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Abstract

In the face of a mental health crisis in the United States, stress and anxiety management strategies that are accessible, engaging,
user-friendly, and effective may be more important than ever. In this study, 37 participants between the ages of 22 and 73 from
across the U.S. were randomly assigned to two different phone-based interventions: either an Augmented Reality (AR) meditation-
based app intervention or a dot to dot interactive distraction technique. Participants downloaded their assigned apps to their
personal smartphones and engaged in the app for 4 minutes each day for 5 consecutive days. Measurements included daily pre-
and post- mood questionnaires as well as pre- and post- intervention questionnaires measuring perceived stress and anxiety.
Both groups exhibited a decrease in anxiety over the 5 days, with those scoring higher in anxiety levels seeing stronger effects
with the AR intervention. The AR group also demonstrated reductions in perceived stress while the distraction group showed
increases. Significant differences occurred in mood subscales favoring AR. These findings suggest that a brief AR mobile meditation
application practice can reduce aspects of negative mental health. In addition, the results obtained from the Healium AR group
appear to be related to something greater than distraction. Further research is needed to examine the long-term impact of these
types of applications.
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Introduction

o . . .
Anxiety disorders are the most common mental health concerns headaches or st.omach aches (18%), difficulty controlling their
temper (15%), increased use of alcohol or drugs (13%), and

identified in population-based surveys. In fact, ithas previously been . . .
worsening chronic health conditions (9%;) [3].

estimated that nearly 34% of the U.S. population will experience

an anxiety disorder during their lifetime [1]. In addition, some
estimates suggest that there may be twice that number suffering
with undiagnosed anxiety [2]. In the face of the Covid-19 pandemic,
these numbers appear to be on the rise, potentially leading to a
mental health crisis. A Kaiser Family Foundation Health Tracking
Poll conducted in April 2020 revealed that 56% of the 1,202 adults
surveyed indicated that worry or stress related to the coronavirus
has negatively affected them. The most common concerns included
sleep problems (40%), poor appetite or overeating (33%), frequent

This is consistent with previous research showing that
chronic stress contributes to the development of insomnia, panic
attacks, substance abuse, depression, high blood pressure, and
increased risk for cardiovascular disease [4-6]. Given the number
of people affected, and the potential health impacts, researchers are
increasingly calling for a “digital mental health revolution” [7]. It is
noted that fewer than half of those with significant mental health
concerns receive the care they need, with underserved populations
being disproportionately affected [8,9]. Consequently, it is critical
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that we identify stress-management tools that are accessible,
and user-friendly, such as smart-phone based applications [7].
While there are more than 10,000 apps dedicated to addressing
mental health concerns, almost none of them have been evaluated
scientifically [10], and certainly none have been evaluated during a
prolonged global health crisis.

Mindfulness-based exercises are one of the most common
approaches used in phone-based stress management apps [11].
This is not surprising as even brief meditative experiences have
been shown to reduce state stress and anxiety [12,13]. More
recently, it has been shown that virtual technologies, such as
Augmented and Virtual Reality (AR and VR), also have the potential
for supporting personal and clinical change [14]. Several studies
have now demonstrated that AR and VR can be used to positively
impact anxiety and mood. For example, two recent studies have
shown that a brief meditation-based experience in VR can be an
effective tool to reduce anxiety and increase positive mood states
in subjects with moderate to high levels of anxiety [15] and just
prior to a stressful experience [16]. The positive effects from these
interventions may be partly due to the novelty of the experience
as well as the immersive nature of VR/AR. In essence, virtual
technologies provide a level of presence that may aid the user in
becoming more engaged and motivated, allowing them to more
easily distance themselves from ruminative or negative thoughts
[17]. In addition, there is evidence that some clients prefer VR
based therapy approaches to more traditional approaches [17].

Augmented reality, in comparison to virtual reality, is defined
as a real time direct or indirect view of the physical (real world)
environment that has been enhanced by adding virtual computer-
generated information [18]. AR creates a novel environment that
helps distract the mind from internal thoughts, but does not require
a complete break with physical reality. While not as immersive as
VR, AR apps may be more accessible and user-friendly given that
many can be accessed through a smart phone and do not require
additional equipment. To date, there are only two known studies
examining a meditation-based experience in AR. Researchers
at the Shibara Institute of Technology compared an AR stress
management application to traditional teaching methods, focused
on slow, methodical breathing. Their results indicated that the AR
condition resulted in greater feelings of comfort and relaxation.
In addition, subjects rated the more traditional experience as
significantly more “boring” and resulting in tiredness [19]. Viczko,
et al. [20] demonstrated that a brief phone-based AR meditation
could significantly decrease negative mood states while significantly
increasing positive mood states in 4 minutes. These studies provide
preliminary evidence that virtual meditative experiences may be
an effective alternative to traditional meditation approaches in
decreasing state stress and anxiety levels. However, it is possible
that these positive results are the result of novelty or distraction
rather than the meditation experience itself. As noted previously,
one of the most powerful elements of virtual technologies is their
ability to immerse the user in a different environment.

Distraction techniques that involve offering an alternative focus
for attention have been used in a variety of studies as a successful
intervention to reduce pain and stress [21,22]. Because virtual
technologies are more immersive and have more presence, it makes
sense that they may have an enhanced ability to provide effective
distraction from pain and discomfort [23,24]. A review of studies
examining the use of VR distraction for pain management concluded
that VR is effective at reducing experimentally induced pain as
well as pain related to care for burn injuries [25]. A more recent
study found that VR can be considered an effective distraction
technique for children and adolescents’ pain management during
venipuncture. Moreover, it was found that the VR intervention
resulted in more positive emotions than traditional distraction
techniques [26].

The current study was designed, first and foremost, to
determine if a phone-based AR meditation experience could be
used successfully to reduce stress and anxiety. The authors also
wanted to know if such an intervention would continue to have
a positive impact beyond the initial exposure. In essence, would
the intervention be effective if used repeatedly over several days
after the initial novelty has worn off? In addition, it seemed
important to determine if any observed positive effects were due
to distraction or something more specific to the meditation AR
experience. Would the AR condition have positive effects above and
beyond simple distraction? It was hypothesized that both groups
would report stress relief in response to the intervention. However,
these researchers predicted that the AR group would demonstrate
significantly greater impacts on daily mood as well as after repeated
use for a 5 day period. To address these questions, subjects were
asked to complete either a phone-based AR meditation experience
or a phone-based game (distraction) each day over a 5-day period.
The researchers examined pre (day 1) - post (day 5) responses to
measures of generalized anxiety and stress as well as daily pre-
post changes in mood. The study was performed remotely through
the NeuroMeditation Institute, LLC in Eugene, Oregon and was
approved by the Solutions IRB LLC (Yarnel, Arizona).

Material and Methods

Participants

Participants were recruited through social media posts and
marketing on Facebook®. Interested participants emailed the
researcher and completed an online pre-screening survey. To
be included in the study, participants had to be aged 18 or older,
legally competent to independently provide consent, and have
reliable access to a smartphone and internet connection. Of the 50
participants who responded, eight were removed due to attrition.
Of the 42 total participants completing all steps of the study, five
participants’ data were removed due to time inconsistencies.
Specifically, the intervention should have taken a minimum of
4 minutes to complete. Each pre and post questionnaire should
have taken a minimum of 1 minute to complete. If a subject took
less than 6 minutes to complete the daily procedure (as measured
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by the Qualtrics software), their data was removed. For the final
analyses, only the subjects with full data sets, meeting acceptable
time criterion were included. A total of 37 participants were
ultimately included (male= 8, female= 29), ranging in age from 22-
73 years of age (M= 40.76, SD=11.60). For further demographic

Table 1: Participant demographics by group.

information see Table 1. The final sample was ultimately comprised
of 19 participants in the AR group and 18 participants in the control
group. An independent t-test of unequal variances indicated no
differences between groups in age t (33) = -.541, p=.296, ethnicity t
(33) =-1.17, p=.125, or gender t (33) = -.865, p=.197.

Group Assignment
Total (n = 37) Active (n =19) Control (n =18)
Gender (%)
Female 29 (78.38) 16 (84.21) 13 (72.22)
Male 8(21.62) 3(15.79) 5(27.78)
Race (%)
Asian 1(2.70) 0(0) 1(5.56)
Hawaiian/Pacific Islander 1(2.70) 0(0) 1(5.56)
White/Caucasian 32 (86.49) 18 (94.74) 14 (77.78)
Other 3(8.11) 1(5.26) 2 (11.11)
Age in years
M+SD 40.76 +11.60 39.74 +10.46 41.83+1291

Measures
Demographic Questionnaire

This questionnaire asked subjects to identify information
related to their sex, age, and ethnic background.

Generalized Anxiety Disorder Assessment (GAD-7)

This 7-item self-report scale asks subjects to identify how
much they were bothered by each of 7 symptoms. The original
instructions asked subjects to respond based on their experience
during the previous 2 weeks. This timeline was modified in the
current study to only 1 week. This was done to make the responses
more consistent with the time frame of the study. Response options
include, “not at all,” “several days,” “more than half the days,” and
“nearly every day,” scored 0,1,2, and 3, respectively. Total scores
ranged from 0 to 21 with higher scores indicating higher anxiety
and a higher likelihood of meeting criterion for GAD. A score of 8
has been shown to have a 92% sensitivity and a 76% specificity in
relation to a diagnosis of GAD [27]. This was the cut-off utilized in the
current study. In addition, the GAD-7 has previously demonstrated
an internal consistency of .92 and test-retest reliability of .83 [27].

Perceived Stress Scale (PSS)

The Perceived Stress Scale [28] was used to measure participant
stress. The PSS consists of 10 items that ask respondents how often
they experienced various symptoms of stress (e.g. “How often have
you felt that you were unable to control the important things in
your life?”). Similar to the GAD-7, the original instructions were
modified to ask subjects to respond to the items in relation to their
experience in the past week. Responses ranged from “0 - Never” to
“4 - Often.” For this study we asked participants to place an emphasis
on the week leading up to both the pre and post questionnaires.

Brunel Mood Scale

BRUMS; Soos, et al. [29]. The BRUMS consists of 32 mood
descriptors that are categorized into 8 unipolar dimensions:
anger, tension, depression, vigor, fatigue, confusion, happiness,
and calmness. Using a response frame of “how do you feel right
now?” subjects indicated the extent of their experience of the
mood descriptors on a 5-point scale (0= not at all, 1= a little, 2=
moderately, 3= quite a bit, 4= extremely).

Interventions

Healium AR (Google, 2020). The free version of this application
is available on both i0OS and Android platforms and served as
the meditation task for this study. A 4-minute guided experience
encouraged the user to activate feelings of calm and positivity to
hatch virtual butterflies from a virtual chrysalis. The AR images
viewed on the phone are superimposed on the environment viewed
by the phone’s camera, giving the impression that the experience
is happening in the physical environment. As the experience
progresses, the user is coached into recalling times they felt
happiness and appreciation which gradually results in the hatching
of 21 butterflies. The top of the screen has a counter to keep track
of the number of butterflies hatched, and as the butterfly’s hatch,
they “fly around the room” and can be tracked by moving the phone,
providing an interactive element (Figure 1). DOTS (Google, 2020).
This is a free standard mobile phone application available on both
i0S and Android platforms and served as the distraction task for
this study. The game consists of multiple colored dots in a grid
pattern. The player swipes to connect like-colored dots. Once a line
of dots is connected, they disappear and the game continues. After
4 minutes, the application automatically stops (Figure 2).
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Figure 1: Healium Butterflies phone app as seen through a smartphone.
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Figure 2: DOTS phone app as seen through a smartphone.
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Procedures

Due to the safety limitations of the mandatory Covid-19
quarantine procedures, the entirety of this study took place virtually.
When a potential subject contacted the study administrator and
met criteria to participate, they were briefed on the purpose and
expectations of the study and sent a digital consent form through
Qualtrics software. Once this was completed, subjects were
alternately assigned to either the distraction or meditation group
by order of signed consent form. Every odd numbered participant
was assigned to the meditation group, and every even number was
assigned to the distraction group. Subjects were informed that they
were being assigned to one of two comparison groups looking at
phone applications and their subjective mental health effects.
Subjects were blind to which group they had been assigned. Once
assigned, participants were provided with a link and instructions to
download the designated application to their phone.

For each of the 5 days of the study, subjects were sent email
reminders with links to the questionnaires and instructions
for that day. On day 1, subjects completed a demographic
questionnaire, the GAD-7, the PSS, and BRUMS. Upon completion
of these questionnaires, the participant engaged in the assigned
mobile application (DOTS or Healium). Both applications were
set to automatically end after 4 minutes. Upon completion of
the app experience, the participants filled out a second BRUMS
questionnaire. Qualtrics software automatically contacted the
researcher when a subject completed all of the questionnaires for a
particular day. When such notification was received, the researcher
sent instructions and questionnaire links to be repeated and used
the nextday. For days 2-5, subjects received a daily reminder and link
to the BRUMS scale. They were asked to complete the pre-BRUMS
questionnaire, engage with the assigned phone application, and
then complete the post-BRUMS questionnaire. On day 5, following
the post-engagement BRUMS questionnaire, the participants were
instructed to fill out the GAD-7, and Perceived Stress Scale. Upon
completion of all questionnaires on day 5, the researcher sent a
debriefing letter to the participant with an invitation to inquire
with any questions about the study. They were also provided with
information regarding the incentive drawing. If their name was
selected, they were informed through email and given a $50 VISA
gift card.

Data Analysis

Statistical analyses were performed with Jamovi software [30].
A series of mixed model repeated measure Analysis of Variances
(ANOVAs) were computed for both the GAD-7 questionnaire
and Perceived Stress Scale, as well as for each mood (Tension,
Depression, Confusion, Happiness, Calmness) in the BRUMS.
Assumptions of normality and equality of variance were evaluated

with Levene’s test (p <.05), and sphericity tests were analyzed
across all ANOVAs with no violations detected. The threshold
for evaluating significance was set to a = 0.05. Additionally, a
Bonferroni-Holm method was utilized to correct for alpha inflation
due to multiple comparisons.

Results
GAD-7

Generalized anxiety changes as measured by the GAD-7 were
assessed before and after the 5-day intervention. A 2X2 repeated
measures mixed ANOVA (Group: AR, distraction; Time: pre, post)
was utilized to show a main effect for time F,,.= 4.24, p = .047,
indicating that anxiety went down from pre to post (pre: M= 7.48,
post M= 6.41, SE= .079). No significant main effect was found
for group (F,
(Fzss
subgroups based on their pre-intervention anxiety levels, there

35= 2.66, p=.112) or interaction for group and time
= 1.19, p=.282). However, when subjects were divided into

were additional significant findings. Subjects were categorized into
levels of anxiety based on the GAD-7 scoring key (low= 0-4, mild=
5-9, moderate= 10-14, severe= 15-21; Spencer et al., 2006). Using
these groups, the researchers conducted an exploratory 2X4X2
mixed factorial ANOVA (group: meditation, AR; GAD-level: low,
mild, moderate, severe; time: pre, post). A significant main effect
for time (F, ,,=10.34, p=.003), demonstrated a decrease in reported
anxiety symptoms from pre to post regardless of group, and an
effect for group (F, .= 10.20, p=.003), such that the distraction
group rated themselves as overall more anxious at pre-testing.
Additionally, GAD-level showed a main effect for both groups (F, ,,=
38.29, p<.001), such that there was a greater number of moderate
to severe anxiety level participants than low to mild. Time and
GAD level showed a significant interaction (F), ,,= 3.62, p=.025), as
those with low anxiety levels at pre-testing saw a slight increase
in feelings of anxiety, while mild and moderate participants saw a
slight decrease, and participants with severe levels of anxiety saw
the steepest decrease in anxiety levels. Additionally, there was a
3-way interaction for time point, group, and GAD level (F, .= 1.36,
p=.027), as the more severe the anxiety levels at pre, the greater the
reported relief at post, with a greater effect for the AR group than

the distraction group.

(Figure 3) For both the distraction and AR groups, those with
low anxiety levels at pre saw a slight increase in feelings of anxiety,
while mild and moderate participants saw a slight decrease, and
participants with severe levels of anxiety saw the steepest decrease
in anxiety levels.

(Figure 4) The more severe the anxiety levels at pre, the greater
the reported relief at post, with a greater effect for the AR group
than for the distraction group.
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Figure 3: Interaction of GAD-7 group levels and Time (Pre, Post).
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Figure 4: Interaction of GAD-7 group levels, Time, and Intervention Group.

Perceived Stress

A 2X2 mixed factorial ANOVA (group: AR, distraction; time
point: pre, post) was used to analyze perceived stress. No main
effects were found for group or time; however, there was a
significant interaction for group and time (F, .= 7.92, p=.008), as
the distraction group saw an increase in perceived stress, while the
AR group saw a decrease in stress (Figure 5). The distraction group
saw an increase in stress on day 5 compared to day 1, while the AR
group saw a decrease in perceived stress.

Brunel Mood Scale

To analyze mood effects as measured by the Brunel Mood
Scale, a 2X2X5 (Group: AR, distraction; Time: pre, post; Day:
1,2,3,4,5) repeated measures ANOVA was utilized for each of the
5 subscales (depression, tension, calmness, happiness, confusion)
separately. All means and standard deviations are reported in
Tables 2-6. Across all BRUMS subscales, both the AR and distraction
groups saw increases in positive mood states and decreases in
negative mood states from pre to post, however after corrections
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for multiple comparisons only the following subscales retained
significance: Tension (F ,,=30.17, p <0.001), Happiness (F, ,,=6.41,

p=0.016), and Confusion (F, ,,=6.41, p=0.016). For both conditions,
on average, Happiness increased, while Tension, and Confusion

decreased. Figure 5 displays the average individual change in
scores after the interventions for each group by day. There were
additional significant main effects for the three way interactions of
day, group, and time.

17.5 7

15.0 4

N

Perceived Stress Score

12.5 1

-~ Distraction
AR

p=.008

pre
Time

post

Figure 5: Changes in Perceived Stress scores from Day 1 to Day 5.

Table 2: Pre and post group means for Brunel Depression ratings.

Brunel Depression

AR Distraction Day Time Mean SE
Distraction 1 pre 3.71 0.727
post 2.53 0.727
2 pre 3.83 0.727
post 2.88 0.727
3 pre 3.94 0.727
post 4.35 0.727
4 pre 2.77 0.727
post 4.41 0.727
5 pre 3.18 0.727
post 2.88 0.727
AR 1 pre 2.27 0.716
post 1.63 0.716
2 pre 1.63 0.716
post 0.73 0.716
3 pre 1.10 0.716
post 0.84 0.716
4 pre 1.94 0.716
post 1.21 0.716
5 pre 1.36 0.716
post 0.68 0.716
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Table 3: Pre and post group means for Brunel Tension ratings.

Brunel Tension

AR Distraction Day Time Mean SE
Distraction 1 pre 6.06 0.782
post 3.53 0.782
2 pre 430 0.782
post 3.53 0.782
3 pre 4.95 0.782
post 3.83 0.782
4 pre 3.77 0.782
post 3.18 0.782
5 pre 3.83 0.782
post 3.71 0.782
AR 1 pre 3.63 0.767
post 1.53 0.767
2 pre 2.84 0.767
post 1.79 0.767
3 pre 2.00 0.767
post 1.05 0.767
4 pre 3.16 0.767
post 2.00 0.767
5 pre 2.21 0.767
post 1.16 0.767

Table 4: Pre and post group means for Brunel Calm ratings.

Brunel Calmness

AR Distraction Day Time Mean SE
Distraction 1 pre 5.39 0.679
post 7.74 0.679
2 pre 6.45 0.679
post 6.56 0.679
3 pre 5.27 0.679
post 3.92 0.679
4 pre 6.62 0.679
post 4.45 0.679
5 pre 5.62 0.679
post 6.21 0.679
AR 1 pre 8.73 0.659
post 10.30 0.659
2 pre 9.09 0.659
post 10.30 0.659
3 pre 8.88 0.659
post 10.04 0.659
4 pre 7.78 0.659
post 8.99 0.659
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5 pre 7.99 0.659
post 9.88 0.659

Table 5: Pre and post group means for Brunel Happiness ratings.

Brunel Happiness

AR Distraction Day Time Mean SE
Distraction 1 pre 5.14 0.738
post 7.73 0.738
2 pre 5.32 0.738
post 6.61 0.738
3 pre 4.38 0.738
post 4.43 0.738
4 pre 5.43 0.738
post 4.79 0.738
5 pre 5.02 0.738
post 5.96 0.738
AR 1 pre 8.19 0.716
post 8.66 0.716
2 pre 9.08 0.716
post 9.34 0.716
3 pre 8.5 0.716
post 8.45 0.716
4 pre 7.71 0.716
post 7.98 0.716
5 pre 7.61 0.716
post 8.71 0.716

Table 6: Pre and post group means for Brunel Confusion ratings.

Brunel Confusion

AR Distraction Day Time Mean SE
Distraction 1 pre 5.14 0.738
post 7.73 0.738
2 pre 5.32 0.738
post 6.61 0.738
3 pre 4.38 0.738
post 4.43 0.738
4 pre 5.43 0.738
post 4.79 0.738
5 pre 5.02 0.738
post 5.96 0.738
AR 1 pre 8.19 0.716
post 8.66 0.716
2 pre 9.08 0.716
post 9.34 0.716
3 pre 8.50 0.716
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post 8.45 0.716
4 pre 7.71 0.716
post 7.98 0.716
5 pre 7.61 0.716
post 8.71 0.716
After correcting for multiple comparisons Depression the 5 days. For Depression, the distraction group showed a decrease

(F,5,=2.90, p=0.024), Calmness (F,,,=5.61, p < .001), Happiness
(F,5,=3.17, p=0.016), and Confusion (F,,,=3.17, p=0.016) retained
significance. For the Happiness and Calmness subscales, the
distraction group showed an increase on day 1, no change on day
2, a decrease of Calmness and Happiness on days 3 and 4, then

increased again on day 5, while the AR group saw increases across

in Depression on days 1 and 2, while day 3 showed no change, day
4 showed an increase in Depression, then a decrease on day 5. The
AR group remained consistent across the 5 days. For Confusion,
the distraction group saw a decrease in Confusion on days 1 and 2,
an increase on days 3-4, and a drop on day 5, while the AR group
showed consistent decreases across the 5 days (Figure 6).
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Figure 6: Mean difference of rating on Brunel questionnaire subscales post to pre- for AR and Distraction groups. (A) Depression
(B) Confusion (C) Calmness (D) Happiness.

Discussion

This study was designed to determine whether a phone-based
AR meditation app could be successfully used to reduce anxiety and
stress as well as shift mood states. In an effort to control for the
impact of participation expectations and social desirability, a control
group was included. Importantly, the subjects in the study were
not aware if they were enrolled in the active or control condition,
having been randomly assigned and instructed that the study was
designed to examine the impact of phone-based apps on stress and
anxiety. The control condition was a standard mobile application
game and involved connecting same-colored dots in a variety of
patterns allowing the user to gain points for successful trials. This

technique was not intended to have any kind of effect beyond
distracting the user from their current circumstances. Because
distraction techniques have been used in a variety of studies to
manage pain and anxiety [31-33], this form of control condition
also allowed us to consider if the AR meditation intervention had
any additional benefit beyond that of a distraction technique.

While the overall results suggest that both the AR and
distraction interventions had a positive impact on anxiety and
stress levels, exploratory analyses revealed a more nuanced story.
Specifically, higher anxiety subjects reported significantly better
results with the AR app. In fact, the AR intervention outperformed
the distraction intervention for subjects with mild, moderate, and
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severe pre-intervention anxiety. These results were most dramatic
with the moderate and severe groups (Figure 2). This is consistent
with other research demonstrating that meditation based
interventions are more effective than distraction techniques for a
variety of concerns including decreasing pain [12] and reducing
dysphoria [34]. In addition, changes on the perceived stress scale
indicated that there was a significant difference between groups.
While the AR group showed significant decreases in perceived
stress, the distraction group showed increased levels of stress
(Figure 3).

Beyond simply examining pre-post intervention changes, it
also seemed important to consider the impact of each daily session.
While the results of the BRUMS indicated that both groups showed
positive changes during the 5 days, this overall statistic is somewhat
misleading. An examination of the average daily change scores
demonstrates that the distraction intervention was highly variable
in its effects. While there were positive changes noted on some days
on some scales, other days noted no change or even a negative shift.
For example, on both the Happiness and Calmness subscales, the
distraction group showed a positive change on day 1, no change
on day 2, a decrease of calmness/happiness on days 3 and 4, and
another increase on day 5 (Figure 4). A subsequent examination
of changes in Depression across each of the 5 days reveals some
important trends as well. Specifically, the distraction group showed
a positive response only on days 1 and 2. Days 3-5 showed either
no change or a negative response to the intervention. In contrast,
the AR group appeared to have consistent results across all days
for each of the scales in the expected direction across all 5 sessions.

Interestingly, both groups demonstrated their strongest effects
on the first day of the intervention. The authors suspect that the
strong positive initial impact for both interventions was due, in part,
to the novelty of the interventions. That the AR group maintained
relatively consistent impacts suggests that it was more engaging or
motivating than the distraction technique. This interpretation is
limited by the lack of specific data related to subject engagement
or motivation. Future studies should directly inquire about these
elements after each exposure to better determine their impact.

Taken together, these findings provide further support for
the notion that a phone-based AR meditation app can be used to
manage symptoms of anxiety and stress. This confirms the findings
of another recent study using the same AR application. In that
study, Viczko, et al. [20] demonstrated that a single exposure to
the Healium meditation app resulted in increased positive mood
and reduced negative mood states in a sample of anxious and/
or depressed subjects. The current study adds to these results by
demonstrating that the Healium app outperformed a phone-based
distraction technique and is not limited to a single exposure, or
novelty effect. This suggests that the impact of the Healium app
may be related to the content or format of the AR meditation
intervention. The Healium instructions ask the user to activate
feelings of positivity by recalling a time they felt gratitude or
appreciation for something in their life. These instructions are

similar to a variety of positive psychology interventions that focus
on the experience of gratitude. In general, gratitude as defined
in the positive psychology literature, refers to the process of
acknowledging that something good happened to you.

Typically thisrecognitionisaccompanied by a feltunderstanding
that the positive experience was caused by an external source,
such as another person, nature, or spiritual connection [35,36].
Research on gratitude practices has consistently demonstrated
positive outcomes, including an increase of positive mood states
[37], decreased stress [38], and reduced feelings of depression
[39]. Positive psychology interventions have also been shown to be
superior to a distraction technique, with significant benefit to those
subjects with the highest levels of rumination [40]. Brief meditative
practices emphasizing positive emotional states have also been
shown to be effective in the reduction of pain, anxiety, anger, and
mood concerns. In fact, Open Heart style meditations have been
shown to increase feelings of positivity in as little as 7 minutes [41].

It is also possible that the AR intervention produced greater
effects due to the level of engagement provided by this type of
virtual technology. This interpretation is consistent with research
indicating that the presence involved in virtual and augmented
technologies may add to their beneficial impact [42,43]. For
example, in a study comparing traditional textbook learning, a
control condition of watching a video, and a virtual reality learning
condition, subjects in the VR condition demonstrated better
memory recall, increases in positive mood outcomes, and higher
subjective engagement than either of the other groups [44]. With
this in mind, it seems that virtual and augmented environments
may provide a powerful method to facilitate the experience of
meditation, particularly for those new to the practice. Speaking to
this idea, Seabrook, et al. [45] reported that a VR-based meditation
experience could help reduce a number of difficulties traditionally
associated with meditation.

Specifically, they noted that the immersive nature of the
experience can facilitate a meditative state by reducing the amount
of information connected to the user’s mind-wandering or by
providingamore conducive meditative environment.Infact, thistype
of assisted meditation approach may be even more relevant during
the COVID19 pandemic, whereby stressors associated with reduced
social engagement, fear of infection, and economic consequences
continue to impact millions of individuals. As noted previously, the
current study did not include any assessments directly examining
user engagement. Future studies should be sure to include this type
of assessment to help clarify which elements of the experience are
most related to positive outcomes. It is possible that the benefit
from the Healium experience was due to the meditation rather
than the format as other studies have demonstrated that non-AR
mobile meditation apps are also effective. For example, Flett, et al.
[46], compared two mobile phone-based meditation apps against
a control group. Subjects used the apps for 10 consecutive days
resulting in significant improvements in depressive symptoms,
college adjustment, resilience, and mindfulness.
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Itshould be noted, thatdue to the shorter time frame of this study
(5 days) it may be more difficult to extricate “in the moment” mood
changes in Tension and measures of stress or anxiety. Typically,
measures of stress and anxiety take place over longer periods of
time. A longitudinal study of 2 or more weeks would be beneficial
to more accurately disentangle the impacts of the intervention
between mood states and anxiety or stress. Another limitation, and
perhaps benefit of this study, lies in the environment in which the
interventions took place. In accordance with national COVID-19
health and safety social distancing measures, the participants
were in their own homes, engaging with the study remotely.
While this leaves the results vulnerable to various environmental
effects, it bestows the benefit of reduced susceptibility to demand
characteristics, and gives insight into how such applications might
fare in a real world environment.

Launching this study at the height of the COVID-19 quarantine
in the United States allowed a glimpse of a shared stressor across
many different geographical regions. This allowed access to a
broader perspective on the efficacy of such interventions. The study
was limited in that it took place exclusively in the United States
and was comprised of participants who were disproportionately
Caucasian, female, and middle aged or older. It will be important
for future studies to include a more ethnically and gender diverse
sample. In addition, it would be helpful to study the impact of such
interventions over a longer period of time, including a qualitative
assessment of users’ engagement and motivation for use.

Conclusion

Overall, the results of the current study suggest that both a brief
phone-based AR meditation and a phone-based distraction were
successful in reducing stress and anxiety, as well as improving mood
states. However, the AR intervention produced more efficacious
and consistent results on all measures, particularly for those with
moderate to severe generalized anxiety. These findings set the
stage for future studies to examine the mechanism of action of AR
meditations and the potential use of this technology for longer-
term interventions for mood, stress, and anxiety management.
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