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Abstract:
This study aimed to determine if there was a beneficial relationship between blood
pressure, respiration rate, and heart rate during virtual reality meditation. The positive effects of
more traditional meditation on these factors are well documented, however, no studies have
looked at the relationship between these factors and immersive meditation. Virtual reality is an
emerging technology that is becoming more prevalent with time. Its uses for health practices are
underwhelmingly studied. We hypothesized that due to the immersive effect of virtual reality,
the already discovered positive effects of meditation will be amplified. Our experimental results
did not support this. We found a significant reduction in heart rate and blood pressure after the
practice of non-virtual reality meditation. In contrast, only respiration rate showed a significant
reduction after virtual reality meditation. However, since respiration rate for virtual reality and
non-virtual reality meditation were not statistically different, it is difficult to conclude any effects
are due to virtual reality. The failure to obtain a significant difference in results could be due to
the novelty of the virtual reality technology.
Introduction
The amount of stress experienced by the present younger generation has increased, with
more individuals reporting higher average stress levels. According to the American
Psychological Association, millennials are under the most stress, scoring a 6 out of 10 compared
to older adults who scored a 4.3. On this scale, a 1 means “very little to no stress” while a 10
represents “incredibly stressed.” The stress faced by millennials is caused primarily by the
demands of their academic careers and the effort required to balance it with work, job
opportunities, financial problems, etc. (“Stress in America”, 2015). A study, conducted in 2008,
showed that 4 out of 10 college students reported feeling stressed often and 1 out of 5 students
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reported feeling stressed most of the time. With higher stress levels being common in the
younger generations, many are turning to stress reduction methods such as meditation.
The word ‘meditation’ can have different interpretations across various populations.
There are a variety of techniques that one could use to meditate; these include repeating a
particular phrase or noise, known as mantra-based meditation, and mindfulness meditation,
where the mind is allowed to wander. In a meditative state, the body is primarily under the
control of the parasympathetic division of the autonomic nervous system, colloquially known as
the “rest-and-digest” division. The parasympathetic division is responsible for storing energy and
stimulating actions opposite that of the sympathetic division, known as the “fight-or-flight”
division. In the meditative state, heart rate should decrease, since the body is not in any
immediate danger, along with respiration rate, due to the reduced need to deliver extra oxygen to
skeletal muscles. Blood pressure should also decrease since the vasculature of the body
vasodilates because there is not a demanding need for oxygen to the various areas of the body
(Ahina et al., 2013; Austin, 1997). Specifically, meditation has been proven to reduce blood
pressure (Anderson, Liu, & Kryscio, 2008, Benson, et al., 1974, Barnes et al., 2001).
The practice of meditation has been shown to reduce stress-related symptomatology and
provides a higher sense of control to one’s life (Astin, 1997). Additionally, studies have
determined that meditation can decrease stress via physiological effects by lowering the heart
rate, respiration rate, and galvanic skin conductance (GSR) of individuals who mediate (Davis,
2011; Tang, 2007). GSR captures the autonomic nerve response through sweat gland function.
Heart rate and breathing rate are regulatable with practice, but GSR is not, thus it can provide a
more accurate assessment of stress (Villarejo, 2012). High heart rate, respiration, and sweat
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levels, as measured by GSR are all indicators of stress (Tang, 2007). The practice of meditation
is a valid method for reducing stress levels.
The new phenomenon known as virtual reality (VR) has quickly become more prevalent
due to technological advances in recent years. With the use of software, VR can create an
artificial world for an individual to immerse himself or herself. Immersive virtual reality
provides the viewer with multi-sensory stimuli while simultaneously blocking out visual and
auditory information from the surrounding environment (Hoffman et al., 2007). Virtual reality
has been shown to have various physiological effects. According to Hoffman (2007), an
immersive virtual reality experience can act as an effective analgesic or pain reliever. Once in the
virtual reality, the brain becomes distracted by the visual and auditory stimuli, therefore the pain
sensations felt by the viewer are decreased. Using a post-experiment questionnaire and EEG
results, Perhakaran et al., 2016 found that virtual reality was a more effective method of
alleviating stress compared to traditional mediation.
As there is a lack of literature in regard to the effectiveness of virtual reality as a better
meditative option, this study investigated the question: does the unique immersive experience of
virtual reality enhance the effects of meditation, as the brain would be provided with peaceful
stimuli that could reach the meditative state faster? We hypothesized that virtual reality would
intensify the effects of meditation, and thereby result in the participant being in a higher quality
meditative state compared to ‘traditional’ meditation practices. Participants would reach the
meditative state quicker and have a larger drop in heart rate, blood pressure, and a slower
respiration rate using VR compared to non-virtual reality. To test this hypothesis, heart rate,
blood pressure, and respiration rate were recorded throughout the experiment to compare the
effects of virtual reality meditation to the effects of traditional meditation.
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Participants
The subjects included both UW-Madison Physiology 435 and other UW-Madison
students between the ages of 19-22 (n=21). In this experiment, the vitals of 14 males and 7
females were recorded. Prior to beginning the experiment, participants were given a consent
form to sign with information about the experiment. The participants’ age, gender, and
meditation experience were recorded.
Experimental Procedure
The experiments were conducted in room 2340C of Medical Sciences Center with a
moderate ambient noise level. Equipment was set up prior to participant’s arrival. Resting heart
rate, respiration rate, and blood pressure were measured as a baseline for each individual as soon
as participants arrived. During each baseline measurement, each subject sat in a chair while
engaged in conversation to mimic normal stimulation. The baseline measurements of all three
parameters lasted five minutes. The equipment used in this study included a digital pulse
oximeter (Nonin Medical Inc. Plymouth, MN. Model#9843), a BSL Respiratory Effort Xdcr
(BioPac Systems, Inc. Goleta, CA. Model#SS5LB), and an Omron 10 Series Upper Arm Blood
Pressure Monitor (BP786). The pulse oximeter was placed on the index finger of each
individual’s right hand which was then rested on the table with the palm facing down and heart
rate was recorded every thirty seconds. Respiration rate was monitored using BSL Respiratory
Effort Xdcr. This electrical device monitors changes to the length of the belt, which is recorded
as a change of increasing voltage (for inspiration) or decreasing voltage (for expiration). For a
normal breathing pattern, these voltage patterns will record themselves as a wave. These were
obtained by measuring the peak-to-peak distance in seconds. Appendix B shows an example of a
peak-to-peak reading. Lastly, the blood pressure cuff was placed on the participant's left arm and
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recorded immediately after each meditation had ended. Blood pressure was not taken during the
meditation as the squeezing could distract the participant and disrupt them out of the meditative
state. In this study, participants were asked to complete two different meditation trials lasting six
minutes each, a visualization method meditation and a virtual reality meditation. These trials
were completed in a random order. In between trials, participants completed a short worksheet of
simple multiplication problems to ensure that meditative effects did not carry over between trials.
Additionally, heart rate, respiration rate, and blood pressure were measured to ensure that the
participant was back to their normal resting levels before starting the second trial. An outline for
the protocol can be found in Appendix A.
Visualization Meditation (Self guided mediation)
Participants sat on a chair while listening to ambient noise in the room, and were asked to
watch a “YouTube” video of a waterfall for six minutes, an image similar to the one presented in
virtual reality. The image was shown on a laptop and other light sources in the room were
dimmed to mimic the immersive effects of the virtual reality goggles. Participants were not told
to focus on anything in particular after viewing the waterfall.
Virtual Reality (VR)
A Virtual Reality Headset from The Black Series (US patent No.9,420,075 29213A6291)
was placed on the participant’s head, while the meditation application, Provata Health, provided
a visual stimulus of a waterfall, again for six minutes. The participants sat on a chair and listened
to the ambient noise in the room. Participants were allowed to look at various regions of the VR,
choosing what they wanted to focus on, similar to the visualization meditation trials.
Positive Control Data Analysis
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To determine if respiration was a useful tool to measure the effects of meditation, a
variety of tests were conducted on a group member. This group member went through four tests:
normal breathing, hyperventilation, hypoventilation, and breathing post-exercise (Fig. 1). The
Peak-to-Peak (P-P) of hypoventilation to normal breathing was larger. By manually counting the
number of P-P, or respiration cycles, in a minute, we can determine the Breaths per minute
(BrPM). Slower breathing is analogous to meditation as most individuals have a slower
respiration rate during meditation (Farrow et al., 1982). Through these tests, a difference
between delta T is seen. Delta T represents the time between peaks of one respiration cycle. A
larger delta T value can be correlated to a more relaxed state and therefore more likely to be a
meditative state. Finally, BrPM is lower in slower breathing, signifying that fewer breaths are
taken per minute than in normal breathing. The following results of slower breathing are
characteristic of a meditative state (Fig. 1).
A positive control test was conducted to determine whether heart rate was a reproducible
parameter (Fig. 2). A group member sat in a chair and held a conversation for twenty seconds to
create a baseline. To test the effect of relaxation and meditation, the group member sat in the
chair with his eyes closed and focused on his breathing for twenty seconds. There is a sizable
difference between these two tests. When relaxing, the pulse of the individual dropped from his
baseline of 57 BPM to 50 BPM. A graph showing the ideal trend for changes in heart rate and
respiration rate vs. time can be found (Fig. 3). As the amount of time in the meditation increases,
heart rate and respiration rate should decrease. Blood pressure was not included in this graph, as
blood pressure will not be measured throughout the trial.
A final positive control test was conducted for to discern whether or not changes in blood
pressure would be a reproducible parameter for our experiment (Fig. 4). A group member took a
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blood pressure reading while sitting in a chair with no previous exercise or relaxation. Then, the
researcher sat relaxed for a few minutes and focused on slower breathing, and took another blood
pressure reading, to model the meditative experiment experience. Lastly, to show an increase in
blood pressure, the researcher participated in 5 minutes of fast walking, then took a final blood
pressure reading.
Analysis
After data collection, changes in heart rate, respiration rate, and blood pressure from the
beginning to the end of each trial were calculated. Subtracting the baseline levels from the
average vital values and then averaging these differences for the twenty-one participants
calculated the mean difference between each trial and the baseline. A paired t-test was conducted
to compare the two meditation trials to each other. One-way ANOVA tests were conducted on
the total change for each physiological measure from beginning to the end of the trial, comparing
the baseline trial to meditation trials. This was done for both visual and virtual meditation to
determine if there was a statistically significant difference between baseline heart rate,
respiration, and blood pressure between a normal resting state and the two different meditation
states. ANOVA tests were then conducted on the total change in each physiologic measure: heart
rate, respiration, and brain activity, comparing the two meditation trials. The ANOVA values
determined if there was a statistically significant difference in physiological measures between a
person visually meditating and someone using virtual reality to meditate.
Results
The mean difference in heart rate was calculated, showing an increase of 0.2897 beats per
minute (SD= 7.6353) for the visualization method and an increase of 1.317 beats per minute
(SD= 7.2467) for the Virtual Reality trial (Fig. 5). The average change of heart rate versus time
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was plotted, showing that there was a slight increase in heart rate with increased meditation time
(Fig. 6). A paired t-test yielded a p-value of 0.2938 (t=1.0781, df=20), showing that our data
regarding the mean differences in HR is not statistically significant. One-way ANOVA tests
showed a p-value of 1.000 (df =1) when comparing the baseline to the visual meditation trial, a
p-value of 0.720329 (df=1) when comparing the baseline to the virtual reality trial, and a p-value
of 0.7657 (df=1) when comparing the two experimental trials. These results indicate that our
results are not statistically significant, showing that virtual reality had no statistically significant
effect on lowering heart rate. A vertical scatter plot was made, showing the mean HR and the
participant's recorded HR at various time points for each trial (Fig. 7). In summary, there was not
a significant lowering of heart rate present in either virtual reality or with a visual stimulus. Refer
to Appendix C for heart rate raw data.
To measure blood pressure, the mean arterial blood pressure (MABP) was calculated
with the equation: Diastolic + ⅓(Systolic - Diastolic) (Strang, p.391). Again the mean difference
was calculated. The mean difference for MABP was a decrease of 6.3492 mmHg (SD=8.2670)
for the visualization method and a decrease of 2.8571 mmHg (SD = 10.8556) for Virtual Reality
(Fig. 8). A paired t-test yielded a p-value of 0.1180 (t=1.6335, df=20), showing that our data
regarding the mean differences on MABP is not statistically significant. One-way ANOVA tests
indicated a p-value of 0.0412 (df=1) when comparing the baseline to the visualization method, a
p-value of 0.4045 (df=1) when comparing the baseline to virtual reality, and a p-value of 0.2470
(df=1) when comparing the experimental trials. These results show that there was a statistically
significant difference between the blood pressures taken at the baseline and those taken after the
visualization method, but there was a statistically insignificant difference between those of the
baseline and virtual reality as well as between the two meditation trials. A vertical scatter plot
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was made, showing the mean MABP and the participant's MABP recorded for each trial (Fig. 9).
In summary, there was no statistical lowering of MABP of VR, but there was one for the
visualization method. Refer to Appendix D for blood pressure raw data.
Respiration was observed as the length of respiration cycles in seconds per breath cycle.
These were obtained by measuring Peak-to-Peak (P-P). The mean difference between the
baseline and experimental trials was calculated for the respiration cycles. The mean difference
was an increase of 0.7716 mV (SD = 1.0646) for the visualization method and an increase of
0.8606 mV (SD = 1.2256) for Virtual reality (Fig. 10). A graph showing the average change in
respiration rate versus time can be found (Fig. 11). A paired t-test yielded a p-value of 0.7777
(t=0.2861, df=20), showing that our data regarding the mean difference in respiration cycles is
not statistically significant. One-way ANOVA tests indicated a p-value of 0.0551 (df=1) when
comparing the baseline to the visualization method, a p-value of 0.0420 (df=1) when comparing
the baseline to virtual reality, and a p-value of 0.9208 (df=1) when comparing the experimental
trials. These results show that there was not a statistical difference between the baseline and the
visualization method as well as between experimental trials. There was a statistically significant
difference between the baseline and the virtual reality method. A vertical scatter plot was made,
showing the mean P-P and the participant's P-P at various time points recorded for each trial
(Fig. 12). To summarize, there was a statistical lowering of respiration rate for VR but not one
for the visualization method. Refer to Appendix E for respiration raw data.
Discussion
The data showed that there was not a statistical difference regarding the mean difference
in HR. Additionally, there was not a statistical difference when comparing the baseline to the
visualization method, or the virtual reality method, and no statistical difference when comparing
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the two experimental trials. There was not a statistical difference between the mean differences
in MABP. There was no statistical difference found when comparing the baseline to the virtual
reality method, or when comparing the two experimental trials, but there was a significant
difference when comparing the baseline to the visualization method. Finally, there was not a
statistical difference between the mean differences in the respiratory cycles. There was a
statistical difference when comparing the baseline to the virtual reality method but there was not
one when comparing the baseline to the visualization method, or when comparing the two
experimental trials.
While there were no statistical differences in heart rate, there was a small increase in
heart rate for both meditation trials. An increase in heart rate post meditation was not expected, it
does not follow the general trend that we predicted (see Fig. 3). This increase could be due to the
increased stress of the participants during the trials, to the novelty of virtual reality, or the
erraticness of the pulse oximeter. As we explained the process of our experiment to the
participants, some experienced a small increase in heart rate, indicating an increased level of
stress or anxiety. This increase could have affected their final heart rates as they would have to
lower their slightly elevated heart rate more to reach a sub-baseline number. The novelty of
virtual reality also could have elevated heart rate. For many participants, this was their first time
experiencing virtual reality and the new experience was exciting, thus raising their heart rate. In
addition, since the goggles have some weight to them. When the participants looked down, some
said they felt a brief moment of fright as it felt like they were going to fall because they were not
accustomed to the extra weight attached to their face. This sense of falling also could have
contributed to an elevated heart rate. Lastly, the pulse oximeter readings varied considerably
during the trials; it was not uncommon for the heart rate to jump by more than five beats per
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minute in a second. These jumps in heart rate might have been caused by inaccurate oximeter
measurements, which might have resulted in higher recorded heart rates. This could suggest that
there was a large variability of HR in each subject.
Blood pressure was significantly reduced following the visualization meditation. There
was a reduction in blood pressure following virtual reality meditation however it was not
significant. The reduction in blood pressure seen post meditation was consistent with our
hypothesis. The fact that blood pressure was not significantly reduced by virtual reality
meditation was not what we predicted to occur. We hypothesized that being more fully immersed
in a calming visual environment would have a greater effect on reducing blood pressure than
self-guided meditation because self-guided meditation has challenges such as distractions
disrupting or preventing meditation, and difficulties entering a meditative state in individuals
who are not experienced in the meditative technique. However, virtual reality is not a perfect
method either, there are many factors that could hinder the meditative process. For example, the
comfortability of the virtual reality glasses. The goggles were heavier than anticipated and fit
snugly to the face. The added weight of the glasses may have distracted participants. In the
debriefing, some participants felt a sensation of “falling” when they looked down. This could
have prevented full meditative immersion into the virtual environment.
There was an insignificant increase in the length of respiration cycle, which follows our
expectations. Respiration rates are inversely related to the length of a single breath cycle. The
longer an individual breath cycle, the fewer breaths per minute, and a lower respiration rate are
observed. We predicted that meditation would decrease respiration rate as the body does not
have as high of a demand for oxygen in a relaxed state. The significant difference between basal
and virtual reality supports our hypothesis and is evidence that virtual reality enhances the
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meditative state. However, since the virtual reality and visualization methods were not
statistically different, it is difficult to say that virtual reality further increases one’s ability to
enter the meditative state. These changes in respiration rates could also be caused by large
inhalations, coughs, or torso rotations made by the participants. This would cause the respiration
belt to stretch more, indicating a larger voltage change than expected, and could indicate a
respiration rate that appears larger than should be observed. With all these uncontrolled variables
considered, it is difficult to be confident that the statistically different mean could be attributed
just to the effects of virtual reality stimulation.
A factor could have affected our results is the novelty of virtual reality. If virtual reality is
familiar and more comfortable to a person, they might be more confident in the virtual
environment. Although the subjects were seated the entire time it can be disorienting to look at a
place where you know your body is but to instead see an environment. Consistent movement of
the head or body to “explore” the novel virtual environment could have had a physiological
impact resisting the meditative state.
The virtual reality goggles consisted of a box that you slide your phone into. Virtual
reality meditation was completed with an app that created a split screen on the iPhone, allowing
for a 360-degree environment when placed in the box. The split screen had to be lined up
perfectly to give a clear environment, if this was not accurate it could lead to a slightly blurry
virtual environment. Overall the immersive effects of virtual reality had the opposite effect of
what we anticipated, most likely because of the novelty of the technology. It is possible that if
this study were repeated in ten years, the hypothesized effects may be seen, as subjects would
allow themselves to be fully immersed in a virtual meditative state, rather than focus on the fact
that they are in a virtual reality.
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One important thing to consider when discussing the observed results is that all
meditation was unguided. If training for a certain type of meditation had occurred prior to the
trials, we would expect to see more highly significant results. It was assumed that whatever form
of meditation the subject performed in the initial trial, was what was performed in the second
trial. This may not have been the case given the novelty of the virtual reality, it’s possible that
thoughts strayed from the meditative state (whatever form that took for individuals) to the new
experience that was enveloping them. This would give the opposite effect as to what we
predicted, rather than immerse the subject more deeply, it would remove their concentration.
Future experiments to test our hypothesis should include a larger sample size to produce
more reliable results. A longer meditation time and/or repeated meditations should be conducted
to see their effects. Six minutes is a relatively short meditation time and some participants may
need more time to reach a meditative state. Repeated meditation can also help the participant
reach a meditative state quicker. Additionally, finding participants with some experience with
virtual reality would help to eliminate any initial shock or excitement factors that distracted the
participants from their meditation. A guided meditation method could help to keep participants
focused on their meditative process.
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Figures

Figure 1: Respiratory Rate Positive Control Data

Figure 2: Heart Rate Positive Control Data
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Figure 3: Heart Rate and Respiration Rate vs. Meditation Time: The figure shows the
percent change over time of respiration rate and heart rate during meditation. The general trend
was a decrease from baseline rates for both measures. Blood pressure was not included because it
could not be measured over time, as this would disrupt the meditative state.

Figure 4: Blood Pressure Positive Control Data
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Figure 5: Mean Difference in Heart Rate
The above figure shows the mean difference in heart rate for both experimental trials. Error bars
show one standard deviation from the mean in both a positive and negative direction. The means
between both experimental trials were not statistically different.

Figure 6: Average Change in Heart Rate from Baseline over Time: The figure above shows
the average change in heart rate compared to baseline over time. The average is for all twentyone of our participants combined. The lines indicate our two trials, VR and Non-VR.
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Figure 7: Type of Meditation vs. Average Heart Rate: The figure above shows the mean heart
rates in beats per minute for baseline, visualization, and VR meditation. The horizontal line in
each data cluster denotes this mean. Each individual point signifies an observed average heart
rate. The means were not statistically different.

Figure 8: Mean Difference in Mean Arterial Blood pressure (MABP): The above figure
shows the mean difference in blood pressure for both experimental trials. Error bars show one
standard deviation from the mean in both a positive and negative direction. The means for both
experimental trials were not statistically different.
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Figure 9: Type of Meditation vs. Mean Arterial Blood Pressure (MABP): The figure above
shows the mean MABP in mm of mercury for baseline, visualization, and VR. The horizontal
line within each data cluster denotes this mean. Each individual point signifies an observed
MABP. Only the visualization meditation was determined to be statistically different.

Figure 10: Mean Difference in Respiration Rates: The figure above shows the mean
difference in respiration rates in seconds for both experimental trials. Error bars show one
standard deviation from the mean in both a positive and negative direction. The means for both
experimental trials were not statistically different.
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Figure 11: Average Change in Respiration Rate from Baseline over Time
The figure above shows the average change in respiration rate compared to baseline over time.
The average is for all twenty-one of our participants combined. The lines indicate our two trials,
VR and Non-VR. These trends over time do not match the trends predicted by the positive
control response.

Figure 12: Type of Meditation vs. Respiration Rates: The figure above shows the mean
respiration rates in seconds for baseline, visualization, and VR. The horizontal line in the data
clusters denotes this mean. Each individual point signifies and observed average respiration rate.
The Virtual reality meditation was determined to be statistically different
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Appendices

Appendix A: Timeline of experiment illustrating the procedure in units of time (minutes)
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Appendix B: Example Peak-to-Peak Extraction The data above was recorded for participant
17 VR trial. This figure shows how peak to peak was determined by highlighting the difference
between respiration cycles in time. The y-axis that is not labeled in the figure above is mV. For
the specific instance above a time of 8.66 seconds was observed.
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Appendix C: Heart Rate Raw Data
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Appendix D: Blood Pressure Raw Data
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Appendix E: Respiration rate raw data
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