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Abstract

Background: Psycheddlic art (PA) emerged in the 1960s during the psychedelic era; then characterized by visuals induced by
the ingestion of psychedelic drugs, it is now an art form known for its vibrant colors, distorted forms, and intricate patterns.
Building upon the existing research on art viewing as an effective meansto improving physiological and psychological well-being,
viewing PA is postulated to evoke positive emotions and provide a meditative experience, contributing to improved mental
well-being.

Objective: This study aims to investigate how digitally rendered PA influences viewers perceived emotional, mental, and
physical states compared to imagery of natural scenery, offering insights into potential applications in mental health care and
well-being.

Methods: Overall, 102 participants age 18 to 35 years were randomly assigned to either the experimental group viewing 300
seconds of PA imagery (50/102, 49%) or the control group viewing 300 seconds of scenic imagery (52/102, 51%), after which
every participant completed a survey that gathered qualitative data on the perceived impact of viewing their given imagery on
their physical, mental, and emotional states through open-ended questions. Thematic analysis was conducted to identify the
patterns of experiences reported by the participants.

Results: Qualitative analysis unveiled a greater intensity and diversity of emotional, mental, and physical impacts induced by
PA compared to natural scenery, including the sense of relaxation and peace, anxiety and stress alleviation, joy, thrill and sense
of euphoria, sensations of awe and wonder, hypnotizing effect, holistic meditative effect, provocation of creative thoughts, induced
hyperawareness of bodily states, and transitions from induced overstimulation or anxious thoughts to feelings of calmness.

Conclusions: The preliminary findings of this study suggest that PA isarich and complex form of visua art that hasthe potential
to facilitate healing and promote well-being and mental health. PA presents promising avenues for integration into mental health
care, therapeutic practices, digital health, health care environment, and medical research.

(IMIR Form Res 2024;8:€66430) doi: 10.2196/66430
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Introduction

Background

Psycheddlic art (PA) conventionally refersto artwork manifested
in the context of ingesting lysergic acid diethylamide
(LSD)-type drugs and related substances [1]. Psychedelic
broadly means “mind manifesting” or “mind revealing” [2]. In
the parlance of contemporary art, a more expansive definition
of PA includes any art, graphics, and visual displays that aim
to depict mind manifestation and the inner world of the human
psyche without necessarily involving any substance use.
Characteristics of PA include the use of kaleidoscopically
swirling color patterns, highly distorted or surreal visuals, bright
colors, and motions of abstract shapes to evoke and enhance
psychedelic states of consciousness[3].

There is a wesalth of research on the interconnection between
health and art, including music and visua art, delineating the
impact of artistic engagement as effective means to aleviating
physiological and psychological symptoms[4]. Improved health
outcomes, such as improved well-being and reduced negative
emotions[5], reduced depression and hemodialysis parameters
[6], reduced stress and anxiety [6], improved apical heart rates
[7], and improved sense of well-being and relaxation and
reductionsin tension and serum cortisol levels[8], have al been
associated with art-based interventions. Study populations of
art-based interventions span individuals with a wide array of
conditions, such as coronary artery disease [9], compassion
fatigue[10], chronicillnesses and disability [11], and HIV [12].

The exploration of the effects of viewing art on mental health
has gained traction in recent years. Research has shown that the
mere presence of art in one's surrounding or the simple act of
observing art can yield benefitsfor mental health [13], reducing
stress and providing psychological benefits [14,15]. One
randomized controlled tria revedled that patients with
hematologic cancer who engaged in bedside art viewing
experienced reduced feelings of anxiety, depression, and
improved mental health states [16]. The esthetic experience of
art can thus be considered as a form of psychological respite,
fostering emotional well-being in clinical settings. Research
has further suggested that esthetic experiences, associated with
neural activation across multiple sensory modalities, extend
beyond conceptions of conventiona artworks and apply to all
mechanisms of perceiving visual stimuli, positively affecting
individuals sense of well-being through rewarding neural
feedback [17]. While currently thereisalack of research onthe
impact of PA on mental health, the vibrant and fantastical visual
components characteristic of PA can be expected to benefit
individuals well-being through the shared mechanism of
esthetic appraisal.

Despite ample evidence regarding the impact of art on mental
health and other health outcomes and the widespread discussion
on socia media about people using PA videos to induce sleep,
alleviate stress, achieve calmness, and increase mental clarity,
there remainslimited research on how viewing PA affectsone’s
physiological and mental states. This study thus sets out to
addressthisgap by systematically measuring people'sfeedback
in response to the experience of viewing digitally rendered PA.

https://formative.jmir.org/2024/1/e66430

Peng et d

To the best of the authors' knowledge, thisisthe first study that
explores this subject matter in a controlled setting.

Objectives

With the advancement of digital art, art-based hedlth
interventions can now incorporate immersive multimodal
features, such as animation and audio. Artistic features of PA
can now be easily created without any substance use, and
multimodal features can be added to visual displaysto enhance
the digital PA experience. Results from this study can thus not
only offer valuable insight into the incorporation of digital PA
as a wellness feature in consumer health products, such as
meditation, mental health, and well-being applications, but also
provide potential directions for innovative art therapies.

This study aimed to illuminate the currently unclear impact of
PA. By conducting qualitative analysis using data from a
randomized controlled trial, this study aims to empirically
explore any distinct impact of PA on participants’ emational,
mental, and physical states compared to the control group.

Methods

Ethical Considerations

All data collected for this study were recorded by the principal
investigator, MLP, in such a manner that the identity of the
participants cannot readily be ascertained, directly or through
identifiers linked to the participants. This study was approved
by the Yale University Institutional Review Board (approval
2000033683). All participants signed consent forms including
detailed declaration of study-related benefits and risks before
participating in the study. No adverse events, defined as any
occurrence of physical or mental distress symptoms among
participants during the study that require clinical attention,
occurred. The study was performed according to the ethical
standards of human participant research set by the 1964 Helsinki
Declaration. All participants received US $10 compensations
in the form of Amazon gift cards upon completion of the study.

General Design and Recruitment

The randomized pilot trial collected data from all participants
regarding the perceived emotional, mental, and physical impacts
of viewing their assigned imagery. The study was conducted in
an enclosed, private room to ensure a controlled and
distraction-free environment for each participant.

Recruitment for the study commenced on October 1, 2022, and
data collection ended on October 26, 2022. Participants were
recruited from a university in the Northeastern United States
for this study. To be dligible for the study, an individual must
be between the age of 18 and 35 yearsand able to communicate
in English. Exclusion criteria included having severe visua
impairment or blindness or having clinically diagnosed or
self-identified cognitiveimpairment. The exclusion criteriawere
designed to minimize confounding effects that visual and
cognitive impairments might have on the emotional, mental,
and physical responses to visual stimuli [18]. Any participant
who signed up, passed the eligibility screening, and consented
was included in the study.
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This study enrolled 102 participants. Out of the 110 who were
recruited, 1 (0.9%) individual did not pass the eligibility
screening. Dueto conflicting schedules and incidents of illness,
5 (4.5%) individuals had dropped out before randomization was
performed. Using a random number generator, the principal
investigator (MLP) randomized 104 individuals to the
experimental PA group (n=52, 50%) and the scenery control
(SC) group (n=52, 50%). Two participants in the initial PA
group dropped out of the study less than 12 hours before the
experiment due to personal injury or illness, leaving the final
experimental PA group with 50 participants.

Data Collection

Research has shown that age [19,20], gender [21,22], stress
level [23], deep quality [24,25], and mental health conditions
[26,27] could affect one's visual and emotion processing
capacity. Therefore, before the intervention, namely viewing
the PA or scenery video, the participant completed a
self-administered, web-based questionnaire to collect
demographic information such as age, self-identified gender,
self-identified race, recent stress level, and sleep duration and
quality the night before the experiment to establish acomparable
baseline among the participants. Specifically, age, gender, and
mental health conditions were assessed based on participants
salf-reporting, indicating whether they had been diagnosed with
any mental health conditions and specifying the diagnoses if
applicable. A 5-point Likert scale was used to assess recent
stresslevel, with 1 being “not stressed at all” and 5 being “very
stressed,” and sleep quality, with 1 being “very bad” and 5 being
“very good.”

Peng et d

In the Consumer Health Informatics Lab where the study was
conducted, temperature, lighting, and the distance between the
participant and the screen were kept constant for all study
sessions, whereby an eye-tracking device (Gazepoint version
3.0) was also used to ensure that all participants were focusing
on the imageries throughout the experiment by calibrating and
following their gaze paths throughout the experiment (refer to
Figure 1 for demonstration of the setup). Each participant
viewed a 300-second video of imagery according to their group
allocation (PA and natural scenery). The PA imageriesfocused
on vibrant colors and intricate patterns that evoke altered
perceptions and consciousness. These elements were chosen
based on existing research that suggests such visuas can
stimulate emotional and cognitive responses [28]. The abstract
pattern compositions and distortions were included to reflect
visions akin to those reported by individuals experiencing
hallucinogen-induced visions, without the need for drug intake
[29]. In contrast, the natural scenery montage was designed with
cam, familiar landscapes that have been shown in previous
studies to promote relaxation [30]. The creative choices were
ultimately to ensure the visual contrast between the 2 groups.
The 2 videos can be accessed through the link provided in
Multimedia Appendix 1. After watching the video, each
participant completed a survey with open-ended questions to
report the perceived impact of the imagery on their emotional,
mental, and physical states. Specifically, they were asked (1)
“please describe in as much detail as possible your physical,
emotional, and mental states and the thoughts you had while
watching the video;” and (2) “did you experience any negative
sensations or emotions while watching the video. If yes, please
describe in detail how you felt.”

Figure 1. Experiment device setup of eye-tracking device, screen, and participant.
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Data Analysis

To compare the demographic baselines of the control and
experimental groups, descriptive statistics were calculated to
summarize participants’ demographic information. Thisincluded
information on age, gender, race, recent stress levels, sleep
duration and quality the night before the experiment, and the
presence of mental health conditions.

Thematic analysis was conducted to identify and analyze
patterns within the open-ended questions using the attached
interview guide. Three researchers (MLP, AL, and PO)
independently coded the data and then compared their findings
toidentify common themes. The analysisfollowed the six-phase
framework proposed by Clarke and Braun [31]: (1)
familiarization with the datathrough repeated reading and noting
downinitia ideas; (2) generatinginitial codesby systematically
sorting distinct codes of the data across the entire dataset; (3)
searching for themes by collating codes into potential themes;
(4) reviewing themes to ensure they accurately reflected the
coded extracts; (5) defining and naming themes by ongoing
analysis to refine the specifics of each theme and the overall
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story the analysis tells; and (6) producing the findings by
selecting vivid, compelling extract examples, conducting afinal
analysis of selected extracts, and relating the analysis back to
theresearch question and literature. Any discrepanciesin coding
were resolved through discussion until consensus was reached.
This process involved multiple rounds of coding to refine and
finalize the themes. Data saturation was considered achieved
when no new themes or subthemes emerged from the data,
indicating that the collected data adequately captured the
participants’ experiences.

Results

Participant Characteristics

The fina study population included 102 young adults between
theageof 18 and 35 years (PA group, n=50, 49%; and SC group,
n=52, 51%; Figure 2). When estimating the sample size for a
pilot trial, this study followed the general flat rule to use a
minimum sampl e size of 12 participants per treatment arm [32].
The study well exceeded the recommended minimum sample
size.

Figure2. CONSORT (Consolidated Standards of Reporting Trials) diagram of enrollment, randomized alocation, and analysis. PA: psychedelic art;

SC: scenery control.
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Participants' characteristics, including age, self-identified
gender, self-identified race, recent stress level, sleep duration
and quality, and self-reported clinically diagnosed mental health
conditions, aredocumented in Table 1. The PA group was nearly
identical in age (mean 24.6, SD 3.1y) as the SC group (mean
24.4, SD 2.6 y). The gender distribution across the PA group
(39/50, 78% woman; 9/50, 18% man; 2/50, 4% nonbinary) and
the SC group (38/52, 73% woman; 12/52, 23% man; 2/52, 4%
nonbinary) was similar. The PA group (mean 3.5, SD 0.8) was
comparable in recent stress level as the SC group (mean 3.3,
SD 1.0). Sleep duration was also comparable between the PA
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group (mean 7.1, SD 1.0 h) and the SC group (mean 6.8, SD
1.1 h). Average sleep quality the night before the experiment
was identical between the PA group (mean 3.5, SD 0.8) and the
SC group (mean 3.5, SD 0.8). Within the PA group, 64% (32/50)
reported O clinically diagnosed mental health condition, 18%
(9/50) reported 1 condition, 12% (6/50) reported 2 conditions,
and 6% (3/50) reported >3 conditions, and asimilar distribution
was observed in the SC group, whereby 65% (34/52) reported
0 condition, 17% (9/52) reported 1 condition, 10% (5/52)
reported 2 conditions, and 8% (4/52) reported >3 conditions.
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Table 1. Demographic baseline characteristics of study participants.
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Characteristic Total sample Experimental group: psychedelicart  Control group: scenery
(N=102) (n=50) (n=52)
Age (y), mean (SD) 245 (2.8) 246 (3.1) 24.4(2.6)
Gender, n (%)
Woman 77 (75.5) 39(78.0) 38(73.1)
Man 21(20.6) 9(18.0) 12(23.1)
Nonbinary 4(3.9) 2(4.0) 2(3.8)
Prefer not to say 0(0) 0(0) 0(0)
Race, n (%)
American Indian or Alaska Native 0(0) 0(0) 0(0)
Asian 51 (50.0) 30 (60.0) 21 (40.4)
Black or African American 8(7.8) 3(6.0) 5(9.6)
Multiracial 3(29) 3(6.0) 0(0)
Native Hawaiian or Other Pacific Islander 0(0) 0(0) 0(0)
Prefer not to say 7(6.9) 1(2.0) 6 (11.5)
White 33(32.4) 13(26.0) 20 (38.5)
Recent stresslevel, mean (SD) 3.4(0.9) 3.5(0.8) 3.3(1.0)
Hours of sleep the night before the experiment, mean (SD) 6.9 (1.1) 7.1(1.0) 6.8(1.1)
Quality of sleep the night before the experiment, mean (SD) 3.5(0.8) 3.5(0.8) 3.5(0.8)
Self-reported diagnosis of mental health condition, n (%)
0 condition 66 (64.7) 32 (64.0) 34 (65.4)
1 condition 18 (17.6) 9(18.0) 9(17.3)
2 conditions 11 (10.8) 6 (12.0) 5(9.6)
3 conditions 7 (6.9) 3(6.0) 4(7.7)
Individuals with diagnosed mental health conditions, n (%)
Anxiety disorder 23(22.5) 13(26.0) 10 (19.2)
Attention-deficit/hyperactivity disorder 16 (15.7) 10 (20.0) 6 (11.5)
Bipolar disorder 1(1.0) 0(0) 1(1.9
Depression 11 (10.8) 4(8.0) 7 (13.5)
Eating disorder 3(2.9) 1(2.0) 2(3.8)
Obsessive-compul sive disorder 4(3.9) 2(4.0) 2(3.8)
Psychosis 1(1.0) 0(0) 1(L9)
Posttraumatic stress disorder 1(1.0) 0(0) 1(1.9)
Schizophrenia 1(1.0) 1(2.0) 0(0)

Qualitative Results

Overview

The open-ended qualitative data on one's physical, emotional,
and mental states contributed substantial knowledge to the
participants' overall perception and experience during the
experiment. Qualitative analysis unveiled a greater intensity
and diversity of emotional, mental, and physical impactsinduced

https://formative.jmir.org/2024/1/e66430
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by PA compared to natural scenery (Figure 3), including sense
of relaxation and peace, anxiety and stressalleviation, joy, thrill
and euphoria, sensations of awe and wonder, hypnotizing effect,
holistic meditative effect, provocation of wandering and creative
thoughts, induced hyperawareness of bodily states, and
transitions from induced overstimulation or anxious thoughts
to feelings of calmness. Illustrative quotations are provided in
subsequent sections to support each theme (Table 2).
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Figure 3. Comparative themes of the perceived effects between participants who viewed psychedelic art and participants who viewed natura scenery.
The percentages indicate the proportion of each group that reported a specific theme.
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Table 2. Qualitative results on the perceived effects of viewing psychedelic art and natural scenery with illustrative quotation.

Themes PA2 group ScP group
Relaxation « ‘I physically felt very at ease.” (participant 76) « “ltwasrelaxing and gave space to take my mind off day to
and peace o “Gradually | wasattracted to the dynamic effects of the video day activities.” (participant 99)
and [felt] abit [of] emotional relaxed.” (participant 60) « “Relaxed. the 5 minutes went by very quickly, it felt like
only a couple minutes passed.” (participant 86)
Enjoyment, «  “Therewas so much cool stuff to see!!” (participant 5) «  “Thebutterfly made me smile” (participant 45)
entertainment, «  “I felt entertained finding the patterns of the objectsmoving «  “It reminded me how beautiful the natural worldis! It made
and joy around.” (participant 9) me feel optimistic and happy to be a part of something as
«  “Thebright colors made me feel happy and warm. The con- wonderful as Earth, and made me want to spend more time
stant motion made me feel mesmerized.” (participant 30) relaxing and reflecting on my own thoughts.” (participant
24)
Camingand «  “Ifeltalot calmer andlessstressed whilewatchingthevideo. «  “l wasalittleworried and anxiouswhen | started the exper-
decompress- | often struggle to calm my anxious thoughts, but | had alot iment due to some personal issues I'm currently facing. |
ing effect |ess negative and anxious thoughts while watching the video. found images of nature and trees to be very soothing.”
Overall, | thought the video was very calming and stress-re- (participant 84)
ducing, and I'd liketo try using similar videosto de-stressin  «  “I felt less tense watching the video and was able to forget
my own time.” (participant 42) about my stress for awhile” (participant 114)
«  “Asaformer cancer patient with mildly traumatic experiences
with sedation that induced distressing psychedelic imagery,
| was interested to see how this would impact my physical
and emotional state. Soon into the video, persistent thoughts
and stresses diminished significantly. | was extremely pleas-
antly surprised that the imagery throughout the video induced
joy, relaxation, and peace.” (participant 11)
Sleep-induc- .«  “Feeling hypnotized, awave of calmnesscameover me,no  «  “[It was] really peaceful and made me want to sleep.” (par-
ing effect intrusive anxious thoughts, my mind didn’t wander, my body ticipant 97)
felt like it was getting ready to sleep.” (participant 61)
Wandering «  “Thevideo promoted thoughts about the universe, space, «  “There were moments when | would let my mind wander.”
thoughts gaaxies, plants like ferns and the family of vegetables that (participant 43)
include cauliflower and broccoli. | aso thought about cells,
viruses, and other organelles and cell structures such as
myosin and actin.” (participant 109)
Semitrance . “Thephysica statel felt | would describe asinasemi-trance __c
states like state.” (participant 109)
. “My mind became void of external thoughts.” (participant
76)
Physical ener- «  “Thebright colors made me feel warm and the constant mo- —
gization tion made me feel energized.” (participant 22)
Hyperaware- «  “l wasfocused on my breathing, which | could regulatemore” .«  “Watching the scenes of nature while doing nothing gave
ness of bodily (participant 103) me a chance to take deep breathes and just be.” (participant
states 59)
«  “I becamehyper aware of my breathing - and | found myself
ina“zone” of sorts, where | realized | had been staring at
one spot for alonger time than usual”. (participant 78)
Meditativeef- «  “The patterns that were more tunnel-like instead of swing- —
fect like were my favorite because they made me feel the most
grounded and balanced” (participant 30).
Nostalgia — o “I missed my family and hometown.” (participant 13)
«  “Reminded me of homethat | missalot.” (participant 84)
Neutra experi- «  “l didn'treally feel astrong emotional responsetoit.” (partic- «  “I don't find much change in my physical and emotional
ences ipant 75) states.” (participant 51)

https://formative.jmir.org/2024/1/e66430

RenderX

JMIR Form Res 2024 | vol. 8| €66430 | p. 7
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

Peng et d

Themes PA2 group ScP group
Negativeexpe- «  “I felt less stressed for a second in the middle of thevideo  «  “Hard tofollow; some of theimageswere so stressful. Time
riences where there was a flower-like pattern.” (participant 44) lapse also more stressful.” (participant 4)
o ‘I feel too much information captured by my eyes” (partici- «  “Some clips made me feel some vertigo when the video
pant 80) panned from up high.” (participant 52)

o “A moment of dizzy when artsarein transition.” (participant «

81)

“1 felt like some clips bored mealittle” (SC participant 64)

3PA: psychedelic art.
bsc: scenery control.
°Not applicable.

Relaxation and Peace

A magjor theme reported by the PA experimental group
participants was the sense of rel axation and peace while viewing
PA (16/50, 32%). Participants commented on the “sense of
being at ease,” “feeling mindful” of one's*“ state of relaxation,”
and “emotionally feeling relaxed since the environment was
quiet and the visualswere appealing.” The samethemewasalso
observed in the control group (27/52, 52%).

Enjoyment, Entertainment, Joy, and Excitement

Another common state described by the participants was the
sense of entertainment, joy, and enjoyment induced by PA
(16/50, 32%). In the PA group, participant commented on their
sense of “awe,” “wonder,” and feelings of “happiness’ and
“ease” while viewing the “vibrant” and “vivid” colors and
“fantastical patterns of PA. The similar motif of joy and
enjoyment was also present in the control group (8/52, 15%).
One participant in the control group described the scenery video
as inducing “yearning for the outdoors, greatness, and
adventure” (SC participant 88).

Among the PA participantsthat reported feelings of excitement,
many described intense feelings of “thrill,” “euphoria,” and
“audibly gasping” at the“mesmerizing visuals” One participant
recalled, “one of the sequences felt euphoric, like | was high”
(PA participant 15). Another participant described the
experience of viewing PA as “refreshing emotionally” (PA
participant 17). In addition, one participant equated the
experience of watching “dramatic changes in the patterns” asa
less intense but “physically similar response to [being on] a
roller coaster [that] was about to drop” (PA participant 111).
No intense feelings of thrill or feelings of euphoria, elation, or
exhilaration was reported in the control group.

Anxiety Alleviation and Decompressing Effect

A calming and decompressing effect that reduced existing
anxiety, anxious thoughts, discomfort, or stress was reported
by 22% (11/50) of the PA participants. The major difference
between the reported calming effect and sensations of relaxation
was that a.calming effect was noted when participants explicitly
described PA as mitigating stressful and anxious feelings,
whereby a sense of relaxation and peace was noted when
participants generally described their physical, emotional, or
mental states as being at ease. One participant notes that the
visuals alowed them to prevent “anxious thoughts [from]
overtaking their mind and it felt much easier to distract their
mind from anxious thoughts” by looking at PA (PA participant

https://formative.jmir.org/2024/1/e66430

110). One participant also described the association between
the characteristics of PA visuals and the extent of the calming
effect, noting that “when the colors and patterns took up the
entire screen,” the calming effect was greater than “when the
patterns were smaller and only took up part of the screen” (PA
participant 42). Another reason for the calming effect reported
by the participant was the ability of PA to absorb one's
attention, whereby the participant was “ focused so much on
the visualsthat they [I] did not hear the usual anxious thoughts
as much” (PA participant 2). The same soothing impact was
also observed in a similar proportion of the SC control group
(10/52, 19%), whereby participants described how the video
was able to alleviate their “ stressful and anxious thoughts.”

Sleep-Inducing Effect

In addition, 16% (8/50) of the PA participants reported
“hypotonization” and “sleep-inducing” as the primary impact
of PA on their overal physical and mental states. A similar
impact was observed in 21% (11/52) of the control participants.

Wandering Thoughts

Another impact on people’s mental states reported by several
PA participants (8/50, 16%) was the ability of PA to induce
“wandering thoughts.” Participants described how their minds
started to “wander freely,” “wonder off,” and enter a
free-flowing state. asthey followed the moving patterns of PA.
In addition, some partici pants al so mentioned provoked thoughts
about “the beautiful cosmos” (PA participant 29), “dreams last
night” (PA participant 66), and “art and flowers’ (PA participant
69). In comparison, induced wandering thoughts were only
mentioned by 4% (2/52) of the participantsin the control group,
who commented on the scenery video “letting their mind
wander” (SC participant 36).

Semitrance States

Meanwhile, some participants (7/50, 14%) reported a
“semitrance” state induced by PA, commonly characterized by
persistent feelings of empty-mindedness, complete absence of
thoughts, a sense of total absorption and profound abstraction,
or diminished or absent sensory activity. This theme was not
observed in the SC control group.

Physical Energization

One papable impact on physical states reported by the PA
participants was the physically energizing quality of PA (2/50,
4%). The participants described their body feeling “ energized”
by the view of “the constant motion” of PA. One participant
specifically noted that the video made their body feel energetic
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asthey looked at the moving patterns and lines (PA participant
22). This theme was not reported by any participant in the
control group.

Hyperawareness of Bodily States

Furthermore, 6% (3/50) of the PA participants emphasized that
they became hyperaware of their bodily state as they viewed
PA, such as heightened awareness of their heartbeat and
breathing, intentional regulation of breathing, and mindful
thinking about breathing. Similarly, 8% (4/52) of the participants
in the control group commented on their increased mindfulness
of their breathing, state of bodily tension, and heart rate.

M editative Effect

A holistic and meditative impact entailing physical, emotional,
and mental sensations was also reported by participants (2/50,
4%). A meditative state was noted when the participant
described the impact of PA explicitly as meditative, inducing
theintention or desirefor meditation, or describing it asinducing
a state of consciousness of sensation where the body and the
mind were in harmony. This theme was not reported in the
control group.

Nostalgia

One theme unique to the SC control group was the feeling of
nostalgiainduced by the scenery video, reported by 15% (8/52)
of the participants. Images of “mountains, rivers, flowers, and
tress’ led participants to reminisce about memories of being
outdoors and family or friends (SC participants 1, 46, and 79),
homes and hometowns (SC participants 13, 43, and 84),
memories of holidays (SC participant 49), and childhood (SC
participant 56).

Neutral Experiences

Of the 50 PA participants, 3 (6%) reported neutral experiences,
characterized by the lack of any strong or palpable changesin
the participants physical, emotional, or mental states. Neutral
responses, for example, included, “I wasn't particularly agitated
or excited” (PA participant 71) and “I didn’t really feel astrong
emotional response to [psychedelic art]” (PA participant 75).
A greater proportion of the control participants that viewed the
scenery video reported neutral experiences (5/52, 10%). Nearly
identical responsesinthe SC group, for example, included “there
was not much of physical or emotional change” (SC participant
104) and “I don't find much change in my physical and
emotional states’ (SC participant 51).

Negative Experiences

Negative sensations of overstimulation and sensory overload
were reported by 20% (10/50) of the PA participants, whereby
the “movements and colors’ of PA induced mild feglings of
stress, anxious thoughts, and dizziness. As one participant
commented, “1 felt that those bright and high saturation things
tried to attract my attention and | felt stressful then staring at
them” (PA participant 98). Another common theme among PA
participants that reported negative sensations induced by PA
wasthetransition from negative sensations, such asanxiety and
stress, to positive sensations, such as calmness, relaxation, and
mental engagement or a mixture of both positive and negative
sensations (9/50, 18%). As one participant wrote, “1 felt deep
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fear being aroused shortly into the video. It last for a few
seconds. After that the feeling went away and | started to enjoy
it” (PA participant 22). Mixed feelings of being transitorily
“dizzy, relaxed, and refreshed” were also noted by one
participant. Negative sensations of “vertigo” (1/52, 2%),
“boredom” (2/52, 4%), and increased stress and anxiety (2/52,
4%) were reported by 5 control participants that viewed the
scenery video.

Discussion

Principal Findings

This study provided preliminary evidence for the potential of
PA to affect people’'s emotional, mental, and physical states;
qualitative data yielded substantial insights into participants
embodied experiences of viewing PA. Induced changes in a
wide variety of emotional, mental, and physical states were
observed, including reduced anxiety and stress, sense of
excitement, euphoria, joy, and thrill, hypotonization, enhanced
feelings of relaxation and peace, increased energy, induced
meditative thoughts, wandering thoughts, a semitrance state,
hyperawareness of bodily states, and transitory feelings of
overstimulation.

The brain responds to visual information in highly dynamic
ways [33]. The combinations of various pathways of brain
stimulation may contribute to the unique and often intense
emotional responses associated with PA. This study showed
that PA could evoke feelings of wonder. A few factors might
contribute to this effect. PA contains abstract or surreal forms,
which can challenge the viewer's perception of redlity,
contributing to a sense of curiosity and wonder, as the viewer
tries to make sense of what they are seeing. Finaly, it should
be noted that PA is often associated with the use of psychedelic
drugs, which can induce altered states of consciousness and
feelings of euphoria and wonder. The association with these
experiences can create asense of longing for these states, which
can contribute to the positive emotional response to PA. The
co-occurring emotional, mental, and physical impacts reported
in the study may suggest increased functional connectivity
between brain regions stimulated by the perception and
processing of PA. If true, this increased connectivity may
account for the sense of integration between different aspects
of experience and the feeling of mind-body oneness and
harmony reported in this study. In a study on motion sickness,
researchersfound significant increasesin functional connectivity
between the brain region that processes visual motion and the
regions involved in nausea processing during experiences of
motion sickness, revealing one of the many mechanismsin the
brain that accounts for visual-somatic associations [34].
Concurrent physical-emotional impacts, such as inducing
feelings of energization and semitrance state, that were uniquely
imported in the PA experimental group raise questions on how
the brain might process the visual information presented by PA
differently than that of imagery of natural scenery.

Considering the potential ways in which the human brain
responds to the compositions of PA, we may speculate severa
potential reasons for the unique and often intense emotional
experiences associated with viewing this type of art. First, this
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art form often features bright and vibrant colors of high contrast,
which can stimulate the visual cortex and evoke a sense of
excitement and pleasure [35]. The use of bold colors can aso
create a sense of movement and energy, which could contribute
to afeeling of euphoria. Second, research has shown that the
perception of visual symmetry could spontaneously create
positive affect and lead to affective congruence effects[36]. PA
features intricate and repetitive patterns, which can create a
sense of order and symmetry that consequently leadsto feelings
of pleasantness or more intense elation. It should be noted that
the brain responds to PA in complex and varied ways, which
can lead to a range of emotional and perceptual experiences.
Visual stimulation, potentially increased connectivity between
brain regions, and altered states of consciousness al offer
promising areas for a deeper understanding of the unique and
often intense emotional responses associated with PA.

Responses to open-ended questions regarding the embodied
experience of viewing natural scenery showed less diverse and
lessintense impacts on people€' semotional, mental, and physical
states. Compared to PA, no experiences of being physically
energized, semitrance states, holistic meditative effects, intense
sensations of euphoria, thrill, and elation were reported from
viewing natural scenery. Previous research has speculated that
the perception of abstract visual information reduced the
predominant impact of familiar reality on the brain, allowing
new emotional and cognitive connections to be created and
allowing new associations or otherwise hard-to-access
associationswithin the brain’sinner statesto be activated, which
could consequently induce diverse and rewarding sensations
[37]. The greater diversity and intensity of psychosomatic
responses induced by PA support this hypothesis.

Implicationsfor Mental Health

Evidencefrom this study suggeststhat PA could have apositive
impact on mental health conditions by alleviating anxiety and
stress and inducing relaxation, calmness, and sensations of joy
and excitement. PA can thus be considered as a creative aid for
psychotherapies and serve as acomplementary therapeutic tool
for the alleviation of psychiatric symptoms. The vibrant colors
and intricate patterns can help to stimulate the imagination and
enhance introspection, making it easier for individual sto access
deeper emotions and thought patterns. Further evidence on
whether viewing PA can facilitate emotional and psychological
healing can a so contribute to the devel opment of novel art-based
therapeutic strategies.

PA can be used to create immersive and therapeutic
environments for individuals with mental health issues. For
example, visualizations can be projected onto walls of people's
private rooms to promote relaxation and emotional well-being.
PA can aso be used to createinteractiveinstallationsin hospitals
and health care settings. By creating interactive installations
that use colorful and imaginative visuals, hospitals can create
a more engaging and immersive environment for patients and
visitors. Hospitals and health care facilities can aso offer
immersive art therapy rooms that incorporate PA to promote
mental health and well-being, where patients can engage in
various art activities, including creating their own PA or

https://formative.jmir.org/2024/1/e66430

Peng et d

exploring the art of others as a form of relaxation and
self-expression.

As demonstrated by this study, besides a direct calming effect,
PA can evoke a sense of transcendence, semitrance, or afeeling
of being connected to something larger than oneself. Thissense
of transcendence can promote a sense of well-being and reduce
stresslevels. Given theinduced meditative state reported in this
study, PA can also be used as part of mindfulness and meditation
practicesto promote relaxation and focus. Theintricate patterns
and bright colors can help to calm the mind and enhance focus,
making it easier to achieve ameditative state for stress reduction.
The direct and indirect associations between PA and stress
suggest that viewing or creating PA can be atool for reducing
anxiety and stress levels and promoting relaxation and
well-being. However, given the few reported cases of
overstimulation and passing feelings of anxiety and stress, more
research is needed to fully understand how PA can be tailored
to reduce anxiety and stress levels.

Whilethereislimited research on the specific use of PA for the
treatment of sleep disorders, the sleep-inducing quality of PA
reported in this study illuminates a few potential ways that it
could be used to improve sleep or treat sleep disorders. First,
PA can be used for relaxation and mindfulness exercises.
Incorporating PA into a bedtime routine, such as viewing it
before going to sleep, could help to reduce stress and anxiety
and promote better sleep. The association between PA and
dreamsreported in this study al so suggeststhat PA could contain
imagery that is reminiscent of dreams or atered states of
consciousness. Incorporating this form of art into a bedtime
routine may help simulate adream-like state that induces sleep.
Third, PA can be visually stimulating for many and evoke
positive emotions, which may help toimprove mood and reduce
negative thoughts or feelings that can interfere with sleep.
Particularly for people with sleep disorders such as insomnia,
it can be helpful to have a distraction from negative thoughts
and worries that can interfere with falling asleep. PA may be a
visually engaging and distracting tool that can help to redirect
attention away from negative thoughts and promote rel axation.

Previous research has shown that music has a significant
therapeutic effect in psychedelic therapy [38], aform of therapy
where psychedelic drugs are used to induce emotional release
[39]. Given the significant impact on people’s emotional and
mental states reported in this study, future research could
investigate whether PA plays a similar therapeutic function in
psychedelic therapy and whether it can help patients explore
and process their psychedelic experiences in a therapeutic
Ssetting.

Implications for Digital Mental Health Tools

Research has shown increased use of digital technologies for
art therapy over the years [40]. In arecent study on improving
well-being through interaction with digital art, Trupp and
colleagues [41] showed that participants who engaged with
web-based art exhibitions even with just 1 to 2 minutes of
exposure reported better mood and a reduced sense of anxiety
and loneliness. Given its positive emotional and mental impacts
reported in the study, PA can also be considered for integration
into mobile mental health applications as an innovative and
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cost-effective meansto promote mental health [42]. Firgt, it can
be used for mood enhancement by providing userswith colorful
and visually stimulating images that evoke positive emotions.
This could potentially help to reduce symptoms of anxiety and
depression. Second, as suggested by Golden and colleagues
[43], settings and esthetics played an important rolein improving
psychedelic therapies and their delivery. Therefore, PA can be
considered for integration into applications designed to support
patients undergoing psychedelic therapy. PA can be used as a
visual aid to help users explore their thoughts and emotions and
facilitate a deeper understanding of their psychedelic
experiences. Third, as revedled by a recent study on
evidence-based commercial mental health mobile apps, app
esthetics (ie, user interface design) showed significant
association with consumer appeal [44]. Givenitsgeneral esthetic
quality, PA could be used to enhance the overall esthetic appeal
of the app, making it more engaging and enjoyableto use. This
could help to increase user retention and engagement. Finally,
with a rich cultural history, PA is deeply rooted in the
counterculture movement of the 1960s [3]. By incorporating it
into mobile mental health apps, developers could incorporate
cultural elements and promote a sense of community among
users.

Digital PA, if incorporated into mobile health apps, can be
readily viewed on amobile phone, tablet, or computer. However,
it should also be noted that individuals without access to
electronic devices with access to sufficient mobile dataor Wi-Fi,
may face low accessibility in the use of features that require
faster internet speeds. Digital divide and digital health
accessibility are intricately connected [45]. Individuals with
limited access to smart devices due to disabilities, cost of
devices, limited digital literacy, and insufficient internet
connection will likely face the same disadvantage in using PA
asadigital health tool. Therefore, similar to other interventions
in the digital health space, governments, health workers, and
designers must deliberate on how to ensure accessibility to the
intended users of designed art—based digital health tools.

This study has also shown that viewing PA can induce a wide
variety of emotional, mental, and physica impacts. A
“one-size-fits-all” PA-based therapeutic tool or intervention
will likely not be effective for al, which prompts deliberation
on how, if it isto be used for health and therapeutic purposes,
we can design user-centered interventions that tailor and
maximize the positive impact of PA for individuals. Integrating
artificia intelligence (Al), which has been shown as an effective
means to aid personalized health management and optimize
health outcomes [46], can similarly be considered for PA-based
digital health tools to develop user-centered therapeutic
strategies. Specifically, Al algorithms can be used to generate
novel and complex patterns and color combinations that are
characteristic of PA to avoid repetitions, maximize engagement,
and thereby potentially maximizing the therapeutic effect of
PA viewing. Al algorithms can be further incorporated into
PA-aided therapy sessions by generating art that is tailored to
the individual’s preferences and needs. For example, an Al
system could generate art that is specifically designed to induce
feelings of calmness or happiness based on the user’ s responses
to certain stimuli. If data can be collected on what baseline
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colors, motions, and patterns are perceived to be the most
esthetically pleasing, engaging, and inducing the most positive
experience for different individuals, Al agorithms can be
designed to generate PA using these inputs. If PA is to be
incorporated into psychotherapeutic settings, a neurofeedback
algorithm can be designed where patients real-time
electrocardiogram data can be fed into an Al-algorithm that
generates PA to induce maximum experiences of relaxation,
calmness, excitement, or meditative states. Theimplementation
of thispotential strategy necessitates more research on the neural
activities associated with people'semotional states. In addition,
Al can also be used to increase accessibility. Al-generated PA
can be made available on the web, allowing people who are
unable to access traditional art therapy services to enjoy the
mental health benefits of PA. This can be particularly beneficial
for people living in rural areas or those who have mobility or
financial constraints.

Future Research

Medical research on PA isarelatively new area of study. Given
the insights from this study, there are several important
directions that researchers could pursue to further advance this
field. First, research can explore the efficacy of PA therapy in
treating specific mental health conditions. This includes
investigating the therapeutic mechanisms of PA therapy,
identifying patient populations that may benefit the most from
this approach, and developing standardized protocols for
delivering PA therapy.

Second, research can aso explore the neural correlates of PA,
including the brain regions and neural networks that are
activated during the viewing of PA, aswell as the potential for
PA to induce altered states of consciousness. For example, a
previous study has shown that addiction and substance abuse
were primarily due to the induced biological rewards through
the substance’s ability to stimulate endogenous brain circuitry
[47]. By determining the brain circuitry activated by PA and
exploring the potential of engineering it to interfere with the
habitual endogenous brain circuitry of addiction patients
undergoing rehabilitation, PA could potentialy be used as a
creative noninvasive harm reduction tool.

In addition, theintegration of PA into health care settings could
also benefit a deeper understanding through implementation
science research. Research can explore best practices for
integrating PA into health care settings, including hospitals and
clinics. This includes identifying the most effective methods
for displaying PA, developing guidelines for creating healing
environments, and studying the effects of PA on patient
outcomes.

Limitations

This single-blind exploratory study amed to minimize
researcher bias by having the analyst unaware of group
assignments, although participants could not be blinded due to
the distinguishable nature of the PA and natural scenery videos
they viewed. To reduce bias, participants received no
information about expected impacts. The study’sgeneralizability
was limited by age restrictions and an unegual distribution of
racial and gender identities, with certain groups
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underrepresented. Future research could explore if significant
variation exists acrosstheimpact of PA on different populations,
including older adults and varied socioeconomic backgrounds.
While the goal of the study was to provide personal insights
into the emotional, mental, and psychological impacts of PA,
which aredifficult to quantify through objective measures alone,
we acknowledge that while the qualitative approach allowed us
to obtain rich subjective experiences, future studies coul d benefit
from adopting a mixed methods approach that integrates both
qualitative and quantitative data. Including validated scalesand
neurobiological indicators, aongside in-depth self-reported
descriptions, such as those measuring anxiety or emotional
arousal, could provide additional layers of reliability and
facilitate |arger-scale research to build upon thein-depth insights
provided by this study. In addition, the impact of PA on
creativity, cognitive abilities, and specific mental health
conditions warrants further investigation. Nonetheless the
study’s findings suggest that PA could be used as a tool for
creative expression and therapeutic purposes, particularly in
meditative and spiritual settings, offering new avenues for
enhancing mental and emotional well-being. In addition, asthis
was an exploratory study, the imageries were sourced based on
available artistic resources and general principles associated
with PA and natural scenery. The content decisions were made
with the goal of maximizing contrast between the experimental
and control groups but were constrained by practical limitations,
such as the availability of preexisting PA content. However,
this provides avenuefor future research to explore how studies
at the intersection of arts and health could engage in

Peng et d

interdisciplinary collaboration between designers and health
researchers to develop nuanced and tailored creative content
that align closely with both artistic and scientific objectives,
potentially enhancing the depth of future findings. Finally, this
study examined theimpact of PA in alaboratory setting, where
participants did not partake in any other activity while viewing
PA. Given the transpersonal experiences, such as feelings of
i nterconnectedness, mind-body harmony, and semitrance states,
documented by this study, future research could explore the
psychological effects of PA in more diverse settings, such as
meditative and spiritual activities and examine if PA could
enhance the experience of such activities.

Conclusions

This study provided preliminary evidence for awide variety of
emotional, mental, and physical impacts perceived by
individuals upon viewing digitally rendered PA, including
induced sensations of relaxation and peace; anxiety and stress
aleviation; sensations of joy, excitement, and euphorig;
sensations of awe and wonder; hypnotizing effect; holistic
meditative effect; provocation of wandering and creative
thoughts; induced hyperawareness of bodily states, and
transitions from induced overstimulation or anxious thoughts
to feelings of calmness. Responses on participants' embodied
experiences and perceptions show greater diversity and intensity
of people’'s psychosomatic responses. Overal, the findings
suggest that PA is arich and complex form of visua art that
has the potential to inspire creativity, facilitate healing, and
promote well-being.

Acknowledgments

The authors would like to express their utmost gratitude to all the participants in the study as well as the generous support of the
Yale School of Public Health for making this study possible. The authors would aso like to give special thanks to the Consumer
Health Informatics Lab at Yale University for their support in conducting this study.

Authors Contributions

MLP designed and conducted the study under the advisement of IM and TM. MLP, AL, and PO wereresponsiblefor dataanaysis,
with each researcher independently coding the dataand collaboratively resolving discrepanciesto ensurethereliability and validity
of the findings. MLP drafted the manuscript, which was critically reviewed and edited by JM and TM for important intellectual
content. All authors approved the final version of the manuscript.

Conflictsof Interest

TM isamember of the Digital Wellbeing Advisory Board at Peer Health Exchange, the advisory board at RACE Space, Inc, and
a consultant for SecondMuse, LLC. Peer Health Exchange, RACE Space, and SecondMuse were not involved in the writing of
this paper or the decision to submit it for publication. TM is aso an associate editor of IMIR. All other authors declare no other
conflicts of interest.

Multimedia Appendix 1

All video files generated for this study.
[DOCX File, 15 KB-Multimedia Appendix 1]

Multimedia Appendix 2

CONSORT (Consolidated Standards of Reporting Trials) checklist.
[PDE File (Adobe PDF File), 127 KB-Multimedia Appendix 2]

References

https:/formative.jmir.org/2024/1/e66430 JMIR Form Res 2024 | vol. 8| e66430 | p. 12

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v8i1e66430_app1.docx&filename=6e7b3168f1b04525bedb9121ef1d5d6a.docx
https://jmir.org/api/download?alt_name=formative_v8i1e66430_app1.docx&filename=6e7b3168f1b04525bedb9121ef1d5d6a.docx
https://jmir.org/api/download?alt_name=formative_v8i1e66430_app2.pdf&filename=7cdf3ed86ea3c17c3e444b4e3fb0a866.pdf
https://jmir.org/api/download?alt_name=formative_v8i1e66430_app2.pdf&filename=7cdf3ed86ea3c17c3e444b4e3fb0a866.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Peng et a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Krippner S. Ecstatic landscapes: the manifestation of psychedelic art. JHumanist Psychol. Oct 20, 2016;57(4):415-435.
[doi: 10.1177/0022167816671579]

Teixeira PJ, Johnson MW, Timmermann C, Watts R, Erritzoe D, Douglass H, et al. Psychedelics and health behaviour
change. J Psychopharmacol. Jan 2022;36(1):12-19. [FREE Full text] [doi: 10.1177/02698811211008554] [Medline:
34053342]

Rubin D, Morgan RC, Pinchbeck D. Psychedelic: Optical and Visionary Art Since the 1960s. Cambridge, MA. MIT Press,
2010.

Stuckey HL, Nobel J. The connection between art, healing, and public health: areview of current literature. Am J Public
Health. Feb 2010;100(2):254-263. [doi: 10.2105/AJPH.2008.156497] [Medline: 20019311]

Puig A, Lee SM, Goodwin L, Sherrard PA. The efficacy of creative arts therapies to enhance emotional expression,
spirituality, and psychological well-being of newly diagnosed Stage | and Stage |1 breast cancer patients: a preliminary
study. Arts Psychother. 2006;33(3):218-228. [doi: 10.1016/j.aip.2006.02.004]

Ross EA, Hollen TL, Fitzgerald BM. Observational study of an arts-in-medicine program in an outpatient hemodialysis
unit. Am JKidney Dis. Mar 2006;47(3):462-468. [doi: 10.1053/].a/kd.2005.11.030] [Medline: 16490625]

Guzzetta CE. Effects of relaxation and music therapy on patientsin a coronary care unit with presumptive acute myocardial
infarction. Heart Lung. Nov 1989;18(6):609-616. [Medline: 2684920]

Walsh SM, Martin SC, Schmidt LA. Testing the efficacy of a creative-arts intervention with family caregivers of patients
with cancer. J Nurs Scholarsh. 2004;36(3):214-219. [doi: 10.1111/j.1547-5069.2004.04040.x] [Medline: 15495489]

Jang SH, Lee JH, Lee HJ, Lee SY. Effects of mindfulness-based art therapy on psychological symptoms in patients with
coronary artery disease. JKorean Med Sci. Mar 19, 2018;33(12):e88. [doi: 10.3346/jkms.2018.33.e88] [Medline: 29542299]
Samoray JM. The healing effects of creative expression experienced by peoplewho identify themselves as having compassion
fatigue: a phenomenological study. Union Institute and University. 2005. URL : https://www.proguest.com/openview/
4870b3d82eceab8708e61fa0b916fcf1/1?pg-origsite=gscholar& chl=18750& diss=y [accessed 2024-11-27]

Reynolds F, Prior S. ‘A lifestyle coat-hanger’: a phenomenological study of the meanings of artwork for women coping
with chronic illness and disability. Disabil Rehabil. Jul 07, 2009;25(14):785-794. [doi: 10.1080/0963828031000093486]
Rao D, NainisN, WilliamsL, Langner D, Eisin A, Paice J. Art therapy for relief of symptoms associated with HIV/AIDS.
AIDS Care. Jan 2009;21(1):64-69. [doi: 10.1080/09540120802068795] [Medline: 19085221]

Kumar V, PavitraKS, Bhattacharya R. Creative pursuits for mental health and well-being. Indian J Psychiatry. Jan
2024,66(Suppl 2):S283-S303. [FREE Full text] [doi: 10.4103/indianjpsychiatry.indianjpsychiatry 781_23] [Medline:
38445283]

Law M, Karulkar N, Broadbent E. Evidence for the effects of viewing visual artworks on stress outcomes: a scoping review.
BMJ Open. Jun 30, 2021;11(6):e043549. [FREE Full text] [doi: 10.1136/bmjopen-2020-043549] [Medline: 34193477]
Gross E, Tavano Blessi G, Sacco PL. Magic moments: determinants of stress relief and subjective wellbeing from visiting
acultural heritage site. Cult Med Psychiatry. Mar 2019;43(1):4-24. [doi: 10.1007/s11013-018-9593-8] [Medline: 29998384]
Gore E, Daiss SD, Liesveld JL, Mooney CJ. The therapeutic potential of bedside art observation in hematologic cancer
inpatients: a randomized controlled pilot study. Support Care Cancer. Apr 2022;30(4):3585-3592. [FREE Full text] [doi:
10.1007/s00520-021-06747-z] [Medline: 35022885]

Brown S, Gao X, Tisdelle L, Eickhoff SB, Liotti M. Naturalizing aesthetics: brain areas for aesthetic appraisal across
sensory modalities. Neuroimage. Sep 01, 2011;58(1):250-258. [FREE Full text] [doi: 10.1016/j.neuroimage.2011.06.012]
[Medline: 21699987]

Salzman CD, Fusi S. Emotion, cognition, and mental state representation in amygdala and prefrontal cortex. Annu Rev
Neurosci. 2010;33:173-202. [EREE Full text] [doi: 10.1146/annurev.neuro.051508.135256] [Medline: 20331363]
Habekost T, Vogel A, Rostrup E, Bundesen C, Kyllingsbaek S, Garde E, et al. Visual processing speed in old age. Scand
JPsychol. Apr 2013;54(2):89-94. [doi: 10.1111/50p.12008] [Medline: 23121639]

Manenti R, BrambillaM, Cotelli M. Age-related changesin implicit emotion processing. Neuropsychol Dev Cogn B Aging
Neuropsychol Cogn. Jan 2019;26(1):86-104. [doi: 10.1080/13825585.2017.1408769] [Medline: 29183224]

Shagiri A, Roinishvili M, Grzeczkowski L, Chkonia E, Pilz K, Mohr C, et a. Sex-related differencesin vision are
heterogeneous. Sci Rep. May 14, 2018;8(1): 7521. [FREE Full text] [doi: 10.1038/s41598-018-25298-8] [M edline: 29760400]
Hofer A, Siedentopf CM, Ischebeck A, Rettenbacher MA, VeriusM, Felber S, et al. Gender differencesin regional cerebral
activity during the perception of emotion: afunctional MRI study. Neuroimage. Aug 15, 2006;32(2):854-862. [doi:
10.1016/j.neurcimage.2006.03.053] [Medline: 16713306]

Sokotowski A, Folkierska-Zukowska M, Jednorég K, Moodie CA, Dragan W. The relationship between early and recent
life stress and emotional expression processing: afunctional connectivity study. Cogn Affect Behav Neurosci. Jun
2020;20(3):588-603. [FREE Full text] [doi: 10.3758/s13415-020-00789-2] [Medline: 32342272]

Tempesta D, Socci V, de Gennaro L, Ferrara M. Sleep and emotional processing. Sleep Med Rev. Aug 2018;40:183-195.
[doi: 10.1016/j.smrv.2017.12.005] [Medline: 29395984]

Kong D, Soon CS, Chee MW. Reduced visual processing capacity in sleep deprived persons. Neuroimage. Mar 15,
2011;55(2):629-634. [doi: 10.1016/j.neuroimage.2010.12.057] [Medline: 21195190]

https:/formative.jmir.org/2024/1/e66430 JMIR Form Res 2024 | vol. 8 | e66430 | p. 13

(page number not for citation purposes)


http://dx.doi.org/10.1177/0022167816671579
https://journals.sagepub.com/doi/abs/10.1177/02698811211008554?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/02698811211008554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34053342&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2008.156497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20019311&dopt=Abstract
http://dx.doi.org/10.1016/j.aip.2006.02.004
http://dx.doi.org/10.1053/j.ajkd.2005.11.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16490625&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2684920&dopt=Abstract
http://dx.doi.org/10.1111/j.1547-5069.2004.04040.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15495489&dopt=Abstract
http://dx.doi.org/10.3346/jkms.2018.33.e88
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29542299&dopt=Abstract
https://www.proquest.com/openview/4870b3d82ecea58708e61fa0b916fcf1/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/4870b3d82ecea58708e61fa0b916fcf1/1?pq-origsite=gscholar&cbl=18750&diss=y
http://dx.doi.org/10.1080/0963828031000093486
http://dx.doi.org/10.1080/09540120802068795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19085221&dopt=Abstract
https://europepmc.org/abstract/MED/38445283
http://dx.doi.org/10.4103/indianjpsychiatry.indianjpsychiatry_781_23
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38445283&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34193477
http://dx.doi.org/10.1136/bmjopen-2020-043549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34193477&dopt=Abstract
http://dx.doi.org/10.1007/s11013-018-9593-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29998384&dopt=Abstract
https://europepmc.org/abstract/MED/35022885
http://dx.doi.org/10.1007/s00520-021-06747-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35022885&dopt=Abstract
https://europepmc.org/abstract/MED/21699987
http://dx.doi.org/10.1016/j.neuroimage.2011.06.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21699987&dopt=Abstract
https://europepmc.org/abstract/MED/20331363
http://dx.doi.org/10.1146/annurev.neuro.051508.135256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20331363&dopt=Abstract
http://dx.doi.org/10.1111/sjop.12008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23121639&dopt=Abstract
http://dx.doi.org/10.1080/13825585.2017.1408769
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29183224&dopt=Abstract
https://doi.org/10.1038/s41598-018-25298-8
http://dx.doi.org/10.1038/s41598-018-25298-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29760400&dopt=Abstract
http://dx.doi.org/10.1016/j.neuroimage.2006.03.053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16713306&dopt=Abstract
https://europepmc.org/abstract/MED/32342272
http://dx.doi.org/10.3758/s13415-020-00789-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32342272&dopt=Abstract
http://dx.doi.org/10.1016/j.smrv.2017.12.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29395984&dopt=Abstract
http://dx.doi.org/10.1016/j.neuroimage.2010.12.057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21195190&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Peng et a

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

Gray V, DouglasKM, Porter RJ. Emotion processing in depression and anxiety disordersin older adults: systematic review.
BJPsych Open. Dec 03, 2020;7(1):€7. [FREE Full text] [doi: 10.1192/bj0.2020.143] [Medline: 33267933]

Lachen AR, Kolskar KK, de Lange AM, Sneve MH, Haatveit B, Lagerberg TV, et a. Visual processing deficitsin patients
with schizophrenia spectrum and bipolar disorders and associations with psychotic symptoms, and intellectual abilities.
Heliyon. Feb 01, 2023;9(2):e13354. [FREE Full text] [doi: 10.1016/.heliyon.2023.e13354] [Medline: 36825178]

Elliot AJ. Color and psychological functioning: areview of theoretical and empirical work. Front Psychol. Apr 02, 2015;6:368.
[FREE Full text] [doi: 10.3389/fpsyq.2015.00368] [Medline: 25883578]

Baggott MJ, Siegrist JD, Galloway GP, Robertson LC, Coyle JR, Mendelson JE. Investigating the mechanisms of
hallucinogen-induced visions using 3,4-methylenedioxyamphetamine (MDA): arandomized controlled trial in humans.
PL0OS One. Dec 02, 2010;5(12):e14074. [FREE Full text] [doi: 10.1371/journal.pone.0014074] [Medline: 21152030]
Brown DK, Barton JL, Gladwell VF. Viewing nature scenes positively affects recovery of autonomic function following
acute-mental stress. Environ Sci Technol. Jun 04, 2013;47(11):5562-5569. [FREE Full text] [doi: 10.1021/es305019p]
[Medline: 23590163]

Clarke V, Braun V. Teaching thematic analysis: overcoming challenges and devel oping strategies for effective learning.
Psychol. Feb 2013;26(2):120-123.

Julious SA. Sample size of 12 per group rule of thumb for a pilot study. Pharm Stat. Nov 24, 2005;4(4):287-291. [doi:
10.1002/pst.185]

Groen 1, Piantoni G, Montenegro S, Flinker A, Devore S, Devinsky O, et al. Temporal dynamics of neural responsesin
human visual cortex. JNeurosci. Oct 05, 2022;42(40):7562-7580. [ FREE Full text] [doi: 10.1523/INEUROSCI.1812-21.2022]
[Medline: 35999054]

Toschi N, Kim J, Sclocco R, Duggento A, Barbieri R, Kuo B, et al. Motion sickness increases functional connectivity
between visual motion and nausea-associated brain regions. Auton Neurosci. Jan 2017;202:108-113. [FREE Full text] [doi:
10.1016/j.autneu.2016.10.003] [Medline; 28245927]

Engel S, Zhang X, Wandell B. Colour tuning in human visual cortex measured with functional magnetic resonance imaging.
Nature. Jul 03, 1997;388(6637):68-71. [doi: 10.1038/40398] [Medline: 9214503]

Pecchinenda A, Bertamini M, Makin AD, RutaN. The pleasantness of visual symmetry: always, never or sometimes. PLoS
One. Mar 21, 2014;9(3):€92685. [FREE Full text] [doi: 10.1371/journal .pone.0092685] [Medline: 24658112]

Aviv V. What does the brain tell us about abstract art? Front Hum Neurosci. Feb 28, 2014;8:85. [FREE Full text] [doi:
10.3389/fnhum.2014.00085] [Medline: 24616683]

Kaelen M, Giribaldi B, Raine J, Evans L, Timmerman C, Rodriguez N, et al. The hidden therapist: evidence for a central
role of music in psychedelic therapy. Psychopharmacology (Berl). Feb 2018;235(2):505-519. [FREE Full text] [doi:
10.1007/s00213-017-4820-5] [Medline: 29396616]

Busch AK, Johnson WC. L.S.D. 25 as an aid in psychotherapy; preliminary report of anew drug. Dis Nerv Syst. Aug
1950;11(8):241-243. [Medline: 14793387]

Zubala A, Kennell N, Hackett S. Art therapy in the digital world: an integrative review of current practice and future
directions. Front Psychol. Apr 8, 2021;12:595536. [FREE Full text] [doi: 10.3389/fpsyg.2021.600070] [Medline: 33897522]
Trupp MD, Bignardi G, ChanaK, Specker E, Pelowski M. Can abrief interaction with online, digital art improve wellbeing?
A comparative study of the impact of online art and culture presentations on mood, state-anxiety, subjective wellbeing, and
loneliness. Front Psychol. Jun 30, 2022;13:782033. [EREE Full text] [doi: 10.3389/fpsyq.2022.782033] [Medline: 35846638]
Clayton G, Potter S. Arts on prescription: a creative and cost-effective approach to improving mental health. In: Stickley
T, Clift S, editors. Arts, Health and Wellbeing: A Theoretical Inquiry for Practice. Newcastle upon Tyne, UK. Cambridge
Scholars Publishing; 2017:160-181.

Golden T, Magsamen S, Sandu CC, Lin S, Roebuck GM, Shi KM, et al. Effects of setting on psychedelic experiences,
therapies, and outcomes: arapid scoping review of the literature. Curr Top Behav Neurosci. 2022;56:35-70. [doi:
10.1007/7854 2021 298] [Medline: 35138585]

Lau N, O'Daffer A, Yi-Frazier JP, Rosenberg AR. Popular evidence-based commercial mental health apps: analysis of
engagement, functionality, aesthetics, and information quality. IMIR Mhealth Uhealth. Jul 14, 2021;9(7):€29689. [FREE
Full text] [doi: 10.2196/29689] [Medline: 34259639)]

Giansanti D, PirreraA, Meli P. The accessibility and the digital divide in the apps during the COVID-19. Comment on Cao
et a. Theimpact of using mHealth apps on improving public health satisfaction during the COVID-19 pandemic: adigital
content value chain perspective. Healthcare 2022, 10, 479. Healthcare (Basal). Jul 05, 2022;10(7):1252. [EREE Full text]
[doi: 10.3390/healthcare10071252] [Medline: 35885779]

Alowais SA, Alghamdi SS, Alsuhebany N, Algahtani T, Alshaya Al, Almohareb SN, et al. Revolutionizing healthcare: the
role of artificial intelligencein clinical practice. BMC Med Educ. Sep 22, 2023;23(1):689. [FREE Full text] [doi:
10.1186/s12909-023-04698-z] [Medline: 37740191]

Wise RA, Bozarth MA. Brain mechanisms of drug reward and euphoria. Psychiatr Med. 1985;3(4):445-460. [Medline:
2893431]

https:/formative.jmir.org/2024/1/e66430 JMIR Form Res 2024 | vol. 8| e66430 | p. 14

(page number not for citation purposes)


https://europepmc.org/abstract/MED/33267933
http://dx.doi.org/10.1192/bjo.2020.143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33267933&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2405-8440(23)00561-3
http://dx.doi.org/10.1016/j.heliyon.2023.e13354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36825178&dopt=Abstract
https://europepmc.org/abstract/MED/25883578
http://dx.doi.org/10.3389/fpsyg.2015.00368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25883578&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0014074
http://dx.doi.org/10.1371/journal.pone.0014074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21152030&dopt=Abstract
https://doi.org/10.1021/es305019p
http://dx.doi.org/10.1021/es305019p
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23590163&dopt=Abstract
http://dx.doi.org/10.1002/pst.185
http://www.jneurosci.org/cgi/pmidlookup?view=long&pmid=35999054
http://dx.doi.org/10.1523/JNEUROSCI.1812-21.2022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35999054&dopt=Abstract
https://europepmc.org/abstract/MED/28245927
http://dx.doi.org/10.1016/j.autneu.2016.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28245927&dopt=Abstract
http://dx.doi.org/10.1038/40398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9214503&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0092685
http://dx.doi.org/10.1371/journal.pone.0092685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24658112&dopt=Abstract
https://europepmc.org/abstract/MED/24616683
http://dx.doi.org/10.3389/fnhum.2014.00085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24616683&dopt=Abstract
https://europepmc.org/abstract/MED/29396616
http://dx.doi.org/10.1007/s00213-017-4820-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29396616&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14793387&dopt=Abstract
https://europepmc.org/abstract/MED/33897522
http://dx.doi.org/10.3389/fpsyg.2021.600070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33897522&dopt=Abstract
https://europepmc.org/abstract/MED/35846638
http://dx.doi.org/10.3389/fpsyg.2022.782033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35846638&dopt=Abstract
http://dx.doi.org/10.1007/7854_2021_298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35138585&dopt=Abstract
https://mhealth.jmir.org/2021/7/e29689/
https://mhealth.jmir.org/2021/7/e29689/
http://dx.doi.org/10.2196/29689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34259639&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare10071252
http://dx.doi.org/10.3390/healthcare10071252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35885779&dopt=Abstract
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-023-04698-z
http://dx.doi.org/10.1186/s12909-023-04698-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37740191&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2893431&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Peng et a

Abbreviations
Al: artificial intelligence
LSD: lysergic acid diethylamide
PA: psychedelic art
SC: scenery control
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