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Summary

In this project, it was found that several people suffer from or experience symptoms
of severe stress. Therefore, the aim was to find a way to reduce stress.

Through the background research, different ways of measuring stress were
looked into, as well as what methods are already used in relation to reducing
stress. It was found that nature environments are commonly used as a way to
induce relaxation, while also reducing stress. From this, the following problem
statement was made:

"What elements in a virtual environment are responsible for inducing relaxation?"

Three experiments were conducted, in which two different virtual environ-
ments (a simple room and a forest scene) were tested against each other with
an implemented Montreal Imaging Stress Task. For the first experiment, no sig-
nificant difference were found between the simple room and the forest scene. The
null-hypothesis;

"A forest scene is not better at decreasing stress in participants when performing a mental
stress task."

could therefore not be refuted. As there was a difference between the baselines
and the environments, it could however be found that the MIST did in fact stress
people. As the background research showed that nature should have an effect in
relation to reducing stress, it was therefore decided to improve upon the environ-
ments and repeat the experiment.

For the second experiment, no significant difference between the virtual en-
vironments were found. Therefore, the null-hypothesis (the same as for the first
experiment) could not be refuted during this experiment either.

For the third and last experiment, audio was implemented in order to create a
better immersion within the scenes. The null-hypothesis could not be refuted with
the calculated p-values. However, less variables showed a significant difference be-
tween the baselines and the environments, compared to the previous experiments.
This might indicate that audio could have an effect in relation to reducing stress.
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From these three experiments, in which the null-hypotheses could not be re-
futed, it is not certain that nature has an effect in relation to reducing stress. How-
ever, this might have to do with the immersion of the virtual environments. Ad-
ditionally, there might be indications towards audio being effective in reducing
stress, and therefore further research on this topic are to be encouraged.
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Chapter 1

Introduction

In Denmark, in-between 250.000 to 300.000 people suffer from severe stress. In
addition, 430.000 people experience symptoms of severe stress everyday. Further-
more, 35.000 people are on sick leave everyday and every fifth person suffering
from stress risk losing their job. Lastly, work-related stress costs the Danish society
27 billions every year. Stress is a problem for many people and according to World
Health Organisation (WHO), stress will be one of the biggest factors for illnesses
by 2020[14].

Stress is defined as a condition in which the individual experiences reluctance
and tension[15]. There are two different kinds of stress; short-term stress and long-
term stress.

Short-term stress refers to a person going into a state which occurs when the
person encounter a burdensome event. In this case, short-term stress helps to
deliver better performance. The body releases hormones such as cortisol for the
body to use as energy. Once the stressful event is over, the cortisol levels decrease.

The second condition, long-term stress, happens when the cortisol level does
not decrease. The symptoms cover behavioural, psychological and physical signs
such as insomnia, tiredness and headaches etc. It can affect the immune system as
well as the memory, and be the cause for several severe illnesses such as cardiovas-
cular diseases[15].

Since stress is a problem for both health and economics in society, it is impor-
tant to look into what can be done in order to help reduce this. The following
background research questions have therefore been set up:

• How can stress be measured?

• What is the state of the art to induce stress?

• What is the state of the art to induce relaxation?
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Chapter 2

Background Research

In this chapter, the different research questions will be investigated; how stress can
be measured, as well as the state of art in relation to inducing stress and relaxation
responses. These findings will be basis for a problem statement.

2.1 How Can Stress Be Measured?

As mentioned in chapter 1, Introduction, it is important to look into what can be
done in order to reduce stress. Therefore, it is relevant to research how stress can
be measured in order to be able to determine whether a person is stressed or not.
Stress has several different indications and symptoms, due to the reactions that
happens in the body. When a stressor is introduced, it activates the sympathetic
nervous system in the autonomic nervous system. This releases adrenaline and
increases cortisol levels, while also increasing heart rate. In order for the body to
relax when the threat has been overcome, the parasympathetic nervous system is
triggered. The problems arise when there is too much activity in the sympathetic
nervous system, compared to that of the parasympathetic nervous system, as this
results in adrenaline, cortisol and heart rate not returning to normal levels after
stress. Taking these parts of the nervous system into consideration, it means that
there are multiple ways to measure stress[11].

One way is to measure the cortisol levels through different bodily fluids such
as saliva, urine or blood, as the level of cortisol is increased as part of the activ-
ity in the sympathetic nervous system[7]. However, these methods can be rather
invasive and require laboratory tests. Another possibility is measuring the Heart
Rate Variability (HRV). HRV relates to the variability in heart rate beat-by-beat
over time. This method can be used to determine the activity of the sympathetic
and parasympathetic nervous systems[7]. This is relevant, since having too much
activity in the sympathetic nervous system, without an equal amount of activity in
the parasympathetic nervous system, results in stress without a proper relaxation

3



4 Chapter 2. Background Research

period[7].
From the measurements given from HRV, statistical time-domain measures, as

well as frequency-domain measures, can be calculated. Some of the most common
ones are the following:

• Square Root of the Mean Squared Differences of Successive NN Intervals,
(r-MSSD)

• Percentage of Consecutive NN Intervals that differ by more than 50 ms (pNN50)

• High Frequency (HF)

• Low Frequency / High Frequency (LF/HF)

If the values r-MSSD, pNN50 and HF increase, it is a sign of relaxation response,
while an increase in the LF/HF level shows a stress response for the individual[16].

Other ways to measure stress include qualitative questionnaires that evaluate
self-reported data, in order to assess a person’s stress levels[17].

2.1.1 Relaxation Time

Having considered the different ways which can be used to measure stress, it is
also reasonable to look into how long it takes for the body to relax. This is an
important aspect to consider in order to ensure residual stress from other tasks
would not carry over into the results during a stress study and thereby affect the
reliability and validity of the study.

B. Yu made a study in which they tested upon an auditory interface in relation
to relaxation. For relaxation time, they used 3 minutes. They found that a com-
bination of instrumental music and "nature white noise" had potential for being
relaxing[19].

Another study made by Soyka et al. made a virtual underwater environment
in which the participant had to breathe in rhythm with an animated jellyfish going
up and down in the underwater scene. For relaxation time, they used 10 minutes.
Their findings showed a similar decrease in stress levels between the environments
they were testing[13].

From the found research, it can be concluded that a relaxation time within 3 to
10 minutes should be sufficient to relax people.

2.2 What Is the State of the Art to Induce Stress?

To test the effectiveness of reducing stress, it is important to have a stress response
from the participants. Therefore, it is relevant to look into what methods that can
be used to induce stress.
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One way of inducing stress is the Trier Social Stress Test (TSST)[8]. This test
consists of several individual parts. First, the participant will be waiting in one
room for 45 minutes. After waiting, the participant is introduced to the test in
another room. They are given 10 minutes to prepare a speech as to why they
would be an ideal candidate for their ideal job. When the 10 minutes have past,
the participant will be told to present their speech in front of a camera for five
minutes. If they stop talking during the speech, the participant will be reminded
that they still have time left. After the five minutes, they are asked to subtract 13
from 1022 sequentially for five minutes and give their results out loud. If they do
not give the correct answer, they are asked to start over from 1022. Then, the test
samples will be extracted from the participant. This concludes the test, after which
the facilitator will explain the actual test[8]. According to Dedovic et al., this test
has been repeatedly successful, inducing 2-4 fold increases in cortisol levels.

Another way to induce stress is the Montreal Imaging Stress Test (MIST)[3]
which is a method derived from the previously mentioned TSST. This method is
primarily based on the math part of the TSST method by using an algorithm to
present different math tasks of random difficulty. Time limits are used to induce
the stress by being slightly lower than the average response time of the participant.
The participant will first take part in a training session in which the math questions
are introduced without a time limit. This is followed by an imaging session to
introduce the time limits. The participant will be instructed to have a performance
of 80% and be reminded during the test. According to Dedovic et al.[3], this test is
found to have an increase in cortisol levels by 50-100%, relative to the baseline[3].

Looking at these two methods used to induce stress, there are advantages and
disadvantages with them both.

TSST has as mentioned a very high success rate, repeatedly getting 2-4 fold
increases in cortisol levels during the procedure. It is one of the most widely
used ways to induce stress[3]. However, the procedure is exceedingly long, taking
multiple hours to complete.

MIST is, as mentioned earlier, derived from TSST. It has been shown to induce
an increase in cortisol levels by 50-100%, relative to the baseline. Compared to
TSST, it is less time-consuming.

2.3 What Is the State of the Art to Induce Relaxation?

Bratman et al.[2] made a study in which they compared the effect of an urban envi-
ronment against a nature environment. It was found that the natural environment
had a bigger effect in decreasing the stress level of the participants[2].

Furthermore, Jiang et al.[6] conducted a study based on the results of Bratman
et al. In this study, they tested the optimal amount of nature elements in an envi-
ronment. They found that a bigger amount of nature elements had an increased
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impact on decreasing stress levels.[6]
Other studies have also been done on the effect of different natural environ-

ments in regards to stress. Mahalil et al.[9], Soyka et al.[13] and Thoondee et
al.[18] made studies in which they tested different simulated nature environments.

Mahalil et al. tested cognitive behavioural therapy methods in which a par-
ticipant was sent through a guided meditation. The participant had to imagine
being in a natural environment. This guided meditation was tested against a vir-
tual environment which simulated a natural environment with the same guided
meditation. In this paper, it was found that the virtual environment was better at
relaxing people than the cognitive behavioural method[9].

In the study by Soyka et al. in which they made an underwater environment
and used breathing exercises to relax, they tested it against a white room with the
in which the participant was asked to perform the same task. They found that
the two different environments had similar decreases in stress levels, but that the
underwater environment was preferred[13].

Lastly, Thoondee et al. made a virtual environment depicting a field in which
the participant could walk around and interact with a few objects. The environ-
ment was tested through self-reported ratings of stress levels before and after ex-
periencing the virtual environment[18].

Looking at these different ways in which it has been tried to induce relaxation
through virtual environments, some aspects should be taken into consideration in
regards of reliability and validity.

Most of the researched papers primarily looked into the effect of one environ-
ment. However, they do not procure any research or justifications as to why they
chose these environments. Only Jiang et al. tried to test what element of an en-
vironment was useful for inducing a relaxation response[6]. However, they only
tested one element, in this case being the amount of trees in the environment. The
others chose natural environments but had little backing as to why these environ-
ments should induce relaxation.

It should also be noted that Mahalil et al., Soyka et al. and Thoondee et al.
did not induce stress in their participants using any standardised stress tests. This
could mean that their results are not valid since the participants might not be
stressed during the test[9, 13, 18].

Additionally, Soyka et al. utilised breathing exercises for their test[13] which
in themselves might have an effect on decreasing stress[4]. Therefore, their results
might not be valid, since these might not relate to the effect of the environments
only.
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2.4 Problem Statement

In the background research, different research questions were looked into. As men-
tioned in section 2.1, How can stress be measured?, stress can be measured through
various methods. The most precise method would be measuring cortisol levels in
the individual. However, as this is measured through bodily fluids such as blood,
urine or saliva, They will both require laboratory tests and can have the risk of
being too invasive for the participants. These methods are therefore outside the
scope of this project. Stress can also be measured through HRV that considers dif-
ferent calculated measurements in order to determine the level of stress. Because
of the less invasive nature of using HRV measurement, this method is therefore be
the optimal measure of stress for this project.

Different ways of inducing stress have been looked into in section 2.2, What
is state of the art to induce stress?. Although TSST was found to have the higher
increase in stress levels, it is also time-consuming, compared to the MIST method
which still provides good results in a shorter test duration.

Lastly, there are different ways for inducing relaxation. However, according to
the research found in section 2.3, What is the state of the art to induce relaxation?, using
environments to induce relaxation proved to be the most common method.

While investigating the different research questions, it was not possible to find
a project which had looked into what parts of a natural environment are relaxing
to people. This leads to the following problem formulation:

"What elements in a virtual environment are responsible for inducing relaxation?"





Chapter 3

Experiment 1

This chapter describes the details and procedures of the first experiment.

3.1 Design & Implementation

In the background research, Bratman et al.[2] found that nature had a decreasing
effect on stress levels. However, in this paper, the environments which were tested
were real. This means that there potentially could be many confounding variables
which are hard to control.

For this experiment, it was therefore chosen to test two environments; a simple
room and a forest scene. These two test environments were chosen in order to
test whether nature had an effect on the stress levels or not. In order to be able to
control every part of the test environments, it was decided to implement them as
Virtual Reality(VR) experiences. The further details of the designs and implemen-
tation for the test environment have been elaborated upon in the accompanying
worksheet for this report.

As can be seen in figure 3.1, the simple room includes two pieces of furniture; a
chair and a table. Its measurements are 5x5 meters, and the room has no doors or
windows. This is due to wanting to make a contrast to the other test environment,
the forest scene, that has a wide space.

9
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Figure 3.1: This figure shows the simple room.

The forest scene consists of a wide plane of 1000x1000 meters on which different
3D models have been placed in order to set the scene (see figure 3.2). These models
include different variations of trees and a stone. Along with this, the scene has been
decorated with a terrain, a grass shader and a wind zone to increase the realism in
the scene.

Figure 3.2: This figure shows the test environments including the forest scene.
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3.1.1 Stress Task

In order to ensure a stress response in the participants, a VR implementation of the
MIST was created. The MIST has five stages in which math questions of increasing
difficulty are presented. The math questions of the different stages of difficulty
have the following rules[1]:

• Stage 1 - 2 1-digit integers (0-9), only + or -, solution 0-9 (1 digit)

• Stage 2 - 3 1 digit integers (0-9), only +,- (no repeated operations, order of
operations random)

• Stage 3 - 3 integers, 1-2 integers are double digits (0-99), +,-,* (no repeated
operations, selection and order of operations random), solution 0-9 (1 digit)

• Stage 4 - 4 integers, 1-2 integers are double digits (0-99), +,-,* (no repeated
operations, selection and order of operations random), solution 0-9 (1 digit)

• Stage 5 - 4 integers, 1-4 integers are double digits (0-99), *, / are a must, then
either + or - (order of operations random), solution 0-9 (1 digit)

In order to create this, a User Interface(UI) is needed, with controls for VR. The
UI for this implementation can be seen in figure 3.3.

Figure 3.3: This figure shows the UI for the stress task in the VR settings.
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On the top of the UI, a performance bar has been implemented. This perfor-
mance bar shows the average performance for all participants (gathered during
the trial run) whereas the ’V’ represents the participant’s performance in real-time.
Performance is here defined as the number of correctly answered questions. This
results in the participant usually performing worse than the average, which should
be stressful to the participant.

The second element from the top is the text box that shows the current question.
This will display a random math problem and the result is displayed as a "?".

Below the presented math question is another bar. This bar indicates how long
the participants have to answer the question. When this time has run out, a new
question will be displayed.

In the bottom left of the UI is a feedback field which can display "Correct!",
"Incorrect!", or "Timeout!".

Lastly, the wheel of numbers in the bottom right allows the user to choose an
answer. The number which is currently chosen has a dark outline.

For the implementation in VR, controls were needed as well. Pressing the left
or right side of the touch pas of the HTC Vive wand changes the highlighted
number counter-clockwise or clockwise, respectively. In order to select a number,
the trigger is used.

In order to create math questions, it was required for the implementation to
create (or simulate the creation of) random math questions. For the first difficulty,
a random number between 0-9 was found (using a function for generating random
numbers) and then a random result was also found between 0-9. From that, it is
possible to find the result using algebra.

For the second stage, there were 3 integers but still only "+" and "-". This meant
that the implementation from the first stage could be reused by just adding another
random variable.

The third stage started incorporating multiplication, as well as higher num-
bers. This was done in order to make it more difficult. By making sure that the
result of the multiplied numbers were never more than 99 above or below the ran-
domized result, it was possible to ensure that a solution would always be made
which satisfied the equation. If it was impossible to solve the equation with the
currently random integers, the function was recursively called again, randomizing
new numbers.

Another integer was added in the fourth stage, but by using the same procedure
as with the third difficulty, it was still possible to generate solutions that would
work (being in-between 0 and 9).

The final stage included division. Although it was possible to generate equa-
tions, the complexity which was required made the implementation stop for sev-
eral seconds. This meant that it was not useful for a real-time implementation.
Therefore, the solution that was found, was to generate 70 equations (this amount
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seemed sufficient for the final stage which only lasted a minute). These were added
as a list to the implementation and a random equation would be chosen every time
a new equation was needed. The answers for each equation was compiled in an-
other list, so that it was possible to get both an equation and an answer.

3.2 Evaluation for Experiment 1

3.2.1 Purpose of the Experiment

According to Bratman et al. nature should have an effect on decreasing stress
levels. Therefore the main purpose of this test is to see whether proper measure-
ments of stress levels can be made. It would therefore be interesting to investigate
whether these findings could be replicated or not. As this would allow further
testing into what elements of an environment that affects stress levels. Along with
this, MIST is not usually implemented through VR, so it is relevant to test whether
this VR implementation is capable of inducing stress or not.

For this experiment, the following null-hypothesis was made:

"A forest scene is not better at decreasing stress in participants when performing a mental
stress task."

3.2.2 Participants

For this test, 10 participants were recruited. Of the participants, 9 were male and
1 were female. All participants were recruited at the CREATE campus of Aalborg
University.

3.2.3 Setup & Materials

This section includes the setup and materials of the test. For the test, the following
equipment was used.

• Two computers

• Camera and tripod

• OBS Studio

• HTC Vive

• Zephyr BioModule heart rate monitor

• Zephyr BioHarness

• Stop watch
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For the test one computer was used to run the games and control the HTC Vive.
OBS Studios was used on this computer to record the game lay of the participants.
The second was used for noting the time from the stop watch at each step of the
test, e.g. starting the training session or the start of a break. The camera and tripod
was used to record the test. The Zephyr BioHarness was used to secure the Zephyr
BioModule heart rate monitor on the participants’ chest. The Zephyr BioModule
heart rate monitor was used to record the heart rhythm of each participant. The
chair was used for letting the participant sit and relax on in the two 5 minute
breaks in-between testing the environments.

The setup can be seen in figure 3.4.

Figure 3.4: This figure shows the setup for when the participant is doing the MIST task in the VR
environment.

3.2.4 Procedure

In this section, the procedure of the experiment will be explained in further detail.
First, the participant would be greeted and told what the test would contain. They
were however not informed that they would be stressed on purpose during the
test, since this could affect results negatively, in terms of validity. The participants
would then be asked to sign a consent form. If consent was given the camera would
be turned on. The participant would be asked to put on a heart-rate monitor and
would be told what they would have to do when they entered the game, before
they were given the VR Head-Mounted Display (HMD) and controllers.

The facilitator would then start the training session from the computer. This
training session consisted of the MIST UI presented in a white space. The par-
ticipant would go through the training for 5 minutes. Afterwards the participant
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would be asked to sit down and relax for further 5 minutes. The participant would
then be given the VR HMD again and the first of the two environments would be
displayed. The facilitator would then explain the difference in the UI to the par-
ticipant. The order in which the environments were given to the participant were
randomized. After the participant had been in the first environment for 5 min-
utes, they would again be asked to relax for 5 minutes and be put in the second
environment. Having had 5 minutes in the second environment, the test would be
concluded. The participant would be informed of the purpose of the test and that
the intention was to stress them. The participant would be thanked for their help
and offered a cookie.

3.2.5 Problems

While conducting the experiment, some issues occurred which meant that some
tests had to be redone. This was due to the heart rate monitor not recording the
measurements correctly. There can be various reasons as to why this happened,
including incorrect placement of the heart rate monitor, clothing obstructing the
connection between the skin and the heart rate monitor, tightness of the strap
securing the heart rate monitor, the amount of charge on the heart rate monitor, as
well as faulty equipment. This meant that the heart rate data for 6 out 10 of the
participants were not complete and therefore 6 tests had to be redone with new
participants. These tests were conducted after several evaluations of the heart rate
monitor had been done. Furthermore, the heart rate data for each participant was
examined between each test.

3.3 Results

In this section, the results from the experiment will be presented. As mentioned in
section 2.1, different variables were looked into, in relation to how to measure stress
through HRV; LF/HF, HF, pNN50 and r-MSSD. An one-way repeated measures
Analysis of Variance (ANOVA) was used to look at the data for each variable.
Baseline was measured between the training session and the first environment,
while Baseline2 was measured between the two environments.

According to t-tests, comparing the order in which participants experienced
each condition, order did not have any significant effect on the HRV measures of
HF and LF/HF. However, for the pNN50 measurements, order showed a significant
difference for the training session (Forest first mean = 6.04, Room first mean = 27.1,
p = 0.043). The r-MSSD values also showed a significant difference in the forest,
simple room and training scenario (Forest first mean = 38.04, Room first mean =
25.62, p = 0.03197, Forest first mean = 32.88, Room first mean = 25.62, p = 0.02692,
Forest first mean = 30.42, Room first mean = 45.88, p = 0.04316).
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Figure 3.5 shows a box plot of the LF/HF data. It includes the different con-
ditions made for the one-way repeated measures ANOVA which was used; Avg-
Baseline, Baseline, Baseline2, Forest, Room, Training. AvgBaseline is the average
of the two baselines. Looking at the medians in the boxplot, the medians for the
conditions are overall the same. The ranges vary in size for every condition, Forest
being the biggest and Baseline being the smallest. Out of all six conditions, Forest
is the only one without an outlier. Lastly, looking at the lower and upper quartiles
for the box plot, the data varies the most for Forest, Room and Training.

Figure 3.5: In this figure, the boxplot for the LF/HF variable can be seen. The thick horizontal
line represents the median of the data, the white boxes represents the upper and lower quartile of
the data. The whiskers represents the the biggest and smallest values of the data. The small dots
represent the outliers in the data.

Figure 3.6 shows a box plot of the HF data. It includes the different conditions
made for the one-way repeated measures ANOVA which was used; AvgBaseline,
Baseline, Baseline2, Forest, Room, Training. AvgBaseline is the average of the two
baselines. Looking at the medians in the boxplot, the medians for the conditions
AvgBaseline, Baseline and Baseline2 are overall higher than the medians for the
conditions for the Forest, Room and Training. Among the three mentioned last,
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Forest has the lowest median. The ranges vary in size for every condition, Baseline2
being the biggest and Forest being the smallest. Out of all six conditions, Baseline2
and Forest have no outliers whereas the other conditions do. Lastly, looking at the
lower and upper quartiles for the box plot, the data overall vary a lot for the three
baseline conditions. Forest, Room and Training have smaller variation in their data.

Figure 3.6: In this figure, the boxplot for the HF variable can be seen. The thick horizontal line
represents the median of the data, the white boxes represents the upper and lower quartile of the
data. The whiskers represents the the biggest and smallest values of the data. The small dots
represent the outliers in the data.

Figure 3.7 shows a box plot of the pNN50 data. It includes the different con-
ditions made for the one-way repeated measures ANOVA which was used; Avg-
Baseline, Baseline, Baseline2, Forest, Room, Training. AvgBaseline is the average
of the two baselines. Looking at the medians in the boxplot, the highest median
is Baseline. Among the three mentioned last, Forest has the lowest median. The
ranges vary in size for every condition, Baseline being the biggest and Forest be-
ing the smallest. Out of all six conditions, all baseline conditions have no outliers
whereas the other conditions do. Additionally, the three conditions Forest, Room
and Training each have two outliers. Lastly, looking at the lower and upper quar-
tiles for the box plot, the data overall vary a lot for the three baseline conditions.
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Forest, Room and Training have smaller variation in their data.

Figure 3.7: In this figure the boxplot for the pNN50 variable can be seen. The thick horizontal
line represents the median of the data, the white boxes represents the upper and lower quartile of
the data. The whiskers represents the the biggest and smallest values of the data. The small dots
represent the outliers in the data.

Figure 3.8 shows a box plot of the r-MSSD data. It includes the different condi-
tions made for the one-way repeated measures ANOVA which was used; AvgBase-
line, Baseline, Baseline2, Forest, Room, Training. AvgBaseline is the average of the
two baselines. Looking at the medians in the boxplot, the medians for the condi-
tions AvgBaseline, Baseline and Baseline2 are overall higher than the medians for
the conditions for the Forest, Room and Training. Among the three mentioned last,
Forest has the lowest median. The ranges vary in size for every condition, Baseline
being the biggest and Forest being the smallest. Forest is the only condition with
outliers. Lastly, looking at the lower and upper quartiles for the box plot, the data
overall vary a lot for the three baseline conditions, as well as Room and Training.
Forest has a smaller variation in its data.
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Figure 3.8: In this figure, the boxplot for the r-MSSD variable can be seen. The thick horizontal
line represents the median of the data, the white boxes represents the upper and lower quartile of
the data. The whiskers represents the the biggest and smallest values of the data. The small dots
represent the outliers in the data.

3.3.1 Analysis of Results

In this subsection the presented results will be analysed.
For the LF/HF variable an one-way repeated measures ANOVA showed that

the effect of the environment was not significant on LFHF values, F(5, 54) = 0.10, p
= 0.99.

An one-way repeated measures ANOVA showed that the effect of the environ-
ment was significant for the HF values, F(5, 54) = 5.9, p = 0.00019. The following
post hoc analysis using the Tukey HSD method showed that the forest environment
(M = 125.28, SD = 66.98) was significantly different from the baseline (M = 473.69,
SD = 289.79), z(45) = -5.04, p < 0.0001. The simple room environment (M = 173.94,
SD = 134.33) was likewise found to be significantly different from the baseline (M
= 473.69, SD = 289.79), z(45) = -4.34, p = 0.0002. However, no significant difference
were found between the simple room environment (M = 173.94, SD = 134.33) and
the forest environment (M = 125.28, SD = 66.98), z(45) = 0.7, p = 0.98.
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In regards to the r-MSSD values, an one-way repeated measures ANOVA showed
that the effect of the environment was significant, F(5, 54) = 6.1, p = 0.00015. The
post hoc analysis showed that the forest environment (M = 31.02, SD = 12.73) was
significantly different from the baseline (M = 59.8, SD = 17.69), z(45) = -4.6, p <
0.001. The simple room environment (M = 36.84, SD = 16.84) was likewise found
to be significantly different from the baseline as well (M = 59.8, SD = 17.69), z(45)
= -3.67, p = 0.0033. However, as with the HF values, no significant difference were
found between the simple room environment (M = 36.84, SD = 16.84) and the forest
environment (M = 31.02, SD = 12.73), z(45) = 93, p = 0.94.

Considering the pNN50 values, an one-way repeated measures ANOVA showed
that the effect of the environment was significant, F(5, 54) = 3.0, p = 0.018. This
was followed up by a post hoc analysis which showed that the forest environment
(M = 12.28, SD = 14.72) was significantly different from the baseline (M = 27.77,
SD = 11.72), z(45) = -4.28, p < 0.001. The simple room environment (M = 13.43, SD
= 16.3) was also found to be significantly different from the baseline (M = 27.77,
SD = 11.72) , z(45) = -3.96, p = 0.00103. However, no significant difference were
found between the simple room environment (M = 13.43, SD = 16.3) and the forest
environment (M = 12.28, SD = 14.72), z(45) = 0.32, p = 0.99953, in relation to the
pNN50 values.

3.4 Partial Discussion

For this experiment, there are various aspects needed to considered, both related
to the reliability and validity of the results.

There are some different issues which should be taken into consideration in re-
lation to the procedure of the test. To start off with, the facilitator needed to secure
the heart rate monitor on the participant. For the best measurements, the heart
rate monitor needed to be attached underneath their clothing. Some people might
not be comfortable with having to expose parts of themselves. This might make
the participant nervous and therefore affect the results negatively. In terms of the
procedure, it was necessary to have a break in-between each of the different tests in
order to have a baseline of their heart rate. However, these breaks might not result
in a correct baseline of their heart rate, as some people might be uncomfortable
while waiting, or feeling uncomfortable with the silence.

It is also necessary to consider the relaxation time in-between the testing the
different environments. In the case that the relaxation time is too small, there
might be a carry-over between results, as the participants have not had enough
time to relax. Lastly, each session was recorded which might also affect the mental
state of the participants negatively.

The reliability and validity of the results might also be affected by the partici-
pants recruited for the experiment. First of all, some of the people were known to
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the facilitators, which might have created a bias in terms of wanting to give good
results. Another aspect to consider in terms of the participant is that the knowledge
and experience with VR might vary from each participant. This might affect their
performance during the tests and therefore affect the results negatively. Lastly,
some of the participant mentioned that they felt like they were being stressed on
purpose - a suggestion which the facilitators did not give a validation to, in order
to avoid affecting the test results. However, feeling that the stress was intended
might have their performance and reactions during the tests.

In terms of the equipment used for the test, there might also be different sources
of error. Considering the heart rate monitor, it might not have been correctly se-
cured for each session which might cause faulty measurements from the monitor.
Some participants also mentioned that the controllers reacted differently from the
intended input given by the participant. This affected their performance as they
might not be able to answer the math question correctly within the time limit, and
therefore might make them more stressed.

Lastly, it should be mentioned that there might not be a sufficient amount of
participants for the tests (as mentioned, a total of 10 participants) which might
affect the reliability of the results.

3.5 Partial Conclusion

For this experiment, it was chosen to test two environments; a simple room and
a forest scene. These two environments were chosen in order to find out whether
nature had an effect on the stress levels or not. These environments, as well as the
MIST, were implemented in VR for this experiment.

Looking at the analysis of results in section 3.3.1, the null-hypothesis could not
be refuted, as there was no significant difference in stress levels between the two
environments. However, it should be mentioned that the MIST VR implementation
did in fact stress the participants, as a significant difference in the stress levels
between the baselines and the two environments could be found.





Chapter 4

Experiment 2

In this chapter, the second experiment will be explained in further detail.

4.1 Purpose of the Experiment

As mentioned in chapter 3, Experiment 1, the null-hypothesis which had been set
up, could not be refuted. It could however be confirmed that the implemented
MIST did stress the participants.

The findings from the background research showed that natural scenery should
have an effect in regards of decreasing stress[2, 6]. There could potentially be many
reasons for this discrepancy in data. From the results of Jiang et al. they found
that more nature elements would result in better relaxation. Therefore, it could be
hypothesised that the forest environment of Experiment 1 was not successful in
simulating nature properly.

For the second experiment, it has therefore been chosen to improve upon the
already implemented environments, partially based on comments from the partic-
ipants, especially for the forest scene. Additionally, it was decided to incorporate
the MIST better in each of the environments, so it feels more natural.

As this experiment is based on the same assumptions as Experiment 1, it was
decided to use the same null-hypothesis as that experiment:

"A forest scene is not better at decreasing stress in participants when performing a mental
stress task."

4.2 Design & Implementation

This section will explain the changes made to the different environments for the
experiment; the simple room and the forest scene.

23
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As can be seen in figure 4.1, the MIST implementation has been incorporated
into the environment by implementing a TV screen in which it will be shown to
the participant. This means that the program in itself has not been changed, but
its setup in the scene has been changed.

Figure 4.1: This figure shows the second version of the simple room environment with a better
incorporation of the MIST.

The MIST implementation has been incorporated more into the forest scene
as well, here by putting it up on a sign of wood (see figure 4.2). As with the
simple room, the program has not been changed, merely its setup. Additionally,
the environment has been improved by various changes. Branch textures replaces
the leaf textures on the trees, in order to give them more volume and look more
realistic. Some participants mentioned during Experiment 1 that the grass was
unsettling to them because it followed the camera (so when the participant moved
their head, it would follow as well), and was therefore changed together with the
overall structure of terrain (different height levels was added).
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Figure 4.2: This figure shows the second version of the forest environment.

Lastly, it was decided to minimize the factors which might affect the participant
during the breaks in-between testing the different conditions. This has been done
through a grey environment including a darker grey platform that the participant
stands on (see figure 4.3).

Figure 4.3: This figure shows the waiting area of the second experiment.
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4.3 Evaluation for Experiment 2

4.3.1 Participants

For this test, 10 participants were recruited. Out of these, 3 participants were
female while the remaining 7 were male. All participants were recruited at the
CREATE campus of Aalborg University.

4.3.2 Setup & Materials

The same equipment, which was used for Experiment 1, was utilized again for
Experiment 2 (see chapter 3, section 3.2.3, Setup & Materials).

4.3.3 Procedure

As with Setup & Materials, the procedure for the second experiment was the same
as for the Experiment 1 (see chapter 3, section 3.2.4, Procedure). However, the relax-
ation time in-between the conditions in the experiment has been changed from 5
minutes to 10 minutes. This means that in-between the training session and the
first environmental condition, there was a five minute break. The break between
the two environmental conditions was increased to being 10 minutes long.

This has been done in order to make sure that there is no carry-over between
results. As mentioned in the partial discussion for the first experiment (see chapter
3, section 3.4, Partial Discussion), it might be possible that there could be some carry-
over between the different results if there has not been enough time for the partic-
ipants to relax. In the background research (see chapter 2, Background Research), it
was stated that it was sufficient for the relaxation time in-between conditions to be
between 5 and 10 minutes.

Additionally, the participants were also in a VR environment during the breaks.

4.3.4 Problems

Under the experiment, different issues occurred in relation to recording the heart
rate data. This resulted in having to redo some of the tests for the experiment, but
having to disregard some of the participants, due to time-related issues. Therefore,
there were only 8 participants taking part in this experiment.

This was due to the heart rate monitor not recording the measurements cor-
rectly. There can be various reasons as to why this happened, including incorrect
placement of the heart rate monitor, clothing obstructing the connection between
the skin and the heart rate monitor, tightness of the strap securing the heart rate
monitor, the amount of charge on the heart rate monitor, as well as faulty equip-
ment. This meant that the heart rate data for 2 of the participants were not complete
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and therefore the data of these participants had to be disregarded during the anal-
ysis of the results. The heart rate data for each participant was examined between
each test.

Because of the problems encountered with the heart rate monitor, the partici-
pants generally lacked data under their training session. This data has therefore
been excluded from Experiment 2. This should not have any effect on the results,
since the stress levels during the training session is not part of the null-hypothesis.
For two participants, there was also data missing from the baseline, so those two
participants had to be removed from the test. This means that the sample size of
this test has been reduced to 8 participants.

4.4 Results

In this section, the results from the experiment will be presented. As mentioned
in Section 2.1, different variables were looked into, in relation to measuring stress
through HRV; LF/HF, HF, pNN50 and r-MSSD. An one-way repeated measures
ANOVA was used to look at the data for each variable. Baseline was measured
between the training session and the first environment, while Baseline2 was mea-
sured between the two environments.

According to t-tests, comparing the order in which participants experienced
each condition, did not have any significant effect on the HRV measures of pNN50,
r-MSSD, HF and LF/HF.

Figure 4.4 shows a box plot of the LF/HF data. It includes the different con-
ditions made for the one-way repeated measures ANOVA which was used; Avg-
Baseline, Baseline, Baseline2, Forest, Room. AvgBaseline is the average of the two
baselines. Looking at the medians in the boxplot, the highest is Forest. AvgBase-
line and Baseline2 is both in-between 2.5 and 5.0 while Baseline is a bit higher,
and Room is a bit lower. The ranges vary in size for every condition, Room being
the biggest while AvgBaseline and Forest are being the smallest. Out of all five
conditions, Forest and Room are the only ones with outliers. Lastly, looking at the
lower and upper quartiles for the box plot, the data varies the most for Baseline
and Room.
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Figure 4.4: In this figure, the boxplot for the LF/HF variable can be seen. The thick horizontal
line represents the median of the data, the white boxes represents the upper and lower quartile of
the data. The whiskers represents the the biggest and smallest values of the data. The small dots
represent the outliers in the data.

Figure 4.5 shows a box plot of the HF data. It includes the different conditions
made for the one-way repeated measures ANOVA which was used; AvgBaseline,
Baseline, Baseline2, Forest, Room. AvgBaseline is the average of the two baselines.
Looking at the medians in the boxplot, the medians for the conditions AvgBase-
line, Baseline and Baseline2 are overall higher than the medians for the conditions
for the Forest and Room. The ranges vary in size for every condition, Baseline
and AvgBaseline being the biggest and Forest being the smallest (however not far
from Room). Out of all conditions, AvgBaseline is the only condition without any
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outliers. Lastly, looking at the lower and upper quartiles for the box plot, the data
overall vary a lot for AvgBaseline and Baseline. Baseline2, Forest and Room have
smaller variation in their data.

Figure 4.5: In this figure, the boxplot for the HF variable can be seen. The thick horizontal line
represents the median of the data, the white boxes represents the upper and lower quartiles of
the data. The whiskers represents the the biggest and smallest values of the data. The small dots
represent the outliers in the data.

Figure 4.6 shows a box plot of the pNN50 data. It includes the different con-
ditions made for the one-way repeated measures ANOVA which was used; Avg-
Baseline, Baseline, Baseline2, Forest, Room. AvgBaseline is the average of the two
baselines. Looking at the medians in the boxplot, the medians for the conditions
AvgBaseline, Baseline and Baseline2 are overall higher than the medians for the
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conditions for the Forest and Room. Out of these, Room has a lower median, al-
though not with much difference from Forest. The ranges vary in size for every
condition, Baseline2 and AvgBaseline being the biggest and Forest being the small-
est. Out of all conditions, Baseline and Forest are the only conditions with outliers.
Additionally, Baseline has two outliers, one in the high end and one in the low end.
Lastly, looking at the lower and upper quartiles for the box plot, the data overall
vary a lot for AvgBaseline, Baseline2 and Room. In regards of this, the data varies
slightly less for Baseline and Forest.

Figure 4.6: In this figure, the boxplot for the pNN50 variable can be seen. The thick horizontal
line represents the median of the data, the white boxes represents the upper and lower quartile of
the data. The whiskers represents the the biggest and smallest values of the data. The small dots
represent the outliers in the data.

Figure 4.7 shows a box plot of the r-MSSD data. It includes the different con-
ditions made for the one-way repeated measures ANOVA which was used; Avg-
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Baseline, Baseline, Baseline2, Forest, Room. AvgBaseline is the average of the two
baselines. Looking at the medians in the boxplot, the medians for the conditions
AvgBaseline, Baseline and Baseline2 are overall higher than the medians for the
conditions for the Forest and Room. Out of these, Room has a slightly lower me-
dian than Forest. The ranges vary in size for every condition, Baseline being the
biggest and Forest and Room being the smallest. Forest and Baseline2 are the only
conditions with outliers (one for each). Lastly, looking at the lower and upper
quartiles for the box plot, the data overall vary a lot for AvgBaseline and Baseline.
The other conditions have smaller variations in their data.

Figure 4.7: In this figure, the boxplot for the r-MSSD variable can be seen. The thick horizontal
line represents the median of the data, the white boxes represents the upper and lower quartile of
the data. The whiskers represents the the biggest and smallest values of the data. The small dots
represent the outliers in the data.
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4.4.1 Analysis of Results

In this subsection the presented results will be analysed.
For the LF/HF variable an one-way repeated measures ANOVA showed that

the effect of the environment was not significant on LFHF values, F(4, 35) = 0.301,
p = 0.87.

An one-way repeated measures ANOVA also showed that the effect of the en-
vironment was not significant on HF values, f(4, 35) = 2.56, p = 0.06.

In regards to the r-MSSD values, an one-way repeated measures ANOVA showed
that the effect of the environment was significant, F(4, 35) = 2.98, p = 0.003. The
post hoc analysis showed that the forest environment (M = 31.83, SD = 21.26) was
significantly different from the baseline (M = 62.35, SD = 32.8), z(35) = -3.23, p =
0.01. The simple room environment (M = 29.25, SD = 14.3) was likewise found to
be significantly different from the baseline as well (M = 62.35, SD = 32.8), z(35) =
-3.5, p = 0.004. However, no significant difference were found between the simple
room environment (M = 29.25, SD = 14.3) and the forest environment (M = 31.83,
SD = 21.26), z(35) = -0.27, p = 0.99.

Considering the pNN50 values, an one-way repeated measures ANOVA showed
that the effect of the environment was significant, F(4, 35) = 3.3, p = 0.021. This
was followed up by a post hoc analysis which showed that the forest environment
(M = 9.77, SD = 10.44) was significantly different from the baseline (M = 25.76, SD
= 15.75), z(35) = -4.54, p < 0.001. The simple room environment (M = 9.52, SD =
9.13) was also found to be significantly different from the baseline (M = 25.76, SD
= 15.75) , z(35) = -4.609, p < 0.001. However, no significant difference were found
between the simple room environment (M = 9.52, SD = 9.13) and the forest envi-
ronment (M = 9.77, SD = 10.44), z(35) = -0.07, p = 0.99, in relation to the pNN50
values.

4.5 Partial Discussion

For this experiment, there are multiple aspects to consider, in terms of reliability
and validity, but also the changes which has been made since Experiment 1.

First of all, the procedure of the tests should be considered. The participant
needed to be equipped with the heart rate monitor in order for the facilitators to
record the data. In order to be able to record the heart rate data, its placement
needed to be under their clothing. In relation to this, some people might have been
uncomfortable with exposing parts of themselves and made them nervous which
might affect the results negatively. Additionally, it might not have been secured
correctly for each session which might have resulted in faulty measurements from
the monitor.

In terms of the overall procedure, there were breaks in-between each of the
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different conditions included in the experiment (training session, forest scene and
the simple room scene), in order for them to relax properly. However, it is not
certain whether or not the participants have actually relaxed, given that the silence
or waiting might have made them uncomfortable. In order to avoid factors out-
side the VR environments to have an effect, the participants were put in a grey
environment during the break.

In terms of the tests, the results might also have been affected by the partici-
pants which were recruited. Some of the participants were known to the facilitators
which might have produced a form of bias. Secondly, their knowledge and expe-
rience with VR might differ. There is a chance that a lack of experience might
affect their performance while doing the MIST. Additionally, some participants
mentioned that they felt like they were being stressed on purpose. This was not
validated by the facilitators, in order to not affect the test results. This might still
have affected their performance and reactions during the test, however.

In terms of the equipment used for the test, there might also be different sources
of error. During some of the sessions, the controllers stopped reacting momentar-
ily. This was fixed by reconnecting the controllers, but it might have affected the
performance during the MIST in one of the VR environments.

Lastly, it should be mentioned that there might not have been a sufficient
amount of participants for the experiment. This was a total of 10 participants,
which was later reduced to 8, due to faulty measurements. This might therefore
affect the reliability of the results.

4.6 Partial Conclusion

For this experiment, it was chosen to improve upon the existing test environments;
a simple room and a forest scene. These changes included a better incorporation
of the MIST implementation in the different environments. Additionally, for the
forest scene, there were some changes in order to make it seem more realistic and
natural. Lastly, it was decided to put the participants into VR during the breaks
in-between the different conditions (including Training). This was done in order to
minimize the factors that might affect the participant while outside of VR.

Looking at the analysis of results in section 4.4.1, the null-hypothesis could not
be refuted, as there were no significant difference in the stress levels between the
two environments.
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Experiment 3

In this chapter, the third experiment will be explained in further detail.

5.1 Purpose of the Experiment

When looking at the findings of Experiment 2, the null-hypothesis which had been
set up could not be refuted. However, as in Experiment 1 (see chapter 3, Experiment
1), it could be confirmed that the implemented MIST did stress the participants.

As mentioned in chapter 2, Background Research a person should be more relaxed
when being in a natural setting compared to an urban one. It was also stated that
a higher amount of nature elements could decrease stress even further. Therefore
it could be hypothesised that the nature scene in Experiment 2 was not immersive
enough to make the participants feel like they were in nature. Therefore it has been
decided to look into how to improve the immersion of a virtual environment, in
order to help the participants feel like they are in the forest or simple room.

According to S. Huiberts[5] adding audio compatible with the scenery of a
game or any other digital environment can be a great help to build a users immer-
sion in a scene. This audio could e.g. be a non-diegetic sound to help the user get
a feeling of the environment, using sound to alert a player to other creatures in a
scene not yet in view, etc.

Because of this it has been decided to implement non-diegetic sound into each
of the environments to help the participants to feel immersed in the environments

As this experiment is based on the same assumptions as Experiment 1 and
Experiment 2, it was decided to use the same null-hypothesis as those experiments:

"A forest scene is not better at decreasing stress in participants when performing a mental
stress task."
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5.2 Design & Implementation

For the third experiment, it was decided to implement sound for a better experi-
ence and immersion.

The soundtrack "Evening in the Forest" made by reinsamba from Freesound[12]
was used in order to create an ambient background sound for the forest scene. This
soundtrack mainly consists of birds singing, as well as cicadas. Changes included
prolonging the soundtrack to 5.09 minutes instead of 2.36 minutes. This was done
using the audio editing software Audacity.

In regards to changes done to the forest scene, it was also decided to add a
skybox to the scene in order to improve the aesthetics of the scene (see figure 5.1).

Figure 5.1: This figure shows the skybox which was added to the third version of the forest environ-
ment.

For the simple room scene, "11 minutes of city sounds" was used. This sound-
track is from Freesound and made by Niedec[10]. It consists of traffic noise, birds
singing, people talking and dogs barking. Changes included editing the bass and
tremble, as well as the volume on the track, in order to make it sound more distant
and distorted, as the sound is supposed to come from behind a wall. This was
done using the audio editing software Audacity.
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5.3 Evaluation for Experiment 3

5.3.1 Participants

For this experiment, 10 participants were recruited. Of these participants, 6 were
male and 4 were female. All participants were recruited at the CREATE campus of
Aalborg University.

5.3.2 Setup & Materials

For the third experiment, the same equipment as was used for the first and sec-
ond experiment, was utilized again (see chapter 3, section 3.2.3, Setup & Materials).
Additionally, a speaker was also used to present the newly added audio to the
participants.

5.3.3 Procedure

The procedure for the third experiment was the same as for the first and second
experiment (see chapter 3, section 3.2.4, Procedure).

5.3.4 Problems

In regards to problems occurring during the experiment, these concerned the heart
rate monitor and recording the heart rate data. This not only meant that some
tests had to be redone, but also exclusion of two participants during the analysis
of the results. Therefore there were only 8 valid participants for this experiment.
This was due to the heart rate monitor not recording the heart rate measurements
correctly. There can be various reasons as to why this occurred, including incorrect
placement of the heart rate monitor, clothing which can have caused an obstruction
of the connection between the skin and the heart rate monitor, tightness of the strap
securing the heart rate monitor, the amount of charge on the heart rate monitor as
well as faulty equipment. There were one participants which was deemed to have
faulty measurements for this experiment, and therefore excluded. In order to make
sure that there is an equal amount of participants on starting with each condition,
a random participant was excluded from the experiment.

Another element which could be a problem for the validity of the results, is that
during testing audio from an adjacent room could sometimes be heard. This could
mean that the participant lost some of the immersion the newly added sound was
trying to create.
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5.4 Results

In this section, the results from the test will be presented. As with the two other
experiments done for this project, the following variables were looked into, in
relation measuring stress through HRV; LF/HF, HF, pNN50 and r-MSSD. An one-
way repeated measures ANOVA was used to look at the data for each variable.
Baseline was measured between the training session and the first environment,
while Baseline2 was measured between the two environments.

According to t-tests, comparing the order in which participants experienced
each condition, order did not have any significant effect on the HRV measures of
LF/HF, HF and pNN50. However, for the r-MSSD measurements, order showed a
significant difference for the simple room environment (Forest first mean = 26.14,
Room first mean = 18.4, p = 0.036). Meaning that participants that experienced
the Room scenario first had a significantly lower r-MSSD value, while in the Room
environment, than those experiencing the Forest first. This suggests that there
might have been some carry over from the forest environment.

Figure 5.2 shows a box plot of the LF/HF data. It includes the different condi-
tions made for the one-way repeated measures ANOVA which was used; AvgBase-
line, Baseline, Baseline2, Forest, Room and Training. AvgBaseline is the average of
the two baselines.

Looking at the medians in the boxplot, the highest is Training (the only median
with a value above 5.0). The lowest is Baseline2. The ranges vary in size for every
condition, Forest being the biggest. The range of AvgBaseline varies the least.
Apart from Training, all conditions include one outlier. Additionally, AvgBaseline
includes two outliers, one in the high end and one in the low end. Lastly, looking
at the lower and upper quartiles for the box plot, the data varies the most for Forest
and Training, while varying the least for AvgBaseline and Room.
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Figure 5.2: In this figure, the boxplot for the LF/HF variable can be seen. The thick horizontal
line represents the median of the data, the white boxes represents the upper and lower quartile of
the data. The whiskers represents the the biggest and smallest values of the data. The small dots
represent the outliers in the data.

Figure 5.3 shows a box plot of the HF data. It includes the different conditions
made for the one-way repeated measures ANOVA; AvgBaseline, Baseline, Base-
line2, Forest, Room and Training. AvgBaseline is the average of the two baselines.

Looking at the medians in the boxplot, AvgBaseline, Baseline and Baseline2
are overall the highest. The range vary the most for Baseline2 and the least for
Forest. Apart from Forest and Room, all conditions include one outlier. Lastly,
looking at the lower and upper quartiles for the box plot, the data varies the most
for AvgBaseline and Baseline2, while varying the least for Forest (although there is
not a lot of difference from Room and Training).
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Figure 5.3: In this figure, the boxplot for the HF variable can be seen. The thick horizontal line
represents the median of the data, the white boxes represents the upper and lower quartile of the
data. The whiskers represents the the biggest and smallest values of the data. The small dots
represent the outliers in the data.

Figure 5.4 shows a box plot of the pNN50 data. It includes the different con-
ditions made for the one-way repeated measures ANOVA; AvgBaseline, Baseline,
Baseline2, Forest, Room and Training. AvgBaseline is the average of the two base-
lines.

Looking at the medians in the boxplot, Baseline2 is the highest while Forest has
the lowest median. The range vary the most for the three baselines and the least
for Forest. Forest and Room are the only conditions which each include an outlier.
Lastly, looking at the lower and upper quartiles for the box plot, the data varies
the most for Baseline2 and while varying the least for Room.
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Figure 5.4: In this figure, the boxplot for the pNN50 variable can be seen. The thick horizontal
line represents the median of the data, the white boxes represents the upper and lower quartile of
the data. The whiskers represents the the biggest and smallest values of the data. The small dots
represent the outliers in the data.

Figure 5.5 shows a box plot of the rMSSD data. It includes the different con-
ditions made for the one-way repeated measures ANOVA; AvgBaseline, Baseline,
Baseline2, Forest, Room and Training. AvgBaseline is the average of the two base-
lines.

Looking at the medians in the boxplot, the baseline conditions have the highest
medians, the others being generally lower and similar to each other. The range
vary the most for AvgBaseline and the least for Room (although there is not a big
difference from this condition and Forest and Training). Apart from AvgBaseline
and Room, all conditions each include an outlier. Lastly, looking at the lower and
upper quartiles for the box plot, the data varies the most for AvgBaseline and while
varying the least for Room.
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Figure 5.5: In this figure, the boxplot for the rMSSD variable can be seen. The thick horizontal
line represents the median of the data, the white boxes represents the upper and lower quartile of
the data. The whiskers represents the the biggest and smallest values of the data. The small dots
represent the outliers in the data.

5.4.1 Analysis of Results

An one-way repeated measures ANOVA showed that the effect of the environment
was not significant on LFHF values, F(5, 42) = 0.26, p = 0.93.

An one-way repeated measures ANOVA showed that the effect of the environ-
ment was not significant on HF values, F(5, 42) = 0.77, p = 0.58.

An one-way repeated measures ANOVA showed that the effect of the environ-
ment was significant on r-MSSD values, F(5, 42) = 7.1, p > 0.0001. Post hoc analysis
using the Tukey HSD method showed that the Forest environment (M = 22.22, SD
= 10.17) was significantly different from the baseline (M = 38.35, SD = 15.54), z(42)
= -6.31, p < 0.001. The Room environment (M = 22.17, SD = 5.59) was likewise
found to be significantly different from the baseline (M = 38.35, SD = 15.54), z(42)
= -5.94, p < 0.001. No significant difference were found between the Room envi-
ronment (M = 22.17, SD = 5.59) or the Forest environment (M = 22.22, SD = 10.17),
z(42) = 0.37, p = 0.99.
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An one-way repeated measures ANOVA showed that the effect of the environ-
ment was not significant on pNN50 values, F(5, 42) = 1.36, p = 0.259.

5.5 Partial Discussion

For this experiment, there are multiple aspects to consider, in terms of reliability
and validity, but also the changes which has been made since Experiment 2.

One thing to be considered is the procedure of the experiment. Because of how
the heart rate monitor records data, it is important for the heart rate monitor to
have unrestricted access to the participants’ skin. Because of this, the heart rate
monitor had to be placed against skin under a participants’ clothes. Furthermore,
in order to attempt to make sure that the heart rate monitor was recording data, the
facilitator would have to look at the heart rate monitor on the participant until a
red light would blink. This could have made the participants uncomfortable, which
could have affected the results negatively. Furthermore, the heart rate monitor
might not have been secured correctly for each session which might have resulted
in faulty measurements from the monitor.

Another aspect to consider is the recruited participants. Some of the partic-
ipants which were recruited knew the facilitators. This could mean that these
participants were less nervous during the tasks than the rest of the participants.
Furthermore, another participant bias could be the difference in experience with a
VR environment which could mean that some participants were more excited or
nervous than other because of the technology.

In terms of the overall procedure, there were breaks in-between each of the
different conditions included in the experiment (training session, forest scene and
the simple room scene), in order for them to relax properly. However, it is not
certain whether or not the participants have actually relaxed, given that the silence
or waiting might have made them uncomfortable. In order to avoid factors out-
side the VR environments to have an effect, the participants were put in a grey
environment during the break.

In terms of the equipment used for the test, there might also be different sources
of error. During some of the sessions, the controllers stopped reacting momentar-
ily. This was fixed by reconnecting the controllers, but it might have affected the
performance during the MIST in one of the VR environments.

It should furthermore be mentioned that there might not have been a sufficient
amount of participants for the experiment. This was a total of 10 participants,
which was later reduced to 8, due to faulty measurements. This might therefore
affect the reliability of the results.

Lastly, it should be mentioned that during some test the room adjacent to the
testing area sometimes had faint music playing. This could have affected how the
participants perceived the audio in the two environments, which could have effect
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the validity of the results.

5.6 Partial Conclusion

For this experiment, it was chosen to improve upon the existing test environments
by adding diegetic audio to each scene, as well as a skybox to the forest scene. This
was done in order to create a better immersion.

Looking at the analysis of results in section 5.4.1, Analysis of Results, the null-
hypothesis could not be refuted, as there were no significant difference in the stress
levels between the two environments. However, the analysis of results did show
that there were less variables showing a significant difference between the base-
lines and the different conditions, compared to the other experiments. This could
indicate that the participants were less stressed while having diegetic audio in the
environments as well.
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Discussion

In this chapter, the interpreted results of the experiments will be discussed, along
with reflections on the procedure of the experiments.

6.1 Interpretation of Results

Looking at section 3.3.1, Analysis of Results for the first experiment, it was not pos-
sible to refute the null-hypothesis with the calculated p-values. There were no
significant difference between the two VR environments. However, it was found
that the MIST did in fact stress the participants.

For the second experiment, it was not possible to refute the null-hypothesis
either (see section 4.4.1, Analysis of Results). There was no significant difference
between the VR environments, despite of the changes which had been made to im-
prove them. It was however still possible to see a difference between the baselines
and the different environments which indicates that the participants were in fact
stressed by the implemented MIST.

For the third and last experiment, it was not possible to refute the null-hypothesis
(see section 5.4.1, Analysis of Results). There was no significant difference between
the different VR environments, despite of the incorporated diegetic audio. How-
ever, less variables showed a significant difference between the baselines and the
conditions, compared to the other experiments. This indicates that the participants
might have been less stressed which points towards audio being effective in rela-
tion to deducing stress.

6.2 Relation to Other Works

In the state of art in relation to deducing stress (see section 2.3 What is the state of the
art to induce relaxation?), different projects using environmental factors to deduce
stress were looked into. These projects generally looked into how nature elements
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could affect relaxation. Jiang et al.[6] found that having more nature elements in
a scene would help to reduce stress. Additionally, these projects did their exper-
iments in real-world surroundings. The aim for this project was therefore to test
these environments in a virtual setting instead in order to eliminate the amount
of factors affecting the results. Furthermore, the aim was to find out what specific
elements had an effect in relation to deducing stress.

However, with this project, it was not possible to back these findings. This
indicates that while environments might have an effect on relaxation when doing
nothing, or perhaps decreasing the time needed for relaxation. It appears that the
environment does not affect stress levels when performing cognitive tasks.

6.3 Impact for practitioners

As mentioned in section 6.1, Interpretations of Results, it was not possible refute either
of the null-hypotheses in the different experiments. This indicates that environ-
ments should not be able to affect stress either positively or negatively. However,
during these experiments, it was found that the implemented MIST did stress the
participants and that audio might have an effect in relation to reduce stress overall,
during a mental stress task.

6.4 Limitations

Looking at the limitations for this project, there were some issues which are worth
mentioning.

The problems which have occurred during the experiment should be men-
tioned. These concerned the heart rate monitor and its recording of heart rate
data. At some points, the data was not recorded properly. There can be various
reasons as to why this happened, including incorrect placement of the heart rate
monitor, clothing which can have caused an obstruction of the connection between
the skin and the heart rate monitor, tightness of the strap securing the heart rate
monitor, the amount of charge on the heart rate monitor as well as faulty equip-
ment. This resulted in some tests having to be redone, as well as participants which
had to be excluded during the process of analysing the data. This meant less data
which affects the reliability of the results.

Another limitation to consider is the number of participants in each experiment.
One experiment had 10 while the other two only had 8. This could have affected
the reliability and validity of the results since it would have been preferable to have
more participants. Another aspect in regards to the participants is that some of the
participants in all three experiments were known to the facilitators which might
have affected the results.
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Additionally, there might have been a difference in the experience with vir-
tual reality among the participants. Some had worked with it previously, others
had not. This might affect the validity of the results since it might have affected
their experience during the tests, in terms of distracting them the task at hand or
stressing them even more.

During the third and last experiment, diegetic audio was implemented for a
better immersion. However, during the time of the experiment, there were other
sources of audio which could be heard through the walls of the room in which the
experiment took place. This might have affected the experience and immersion in
the VR environments and therefore also the validity and reliability of the results.

Additionally, a last limitation to consider is the controller used for the VR expe-
rience. When the participant had to do the MIST the controller would sometimes
get stuck between two numbers for a short time. This issue could be fixed by re-
connecting the controller. This can however have affected the participants’ ability
to do the MIST and have stressed them more than the participants who did not
encounter this problem. This can have affected the reliability and validity of the
results.

6.5 Future Works

If future work were to be done on this project, several issues should be considered.
First of all, in terms of the reliability of the results, more participants and data

would be ideal.
Apart from this, it might be ideal to work with another heart rate monitor, in

order to get better and more precise measurements. Additionally, taking samples
of saliva could give additional recordings of stress levels.





Chapter 7

Conclusion

For this project, it was found that several people suffer from or experience symp-
toms of severe stress. Therefore, the aim was to find a way to reduce stress.

Through the background research, different ways of measuring stress were
looked into, as well as what methods are already used in relation to reducing
stress. It was found that nature environments are commonly used as a way to
induce relaxation, while also reducing stress. From this, the following problem
statement was made:

"What elements in a virtual environment are responsible for inducing relaxation?"

Three experiments were conducted, in which two different virtual environ-
ments (a simple room and a forest scene) were tested against each other with an
implemented MIST. For the first experiment, no significant difference were found
between the simple room and the forest scene. The null-hypothesis;

"A forest scene is not better at decreasing stress in participants when performing a mental
stress task."

could therefore not be refuted. As there was a difference between the baselines
and the environments, it could however be found that the MIST did in fact stress
people. As the background research showed that nature should have an effect in
relation to reducing stress, it was therefore decided to improve upon the environ-
ments and repeat the experiment.

For the second experiment, no significant difference between the virtual en-
vironments were found. Therefore, the null-hypothesis (the same as for the first
experiment) could not be refuted during this experiment either.

For the third and last experiment, audio was implemented in order to create a
better immersion within the scenes. The null-hypothesis could not be refuted with
the calculated p-values. However, less variables showed a significant difference be-
tween the baselines and the environments, compared to the previous experiments.
This might indicate that audio could have an effect in relation to reducing stress.
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From these three experiments, in which the null-hypotheses could not be re-
futed, it is not certain that nature has an effect in relation to reducing stress. How-
ever, this might have to do with the immersion of the virtual environments. Ad-
ditionally, there might be indications towards audio being effective in reducing
stress, and therefore further research on this topic are to be encouraged.
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