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Abstract

Background: First responders, such as firefighters, experience significant mental health issues due to the high-stress nature of
their work. Existing mental health interventions, such as meditation and debriefing, despite their benefits, do not target cognitive
processing of traumatic events such as memory and emotion.

Objective: This work aims to examine effects of semantically irrelevant virtual reality (VR) content to intervene in the retrieval
of an adverse event memory and its associated emotions. Cognitive models of posttraumatic stress disorder posit that exposure
to stimuli that are similar to a previous trauma acts as a trigger for retrieval of the associated memory and bodily reaction (eg,
elevated heart rate). This work uses semantically irrelevant VR as an intervention to interrupt the retrieval of the traumatic memory
by placing a participant in a VR environment that has a distant semantic connection to the trauma.

Methods: A total of 107 participants recruited from a large public university in Texas were randomly assigned to 1 of 3 groups:
control (n=33), comparison (n=37), and intervention (n=37). In stage 1, participants in all groups watched a short video of an
actual severe house fire to create a traumatic event memory. In stage 2, the control group stayed seated without doing anything,
the comparison group read a paragraph about the Red Sea as semantically irrelevant follow-up information, and the intervention
group watched a 360° VR video of the Red Sea that featured opposite attributes to the fire (eg, blue water vs red fire, cool water
vs hot fire). The Positive and Negative Affect Schedule, which has 10 items for positive emotions (eg, attentive and excited) and
10 items for negative emotions (eg, scared and distressed), was administered after each of the two stages. In stage 3, the memory
accuracy of the house fire video was assessed using a forced recognition test of 15 pairs of a true image and a fake image generated
by artificial intelligence software.

Results: A 1-way ANOVA revealed no difference in memory accuracy between the three groups (P=.48). Mean memory
accuracy was 0.714 (SD 0.125) for the control group, 0.732 (SD 0.117) for the comparison group, and 0.694 (SD 0.155) for the
intervention group. However, a repeated-measures ANOVA found that the semantically irrelevant VR experience significantly
boosted positive emotions among the intervention group participants (P=.04) and reduced negative feelings among participants
in all groups (P<.001).

Conclusions: Our findings suggest that semantically irrelevant VR was effective in changing the emotional states of participants.
This implies that a semantically irrelevant VR experience can serve as a quick and affordable way to address psychological
reactions after watching a traumatic event. Future research is required to design semantically irrelevant VR content to produce
the memory suppression effect.

Trial Registration: ClinicalTrials.gov NCT07393776; https://clinicaltrials.gov/study/NCT07393776
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Introduction

Emergency response is a high-risk task that places severe stress
on first responders. An intense burden is incurred by witnessing
human death and suffering, risking harm, overwhelming
workloads due to physically demanding tasks and long work
hours, and making life and death decisions under time pressure
[1].

The harsh nature of emergency response leads to serious health
issues among first responders. Occupational injuries and
illnesses among US firefighters occur at more than 3 times the
rate observed across all other occupations [2]. Particularly, first
responders’mental health issues are at an alarming level. Nearly
50% of police officers who responded to the 9/11 terrorist attack
experienced severe depression, anxiety, and posttraumatic stress
disorder (PTSD) [3]. More than 20% of medical responders to
the Great East Japan Earthquake were diagnosed with clinical
depression [4]. Astonishingly, 50% of US firefighters have had
suicidal ideation or attempts in their careers [5].

To tackle mental health issues among first responders, several
psychological interventions are available. Critical incident stress
debriefing has been used to enable them to share their reactions
and emotions after witnessing a traumatic event [6,7].
Nonetheless, the effectiveness of critical incident stress
debriefing has been either insignificant or weak [8]. Mindfulness
meditation aims to slow racing and negative thoughts [9].
However, the psychological effects of mindfulness meditation
are not sustained over the long term [10]. In addition, Difede
et al [11] provided first responders to the 9/11 terrorist attack
with cognitive behavioral therapy (CBT), including
psychoeducation, breathing exercises, imaginal exposure, and
relapse prevention. Results showed significantly lower
depression and PTSD survey scores compared with the non-CBT
group. Essar et al [12] administered pretraumatic vaccination
(PTV) for search and rescue personnel to prepare for anticipated
traumatic events (eg, warfare) and found that those who received
PTV reported lower levels of distress.

Despite the benefits of existing mental health treatments,
limitations exist. Therapeutic techniques such as CBT and PTV
are focused on increasing individuals’ general coping capacity
for future traumatic events; therefore, they do not target specific
causes of mental health symptoms or account for the
psychological processes leading from causes to symptoms [13].
For example, deep breathing is intended to control autonomic
nervous system functions, resulting in reduced heart rate and
oxygen consumption [14]. Thus, the breathing technique has
little to do with the individual’s prior traumatic experience. In
addition, existing interventions generate transient effects after
the interventions [15]. The effectiveness of psychological
techniques such as debriefing and mindful meditation greatly
depends on the recipient’s commitment toward the interventions
[8]. In this regard, knowledge regarding human cognitive

processes involving the memory and emotion of a traumatic
event remains limited. Our study aims to bridge this research
gap by providing semantically irrelevant virtual reality (VR)
content to suppress the retrieval of the memory of a traumatic
event and to alter its associated emotions.

Cognitive models of mental disorders posit that repeated
re-experiencing of a traumatic event leads to negative symptoms
such as hyperarousal, anxiety, and depression [16,17]. A
traumatic event is perceived via multiple sensory channels (eg,
visual and auditory) and stored in one’s memory. The cognitive
processing of the traumatic event is influenced by different
factors such as the event characteristics (eg, severity and
uniqueness) and the individual’s prior experiences, beliefs, and
coping behaviors related to the event—both positive (relaxation,
meditation, or counseling) and negative (avoidance, anger,
violent behavior, or use of alcohol).

Once the memory of the traumatic event is created,
re-experiencing the trauma can occur when current threats
emerge as matching triggers. Matching triggers are the cues
associated with the nature of the trauma, such as similar
situations, lights, and sounds. For example, if an individual
experienced a severe fire event, exposure to other fires or bright
lights may trigger the memory of the prior fire. Perception of
similar threats causes retrieval of the traumatic memory and
accompanying strong emotional reactions, such as hyperarousal,
fear, and anxiety [17]. Psychological reaction to the
re-experience is also influenced by coping strategies, either
positive or negative. When an individual relies on negative
coping strategies, emotional symptoms may progress to more
severe mental health disorders, such as depression and PTSD
[18].

Given that the re-experience of a traumatic event is closely
connected to the retrieval of an associated memory, it is
anticipated that if memory retrieval gets suppressed, then the
negative appraisal of the previous trauma and its associated
emotional reaction will be lessened. To generate the “memory
suppression effect,” we used semantically irrelevant information
as a follow-up intervention after an individual experiences a
traumatic incident directly or indirectly.

Semantically irrelevant information refers to visual and auditory
cues that are meaningfully distant from an initial experience of
the trauma. Semantically relevant information is widely used
to produce the “misinformation effect,” which indicates the
integration of false follow-up information into the memory of
an initial experience. As a seminal work, Loftus et al [19]
discovered that participants’ initial memory of a car accident
occurring near a yield sign was partially altered, when compared
to that of an accident occurring near a stop sign, due to the
subsequent false information that was semantically relevant.
Following this work, numerous studies have examined the
malleability of human memory, which allows for the integration
of an initial memory and subsequent false information when
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the two are semantically related [20]. Misinformation effect
brought remarkable impacts on forensics and criminal justice
where the truthfulness of one’s memory determines the guilt of
crimes or offenses. Nevertheless, there is little knowledge
regarding the effects of semantically irrelevant information,
especially regarding its role in suppressing the initial memory
of a traumatic event and assuaging associated emotions.

There are several categories of semantical relationships between
concepts [21]. In this study, the antonymic or opposite
relationships were used to achieve semantical irrelevance. For
example, a residential house fire, a common emergency handled
by first responders, has several representative attributes, such
as fire, red, hot, and artificial structure. Thus, semantically
irrelevant content should have opposite qualities, such as water,
blue, cool, and natural environment, which are commonly
available in tropical oceans.

VR offers an excellent environment that enables an immersive
experience of the semantically irrelevant content, compared
with a 2D computer monitor. Indeed, previous research showed
the effectiveness of VR in reducing psychological symptoms
[22,23]. Nonetheless, the effects of semantically irrelevant VR
environments on memory and emotion related to a previous
adverse event have been seldom reported in the literature.

In addition to the “memory suppression effect” of semantically
irrelevant VR experiences, our study examines the “virtual
getaway effect” of a VR-based trip that relieves negative
emotions induced from traumatic events. Previous studies found
that traveling has a positive impact on reducing stress and
depressive symptoms [24,25]. Considering the cost and time
required for physical travel, VR-based trips have emerged as
an easy, accessible way of taking a virtual getaway [26,27].

To this end, the objective of this study was to investigate the
memory suppression and the virtual getaway effects of
semantically irrelevant VR experiences as an intervention for
mental health challenges commonly faced by first responders
after they were exposed to a traumatic event.

Methods

Overview
This study followed the CONSORT (Consolidated Standards
of Reporting Trials) guidelines (Multimedia Appendix 1) and
used a randomized controlled experimental design with 3
groups: a control group, a comparison group, and an intervention
group. After eligibility screening, we recruited 156 participants
from a large public state university in Texas between June 2023
and August 2023. The recruitment ended when the required
sample size was attained. The sample size was determined based
on a power analysis wtih with α=.05, power=0.90, effect
size=0.25, and correlation among repeated measures=0.50. The
participants were randomly allocated to 1 of the 3 experimental
conditions in a 1:1:1 allocation ratio (ie, 52 in each group).
Random assignment was conducted by one of the authors (KP)
using Microsoft Excel using the RAND() function. Participant
codes, initially listed by group (eg, control group from S001 to
S052, comparison group from S053 to S104, and intervention
group from S105 to S156),) were sorted in ascending order of
the generated random numbers. After excluding participants
who did not show up or acted as pilot-testers of the research
protocol, the remaining participants received no intervention
(control: n=33), alternative intervention (comparison: n=37),
or target intervention (intervention: n=37). Figure 1 shows the
CONSORT diagram of participant flow in this study. No
restrictions such as blocking or stratification were applied during
randomization. Allocation was not concealed from the
researchers assigning participants to the experimental conditions
due to the nature of the interventions; however, participants
were not informed of alternative conditions or study hypotheses
at the time of assignment. The university enrolls a diverse
student body of more than 44,000 undergraduate and graduate
students, providing access to a broad and representative sample
of young adults. Recruitment was conducted using
TechAnnounce, the institution’s official campus-wide electronic
announcement platform, which distributes daily bulletins to all
enrolled students, faculty, and staff via email.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of participant randomization in this study.

To ensure consistency and broad visibility, the recruitment
message was posted once per week during the recruitment
window. Each announcement contained a standardized
description of the study purpose, eligibility criteria, and a
hyperlink to an online sign-up sheet. Interested students who
clicked the link were directed to a screening form that assessed
the inclusion and exclusion criteria.

The eligibility criteria required participants to be aged at least
18 years and currently enrolled at the university. To control for
previous exposure to atypical emergency experiences and the
baseline emotional state, individuals who currently worked or
had previously worked as first responders were excluded, as
were those who self-reported a history of depression, PTSD, or
other serious mental health concerns. Additionally, students
who indicated a fear of water or a tendency toward motion

sickness with VR applications were excluded to minimize the
risk of adverse reactions during the experiment.

The mean age of the participants was 25 (SD 6.00; range 18-50)
years. There was no significant age difference among
participants across the three groups (F2,104=0.214; P=.81).

Participants followed a 3-stage experimental protocol (Figure
2). In stage 1, participants in all groups watched a 3-minute
video of a real house fire that occurred in a residential area in
the United States. A large TV monitor (65-inch type) was used
to display the video, enhancing the realism of indirectly
witnessing the fire. The video was recorded by a local fire
department in 2019 and posted on YouTube (Alphabet Inc)
shortly after. Figure 3 shows different snapshots of the house
fire video. The fire ruined most of the house and spread to a
neighboring house.

Figure 2. A 3-stage experimental procedure. Participants were randomly assigned to 1 of 3 groups: control, comparison, and intervention. In stage 1,
all participants watched a short video clip of a severe house fire. In stage 2, the control group stayed seated doing nothing, the comparison group read
a paragraph describing the Red Sea, and the intervention group watched a 360° virtual reality (VR) video. The Positive and Negative Affect Schedule
(PANAS) surveys were administered after stages 1 and 2. Finally, a forced recognition memory test was conducted to assess memory accuracy of the
house fire. SI: semantically irrelevant.
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Figure 3. Snapshots of the 2D video of a real house fire; the picture on the left is from the front side of the house, and the picture on the right is from
the back side.

In stage 2, each group was exposed to different treatments.
Control group participants did not do any task while staying
seated for 3 minutes. Participants in the comparison group read
a paragraph describing the Red Sea. The length of the text was
adjusted so that it would take approximately 3 minutes to read.
Excerpts from the paragraph are as follows:

Egypt is an interesting destination in many ways:
history and culture buffs can explore its ancient
civilization, and beach vacationers can relax in its
many resorts. One of them, Marsa Alam, is considered
the best place in the country for snorkeling.... Its
water area is rich in coral, fish and other underwater
life.... Coral reefs are turtles’ favorite environment:
not only do they provide turtles with food, but also

protect them from bad weather. Barely hatched from
the egg, a baby turtle gains strength by eating
jellyfish, sponges, and fish.

Participants in the intervention group watched a 3-minute 360°
VR video of the Red Sea that shows similar natural scenes to
those described in the paragraph. Figure 4 shows snapshots of
the VR video (source: AirPano). This VR video provides a live
recording of underwater nature that contains sea animals and
coral reefs. The choice of the Red Sea as semantically irrelevant
VR content was based on the opposite attributes of the
underwater nature to the house fire in several representative
aspects: red versus blue (color), fire versus water (element), hot
versus cold (temperature), and artificial structure versus
underwater nature (environment).

Figure 4. Snapshots of the 360° virtual reality video of the Red Sea. Participants turned their heads to view different elements under water, such as a
turtle (left) and coral reefs (right).

In stage 3, a forced recognition test was conducted to assess the
memory accuracy of the house fire that participants in all three
groups watched in stage 1. A forced recognition memory test
was used, in which participants are required to choose 1 image
from multiple options that they believe they have seen
previously. The forced recognition test is widely used in memory
testing studies [28,29].

To make fake images of the house fire video, we used Adobe
Firefly (Adobe Inc) [30], an image-generating artificial
intelligence (AI) program available to the public. This generative
AI program has multiple features, such as generative fill. An
example of the fake images used in the forced recognition test
is shown in Figure 5.
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Figure 5. An example of a true and a fake image of a house fire. The image on the left is a true snapshot from the house fire video, and the image on
the right is a modified (fake) one using a generative artificial intelligence software. In the fake image, the fire and smoke near the house were replaced
with a small car that showed no signs of fire damage.

A total of 15 pairs of a true image and a fake image were used
in the forced recognition test. Memory accuracy was calculated
using the following equation:

In addition to the memory accuracy, the participant’s emotions
were assessed each after the first and second stage, using the
Positive and Negative Affect Schedule (PANAS) survey [31].
The PANAS survey has 20 items, consisting of 10 positive
emotion types (eg, interested or enthusiastic) and 10 negative
emotion types (eg, distressed or upset), rated on a 5-point Likert
scale (1=not at all to 5=extremely). The positive PANAS score
was obtained by summing the scores for items 1, 3, 5, 9, 10, 12,
14, 16, 17, and 19. Thus, a positive PANAS score can range
from 10 to 50, with a higher score representing a higher level
of positive affect. The negative PANAS score was the sum of
the scores for items 2, 4, 6, 7, 8, 11, 13, 15, 18, and 20. Hence,
a negative PANAS score can range from 10 to 50, with a lower
score representing a lower level of negative affect. Cronbach
α for positive and negative PANAS items was 0.915 for positive
affect items and 0.808 for negative affect items, indicating good
to excellent internal reliability of the items [32]. The PANAS
survey was widely used in previous studies as an instrument to
assess the participants’ emotional state [33,34].

Memory accuracy was analyzed using a 1-way independent
ANOVA across groups. Before conducting the analysis, the
assumptions of normality and homogeneity of variances were
examined. The data satisfied the assumption of normality, and
the Levene test indicated equal variances across groups
(F2,104=2.348; P=.10). This result confirmed that the
homogeneity of variance assumption was not violated,
supporting the validity of using ANOVA for group comparisons
[35,36]. Following a significant main effect, post hoc analyses
were conducted using the Tukey honestly significant difference
test to identify specific group differences while controlling for
family-wise error rates [37]. ANOVA was chosen because it
provides a robust method for testing mean differences among

more than two independent groups when assumptions are
satisfied [38].

To assess differences in positive and negative affects across
groups and stages, a 2-way mixed factor repeated-measures
ANOVA was performed on the PANAS survey data. Study
groups (ie, control, comparison, and intervention) served as the
between-subjects factor, while study stages served as the
within-subjects factor. The mixed factor design was appropriate
for this dataset, as it allows for the simultaneous evaluation of
between-group differences and within-subject changes over
time [39]. A significance level of α=.05 was adopted for all
statistical tests. Repeated-measures ANOVA is particularly
advantageous in this context because it accounts for correlations
between repeated observations among the same participants,
thereby increasing statistical power compared with independent
designs [40]. For all statistical tests, JASP (version 0.18.3; JASP
Team, 2024) was used.

Ethical Considerations
This study was conducted in accordance with a research protocol
approved by the Texas Tech University’s institutional review
board (institutional review board number 2022-966). Written
informed consent was obtained from all participants before their
participation, covering both their voluntary participation in this
study and the publication of data collected from the research.

Results

For memory accuracy, there was no significant difference
between the three groups (F2,104=0.748; P=.48). Mean memory
accuracy was 0.714 (SD 0.125) for the control group, 0.732 (SD
0.117) for the comparison group, and 0.694 (SD 0.155) for the
intervention group.

Regarding positive emotion, Table 1 presents descriptive
statistics for the mixed factors repeated-measures ANOVA for
the positive PANAS scores, and Figure 6 illustrates changes in
positive emotion of the participants along the first two stages
between groups.
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Table 1. Descriptive statistics of the positive affect survey scores (N=107).

Scores, mean (SD)Participants, n (%)Stage and group

Positive PANASa survey after stage 1

24.649 (7.595)33 (30.8)Control group

26.242 (8.972)37 (34.6)Comparison group

26.757 (9.124)37 (34.6)Intervention group

Positive PANAS survey after stage 2

23.541 (8.726)33 (30.8)Control group

24.667 (9.816)37 (34.6)Comparison group

29.892 (11.007)37 (34.6)Intervention group

aPANAS: Positive and Negative Affect Schedule.

Figure 6. Mean positive affect survey scores between groups at the first and second stages, with 95% CI. PANAS: Positive and Negative Affect
Schedule.

Regarding positive PANAS scores, there was no significant
difference between the groups (F2,104=2.296; P=.11) and
between the two stages (F1,104=0.056; P=.81). However, we
found a significant interaction effect between the groups and

stages (F2,104=5.610; P=.005; η2=0.013). The post hoc analysis
revealed that positive PANAS scores significantly increased
only in the intervention group between the two stages (P=.051)
and that the second positive PANAS score of the intervention
group was significantly higher than that of the comparison group
(P=.04). All other interactions were not statistically significant.

Table 2 shows descriptive statistics of negative PANAS scores,
and Figure 7 illustrates the changes along the first two stages
between groups. Results showed a significant change between
the stages (F1,104=68.213; P<.001). No significant main effect
was found for the groups. In addition, no significant interaction
effect between the groups and the stages was found. Negative
PANAS scores significantly decreased in the comparison group
(P<.001) and intervention group (P<.001). No other significant
differences were found.
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Table 2. Descriptive statistics of the negative affect survey scores (N=107).

Scores, mean (SD)Participants, n (%)Stage and group

Negative PANASa survey after stage 1

18.242 (6.778)33 (30.8)Control group

18.892 (6.798)37 (34.6)Comparison group

18.108 (6.790)37 (34.6)Intervention group

Negative PANAS survey after stage 2

15.121 (3.050)33 (30.8)Control group

12.027 (5.781)37 (34.6)Comparison group

12.730 (4.350)37 (34.6)Intervention group

aPANAS: Positive and Negative Affect Schedule.

Figure 7. Mean negative affect survey scores between groups at the first and second stages, with 95% CI. PANAS: Positive and Negative Affect
Schedule.

Discussion

Principal Findings
Findings from this study showed that a semantically irrelevant
VR experience (diving in the Red Sea) boosted positive emotion
and lessened negative mood after indirectly witnessing an
adverse event (ie, watching a residential house fire). Specifically,
participants’positive affect improved only with the semantically
irrelevant VR experience, whereas negative emotions were
mitigated by watching a wall (control group), reading a text
(comparison group), and watching a VR video (intervention
group). Nevertheless, there was no difference in memory
accuracy between the groups. These results indicate that the
semantically irrelevant VR experience of this study (ie, watching
an immersive VR video) did not affect the memory of the house
fire. However, regardless of how accurately participants

remembered the details of the previous traumatic event (ie, the
house fire), providing the semantically irrelevant VR
experiences such as doing virtual scuba diving and reading a
paragraph about a tropical sea helped participants adjust their
emotional states.

These findings show the promise of VR technology as an
alternative tool to address chronic mental health problems
among first responders. Given that existing mental health
interventions, such as postincident debriefing, mindfulness
meditation, and CBT, require professional support and long-term
commitment, semantically irrelevant VR experiences represent
a more accessible solution.
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Implications of Study Findings and Comparison to
Previous Work
This study’s findings corroborate the remedial effects of a virtual
trip, or “a virtual getaway effect,” derived from immersive VR
environments [24,25]. Interestingly, reading a paragraph
describing the Red Sea also helped reduce negative emotions,
whereas participants in the control group did not report any
substantial changes in positive emotions. The latter signifies
the needs for mental health support in any form, ranging from
simple guided imagery training [41,42] to more interactive
solutions such as VR experiences [43]. Thus, semantically
irrelevant VR experiences can act as an alternative and
complementary approach, compatible with the unique cultural
traits of first responders, due to their high accessibility. As
highlighted in a review of VR solutions for mental health [44],
VR-based interventions can be useful in treating a variety of
mental health issues, such as eating disorders and depression,
especially if VR is integrated with other advanced technologies
such as large language models and gamification.

It is also noteworthy that even a brief virtual getaway (3 min)
produced substantial changes in participants’ emotional states.
In contrast, taking an actual vacation requires considerable time
and expense. Moreover, the temporal gap between a traumatic
event and a real trip may be long, potentially reducing the
remedial effects of the vacation. Thus, a virtual getaway using
the semantically irrelevant VR experience offers a quick and
affordable way to alleviate negative emotions following
exposure to traumatic events. Additionally, our findings
corroborate the stress-reducing effects of immersing oneself in
natural environments (eg, forests and mountains) [45,46]. In
future studies, diverse VR apps such as virtual concerts and
sports events [47] can be considered as options to personalize
the VR experience as a psychological aid.

Strengths, Limitations, and Future Directions
One methodological implication of this study is the use of an
image-generating AI program (Adobe Firefly). Previous studies
used simple drawings, photos, and verbal narratives to examine
the malleability of human memory [48,49]. Owing to advanced
AI technology, it now takes only a few mouse clicks to create
a fake image that looks genuine. To our knowledge, this is the
first study to use a generative AI tool to create fake images for
a memory test. Considering the rapid development of generative
AI applications, the methodology established in this study will
inform future experiments that necessitate AI-generated artifacts.
Nevertheless, the AI-generated images were not validated for
their realism against a separate and independent sample. Thus,
future studies need to assess the perceived level of fakeness of
AI-generated images when they are used in recognition-based
memory tests.

Despite the novel benefits of the semantically irrelevant VR
experience on emotions, our study could not reveal the memory
suppression effect, given the nonsignificant difference in
memory accuracy. Therefore, the relationship between the
adverse event memory and its associated emotions remains
inconclusive. We suspect several reasons behind this lack of
evidence.

First, the forced recognition test may not be the best way to
assess the memory accuracy of an initial event (ie, a house fire).
As shown in Figure 5, only a limited number of items were
modified (eg, a lawn under fire to a small car). In the house fire
video, there are numerous elements that a participant could
potentially catch or miss (eg, flames, adjacent trees, firefighters,
and houses). Thus, there was no guarantee that the participants
observed the items that were modified in the fake images. If the
participants did not observe such items, the recognition-based
test becomes a binary choice with random chance. To address
this issue, alternative methods for assessing an individual’s
memory should be considered, such as a recall-based memory
test, which has been used in previous memory research [29].

Second, it is unclear whether watching a house fire created
sufficiently negative emotions. Experiencing a house fire
directly can cause immense stress and suffering. However,
watching a house fire on a computer screen without any severe
injuries and damages may not feel as traumatic, which may
have weakened the memory suppression effect of the subsequent
semantically irrelevant VR experience. In future studies, a
stronger dosage of a traumatic event needs to be considered to
create more distressing emotions. Alternatively, future studies
may consider recruiting those with traumatic memories
associated with a fire to see how the same semantically
irrelevant VR experience influences their emotions. Relatedly,
we did not assess the pre-experiment emotional state, leading
to a limited manipulation check to see whether the house fire
video made sufficient changes in the viewers’ emotions. Thus,
future studies require a prestudy assessment of the participants’
emotional state. In addition to self-reported surveys such as the
PANAS survey [31], we recommend that physiological
measures, such as heart rate, skin conductance, or eye-tracking
metrics, be collected to find associations with self-reported
survey results.

Third, our study used a passive VR experience that only required
participants to watch. Therefore, watching the VR video (Red
Sea) may not have consumed much cognitive resources for
attention and perception. It is speculated that if a participant
uses more cognitive resources in a VR environment, the memory
suppression effect and the psychologically remedial effect would
be stronger, making it more difficult to retrieve the memory of
a previous traumatic event. Indeed, previous studies report that
active VR requiring psychomotor activities consumed more
cognitive resources [50,51]. Moreover, this study did not reveal
whether the changes in emotions occurred due to either the
semantically irrelevant experience or the immersive environment
afforded by the VR. Thus, future research needs to consider
using active VR that consumes more cognitive and physical
resources. Furthermore, it is recommended to vary the VR
modality (2D experience vs 3D experience) while keeping the
semantically irrelevant content constant.

Additionally, longitudinal studies with multiple follow-up
assessments are recommended to examine the long-term effects
of semantically irrelevant VR on memory and emotions, as this
study examined only immediate effects.
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Conclusions
Our work showed the promise of immersive semantically
irrelevant VR as a novel solution to addressing mental health
issues faced by first responders. Although semantically
irrelevant VR did not result in a memory suppression effect,
this study found that a virtual trip had substantial effects on

both positive and negative emotions after individuals indirectly
witnessed an adverse event. Considering the prevalence of
severe mental health issues among first responders and the
paucity of mental health support for them, findings from this
study can inform quicker and more accessible VR solutions for
psychological issues, in combination with existing mental health
interventions.

Acknowledgments
The authors used the generative artificial intelligence tool Adobe Firefly [52] to create images, which were used for a
recognition-based memory test in this study.

Funding
No external financial support or grants were received from any public, commercial, or not-for-profit entities for the research,
authorship, or publication of this study.

Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
Conceptualization: CS
Data curation: CS, KP, MJ
Formal analysis: CS
Investigation: CS, KP, MJ
Methodology: CS, KP, MJ
Project administration: CS
Resources: CS
Software: CS
Supervision: CS
Visualization: CS
Writing—original draft: CS
Writing—review and editing: CS, KP, MJ

Conflicts of Interest
None declared.

Multimedia Appendix 1
CONSORT-eHEALTH checklist (V 1.6.2).
[PDF File (Adobe PDF File), 94 KB-Multimedia Appendix 1]

References

1. Emergency responders: tips for taking care of yourself. Center for Disease Control and Prevention. URL: https://emergency.
cdc.gov/coping/responders.asp [accessed 2024-04-15]

2. Firefighter factsheet. US Bureau of Labor Statistics. Jul 2013. URL: https://www.bls.gov/iif/factsheets/archive/
fatal-occupational-injuries-firefighters-2013.htm [accessed 2024-04-17]

3. Bowler RM, Kornblith ES, Li J, Adams SW, Gocheva VV, Schwarzer R, et al. Police officers who responded to 9/11:
comorbidity of PTSD, depression, and anxiety 10-11 years later. Am J Ind Med. Jun 2016;59(6):425-436. [FREE Full text]
[doi: 10.1002/ajim.22588] [Medline: 27094566]

4. Garbern SC, Ebbeling LG, Bartels SA. A systematic review of health outcomes among disaster and humanitarian responders.
Prehosp Disaster Med. Dec 19, 2016;31(6):635-642. [FREE Full text] [doi: 10.1017/S1049023X16000832] [Medline:
27641075]

5. Stanley IH, Hom MA, Hagan CR, Joiner TE. Career prevalence and correlates of suicidal thoughts and behaviors among
firefighters. J Affect Disord. Nov 15, 2015;187:163-171. [FREE Full text] [doi: 10.1016/j.jad.2015.08.007] [Medline:
26339926]

JMIR Form Res 2026 | vol. 10 | e75848 | p. 10https://formative.jmir.org/2026/1/e75848
(page number not for citation purposes)

Son et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v10i1e75848_app1.pdf&filename=2b066c31d5de770f84449454920913c5.pdf
https://jmir.org/api/download?alt_name=formative_v10i1e75848_app1.pdf&filename=2b066c31d5de770f84449454920913c5.pdf
https://emergency.cdc.gov/coping/responders.asp
https://emergency.cdc.gov/coping/responders.asp
https://www.bls.gov/iif/factsheets/archive/fatal-occupational-injuries-firefighters-2013.htm
https://www.bls.gov/iif/factsheets/archive/fatal-occupational-injuries-firefighters-2013.htm
https://doi.org/10.1002/ajim.22588
http://dx.doi.org/10.1002/ajim.22588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27094566&dopt=Abstract
https://doi.org/10.1017/S1049023X16000832
http://dx.doi.org/10.1017/S1049023X16000832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27641075&dopt=Abstract
https://doi.org/10.1016/j.jad.2015.08.007
http://dx.doi.org/10.1016/j.jad.2015.08.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26339926&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Carlier IV, Lamberts RD, van Uchelen AJ, Gersons BP. Disaster-related post-traumatic stress in police officers: a field
study of the impact of debriefing. Stress Med. Dec 04, 1998;14(3):143-148. [FREE Full text] [doi:
10.1002/(sici)1099-1700(199807)14:3<143::aid-smi770>3.0.co;2-s]

7. Deahl MP, Gillham AB, Thomas J, Searle MM, Srinivasan M. Psychological sequelae following the Gulf War. Factors
associated with subsequent morbidity and the effectiveness of psychological debriefing. Br J Psychiatry. Jul
1994;165(1):60-65. [FREE Full text] [doi: 10.1192/bjp.165.1.60] [Medline: 7953059]

8. Winders WT, Bustamante ND, Garbern SC, Bills C, Coker A, Trehan I, et al. GEMLR. Establishing the effectiveness of
interventions provided to first responders to prevent and/or treat mental health effects of response to a disaster: a systematic
review. Disaster Med Public Health Prep. Feb 2021;15(1):115-126. [FREE Full text] [doi: 10.1017/dmp.2019.140] [Medline:
33870882]

9. Waelde LC, Uddo M, Marquett R, Ropelato M, Freightman S, Pardo A, et al. A pilot study of meditation for mental health
workers following Hurricane Katrina. J Trauma Stress. Oct 2008;21(5):497-500. [FREE Full text] [doi: 10.1002/jts.20365]
[Medline: 18956453]

10. Iwakuma M, Oshita D, Yamamoto A, Urushibara-Miyachi Y. Effects of breathing-based meditation on earthquake-affected
health professionals. Holist Nurs Pract. 2017;31(3):177-182. [doi: 10.1097/HNP.0000000000000211] [Medline: 28406871]

11. Difede J, Malta LS, Best S, Henn-Haase C, Metzler T, Bryant R, et al. A randomized controlled clinical treatment trial for
World Trade Center attack-related PTSD in disaster workers. J Nerv Ment Dis. Oct 2007;195(10):861-865. [doi:
10.1097/NMD.0b013e3181568612] [Medline: 18043528]

12. Essar N, Palgi Y, Saar R, Ben-Ezra M. Pre-traumatic vaccination intervention: can dissociative symptoms be reduced?
Prehosp Disaster Med. 2010;25(3):278-284. [FREE Full text] [doi: 10.1017/s1049023x00008165] [Medline: 20586023]

13. Clark DA. Cognitive behavioral therapy for anxiety and depression: possibilities and limitations of a transdiagnostic
perspective. Cogn Behav Ther. 2009;38(1):29-34. [Medline: 22946137]

14. Jerath R, Edry JW, Barnes VA, Jerath V. Physiology of long pranayamic breathing: neural respiratory elements may provide
a mechanism that explains how slow deep breathing shifts the autonomic nervous system. Med Hypotheses.
2006;67(3):566-571. [FREE Full text] [doi: 10.1016/j.mehy.2006.02.042] [Medline: 16624497]

15. Lewis S, Tarrier N, Haddock G, Bentall R, Kinderman P, Kingdon D, et al. Randomised controlled trial of
cognitive-behavioural therapy in early schizophrenia: acute-phase outcomes. Br J Psychiatry Suppl. Sep 2002;43:s91-s97.
[FREE Full text] [doi: 10.1192/bjp.181.43.s91] [Medline: 12271807]

16. Beck AT, Bredemeier K. A unified model of depression: integrating clinical, cognitive, biological, and evolutionary
perspectives. Clin Psychol Sci. Mar 29, 2016;4(4):596-619. [FREE Full text] [doi: 10.1177/2167702616628523]

17. Ehlers A, Clark DM. A cognitive model of posttraumatic stress disorder. Behav Res Ther. Apr 2000;38(4):319-345. [FREE
Full text] [doi: 10.1016/s0005-7967(99)00123-0] [Medline: 10761279]

18. Sripada RK, Rauch SA, Liberzon I. Psychological mechanisms of PTSD and its treatment. Curr Psychiatry Rep. Nov
2016;18(11):99. [FREE Full text] [doi: 10.1007/s11920-016-0735-9] [Medline: 27671916]

19. Loftus EF, Miller DG, Burns HJ. Semantic integration of verbal information into a visual memory. J Exp Psychol Learn
Mem Cogn. Jan 1978;4(1):19-31. [doi: 10.1037//0278-7393.4.1.19]

20. Loftus EF. Planting misinformation in the human mind: a 30-year investigation of the malleability of memory. Learn Mem.
Jul 18, 2005;12(4):361-366. [doi: 10.1101/lm.94705] [Medline: 16027179]

21. Storey VC. Understanding semantic relationships. VLDB J. Oct 1993;2:455-488. [doi: 10.1007/bf01263048]
22. Best P, Meireles M, Schroeder F, Montgomery L, Maddock A, Davidson G, et al. Freely available virtual reality experiences

as tools to support mental health therapy: a systematic scoping review and consensus based interdisciplinary analysis. J
Technol Behav Sci. 2022;7(1):100-114. [FREE Full text] [doi: 10.1007/s41347-021-00214-6] [Medline: 34179349]

23. Li Pira G, Aquilini B, Davoli A, Grandi S, Ruini C. The use of virtual reality interventions to promote positive mental
health: systematic literature review. JMIR Ment Health. Jul 06, 2023;10:e44998. [FREE Full text] [doi: 10.2196/44998]
[Medline: 37410520]

24. Chen CC, Petrick JF. Health and wellness benefits of travel experiences: a literature review. J Travel Res. Jul 17,
2013;52(6):709-719. [FREE Full text] [doi: 10.1177/0047287513496477]

25. Epel ES, Puterman E, Lin J, Blackburn EH, Lum PY, Beckmann ND, et al. Meditation and vacation effects have an impact
on disease-associated molecular phenotypes. Transl Psychiatry. Aug 30, 2016;6(8):e880. [FREE Full text] [doi:
10.1038/tp.2016.164] [Medline: 27576169]

26. Beck J, Rainoldi M, Egger R. Virtual reality in tourism: a state-of-the-art review. Tour Rev. May 02, 2019;74(3):586-612.
[doi: 10.1108/TR-03-2017-0049]

27. Yung R, Khoo-Lattimore C. New realities: a systematic literature review on virtual reality and augmented reality in tourism
research. Curr Issues Tour. Dec 28, 2017;22(17):2056-2081. [FREE Full text] [doi: 10.1080/13683500.2017.1417359]

28. Campbell JM, Edwards MS, Horswill MS, Helman S. Effects of contextual cues in recall and recognition memory: the
misinformation effect reconsidered. Br J Psychol. Aug 24, 2007;98(Pt 3):485-498. [FREE Full text] [doi:
10.1348/000712606X160768] [Medline: 17705942]

29. Roediger III HL, Jacoby JD, McDermott KB. Misinformation effects in recall: creating false memories through repeated
retrieval. J Mem Lang. Apr 1996;35(2):300-318. [FREE Full text] [doi: 10.1006/jmla.1996.0017]

JMIR Form Res 2026 | vol. 10 | e75848 | p. 11https://formative.jmir.org/2026/1/e75848
(page number not for citation purposes)

Son et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://doi.org/10.1002/(SICI)1099-1700(199807)14:3%253C143::AID-SMI770%253E3.0.CO;2-S
http://dx.doi.org/10.1002/(sici)1099-1700(199807)14:3<143::aid-smi770>3.0.co;2-s
https://doi.org/10.1192/bjp.165.1.60
http://dx.doi.org/10.1192/bjp.165.1.60
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7953059&dopt=Abstract
https://doi.org/10.1017/dmp.2019.140
http://dx.doi.org/10.1017/dmp.2019.140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33870882&dopt=Abstract
https://doi.org/10.1002/jts.20365
http://dx.doi.org/10.1002/jts.20365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18956453&dopt=Abstract
http://dx.doi.org/10.1097/HNP.0000000000000211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28406871&dopt=Abstract
http://dx.doi.org/10.1097/NMD.0b013e3181568612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18043528&dopt=Abstract
https://doi.org/10.1017/S1049023X00008165
http://dx.doi.org/10.1017/s1049023x00008165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20586023&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22946137&dopt=Abstract
https://core.ac.uk/reader/189360522?utm_source=linkout
http://dx.doi.org/10.1016/j.mehy.2006.02.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16624497&dopt=Abstract
https://doi.org/10.1192/bjp.181.43.s91
http://dx.doi.org/10.1192/bjp.181.43.s91
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12271807&dopt=Abstract
https://doi.org/10.1177/2167702616628523
http://dx.doi.org/10.1177/2167702616628523
https://doi.org/10.1016/S0005-7967(99)00123-0
https://doi.org/10.1016/S0005-7967(99)00123-0
http://dx.doi.org/10.1016/s0005-7967(99)00123-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10761279&dopt=Abstract
https://doi.org/10.1007/s11920-016-0735-9
http://dx.doi.org/10.1007/s11920-016-0735-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27671916&dopt=Abstract
http://dx.doi.org/10.1037//0278-7393.4.1.19
http://dx.doi.org/10.1101/lm.94705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16027179&dopt=Abstract
http://dx.doi.org/10.1007/bf01263048
https://europepmc.org/abstract/MED/34179349
http://dx.doi.org/10.1007/s41347-021-00214-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34179349&dopt=Abstract
https://mental.jmir.org/2023//e44998/
http://dx.doi.org/10.2196/44998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37410520&dopt=Abstract
https://doi.org/10.1177/0047287513496477
http://dx.doi.org/10.1177/0047287513496477
https://doi.org/10.1038/tp.2016.164
http://dx.doi.org/10.1038/tp.2016.164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27576169&dopt=Abstract
http://dx.doi.org/10.1108/TR-03-2017-0049
https://doi.org/10.1080/13683500.2017.1417359
http://dx.doi.org/10.1080/13683500.2017.1417359
https://doi.org/10.1348/000712606X160768
http://dx.doi.org/10.1348/000712606X160768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17705942&dopt=Abstract
https://doi.org/10.1006/jmla.1996.0017
http://dx.doi.org/10.1006/jmla.1996.0017
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. Adobe Firefly overview. Adobe. URL: https://helpx.adobe.com/firefly/using/firefly-overview.html [accessed 2025-05-29]
31. Watson D, Clark LA, Tellegen A. Development and validation of brief measures of positive and negative affect: the PANAS

scales. J Pers Soc Psychol. Jun 1988;54(6):1063-1070. [FREE Full text] [doi: 10.1037//0022-3514.54.6.1063] [Medline:
3397865]

32. Bonett DG, Wright TA. Cronbach's alpha reliability: interval estimation, hypothesis testing, and sample size planning. J
Organ Behavior. Oct 13, 2014;36(1):3-15. [FREE Full text] [doi: 10.1002/job.1960]

33. Crawford JR, Henry JD. The positive and negative affect schedule (PANAS): construct validity, measurement properties
and normative data in a large non-clinical sample. Br J Clin Psychol. Sep 2004;43(Pt 3):245-265. [FREE Full text] [doi:
10.1348/0144665031752934] [Medline: 15333231]

34. Thompson ER. Development and validation of an internationally reliable short-form of the Positive and Negative Affect
Schedule (PANAS). J Cross Cult Psychol. Mar 01, 2007;38(2):227-242. [FREE Full text] [doi: 10.1177/0022022106297301]

35. Tabachnick BG, Fidell LS. Using Multivariate Statistics. 7th edition. New York, NY. Pearson; 2018.
36. Field A. Discovering Statistics Using IBM SPSS Statistics. 6th edition. Thousand Oaks, CA. Sage Publications; 2024.
37. Maxwell SE, Delaney HD, Kelley K. Designing Experiments and Analyzing Data: A Model Comparison Perspective. 3rd

edition. New York, NY. Routledge; 2017.
38. Keppel G, Wickens TD. Wickens, Design and Analysis: A Researcher's Handbook. New York, NY. Pearson Prentice Hall;

2004.
39. Girden ER. ANOVA: Repeated Measures. Thousand Oaks, CA. Sage Publications; 1992.
40. Meyers LS, Gamst G, Guarino AJ. Applied Multivariate Research: Design and Interpretation. 3rd edition. Thousand Oaks,

CA. Sage Publications; 2016.
41. Apóstolo JL, Kolcaba K. The effects of guided imagery on comfort, depression, anxiety, and stress of psychiatric inpatients

with depressive disorders. Arch Psychiatr Nurs. Dec 2009;23(6):403-411. [FREE Full text] [doi: 10.1016/j.apnu.2008.12.003]
[Medline: 19926022]

42. Bigham E, McDannel L, Luciano I, Salgado-Lopez G. Effect of a brief guided imagery on stress. Biofeedback. 2014;42:28-35.
[FREE Full text] [doi: 10.5298/1081-5937-42.1.07]

43. Riches S, Jeyarajaguru P, Taylor L, Fialho C, Little J, Ahmed L, et al. Virtual reality relaxation for people with mental
health conditions: a systematic review. Soc Psychiatry Psychiatr Epidemiol. Jul 2023;58(7):989-1007. [FREE Full text]
[doi: 10.1007/s00127-022-02417-5] [Medline: 36658261]

44. Bell IH, Pot-Kolder R, Rizzo A, Rus-Calafell M, Cardi V, Cella M, et al. Advances in the use of virtual reality to treat
mental health conditions. Nat Rev Psychol. Jul 10, 2024;3(8):552-567. [FREE Full text] [doi: 10.1038/S44159-024-00334-9]

45. Gentile A, Ficarra S, Thomas E, Bianco A, Nordstrom A. Nature through virtual reality as a stress-reduction tool: a systematic
review. Int J Stress Manag. Nov 2023;30(4):341-353. [FREE Full text] [doi: 10.1037/str0000300]

46. White MP, Elliott LR, Grellier J, Economou T, Bell S, Bratman GN, et al. Associations between green/blue spaces and
mental health across 18 countries. Sci Rep. Apr 26, 2021;11(1):8903. [FREE Full text] [doi: 10.1038/s41598-021-87675-0]
[Medline: 33903601]

47. Onderdijk KE, Bouckaert L, Van Dyck E, Maes PJ. Concert experiences in virtual reality environments. Virtual Real. Jun
05, 2023;27:2383-2396. [FREE Full text] [doi: 10.1007/s10055-023-00814-y] [Medline: 37360813]

48. Hyman IE, Husband TH, Billings FJ. False memories of childhood experiences. Appl Cogn Psychol. 1995;9(3):181-197.
[FREE Full text] [doi: 10.1002/acp.2350090302]

49. McNally RJ, Lasko NB, Clancy SA, Macklin ML, Pitman RK, Orr SP. Psychophysiological responding during script-driven
imagery in people reporting abduction by space aliens. Psychol Sci. Jul 2004;15(7):493-497. [FREE Full text] [doi:
10.1111/j.0956-7976.2004.00707.x] [Medline: 15200635]

50. Bruder G, Lubas P, Steinicke F. Cognitive resource demands of redirected walking. IEEE Trans Vis Comput Graph. Apr
18, 2015;21(4):539-544. [FREE Full text] [doi: 10.1109/TVCG.2015.2391864] [Medline: 26357104]

51. Neguţ A, Matu SA, Sava FA, David D. Task difficulty of virtual reality-based assessment tools compared to classical
paper-and-pencil or computerized measures: a meta-analytic approach. Comput Human Behav. Jan 2016;54:414-424.
[FREE Full text] [doi: 10.1016/j.chb.2015.08.029]

52. Home page. Adobe Firefly. URL: https://firefly.adobe.com/ [accessed 2025-05-29]

Abbreviations
AI: artificial intelligence
CBT: cognitive behavioral therapy
PANAS: Positive and Negative Affect Schedule
PTSD: posttraumatic stress disorder
PTV: pretraumatic vaccination
VR: virtual reality

JMIR Form Res 2026 | vol. 10 | e75848 | p. 12https://formative.jmir.org/2026/1/e75848
(page number not for citation purposes)

Son et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://helpx.adobe.com/firefly/using/firefly-overview.html
https://doi.org/10.1037/0022-3514.54.6.1063
http://dx.doi.org/10.1037//0022-3514.54.6.1063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3397865&dopt=Abstract
https://doi.org/10.1002/job.1960
http://dx.doi.org/10.1002/job.1960
https://doi.org/10.1348/0144665031752934
http://dx.doi.org/10.1348/0144665031752934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15333231&dopt=Abstract
https://doi.org/10.1177/0022022106297301
http://dx.doi.org/10.1177/0022022106297301
https://doi.org/10.1016/j.apnu.2008.12.003
http://dx.doi.org/10.1016/j.apnu.2008.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19926022&dopt=Abstract
https://doi.org/10.5298/1081-5937-42.1.07
http://dx.doi.org/10.5298/1081-5937-42.1.07
https://europepmc.org/abstract/MED/36658261
http://dx.doi.org/10.1007/s00127-022-02417-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36658261&dopt=Abstract
https://doi.org/10.1038/s44159-024-00334-9
http://dx.doi.org/10.1038/S44159-024-00334-9
https://doi.org/10.1037/str0000300
http://dx.doi.org/10.1037/str0000300
https://doi.org/10.1038/s41598-021-87675-0
http://dx.doi.org/10.1038/s41598-021-87675-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33903601&dopt=Abstract
https://europepmc.org/abstract/MED/37360813
http://dx.doi.org/10.1007/s10055-023-00814-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37360813&dopt=Abstract
https://doi.org/10.1002/acp.2350090302
http://dx.doi.org/10.1002/acp.2350090302
https://doi.org/10.1111/j.0956-7976.2004.00707.x
http://dx.doi.org/10.1111/j.0956-7976.2004.00707.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15200635&dopt=Abstract
https://doi.org/10.1109/TVCG.2015.2391864
http://dx.doi.org/10.1109/TVCG.2015.2391864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26357104&dopt=Abstract
https://doi.org/10.1016/j.chb.2015.08.029
http://dx.doi.org/10.1016/j.chb.2015.08.029
https://firefly.adobe.com/
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Mavragani, J Sarvestan; submitted 11.Apr.2025; peer-reviewed by MJ Trigueiro; comments to author 01.Jul.2025; revised
version received 23.Sep.2025; accepted 08.Oct.2025; published 26.Feb.2026

Please cite as:
Son C, Parker K, Jamshidzadeh M
Effects of a Semantically Irrelevant Virtual Reality Experience on Memory and Emotion After Watching a Traumatic Event: Randomized
Controlled Experimental Study
JMIR Form Res 2026;10:e75848
URL: https://formative.jmir.org/2026/1/e75848
doi: 10.2196/75848
PMID:

©Changwon Son, Killian Parker, Mohammad Jamshidzadeh. Originally published in JMIR Formative Research
(https://formative.jmir.org), 26.Feb.2026. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Formative Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://formative.jmir.org, as well as this copyright and license
information must be included.

JMIR Form Res 2026 | vol. 10 | e75848 | p. 13https://formative.jmir.org/2026/1/e75848
(page number not for citation purposes)

Son et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://formative.jmir.org/2026/1/e75848
http://dx.doi.org/10.2196/75848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

