related acute-experiential constructs that have already
been validated within the psychedelic literature. Specifically, we
aimed to establish convergent validity by comparing the PAEQ
to existing measures known to assess overlapping dimensions
of psychedelic experiences, such as mystical experiences (MEQ),
emotional responses (EBI), and insight (PIS).

Given that Shapiro-Wilk tests indicated significant deviations
from normality (p < 0.05) for all measures, Spearman’s rank
correlation was employed to assess the relationships between PAEQ
and these external measures; see Table 5. Specifically, the Spearman
correlation coefficient between PAEQ and MEQ Total was r =
0.693 (p < 0.001), with PIS Average it was r = 0.556 (p <

0.001), and with EBI Average it was r = 0.536 (p < 0.001). These

TABLE 4 The revised psychedelic aesthetic experience questionnaire.

Item Question Dimension

1 I felt like I understood things in a profoundly new
way.

Semantic

2 I experienced a sense of effortless involvement
during the experience.

Flow

3 The visual patterns I experienced were
geometrical.

Sensory

4 My emotions shifted dramatically throughout the
experience.

Affective

5 I lost track of myself. Flow

6 I was fully immersed in the experience. Flow

7 I experienced a wide range of emotions that
changed throughout the experience.

Affective

8 The visual patterns I experienced were vivid. Sensory

9 The experience was aesthetically pleasing. Standalone

10 I felt an overwhelming sense of connection to my
perceptions and the beauty of what I experienced.

Affective

11 I felt deeply moved by the beauty of my
experience.

Affective

12 I experienced deep emotional release or catharsis. Affective

13 I saw the experience as an extension of myself. Sensory

14 I experienced vivid and meaningful visions of
objects, places, or beings.

Semantic

15 The experience felt unlike anything I had
encountered before.

Semantic

16 I lost track of time. Flow

17 The visual patterns I experienced were
symmetrical.

Sensory

18 The visual patterns I experienced were complex. Sensory

19 I perceived meaningful images or shapes within
patterns or textures.

Semantic

20 I experienced changes in color perception. Sensory

21 I felt a deep sense of focus and concentration. Flow

results indicate that the PAEQ shares substantial, yet distinct (r <

0.85), variance with all three measures, supporting its convergent
validity while demonstrating that it captures a unique aspect of the
psychedelic experience.

To further assess the relationship between MEQ, PIS, and
EBI as predictors of PAEQ, we conducted a multiple regression
analysis. The model was statistically significant [F(3,361) = 134.3,
p < 0.001] and explained 53% of the variance in PAEQ scores
(R² = 0.53), indicating that these constructs are strong predictors
of psychedelic aesthetic engagement. Among the predictors, MEQ
was the strongest (β∗ = 0.588, p < 0.001), suggesting that
mystical experiences strongly correspond to heightened aesthetic
engagement. EBI had a significant but smaller effect (β∗ = 0.149,
p = 0.004). In contrast, PIS was not a significant predictor of PAEQ
(β∗ = 0.072, p = 0.195).

We then conducted individual regression analyses to examine
each PAEQ factor’s predictive value on MEQ, PIS, EBI, and CEQ
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TABLE 5 Correlations between PAEQ factors and acute construct variables.

Construct PAEQ Sensory PAEQ Affective PAEQ Semantic PAEQ Flow PAEQ Total

MEQ total 0.49∗∗∗ 0.58∗∗∗ 0.64∗∗∗ 0.55∗∗∗ 0.69∗∗∗

MEQ mystical 0.45∗∗∗ 0.53∗∗∗ 0.62∗∗∗ 0.45∗∗∗ 0.64∗∗∗

MEQ positive mood 0.39∗∗∗ 0.58∗∗∗ 0.51∗∗∗ 0.42∗∗∗ 0.58∗∗∗

MEQ transcendence 0.49∗∗∗ 0.45∗∗∗ 0.55∗∗∗ 0.69∗∗∗ 0.65∗∗∗

MEQ ineffability 0.41∗∗∗ 0.59∗∗∗ 0.52∗∗∗ 0.48∗∗∗ 0.59∗∗∗

CEQ total 0.28∗∗∗ 0.32∗∗∗ 0.30∗∗∗ 0.41∗∗∗ 0.35∗∗∗

CEQ fear 0.16∗∗ 0.22∗∗∗ 0.20∗∗∗ 0.35∗∗∗ 0.23∗∗∗

CEQ grief 0.19∗∗∗ 0.31∗∗∗ 0.25∗∗∗ 0.29∗∗∗ 0.27∗∗∗

CEQ physical distress 0.21∗∗∗ 0.18∗∗ 0.18∗∗∗ 0.27∗∗∗ 0.23∗∗∗

CEQ insanity 0.22∗∗∗ 0.14∗∗ 0.21∗∗∗ 0.36∗∗∗ 0.26∗∗∗

CEQ isolation 0.14∗∗ 0.11∗ 0.12∗ 0.25∗∗∗ 0.17∗∗

CEQ death 0.28∗∗∗ 0.28∗∗∗ 0.37∗∗∗ 0.45∗∗∗ 0.39∗∗∗

CEQ paranoia 0.08 −0.02 0.05 0.16∗∗ 0.06

PIS average 0.38∗∗∗ 0.49∗∗∗ 0.56∗∗∗ 0.32∗∗∗ 0.56∗∗∗

PIS single item 0.31∗∗∗ 0.42∗∗∗ 0.49∗∗∗ 0.24∗∗∗ 0.47∗∗∗

EBI average 0.34∗∗∗ 0.53∗∗∗ 0.55∗∗∗ 0.26∗∗∗ 0.54∗∗∗

∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.

separately. In models predicting MEQ Total scores, Semantic
engagement explained 56% of the variance (β∗ = 0.75, p < 0.001),
followed closely by Affective engagement, which explained 54%
(β∗ = 0.73, p < 0.001), and Flow, which accounted for 44%
(β∗ = 0.67, p < 0.001). Perceptual engagement explained a smaller
but still meaningful portion of the variance (23%; β∗ = 0.48,
p < 0.001). These findings indicate that the semantic and affective
dimensions of aesthetic experience most strongly predict mystical-
type experiences.

For PIS Average scores, Affective engagement explained 36%
of the variance (β∗ = 0.60, p < 0.001), and Semantic engagement
explained 35% (β∗ = 0.59, p < 0.001), identifying them as the most
influential predictors of psychological insight. Flow explained 18%
of the variance (β∗ = 0.43, p < 0.001), while Perceptual engagement
accounted for 9% (β∗ = 0.29, p < 0.001), suggesting that although
immersive and perceptual features contribute, insight is primarily
shaped by emotional and semantic content.

In predicting EBI Average scores, Affective engagement
explained 34% of the variance (β∗ = 0.58, p < 0.001), and Semantic
engagement explained 32% (β∗ = 0.57, p < 0.001), indicating
strong contributions to emotional breakthroughs. Flow accounted
for 17% (β∗ = 0.41, p < 0.001), and Perceptual engagement
explained 7% (β∗ = 0.26, p < 0.001), again highlighting the
primacy of emotionally and semantically rich aesthetic experiences
in driving emotional breakthrough.

For CEQ Total scores, Flow explained the largest share of
variance at 14% (β∗ = 0.38, p < 0.001), followed by Semantic
engagement (5%; β∗ = 0.22, p < 0.001), Affective engagement
(2%; β∗ = 0.15, p = 0.003), and Perceptual engagement (2%;
β∗ = 0.15, p = 0.005). These results suggest that while all
aesthetic factors are weakly positively associated with challenging

psychedelic experiences, immersive absorption (Flow) is the
strongest contributor.

Effect on outcomes

To further investigate the relationship between psychedelic
aesthetic engagement and perceived psychological and behavioral
outcomes, we conducted regression analyses examining the PAEQ
total score as a sole predictor of perceived changes in anxiety,
depression, pain, sleep quality, opioid use, alcohol use, and
overall quality of life. These models allowed us to assess whether
individuals who reported greater overall aesthetic engagement
during their psychedelic experience also experienced positive
changes in wellbeing and behavior.

Higher PAEQ total predicted better sleep (β∗ = 0.16, p = 0.002,
R² = 0.03), lower pain (β∗ = 0.13, p = 0.013, R² = 0.02), lower
opioid use (β∗ = 0.12, p = 0.021, R² = 0.02), lower alcohol use (β∗

= 0.15, p = 0.004, R² = 0.02), reduced depression (β∗ = 0.23, p <

0.001, R² = 0.05), reduced anxiety (β∗ = 0.24, p < 0.001, R² = 0.06),
and improved quality of life (β∗ = 0.30, p < 0.001, R² = 0.09).

Discussion

The present study extends preliminary research that first
established a connection between psychedelic-induced aesthetic
experiences and psychological outcomes. We sought to refine
and validate the PAEQ, offering a multidimensional framework
that assesses sensory, affective, semantic, and flow components of
psychedelic aesthetics. Incorporating confirmatory factor analysis,
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structural validity testing, and convergent validity assessments with
established measures (MEQ, PIS, and EBI), the present study lends
greater empirical rigor to the relationship between aesthetics and
positive psychological outcomes.

We introduce a novel synthesis of the aesthetic triad
and flow models, framing these concepts within the altered
consciousness elicited by psychedelics. The PAEQ reinterprets
each framework to account for the heightened sensory, emotional,
and cognitive dynamism characteristic of psychedelic experiences.
The confluence of sensory perception, emotional valuation,
and meaning-making is amplified and destabilized, reflecting
the entropic nature of the psychedelic state (Carhart-Harris,
2018; Carhart-Harris et al., 2014; Siegel et al., 2024). Similarly,
processing under psychedelics may deviate from typical conscious
engagement, producing an immersive yet often surreal sense of
presence that transcends ordinary experiences of flow.

Notably, unlike our preliminary findings, we did not observe
an inverse relationship between aesthetic engagement and
challenging experiences (CEQ), suggesting that the relationship
between aesthetic qualities and difficult psychedelic states
may be more complex than initially hypothesized. Instead, in
examining correlations across the individual aesthetic domains,
we found distinct contributions of sensory, affective, semantic,
and flow components to different facets of psychedelic experience.
Additionally, while the first study suggested a strong predictive
relationship between aesthetic experience and psychological
outcomes, the current study found more modest effects.
Specifically, the full PAEQ did not predict outcomes as strongly as
the exploratory single-item measure used in the original dataset,
indicating that while aesthetics likely play a role in shaping
psychedelic experiences, their impact on long-term wellbeing may
be influenced by other mediating factors. These findings update our
understanding of the psychedelic aesthetic experience, underlining
the importance of further research into its psychological and
therapeutic significance.

The current findings also raise the possibility that intense
aesthetic experiences may simultaneously contribute to both
enriching and challenging dimensions of the psychedelic state.
For example, the perception of overwhelming beauty could
evoke catharsis, awe, or insight, while also eliciting vulnerability,
existential anxiety, or sensory overload. Although not addressed in
the current paper, future research could benefit from developing
a separate version of the PAEQ specifically designed to assess
negative aesthetic components and their relationship to challenging
psychedelic experiences. While the present study did not find an
inverse relationship between aesthetic quality and CEQ scores,
it remains possible that distinct aspects of aesthetic engagement
(e.g., perceptions of ugliness, disgust, or sensory dissonance) may
uniquely contribute to distressing or overwhelming experiences.
A refined measure better capturing these dimensions could
help clarify how negative aesthetics interact with fear, paranoia,
and emotional dysregulation during psychedelic states. Future
studies could explicitly assess aversive aspects of aesthetic
perception to determine whether certain visual, auditory, or
multisensory elements exacerbate challenging experiences or,
conversely, if recognizing and integrating these experiences leads
to psychological insight and therapeutic benefit. Such an approach

could further inform clinical applications by identifying aesthetic
triggers that contribute to difficult psychedelic experiences while
also exploring whether intentional exposure to controlled negative
aesthetics might facilitate emotional processing and resilience.

Aesthetically enriched settings, such as those incorporating
carefully curated music, visual stimuli, or natural environments,
can foster feelings of safety, awe, and emotional openness, which
are critical for mitigating fear and paranoia during altered states
(Barrett et al., 2018; Kaelen et al., 2018; Peng et al., 2024). Moreover,
optimized environments may increase the therapeutic potential
of psychedelics by promoting positive emotional and cognitive
engagement and reducing the likelihood of negative psychological
states escalating into dysregulation (Golden et al., 2022). This
aligns with the widely accepted principle of “set and setting” and
could add to the debate on placebo effect in psychedelic therapy
(Hartogsohn, 2016). Future research should utilize the PAEQ and
its constructs in exploring how intentional aesthetic interventions
can be systematically designed and tailored to individual needs,
potentially providing a valuable tool to enhance both the safety and
efficacy of psychedelic-assisted therapies. Such investigations could
have implications for future clinical protocols.

Constraints on generality

The current sample was predominantly white (85.2%) and
male (61.9%), with nearly half of participants reporting at least
a bachelor’s degree (47.7%). These demographic characteristics
reflect a largely Western, educated, industrialized, rich, and
democratic (WEIRD) population (Henrich et al., 2010). Although
recruitment strategies included public-facing social media and
broad outreach beyond psychedelic-specific forums, the sample’s
demographic homogeneity constrains the generalizability of
findings. The aesthetic experiences captured by the PAEQ may
not reflect the experiences of individuals from more diverse
racial, ethnic, or cultural backgrounds. Given evidence that
cultural background shapes aesthetic perception (Masuda et al.,
2008) and psychedelic phenomenology (Neitzke-Spruill, 2019),
future research should prioritize diverse sampling and cross-
cultural validation.

A key methodological limitation is that all measures were
administered retrospectively, often months after the indexed
psychedelic experience. While retrospective reports can capture
enduring impressions, this design contrasts with their typical use
in immediate post-session contexts and may introduce recall bias,
mood-congruent memory distortions, or selective reconstruction
of events. Future validation studies should incorporate real-time
or next-day administration, both in controlled laboratory settings
and in ecologically valid naturalistic contexts, to directly compare
temporal stability and phenomenological fidelity.

Conclusion

This study validated and refined the PAEQ, resulting in
a psychometrically robust and conceptually aligned measure
grounded in the aesthetic triad and flow frameworks. Significant
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revisions, particularly in the semantic and affective dimensions,
improved construct validity, while the sensory and flow dimensions
underwent minor adjustments. Each dimension now includes five
items, ensuring balanced representation across all factors, with the
final PAEQ comprising 20 items and single-item measure of overall
aesthetic experience. Convergent validity analysis confirmed the
PAEQ as a reliable tool for assessing psychedelic experiences,
demonstrating strong correlations with established constructs like
the EBI, PIS, and MEQ. Regression analyses further established
that mystical experiences (MEQ) were the strongest predictor of
PAEQ scores, underscoring the role of mystical qualities in shaping
aesthetic engagement during psychedelic experiences.

The PAEQ holds promise for both cognitive research and
clinical applications, offering a standardized tool to explore
how psychedelics influence aesthetic experience. Future research
should expand content validity by incorporating expert evaluations
and quantitative methodologies to further refine the measure.
Additionally, longitudinal studies are needed to assess how
aesthetic experiences, as measured by the PAEQ, relate to
therapeutic outcomes over time. Given the complex interaction
between perception, emotion, and meaning in psychedelic states,
further refinement of the PAEQ including potential adaptations
to capture negative aesthetic components, will advance our
understanding of the broader implications of psychedelic-induced
aesthetics in both scientific and therapeutic contexts.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

This study involving humans was approved by Colorado
Multiple Institutional Review Board (COMIRB). This study was
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

JH: Writing – review & editing, Investigation, Data
curation, Software, Conceptualization, Project administration,
Writing – original draft, Formal analysis, Visualization. JE:
Conceptualization, Supervision, Validation, Software, Writing
– review & editing, Formal analysis, Writing – original draft,
Methodology. KH: Resources, Writing – review & editing, Project

administration, Validation, Writing – original draft, Supervision,
Funding acquisition.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by Kent Hutchison’s internal funding at the University of Colorado
Anschutz Medical Campus, Department of Psychiatry.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that Gen AI was used in the creation
of this manuscript. To assist in outlining and refining some
sections of the manuscript. However, all aspects of the paper were
ultimately shaped and finalized through the author(s)’ original
writing. Additionally, AI helped with the initial organization and
processing of data, but all final processing, analyses, and coding
were conducted by the author(s) in RStudio to ensure accurate data
handling and results.

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2025.
1648968/full#supplementary-material

References

Barrett, F. S., Bradstreet, M. P., Leoutsakos, J. M. S., Johnson, M. W., and
Griffiths, R. R. (2016). The challenging experience questionnaire: characterization
of challenging experiences with psilocybin mushrooms. J. Psychopharmacol. 30,
1279–1295. doi: 10.1177/0269881116678781

Barrett, F. S., Johnson, M. W., and Griffiths, R. R. (2015). Validation
of the revised mystical experience questionnaire in experimental sessions
with psilocybin. J. Psychopharmacol. 29, 1182–1190. doi: 10.1177/0269881115
609019

Frontiers in Psychology 11 frontiersin.org

https://doi.org/10.3389/fpsyg.2025.1648968
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1648968/full#supplementary-material
https://doi.org/10.1177/0269881116678781
https://doi.org/10.1177/0269881115609019
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Hooper et al. 10.3389/fpsyg.2025.1648968

Barrett, F. S., Preller, K. H., and Kaelen, M. (2018). Psychedelics and music:
neuroscience and therapeutic implications. Int. Rev. Psychiatry 30, 350–362.
doi: 10.1080/09540261.2018.1484342

Barrett, F. S., Robbins, H., Smooke, D., Brown, J. L., and Griffiths, R. R.
(2017). Qualitative and quantitative features of music reported to support peak
mystical experiences during psychedelic therapy sessions. Front. Psychol. 8:1238.
doi: 10.3389/fpsyg.2017.01238

Bentler, P. M. (2006). EQS 6 Structural Equations Program Manual. Encino, CA:
Multivariate Software Inc.

Brown, T. (2006). Confirmatory Factor Analysis for Applied Research. New York:
The Guilford Press.

Carhart-Harris, R. L. (2018). The entropic brain - revisited. Neuropharmacology 142,
167–178. doi: 10.1016/j.neuropharm.2018.03.010

Carhart-Harris, R. L., Leech, R., Hellyer, P. J., Shanahan, M., Feilding, A.,
Tagliazucchi, E., et al. (2014). The entropic brain: a theory of conscious states
informed by neuroimaging research with psychedelic drugs. Front. Hum. Neurosci.
8:20. doi: 10.3389/fnhum.2014.00020

Chatterjee, A., and Vartanian, O. (2014). Neuroaesthetics. Trends Cogn. Sci. 18,
370–375. doi: 10.1016/j.tics.2014.03.003

Consoli, G. (2016). Predictive error reduction and the twofold nature of aesthetic
pleasure. Art Percept. 4, 327–338. doi: 10.1163/22134913-00002058

Cziksentmihalyi, M. (1990). Flow – The Psychology of Optimal Experience. Harper
and Row.

Díaz, J. L. (2010). Sacred plants and visionary consciousness. Phenomenol. Cogn. Sci.
9, 159–170. doi: 10.1007/s11097-010-9157-z

Doss, M. K., Mallaroni, P., Mason, N. L., and Ramaekers, J. G. (2024). Psilocybin
and 2C-B at encoding distort episodic familiarity. Biol. Psychiatry Cogn. Neurosci.
Neuroimaging 9, 1048–1057. doi: 10.1016/j.bpsc.2024.06.008

Fischer, R., Hill, R., Thatcher, K., and Scheib, J. (1970). Psilocybin-induced
contraction of nearby visual space. Agents Actions 1, 190–197. doi: 10.1007/BF01965761

Fornell, C., and Larcker, D. F. (1981). Evaluating structural equation models
with unobservable variables and measurement error. J. Market. Res. 18:39.
doi: 10.1177/002224378101800313

Frascaroli, J., Leder, H., Brattico, E., and Van de Cruys, S. (2024). Aesthetics and
predictive processing: grounds and prospects of a fruitful encounter. Philos. Trans.
Royal Soc. B Biol. Sci. 379:20220410. doi: 10.1098/rstb.2022.0410

Golden, T. L., Magsamen, S., Sandu, C. C., Lin, S., Roebuck, G. M., Shi, K. M.,
et al. (2022). Effects of setting on psychedelic experiences, therapies, and outcomes:
a rapid scoping review of the literature. Curr. Top. Behav. Neurosci. 56, 35–70.
doi: 10.1007/7854_2021_298

Gómez-Emilsson, A. (2016). The Hyperbolic Geometry of DMT Experiences:
Symmetries, Sheets, and Saddled Scenes. Qualia Research Institute.

Guttman, L. (1945). A basis for analyzing test-retest reliability. Psychometrika 10,
255–282. doi: 10.1007/BF02288892

Hartogsohn, I. (2016). Set and setting, psychedelics and the placebo response: an
extra-pharmacological perspective on psychopharmacology. J. Psychopharmacol. 30,
1259–1267. doi: 10.1177/0269881116677852

Henrich, J., Heine, S. J., and Norenzayan, A. (2010). The weirdest
people in the world? Behav. Brain Sci. 33, 61–83; discussion 83–135.
doi: 10.1017/S0140525X0999152X

Hill, R. M., and Fischer, R. (1973). Induction and extinction of psilocybin
induced transformations of visual space. Pharmacopsychiatry 6, 258–263.
doi: 10.1055/s-0028-1094389

Hooper, J., Stoliker, D., Wolfe, K., and Hutchison, K. (2025c).
Neuroaesthetics of the psychedelic state. Neuropsychologia 217:109238.
doi: 10.1016/j.neuropsychologia.2025.109238

Hooper, J. F., Gyongyosi, E. L., Hutchison, K. E., and Mueller, R. L. (2025a).
Aesthetic quality of psychedelic experience is linked to insight and psychological
outcomes. Front. Psychol. 16:1533055. doi: 10.3389/fpsyg.2025.1533055

Hooper, J. F., Williams, S. C., Mueller, R. L., and Hutchison, K. E. (2025b). Age and
cannabis co-use moderate experience and perceived benefits of psilocybin. PsyArXiv.
doi: 10.31234/osf.io/dczw2_v1

Hu, L., and Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance
structure analysis: conventional criteria versus new alternatives. Struct. Eqn. Model.
Multidiscip. J. 6, 1–55. doi: 10.1080/10705519909540118

Kaelen, M. (2017). The psychological and human brain effects of music in
combination with psychedelic drugs. [Dissertation/Thesis]. Department of Medicine,
Imperial College London, London, United States.

Kaelen, M., Barrett, F. S., Roseman, L., Lorenz, R., Family, N., Bolstridge, M.,
et al. (2015). LSD enhances the emotional response to music. Psychopharmacology 232,
3607–3614. doi: 10.1007/s00213-015-4014-y

Kaelen, M., Giribaldi, B., Raine, J., Evans, L., Timmerman, C., Rodriguez,
N., et al. (2018). The hidden therapist: evidence for a central role of music in

psychedelic therapy. Psychopharmacology 235, 505–519. doi: 10.1007/s00213-017-
4820-5

Klüver, H. (1942). “Mechanisms of hallucinations,” in Studies in Personality (Mc-
Graw-Hill, NY: McGraw Hill Book Company), 175–207.

Krippner, S. (2017). Ecstatic landscapes: the manifestation of psychedelic art. J.
Hum. Psychol. 57, 415–435. doi: 10.1177/0022167816671579

Krosnick, J. A. (1999). Survey research. Ann. Rev. Psychol. 50, 537–567.
doi: 10.1146/annurev.psych.50.1.537

Lawrence, D. W., Carhart-Harris, R., Griffiths, R., and Timmermann, C. (2022).
Phenomenology and content of the inhaled N, N-dimethyltryptamine (N, N-DMT)
experience. Sci. Rep. 12:8562. doi: 10.1038/s41598-022-11999-8

Lawrence, D. W., DiBattista, A. P., and Timmermann, C. (2024).
N, N-Dimethyltryptamine (DMT)-Occasioned Familiarity and the Sense
of Familiarity Questionnaire (SOF-Q). J. Psychoact. Drugs 56, 443–455.
doi: 10.1080/02791072.2023.2230568

MacLean, K. A., Leoutsakos, J. S., Johnson, M. W., and Griffiths, R. R. (2012).
Factor analysis of the mystical experience questionnaire: a study of experiences
occasioned by the hallucinogen psilocybin. J. Sci. Study Relig. 51, 721–737.
doi: 10.1111/j.1468-5906.2012.01685.x

Makin, A. D. J., Roccato, M., Karakashevska, E., Tyson-Carr, J., Odintsov, S. D., Luis,
J., et al. (2023). Symmetry perception and psychedelic experience. Symmetry 15:1340.
doi: 10.3390/sym15071340

Mastandrea, S., Fagioli, S., and Biasi, V. (2019). Art and psychological
well-being: linking the brain to the aesthetic emotion. Front. Psychol. 10:739.
doi: 10.3389/fpsyg.2019.00739

Masuda, T., Gonzalez, R., Kwan, L., and Nisbett, R. E. (2008). Culture and aesthetic
preference: comparing the attention to context of East Asians and Americans. Pers. Soc.
Psychol. Bull. 34, 1260–1275. doi: 10.1177/0146167208320555

Michael, P., Luke, D., and Robinson, O. (2023). An encounter with the self: a
thematic and content analysis of the DMT experience from a naturalistic field study.
Front. Psychol. 14:1083356. doi: 10.3389/fpsyg.2023.1083356

Neitzke-Spruill, L. (2019). Race as a component of set and setting: how
experiences of race can influence psychedelic experiences. J. Psychedelic Stud. 4, 51–60.
doi: 10.1556/2054.2019.022

Nichols, D. E. (2016). Psychedelics. Pharmacol. Rev. 68:264.
doi: 10.1124/pr.115.011478

Peill, J. M., Trinci, K. E., Kettner, H., Mertens, L. J., Roseman, L., Timmermann,
C., et al. (2022). Validation of the psychological insight scale: a new scale to assess
psychological insight following a psychedelic experience. J. Psychopharmacol. 36,
31–45. doi: 10.1177/02698811211066709

Peng, M. L., Monin, J., Ovchinnikova, P., Levi, A., and McCall, T. (2024).
Psychedelic art and implications for mental health: randomized pilot study. JMIR Form.
Res. 8:e66430. doi: 10.2196/66430

Podsakoff, P. M., MacKenzie, S. B., Lee, J.-Y., and Podsakoff, N. P. (2003).
Common method biases in behavioral research: a critical review of the literature and
recommended remedies. J. Appl. Psychol. 88, 879–903. doi: 10.1037/0021-9010.88.5.879

R Core Team, Z. Z. (2022). R: A language and environment for statistical computing.
R Foundation for Statistical Computing. Available online at: https://www.R-project.
org/

Ray Swanson, L. (2022). Psychedelic Vision. Retrieved from the University Digital
Conservancy, https://hdl.handle.net/11299/250433 (Accessed March, 31, 2025).

Roseman, L., Haijen, E., Idialu-Ikato, K., Kaelen, M., Watts, R., and Carhart-
Harris, R. (2019). Emotional breakthrough and psychedelics: validation of
the emotional breakthrough inventory. J. Psychopharmacol. 33, 1076–1087.
doi: 10.1177/0269881119855974

Rosseel, Y. (2012). Lavaan: an R package for structural equation modeling. J. Stat.
Softw. 48. doi: 10.18637/jss.v048.i02

Sanders, J. W., Millière, R., Demšar, E., Daily, Z. G., Carhart-Harris, R.,
and Timmermann, C. (2025). Micro-phenomenology of immersion and perceived
presences under DMT. doi: 10.31234/osf.io/2m9d4_v2

Sarasso, P., Ronga, I., Kobau, P., Bosso, T., Artusio, I., Ricci, R., et al.
(2020). Beauty in mind: aesthetic appreciation correlates with perceptual
facilitation and attentional amplification. Neuropsychologia 136:107282.
doi: 10.1016/j.neuropsychologia.2019.107282

Satorra, A., and Bentler, P. M. (2001). A scaled difference chi-square test statistic for
moment structure analysis. Psychometrika 66, 507–514. doi: 10.1007/BF02296192

Shanon, B. (2010). The epistemics of ayahuasca visions. Phenomenol. Cogn. Sci. 9,
263–280. doi: 10.1007/s11097-010-9161-3

Shanon, B. (2002). Ayahuasca visualizations a structural typology. J. Conscious.
Stud. 9, 3–30.

Siegel, J. S., Subramanian, S., Perry, D., Kay, B. P., Gordon, E. M., Laumann, T.
O., et al. (2024). Psilocybin desynchronizes the human brain. Nature 632, 131–138.
doi: 10.1038/s41586-024-07624-5

Frontiers in Psychology 12 frontiersin.org

https://doi.org/10.3389/fpsyg.2025.1648968
https://doi.org/10.1080/09540261.2018.1484342
https://doi.org/10.3389/fpsyg.2017.01238
https://doi.org/10.1016/j.neuropharm.2018.03.010
https://doi.org/10.3389/fnhum.2014.00020
https://doi.org/10.1016/j.tics.2014.03.003
https://doi.org/10.1163/22134913-00002058
https://doi.org/10.1007/s11097-010-9157-z
https://doi.org/10.1016/j.bpsc.2024.06.008
https://doi.org/10.1007/BF01965761
https://doi.org/10.1177/002224378101800313
https://doi.org/10.1098/rstb.2022.0410
https://doi.org/10.1007/7854_2021_298
https://doi.org/10.1007/BF02288892
https://doi.org/10.1177/0269881116677852
https://doi.org/10.1017/S0140525X0999152X
https://doi.org/10.1055/s-0028-1094389
https://doi.org/10.1016/j.neuropsychologia.2025.109238
https://doi.org/10.3389/fpsyg.2025.1533055
https://doi.org/10.31234/osf.io/dczw2_v1
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1007/s00213-015-4014-y
https://doi.org/10.1007/s00213-017-4820-5
https://doi.org/10.1177/0022167816671579
https://doi.org/10.1146/annurev.psych.50.1.537
https://doi.org/10.1038/s41598-022-11999-8
https://doi.org/10.1080/02791072.2023.2230568
https://doi.org/10.1111/j.1468-5906.2012.01685.x
https://doi.org/10.3390/sym15071340
https://doi.org/10.3389/fpsyg.2019.00739
https://doi.org/10.1177/0146167208320555
https://doi.org/10.3389/fpsyg.2023.1083356
https://doi.org/10.1556/2054.2019.022
https://doi.org/10.1124/pr.115.011478
https://doi.org/10.1177/02698811211066709
https://doi.org/10.2196/66430
https://doi.org/10.1037/0021-9010.88.5.879
https://www.R-project.org/
https://www.R-project.org/
https://hdl.handle.net/11299/250433
https://doi.org/10.1177/0269881119855974
https://doi.org/10.18637/jss.v048.i02
https://doi.org/10.31234/osf.io/2m9d4_v2
https://doi.org/10.1016/j.neuropsychologia.2019.107282
https://doi.org/10.1007/BF02296192
https://doi.org/10.1007/s11097-010-9161-3
https://doi.org/10.1038/s41586-024-07624-5
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Hooper et al. 10.3389/fpsyg.2025.1648968

Strassman, R. J., Qualls, C. R., Uhlenhuth, E. H., and Kellner, R. (1994).
Dose-response study of N,N-dimethyltryptamine in humans II. Subjective effects
and preliminary results of a new rating scale. Arch. Gen. Psychiatry 51, 98–108.
doi: 10.1001/archpsyc.1994.03950020022002
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