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Abstract
Background

Finding creative solutions to improve subjective vitality in a short amount of time is crucial
for university students, because they face a lot of challenges and need to find ways to de-
stress. Head-mounted display (HMD) virtual reality (VR) nature applications have been
shown to improve subjective vitality in only five minutes of their use (e.g. Plante, Cage,
Clements, & Stover, 2006). Unfortunately, there is a lack of publicly available, evidence-
based VR applications that can improve subjective vitality. Furthermore, existing research
suggests that the design and development processes of health-related VR applications do not
receive enough attention and should be explored more in-depth (Tao, Garrett, Taverner,
Cordingley, & Sun, 2021). To combine design, development, and subjective vitality topics,
this study consisted of two phases. Phase 1 focused on the design, development, and usability
(imaginative immersion, presence, and user experience) processes of a gamified nature virtual
environment (VE). Phase 2 was a pilot effectiveness study that tested whether the created VE

can improve subjective vitality and energy-tension of university students.
Phase 1. Method

The design and development process had a big impact on the final product, since a lot of
adjustments had to be made due to time limitations, technical skills, and materials available.
What initially started as a walk in a virtual forest environment, throughout the design and
development processes, became a gamified VR nature experience. The final VE consisted out
of four parts: nature environment, breathing tree task, butterfly exercise, and a yoga task. To
participate in the study, 32 university students were recruited using availability sampling.
Participants filled in a self-report questionnaire regarding imaginative immersion before

starting the research, presence, and user experience questionnaires after using the VR.
Phase 1. Results

As a result of the design and development process, a virtual nature environment was created.
It contained three tasks: breathing tree, butterfly, and yoga. Results from the questionnaires
regarding usability showed that participants of this study were able to experience immersion,

reported feeling present within the VE, and would recommend the VE to others.

Phase 2. Method
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The same participants as in Phase 1 took part in Phase 2. They first had to do a laboratory-
based stressor to create psychological tension and then were introduced to the VE.
Additionally, a heart rate monitor was used throughout the laboratory-based stressor and VR
experience to measure heart rate and heart rate variability. However, the output from the heart
rate monitor did not provide sufficient data and was not included in the data analysis.

Subjective vitality and energy-tension were also measured before and after using VR.
Phase 2. Results

Results showed that subjective vitality has improved after using the VE. Energetic arousal did
not show any significant changes. Tense arousal has reduced significantly after using the VE.

Also, a post-hoc analysis was conducted to determine whether there is a relationship between

subjective vitality and energy-tension questionnaires. It showed significant positive

correlations between both pre- and post- VR conditions.
Conclusions

This study has created a fully functioning prototype of a gamified nature VE, which was
positively evaluated by its users, improved their subjective vitality and energy-tension.
Although a lot of positive results have been achieved, additional adjustments (e.g. improving
usability) and research (e.g. adding a control group) need to be made for the VE to become
available for a broader population. This VE is a good start towards finding a cost-effective

solution to VR applications that could improve subjective vitality.
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Using Virtual Reality to Improve Subjective Vitality: Design and Pilot Study for a Virtual

Nature Environment

According to Ryan and Frederick (1997), subjective vitality is a combination of
psychological (e.g. feeling happy, in love) and physical (e.g. being healthy) states. To feel
subjective vitality means to be free from external pressures, conflicts, to be able to perform
actions on one’s own, have the strength and the energy to do them. The concept of
experiencing these psychological and physical vitality states dates back to the work of Rogers
(1974). He wrote that experiencing these states is what feels to be a “fully functioning”
person. It is also important to mention that subjective vitality cannot be achieved by only
psychological or physical well-being (Miksza, Evans, & McPherson, 2021). Low-energy,
tranquil psychological states could indicate psychological well-being but do not suggest
subjective vitality, similarly, high energy, aroused physical responses may not always be a
sign of “aliveness” rather an indication of anger or mania (Miksza et al., 2021). Therefore,
when thinking about subjective vitality, it is important to consider both psychological and

physical continua.

Incorporating technologies to improve subjective vitality could be beneficial since
they have been shown to prevent long-term negative effects of daily life. The most commonly
mentioned benefits are reduced psychological and physical stress, anxiety, improved health-
related quality of life including social, emotional, and physical well-being (Fallowfield, 2009;
Felce & Perry, 1995). One innovative technology that could be used to improve subjective
vitality is virtual reality (VR). VR is particularly interesting because it can be adjusted to
various target groups and done with or without supervision (Martens, 2016; Sherman & Craig,
2018). Also, VR is highly immersive due to the combination of sounds, visuals, and the
ability to interact with the environment itself (Martens, 2016). The key aspect of VR is that
using virtual environments (VE’s) in the form of games or applications they can help learn
positive behaviours or practice behaviour change (Chow, Susilo, Phillips, Baek, & Vlahu-

Gjorgievska, 2017; Morina, [jntema, Meyerbroker, & Emmelkamp, 2015).

A good example of using VR for behaviour change is phobia treatment. Using VR,
patients can be exposed to various scenarios or objects while remaining in a safe environment
and being observed by professionals (Horvathova, Siladi, & Lackova, 2015; Wechsler,
Kiimpers, & Miihlberger, 2019). However, such applications are only meant to be used next

to treatment or with the supervision of a professional and are not available for everyone
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(Jones, Moore, & Choo, 2016; Klinger et al., 2005). On the VR market, there is a lack of
publicly available evidence-based applications for the general population to learn about and
improve subjective vitality (Fleming et al., 2017). Most publicly available VR applications are
games meant to entertain, not to improve one’s physical or mental well-being. Some game
creators suggest that their games (e.g. “VirtuaLiron”, “Guided Meditation VR’’) might help to
improve well-being (e.g. “Leave the worries of your life for a short virtual vacation, and
return calmer and stronger” (Cubicle Ninjas, 2016)) but their effectiveness has not been
proven. Therefore, publicly available, simple to use, and no supervision requiring VR
applications would be very beneficial to improve subjective vitality. Additionally, as
suggested by Tao, Garrett, Taverner, Cordingley, and Sun (2021) three main ideas should be
considered when creating a VR application. Firstly, in-depth design and development process
descriptions should be provided to create a better understanding of how health-related VR
games or applications are created. Secondly, suggestions should be made regarding design
and development processes and user experiences to help future creators. Thirdly, to improve
subjective vitality and create more diverse VR applications, a combination of both physical
(e.g. yoga) and non-physical (e.g. meditation) exercises should be considered (Tao et al.,
2021). Ideas mentioned in this paragraph were combined and created an outline for a VR

design, development, usability, and pilot study focused on improving subjective vitality.

University students are a particularly interesting target group to explore when it comes
to VR and subjective vitality for three main reasons. Firstly, students or young adults are more
confident in their computer knowledge, leading them to explore and try out more new
technical developments (Marqui¢, Jourdan-Boddaert, & Huet, 2002). Students can also
provide insightful feedback while doing a pilot study due to their experiences with
technology. Secondly, studies have shown that stress, depression, and anxiety are on the rise
in students (Bayram & Bilgel, 2008; Herbert, Meixner, Wiebking, & Gilg, 2020). Student life
is a sensitive time for young adults since it is the very beginning of their autonomous lifestyle
and the transition period between school and work. It is crucial that they learn how to deal
with daily stressors and how to develop different skills (e.g. deep breathing, relaxation,
engaging in physical and social activities) to regulate their psychological states (Stallman,
Lipson, Zhou, & Eisenberg, 2020). Thirdly, students who report feeling more stressed than
their peers are less physically active (Herbert et al., 2020; Nguyen-Michel, Unger, Hamilton,
& Spruijt-Metz, 2006). Regular physical activity has been shown to improve physical and

mental health (Herbert et al., 2020). Managing university tasks namely exams, projects,
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deliverables, and looking after one's mental and physical well-being can be challenging.
However, it is essential to find those brief moments to engage in relaxation and physical
activity to improve one’s physical and mental health and to be able to enjoy the beauty of life
(Stallman, Lipson, Zhou, & Eisenberg, 2020). VR could be a valuable tool to find and make
good use out of those brief moments. Thus, this research aimed to create a brief gamified VR

experience that focused on improving subjective vitality of university students.

Design, development, and usability study design

To successfully create a VE, three main aspects had to be considered: design,
development, and usability. Each of them is inter-related with one another yet focuses on a
specific part of the VE. In the following, an in-depth explanation of design, development, and

usability processes is offered.

Design: outline of the VE setting and its contents

To design the environment for the improvement of subjective vitality, a setting had to
be chosen first. Studies have shown that time spent in nature has been positively linked to
improved physical and psychological states (Tzoulas et al., 2007). Mattila et al. (2020)
compared experiences between physical and virtual walks in the forest. Five minutes were
enough to show that both scenarios (physical and VR) had positive effects on subjective
vitality, restoration from stress, and mood. Additionally, participants found the VR
environment more fascinating than the physical one (Mattila et al., 2020). Although not all
sensory experiences such as touch or smell can be simulated in the current models of VR, the
availability and simplicity of change and the combination of visuals and sounds within the VE
can facilitate recovery from stress and activate the parasympathetic nervous system
(Annerstedt et al., 2013; Mattila et al., 2020). Hence, a nature setting for the VE was chosen

to implement.

Furthermore, when designing the VR application, it was important to address both
aspects of subjective vitality: psychological and physical health. To improve the
psychological state breathing was used, since practicing breathing exercises is a simple and
effective way to reduce stress, relax, and it is often used in yoga and mindfulness practices
(Tellhed, Daukantaité, Maddux, Svensson, & Melander, 2019). However, only improving
psychological health was not enough. In a study about physical exercise, a comparison
between a brisk walk outside through a college campus, a VR observation, and a walk on a
treadmill using VR through the same campus has been done (Plante, Cage, Clements, &

Stover, 2006). It showed greater relaxation and decreased tension during the walk in the VR
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and walk outside conditions. Furthermore, the same study showed that only an observation
through VR was not enough to increase energy levels, it had to be combined with physical
exercise (Plante et al., 2006). Finally, to achieve optimal levels of subjective vitality, it seems

important to combine both breath and physical exercises in the same task.

Therefore, the design of this study aimed to integrate nature elements into
psychological (breathing), physical (exercise), and a combination of psychological and
physical (combination of breathing and physical) well-being tasks in a gamified VR

experience.

Development: technology and goals

To develop the VE, it was important to understand and consider the interaction
between various components of the VR system (Hanson & Shelton, 2008). Firstly, the user
and the task that one had to do in the VE were defined. These two components were the centre
of the development process. Then, based on the task and what needs to be created, the inputs
and outputs between the computer and the user were addressed. The inputs focused on what
the user selects in the VE and what information was then sent to the computer, and the outputs
were what the computer makes out of the inputs and what it sends back to the user. When all
details about how the environment should look like and what it should do were clear, the VR
engine, software, and databases were considered. A VR engine gives a framework to build a
VE on. Appropriate software and databases help to create realistic 3D visuals or use details
that can be integrated into one coherent environment and share the environment and its
elements (Hanson & Shelton, 2008). All of these elements were considered based on the
target group, research question, materials, and skills available. The main goal of the
development process was to create a working VE which could improve subjective vitality of
university students. Furthermore, the development part addressed what the user could see,
feel, and hear in the environment, which data was collected from participant input, and which

hardware and software were used (Hanson & Shelton, 2008).

Usability (immersion, presence, and user experiences)

When creating the VE, usability was another important aspect to take into account.
Usability is the ease with which one gets acquainted with the new technology, can navigate,
and interact with the system itself (Sutcliffe & Kaur, 2000; Zhang et al., 2020). Although VR
has been used in various fields such as gaming, marketing, and education for quite some time
now and is making its way into the medical field, it does not have one concrete path to follow

when it comes to determining its usability (Zhang et al., 2020). Zhang et al. (2020) has
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suggested several ways to measure usability of a VE, namely: cognitive or task walkthrough,
post-hoc interviews or questionnaires, evaluations of user physical performances, and user
evaluations of the interface, graphics, and heuristics. For this particular research, an
immersion questionnaire was conducted before the experiment and post-hoc questionnaires
were used to measure presence and user experiences. Questionnaires are a very versatile and
straightforward way of data collection, and in this case, immersion and presence

questionnaires complemented each other.

The main key concepts of usability in VR are immersion and presence (Mattila et al.,
2020). According to Ermi and Méyré (2005) immersion has three forms: sensory, challenge-
based, and imaginative immersion. Sensory immersion is created by using technology to
simulate real-life experiences such as sounds, visuals, and other physical sensations that one
can do in real-life (e.g. being able to bend to see things from a different angle) (Bowman &
McMahan, 2007). The main idea of sensory immersion is to reflect reality as well as possible
through a computer (Slater, 2018). Environments, the same as tasks, might not be realistic, but
they rely on sensory cues to provide sensory-based immersion (Bowman & McMahan, 2007).
Challenge-based immersion focuses on creating the best balance between one’s mental and
motor skills and the challenges within the game or environment (Ermi & Méyré, 2005). The
games or environments should be challenging enough, yet not too complicated (Ermi &
Maiyrd, 2005). Finally, imaginative immersion relies on one’s ability to feel immersed (Nacke
& Lindley, 2008), which was focused on in this study. Imaginative immersion is the extent to
which one can be absorbed by the narrative or identify themselves with a character (Brown &
Cairns, 2004). People who can experience imaginative immersion (in the paper by Witmer
and Singer (1998) imaginative immersion was referred to as immersive tendencies) easier,
tend to also report higher feelings of presence and the other way around (Witmer & Singer,
1998). Hence, only the concept of imaginative immersion was addressed in this study,

together with presence.

Presence is the feeling of “being there” within the VE and perceiving things within the
environment as real (Slater & Sanchez-Vives, 2016). Some users might feel as if they are
actually in the environment and find it highly realistic, meanwhile, others might not and that
can happen despite the high sensory immersion system (Bowman & McMahan, 2007).
Therefore, the VE created should involve elements that for the most part would be familiar to
most users (e.g. bird sounds, nature elements from the same region research takes place in). It

is also important to mention that presence is a perceptual illusion, the user of the VE might
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understand what he/she is seeing is not real, but the natural bodily reaction cannot be
prevented. Meaning, the more similar the VE is to the real world, the more difficult it gets for
the brain to control the natural bodily responses and the easier it gets for one to feel present
(Slater, 2018). Thus, while imaginative immersion was used to assess one’s ability to immerse

before using the VE, presence helped to determine one’s experiences after using the VE.

Lastly, user experiences and input were also collected as a measure of usability. Users
from different backgrounds and experiences can provide valuable comments on how to
improve the VE (Zhang et al., 2020). End-user input is especially important since the
intervention is targeted to them, and they can represent which aspects of the VE are important
for that target group, what needs to be changed or adjusted. Also, other observations which
were not measured using questionnaires or even considered by the researcher can be
highlighted by the user (Zhang et al., 2020). User experiences were also addressed after using
the VE.

Pilot effectiveness study design and momentary assessment

To test the effects of the created VE, a pre-post study design was chosen. Its goal was
to help determine whether the VE helps to reduce stress and improve subjective vitality. Two
momentary assessment questionnaires were used. One to measure subjective vitality and the
other to measure energy-tension. These questionnaires were conducted before and after using
the VE. Momentary assessment questionnaires help to measure momentary emotional states
e.g. “How do you feel right now?” (Boyle, Helmes, Matthews, & Izard, 2015). Momentary
assessment questionnaires have shown to be a good representation of sensations and feelings

one is experiencing at this moment. (Boyle et al., 2015).

Laboratory-based stressor

Subjective vitality cannot be experienced while undergoing strong feelings of stress
because subjective vitality is inter-related with life satisfaction, optimistic performances, and
mental health (Fini, Kavousian, Beigy, & Emami, 2010; Ryan & Deci, 2001). Therefore, to
best see changes of subjective vitality, in this study an external laboratory-based stressor was
used. Its goal was to increase stress and reduce subjective vitality. As stress induction,
external stressors in a laboratory setting had been chosen to implement. According to a meta-
analysis done by Dickerson and Kemeny (2004) stressors in a laboratory environment with
uncontrollable or social-evaluative characteristics created the most psychological stress
between participants. Psychological stress was determined using cortisol levels in the saliva of

participants. Cortisol is a hormone extensively studied both in human and animal literature
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and accounts for psychological and physical functioning (Dickerson & Kemeny, 2004).
Although measuring cortisol levels was beyond the scope of this study, by incorporating
uncontrollable and social-evaluative characteristics into the laboratory-based stressor it was

hoped to reduce subjective vitality and create some psychological tension.

Heart rate and heart rate variability

When a person encounters a stressor, their autonomic nervous system gets affected
(Taelman, Vandeput, Spaepen, & Van Huffel, 2009). The reaction to it is automatic and is
called a “fight or flight” response. Meaning that alongside other processes heart rate (HR),
heart rate variability (HRV), muscle tension, and blood pressure increase (Sztajzel, 2004;
Taelman et al., 2009). To measure psychological stress the most non-invasive method used
among researchers is measuring HR and HRV (Kim, Cheon, Bai, Lee, & Koo, 2018; Sztajzel,
2004). It can be done using simple wearables such as smart-watches, or medical wearables,
pulse oximeters. HRV is a parameter that tracks changes (RR intervals) between successive
heartbeats (see Figure 1) (Cornforth, Tarvainen, & Jelinek, 2014). RR interval is a time that
has passed between two successive R-waves. HR and HRV have an inverse relationship: HR
increases when experiencing stress and decreases when relaxed, HRV acts the opposite way
(Cornforth, Tarvainen, & Jelinek, 2014; Sztajzel, 2004). Therefore, in this study, it was
expected that HR and HRV will be able to detect physiological changes between the

laboratory-based stressor and VR experience.

4
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Figure 1. An illustration of an RR interval by Cornforth, Tarvainen, and Jelinek (2014).

Current Study
The goal of this study was to design, develop, and pilot how a VR head-mounted

display (HMD) can be used to improve subjective vitality of university students. It consisted
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of different parts (see Figure 2). A laboratory-based stressor was used to induce moderate

psychological tension in the participants and a VR nature experience with gamified elements

(breathing, physical, breathing and physical exercises) was introduced to outweigh the effects

of the stressful task and improve subjective vitality. A pre-post study design was used to

measure subjective vitality and energy-tension of participants before and after using the VE.

A physiological measure was attached to the hand of each participant to measure their HR and

HRYV throughout the laboratory-based stressor and VR elements.

()
Questionnaires Laboratory- Questionnaires Virtual Reality Questionnaires
*Background Based Stressor * Subjective * Nature * Subjective
Questionnaire *Public Vitality Scale environment Vitality Scale
* Immersive speaking task * Activation— * Breathing * Activation—
Tendencies *Cognitive Deactivation tree Deactivation
Questionnaire task Adjective « Butterfly Adjective
Check List exercise Check List
* Yoga *Presence
Questionnaire
*Open-ended
Questions
~—— ~—— ~—— ~——

Figure 2. Elements and longitudinal course of the study. Constructs measuring usability are
written in blue, constructs measuring subjective vitality — green, energy-tension — red, and HR

and HRYV -

To address all relevant aspects of this study, the study was divided into two main
phases which were discussed separately. Phase 1 of the study discussed the design and
development process of the VE and addressed its usability (imaginative immersion, presence,

and user experiences) among university students.
Topics that were explored in Phase 1 of this study:
P1.1. Design and development process of the virtual environment.

P1.2. The extent to which students report experiencing imaginative immersion and

presence within the virtual environment.

P1.3 User experiences after trying out the virtual environment.
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Phase 2 was a pilot effectiveness study and tested to what extent the VE can improve

subjective vitality in university students after a stressful situation.
Hypotheses that were explored in Phase 2 of this study:

P2.1. Compared to the pre-test scores, students reported greater subjective vitality

during the post-test.

P2.2. Compared to the pre-test scores, students reported greater energy and reduced

tension during the post-test.

P2.3. Physiological measures indicating physical stress decreased after using the

virtual environment in comparison to the before condition.

Phase 1: Design, development, and usability of the VE
Phase 1. Method

The current study was a cooperation project with a creative technology intern from the
BMS lab Arda Temel. The design and development parts were guided by Luci Rabago Mayer.
The interdisciplinary study was supervised by Dr. Christina Bode and Dr. Lonneke Lenferink.
In the following, the design section describes initial ideas of the tasks and what inspired them.
The development section explains the procedure when creating the described tasks and

adjustments made.

Design
The design of the VE consisted of a walk in a forest environment and three gamified
components: psychological well-being task, physical well-being task, and a subjective vitality

task.

A walk in a forest environment

When a participant put on the VR headset, he or she was immediately transported into
a forest environment. The participant was able to walk throughout the forest path observing
nature, listening to birds chirping and leaves rustling. The initial idea was that the
environment had a path to follow and when a participant came to a certain location on the

path a task started automatically.
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Psychological well-being task

The idea for a psychological well-being task was inspired by the one presented in the
study of Patibanda, Mueller, Leskovsek, and Duckworth (2017). In it, a sickly-looking tree
was presented to the participants, and the task required to do a breathing exercise to help heal
the tree. There were also voice instructions guiding the participant through the process. The
tree represented the lungs of the participant: with every inhale the tree expanded and with
every exhale it contracted. Additionally, throughout the exercise, the tree started re-growing
new green leaves. The exercise was finished when the leaves of the tree became completely
green. While doing this exercise the participants were also supposed to take a comfortable
seated position and when the exercise finished, they had to stand back up to continue their

forest walk.

Physical well-being task

While continuing the walk the participant started to hear some music, the closer he or
she got to it the louder it began to play, overshadowing the other noises. When he or she came
very close, a second task was introduced — a physical well-being task. It involved a physical
exercise according to the music, similar to the VR game “Supernatural” in which by using
controllers the participant had to slice boxes based on the rhythm of the music (Braunstein,
2021). The background remained the same — a forest environment, yet it faded away to make
the flying boxes clearer. After the song was over, the forest environment became clear again,

nature noises became louder, and the participant could go through the forest to the final task.

Subjective vitality task

The last exercise was meant to improve subjective vitality, hence a yoga task was
chosen. While walking through the forest, the participant saw a person in front and when they
came closer a new task was presented: to follow a yoga sequence presented by the yoga
coach. Then, the background noises became subdued, the coach started talking and introduced
different exercises, such as head and shoulder rotations, light stretching. The coach also
instructed the participant when to inhale or exhale according to the movements. The exercise
was happening within the same forest environment; however, the coach stood out the most.
After the exercise, the coach suggested some mindfulness techniques (e.g. breathing, setting a
positive intention) to the participant to relax even more and informed that this was the final

exercise of the VE.
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Development
The development part had a prominent role in this thesis. The creation of the VE

required design adjustments from the beginning stages of its development.

The initial idea for the VE started as a walk using a Cyberith Virtualizer — a
locomotion device that allows its users to move within the VE without being limited by the
space in their actual environment (Cakmak, 2015). All tasks were intended to be incorporated
into it. During the walk, upon arrival to a certain location, the instructions would be presented,
and a task would start, a walk would be finished when all tasks were completed. However, the
addition of tasks that involve stretching and moving to different sides (e.g. the subjective
vitality task) made it impossible to use the Virtualizer due to movement limitations.
Therefore, it was decided to not use the Virtualizer and instead to only use the VR headset

and controllers.

Using only the VR headset all three tasks could not be connected into a coherent walk
due to the limitations of space within the room. Meaning, that it was no longer a walk in a
forest, but a gamified experience with nature elements. Such adjustments allowed to

incorporate more natural and advanced body movements (e.g. stretching, jumping).

Additionally, because of the limitations in space, each task had to be started from the
same location within the room, to have more area to move. That meant that the researcher had
to guide participants after each task to a correct location. To improve usability, it was decided
to start each task with a task objective. A box in front of the participant described the task, its
goal, and controls (all tasks involved using only two buttons from the controllers). It was a

simple solution on how to provide instructions without animation.

Nature environment

The design idea to create a forest environment had proven to be complicated to
implement. Adding a lot of elements to the environment reduced the frame rate, the speed at
which consecutive images were displayed while using the VR (Raaen & Kjellmo, 2015).
Reduced frame rate could have led to a reduced feeling of presence within the environment,
discomfort, and even cause motion sickness. The frame rate depends on how fast a screen can
receive and update images that one is viewing. An optimal frame rate is 60 frames per second
(FPS) (Raaen & Kjellmo, 2015). To ensure that the rate does not go lower than that, it was
decided to design a simpler nature environment with only a few trees and flowers, just enough

to have an impression of a nature environment, yet not enough to cover the whole terrain.
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Psychological well-being task: breathing tree

The first, breathing tree, task was slightly adjusted from the original idea. Measuring
the breath was not the key component of the study, thus, to save time the tree was animated to
move automatically, not according to the actual breathing of the user. Participants were
instructed to press buttons while inhaling and holding their breath, yet that did not determine
the speed, movement, or colour of the tree. It was also decided to simplify the animations and
instead of the tree re-growing leaves throughout the exercise, it only changed its saturation
from grey to bright green. The final decision was the seated position, which was suggested in
the paper by Patibanda et al. (2017). Although sitting on the floor would allow participants to
relax and only focus on their breath, to sit down comfortably on the floor, they would have to
look down and evaluate their body position and/or the place where to sit. However, within the
VE only hand movements can be seen because only the headset and controllers have sensors,
thus, other body parts are not visible. Next to that, VR affects one’s sense of depth causing
people to underestimate the distance between them and an object (Armbriister, Wolter,
Kuhlen, Spijkers, & Fimm, 2008), therefore, to avoid confusion and injuries it was decided to

perform the exercise while standing.

Physical well-being task: butterfly exercise

The second — physical well-being task after a thorough consideration was changed
completely due to three reasons. First, incorporating or recreating the “Supernatural” game
required complex programming skills and permissions from the game creators. Second, after
careful consideration, it was decided that the game did not suit the VE. The initial idea of the
VE was to be relaxing, slicing boxes with lightsabers or swords that were coming towards the
participant could potentially increase stress. Third, more nature aspects had to be incorporated
into the task instead of urban ones, since natural environments help with restoration from
stress (Mattila et al., 2020). Hence, a butterfly exercise was created. It was inspired by
butterfly parks, which contain lots of nature and colourful butterflies. The idea was that
participants could observe nature, find different size and colour butterflies, and make them fly
away. It was important to decide where the butterflies will be placed, therefore a tunnel was
made from green garden arches. The butterflies were animated to fly away towards the exit of
the tunnel after being touched. Touching a butterfly consisted of bringing the controller onto
the butterfly, and then pressing a button to make it fly away. During this task, participants had
to physically move through the room to find and touch all the butterflies scattered between

different parts and heights of the arch. The tunnel was adjusted to be slightly smaller than the
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room that research took place in, to prevent participants from hitting a wall while walking

around.

Subjective vitality task: yoga

The final yoga task was also partially adjusted during the development stage of the
VE. The original idea was that the yoga coach would perform yoga sequences together with
the participant. However, that had to be adjusted for three main reasons. The first one was that
animating an object for it to move smoothly using Unity software was very ambitious and
required advanced technical skills. This was solved by using already pre-made animated
assets, yet that limited the range of movement that could be achieved. Second, certain poses
could not be achieved by holding controllers in the hands (e.g. where the participant has to
touch or hold their other hand). Third, participants who were not familiar with yoga would not
be able to follow the sequence together with the instructor. Therefore, it was decided to first

introduce each movement and then to ask the participant to repeat it together with the coach.

Materials used to create the VE and its requirements
The VE was developed together with the BMS lab’s developmental support from the
University of Twente, using Unity 2020.2.3f1, some pre-made assets from the Unity Asset

Store (see https://assetstore.unity.com/), and a character from Mixamo (see

https://www.mixamo.com/). To ensure that nothing had been forgotten, and all the necessary

steps were taken, a requirement checklist for the VE had been created (see Appendix F). The
requirements for the environment included setting the environment, animations, sounds, task
objectives, transitions between tasks, interactions between the environment and the
participant. Another important aspect in the development was the logging of the participant
inputs in the environment. To ensure that each participant acted accordingly to the task, their

button presses during each task were recorded.

Rooms and equipment

The experiment took place in two interconnected rooms on campus of the University
of Twente. The first room (14.22m?) was used to do the debriefing, fill in questionnaires, and
store equipment. Questionnaires were presented using Samsung Galaxy Tab A tablet and

arranged using Qualtrics software (https://utwentebs.eu.qualtrics.com). Qualtrics is a survey

tool meant to create, collect, and analyse data. The second room (15.18m?) was used to do the
VR tasks. The equipment used to simulate the VE was comprised of Oculus Rift S, Dell
UltraSharp U2518D monitor, and a Zotac VR backpack. The VR system consisted of a HMD

and a set of controllers. The HMD ensured that the participant could see and explore the VE
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from various angles in 360-degrees and the controllers allowed to interact with the
environment by a press of a button. Finally, the VR backpack was not worn by the
participants but only used as a computer to run the program smoothly. The wire from Oculus

Rift S was long enough to allow participants to walk throughout the whole room undisturbed.

Participants

The study included 32 participants (17 male; 14 female; 1 participant did not identify
female/male), the majority were bachelor students (25 bachelor; 6 master; 1 PhD), and their
age range was between 18 and 28 years (M = 21.66; SD = 2.22). Participants were recruited
using availability sampling. The conditions to be included were to be enrolled as a university
student at the time of the study, have no hearing, sight (sensitivities to rapidly changing light),
and physical problems (epilepsy, motion sickness), be proficient in using the English
language. The study included various nationalities (14 Dutch; 8 German; 10 other), thus, was
conducted in English. Before the start, all participants were introduced to the procedure (see
Appendix G), instructed on how to use the HMD and controllers, and had all of their
questions answered by the researcher. Finally, an informed consent was introduced informing
about data collection, potential risks, and procedure as well as that participation is voluntary
and that participants can withdraw from the study at any time without giving a valid reason to
do so (see Appendix H). Some students participated completely voluntarily without any
incentives, others, who were from the faculty of Behavioural, Management, and Social
Sciences (BMS) received two Sona System credits for their participation. Sona Systems is a

tool that helps researchers to recruit and manage participants (for information see

https://www.sona-systems.com/). The study was reviewed and approved by the BMS ethics

committee from the University of Twente.

Measures

Background questionnaire

A background check on a five-point Likert scale (ranging from “not at all” to “very
much”) regarding previous experiences with VR (“To what extent are you familiar with
virtual reality environments?”), nature (“Do you like walking in nature?”), and current stress
levels (“To what extent do you feel stressed right now?”’) was first conducted. It was meant to

get a better understanding about the background of participants.
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Immersive Tendencies Questionnaire (ITQ)

To understand presence, first, it is important to evaluate to what extent participants are
able to immerse into an environment (Witmer & Singer, 1998). A translated French-Canadian
ITQ was used (originally by Witmer and Singer (1998), revised and translated by Robillard,
Bouchard, Renaud, and Cournoyer (2002)). ITQ is a questionnaire measuring one’s ability to
immerse oneself in various scenarios and is composed of 18 items on a scale from 1 = “never”
to 7 = “often” (see Appendix C). The items in the ITQ make four subscales (see Table 1). For

comparison with the obtained scores, norm scores provided by Robillard et al. (2002) were

used.

Table 1.

An overview of the ITQ and its subscales as provided by Robillard et al. (2002) and internal

consistency from this study.

Number of Example question Min Max  Cronbach’s
items alpha

ITQ Total 17 18 126 79

Focus 5 Do you easily become deeply 5 35 44

involved in movies or tv dramas?

Involvement 5 Do you ever become so involved 5 35 .65
in a daydream that you are not
aware of things happening around
you?

Emotions 4 Have you ever gotten scared by 4 28 .50
something happening on a TV
show or in a movie?

Game 3 Do you ever become so involved 3 21 .61
in a video game that it is as if you
are inside the game rather than
moving a joystick and watching

the screen?

Note. ITQ = Immersive tendencies questionnaire.
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Presence Questionnaire (PQ)

To measure presence experienced during the gamified nature VE a translated French-
Canadian PQ was used (see Appendix D) (original by Witmer and Singer (1998); revised and
translated by Robillard et al. (2002)). The PQ consists of 24 items regarding the experience
within the VE and is rated on a scale from 1 = “not at all” to 7 = “completely”. The items in
the PQ make seven subscales (see Table 2). The norms used for comparison for the PQ were
provided by Robillard et al. (2002) but they did not include Sound and Haptic subscales.
Therefore, results from another study by Robillard, Bouchard, Fournier, and Renaud (2003)

using the same questionnaire with a healthy population were also included.
Table 2.

An overview of the PQ and its subscales as provided by Robillard et al. (2002) and internal

consistency from this study.

Number Example question Min Max  Cronbach’s
of items alpha
PQ Total 24 24 168 79
Realism 7 How natural did your 7 49 .59

interactions with the

environment seem?

Possibility to act 4 How much were you able to 4 28 52
control events?
Quality of 3 How much delay did you 3 21 Sl
Interface* experience between your
actions and expected outcomes?
Possibility to 3 How closely were you able to 3 21 32
examine examine objects?
Self-Evaluation 2 How quickly did you adjustto 2 14 52
of Performance the virtual environment
experience?
Sound 3 How well could you identify 3 21 .55

sounds?
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Haptic 2 How well could you move or 2 14 81
manipulate objects in the virtual

environment?

Note. PQ = Presence questionnaire.
* negatively phrased items.

Open-ended questions

User experiences were assessed using open-ended questions created by Foronda et al.
(2016) but adjusted to fit this study. Therefore, instead of asking about one’s experiences in
the simulation, the questions refer to the VE or gamified walk in nature. The questions were
divided into five main topics: initial impressions regarding the VE (“What are your initial
impressions, thoughts, and feelings about the virtual environment?”), parts that participants
enjoyed (“What did you enjoy during the gamified walk in the nature?”), parts that were not
so enjoyable (““What did you not enjoy during the gamified walk in the nature?”), would
participants recommend the experienced VE to improve subjective vitality (“Do you think this
type of experience should be offered again to improve subjective vitality? Why or why not?”),
and whether any motion sickness was experienced (“Did you experience any motion sickness
throughout the virtual walk?”). All questions touched upon different topics and allowed

participants to express their thoughts regarding the environment.

Data analysis

Immersion and presence

Questionnaire data were analysed using Statistical Package for the Social Sciences
(SPSS) version 25. To analyse the imaginative immersion questionnaire, first, means (M) and
standard deviations (SD) were calculated for the total score and scores of the subscales. Then,
using a one-sample t-test, the questionnaire and subscale means were compared to the mean

scores provided by Robillard et al. (2002).

To analyse the presence questionnaire, first, all items in the subscale Quality of
Interface were reversed. Then, the means and standard deviations were calculated for the
whole presence questionnaire and its subscales. The received mean scores using a one-sample
t-test were compared both to the norms provided by Robillard et al. (2002) and by Robillard et
al. (2003).
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User experiences

Responses from the open-ended questions were analysed qualitatively, summarizing,
and categorizing thoughts, most common opinions, or suggestions participants have
expressed. Responses were also quoted and completed by providing some additional

contextual information from the researcher.

Phase 1. Results
Background
The results from the background questionnaire are summarized in Table 3. When
asked to what extent participants were familiar with VR environments, the mean showed
almost the middle, with quite some variation between the scores. Whereas the extent to which
participants enjoy walks in nature scored relatively high with less division. Similarly to the
first question, at the moment of the first questionnaire participants reported experiencing some

stress, however, results were again quite varied.
Table 3.

Results from the background questionnaire (N = 32).

M SD Score range™
Familiarity with VR 2.53 1.16 1-5
environments
Enjoyment of walking ~ 4.72 0.58 3-5
in nature
Current stress level 2.28 1.17 1-5

Note. *Possible range: 1 - 5

P1.1. Design and development

Nature environment

After participants put on the VR HMD, they were transferred to a first-person view
virtual nature environment, to help relax and increase energy levels (see Figure 3). The
research took place in the university in the Netherlands, therefore the environment chosen was
similar to the one in a forest in the Netherlands during the summer. In the VE, participants
could walk around within the limits of the room observing the trees, flowers, bushes, and

listening to the birds chirping. The purpose of this environment became an introduction to the
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study because while in it, participants could explore the size of the room, test the buttons on
the controllers, observe the nature elements from various angles, and get used to the new
environment. When participants were done exploring and wanted to start the first task, they
were instructed to signal to the researcher. All tasks were enabled by the researcher, ensuring

that the participants start the task from the correct location within the room.

Figure 3. Virtual nature environment.

Psychological well-being task: breathing tree

When transported to the breathing tree task, participants firstly were introduced to a
task objective and a big grey tree next to it (see Figure 4). The task objective was as follows
“Press and hold the grip button while inhaling and holding the breath, release the button while
exhaling. Breathe accordingly to the voice instructions to bring the tree back to life”. When
participants chose to start the task and pressed a button on the controller, background noises
(birds chirping) decreased, and a soothing voice started talking, introducing a breathing task
with deep inhales and deep exhales. When the audio started, the tree began to move —
expanding and contracting similarly to the lungs when breathing. As the exercise progressed,
the tree slowly came back to life — became more saturated in colour. At the end of the
exercise, the tree looked even brighter than the other trees in the background. The voice
leading the participants through the task wrapped up the exercise, and they could continue the

journey through the environment.
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exl
to the voice instructi
bring the tree back
-, (Press on this Box to start the
task

Figure 4. The task objective and the tree.

Physical well-being task: butterfly exercise

The butterfly exercise immediately started within the green tunnel. At the end of the
tunnel, a new task objective appeared — “Find all the butterflies and make them fly away as
fast as possible” (see Figure 5). Participants had to press a button on the controller to start the
task. During the butterfly exercise, participants had to stretch into various directions, find, and
using controllers press on all butterflies within the arch and make them fly away (see Figure
6). In the task, there was no actual time limit, just an encouragement to do it as fast as
possible in order to make the activity a little more challenging. After all butterflies have been

found, participants could continue to the final task.

Figure 5. Butterfly task objective.
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Figure 6. Butterflies in the arch.

Subjective vitality task: yoga

During the final yoga task, participants were introduced to a task objective to follow
the instructions of the coach, next to it there was a character of a female coach presented
standing on a yoga mat (see Figure 7). When pressed on the task objective the background
noises of nature became subdued and an audio recording started playing. It introduced the
exercises (e.g. side bends, chair pose) one by one together with the coach, first showing the
exercise at a normal speed and afterward doing it together with the participant a little slower
and incorporating the breath together with each exercise (see Figure 8). In the end, after the
stretching, the coach invited participants to take some deep breaths and suggested setting a
positive intention for the day. After the yoga task was done, the coach informed participants

about the end of the exercise, and the walk through the VE was over.

o

Figure 7. Task objective next to the coach.
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Figure 8. The coach doing a side bend to the left.

P1.2. Imaginative immersion before using VR and presence after using VR

Imaginative immersion before using VR

Results regarding imaginative immersion before using VR are presented in Table 4.
In comparison to the norms provided by Robillard et al. (2002), all means except for the
subscale Focus were positively statistically significantly higher than the norm. Meaning, that
people in this study had a stronger ability to immerse themselves into different environments.
The mean for the total ITQ in this study was also slightly statistically significantly higher than
the norm. Only the subscale representing one’s ability to focus was significantly lower in
comparison to the norms. This indicates that some participants within the sample could get

distracted from the task in the VE faster than the norm.

Table 4.

Imaginative immersion scores before using VR in the sample (N = 32) and the norm group.

Sample Norm group
M SD Score M SD t-test
Range
Involvement 20.41 5.67 8—-31 15.33 8.67 5.07*
Focus 20.78 4.29 12 -31 24 .81 7.54 -5.31*
Emotion 15.91 4.26 7-24 14.25 6.70 2.20*
Game 9.31 4.52 3-19 6.56 4.95 3.45%

Total 70.88 14.33 36 -110 64.11 13.11 2.67*
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Note. *p <0.05

Presence after using VR

The presence questionnaire was completed after using VR. Scores received are
presented in Table 5 and compared with two norm groups by Robillard et al. (2002, 2003).
For the total presence score, participants from this study scored significantly higher than the
two norm groups. However, based on the subscale scores, results are quite similar to the
norms provided by Robillard et al. (2002). Meaning that in comparison to the provided norms,
participants of this study experienced a similar level of presence as the norm. Only subscales
for Realism and Quality of Interface scored statistically significantly higher than the norms. In
comparison to the norms by Robillard et al. (2003) participants showed mostly higher scores
of presence. Only Possibility to Act and Possibility to Examine subscales were statistically
significantly lower, and the subscale Self-Evaluation of Performance remained similar to the

norm.
Table 5.

Presence scores before using VR in the sample (N = 32) and two norm groups.

Sample Norm group by Norm group by Robillard
Robillard et al. (2002) et al. (2003)
M SD Score M SD t-test M SD t-test
range

Realism 3266 4.65 24-44 2945 12.04 3.90* 289 55 4.57*
Possibility to Act  19.81  3.35 11-25 20.76 6.01 -1.60 222 4.6 -4.03*
Quality of 18.16 259 12-21 1537 515 6.08* 162 3.0 4.27*
Interface
Possibility to 1450 2.68 8-20 1538 490 -1.86 157 2.1 -2.54%*
Examine
Self-Evaluation 11.59 186 7-14 11.00 2.87 1.80 11.5 2.1 0.28
of Performance
Sounds 16.03 291 9-21 - - - 13.3 5.5 531*
Haptic 7.81 330 2-14 — — — 5.8 3.5 3.45*
Total 120.56 13.06 96— 10439 18.99 7.01*  93.7 11.2 11.64*

153

Note. *p <0.01
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**p <0.05
Imaginative immersion and presence

To sum up, results obtained for imaginative immersion and presence questionnaires
were mostly positive, with some exceptions. For imaginative immersion, results showed that
participants of this study had a strong ability to feel immersed in comparison to the norm.
Only the subscale Focus was an exception, scoring significantly lower than the norm. This
suggested that some participants might have problems maintaining their focus while
performing the tasks. Furthermore, the presence questionnaire has also shown some positive
results. The total score was positively significantly higher in comparison to the norm groups.
Most subscales either showed a significant positive difference or no difference between the
groups. Only Possibility to Act and Possibility to Examine subscales scored statistically
significantly lower than the norms. This suggests that participants lacked the freedom to do

and explore things in the VE.

P1.3. User experiences

Initial impressions

Initial impressions of the participants were quite mixed, but a few main topics
emerged. Thirteen participants mentioned that the environment was calming. As to reasons
why they found the environment calming some participants mentioned the sounds “It was a
comforting environment, especially including the sounds” (P12), others - the scenery “There
were a lot of flowers and trees which was soothing” (P26), and the space “I liked the big

space and the sense of being in a very open big space” (P15).

There was a division between participants regarding immersion and how realistic they
perceived the environment. On the one hand, five participants mentioned that the VE was
realistic, for example “I really liked the butterfly environment because I thought that looked
realistic (for example how they flew away) and aesthetically pleasing. I also felt involved
within the environment” (P27). On the other hand, six participants disagreed and mentioned
that the graphics could be improved “It’s amazing how quickly I was able to adapt to the
virtual environment, even though the graphics were not so sharp” (P1), “I like it overall.
Although, as a gamer I hoped/wished it could be as same in quality as present video games

are” (P11).

Other comments involved participant observations and personal experiences: “Looks

interesting, you can come very close to objects, and I really wanted to discover everything
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there was to see” (P13), “Pretty fun I would say, this was my first experience with VR and so

far, it was really cool!” (P17), “It feels like being in a new dimension similar to our own”

(P28).

Parts participants enjoyed

Regarding the question of what participants enjoyed the most throughout the virtual
experience, responses were quite similar to the previous question. The scenery and/or the
sounds were mentioned by 21 participants as the most enjoyable part of the environment. Two
participants also mentioned that they liked not having other people around, for example,
“Mostly the feeling of being in a place completely alone. It was not crowded and appeared
peaceful” (P2). The most complimented task throughout the experience was the butterfly task.
Six people specifically mentioned it as the task that they liked the most ““... Chasing the
butterflies in between the flowers was very nice” (P24). The rest mainly focused on the
aspects related to the HMD such as the ability to see things in 3D “I enjoyed that you could
see all sides and that the plants were positioned quite real” (P19) and interact with the
environment “I enjoyed moving around in the environment, as there was also almost no delay,

so it felt quite natural” (P27).

Parts participants did not enjoy

To the question about what participants did not enjoy during the virtual experience,
the most common answers were the small space and the graphics. Nine participants
mentioned the small space issue “I was a little bit afraid to bump into something in the real
room” (P30) and eight were not fond of the graphics “The quality of the assets themselves/the
textures” (P4) or objects within the environment “Perhaps the nature itself was not looking
that realistic” (P7). Furthermore, three participants mentioned struggling with controls during
the breathing exercises. During the yoga task, two participants mentioned that it was difficult
to do the poses and to press the buttons at the same time “... I needed to concentrate on
pressing the controller instead of focusing on my breathing” (P3). Three people also
mentioned that they wanted the environment to be a little more interactive, instead of only
focusing on following instructions “The breathing sections didn’t feel very interactive. I felt

like I was just repeating after them. I wanted to touch the leaves” (P24).

Should this VE be offered again?
When asked whether participants would recommend the gamified nature environment
to improve subjective vitality, 29 out of 32 participants answered yes. Sixteen participants

reported noticing a difference after using the VR and thinking that it could do the same to
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others “Yes, because it helped me calm down it can help others” (P9). Three participants
agreed that it can help others but only after some adjustments “Yes it can be, because if the
quality of the graphics improve it looks very real...” (P21). Six participants suggested that VR
could be used if a walk in a real-life nature environment is not possible “Yes, I think it should
be offered again as it is a nice way to enjoy nature especially when the weather is bad or for
people living in a big city with little nature around” (P6). Three participants who answered no,
suggested that a walk in real-life would be better ... I think an actual walk in nature and

being able to actually touch and feel the leaves for example would be beneficial...” (P22).

Motion sickness

Only two participants reported experiencing some motion sickness, their responses to
the question were “Only slightly” (P6) and “Not so much. I have motion sickness sometimes,
but it was alright now. Didn’t like the flicker in the screen, but the environment was cool
enough to overcome that irritation” (P15). The rest of 30 participants reported experiencing

no motion sickness, showing that the environment generally does not cause it.

Overall experience

To sum up, the initial impressions of the environment were quite positive. Various
elements such as sounds, scenery, and open space made the participants feel calm. Other
elements which were more interactive such as the ability to walk around and explore the
objects within the environment made the experience more interesting and engaging. Six
participants mentioned the butterfly exercise as their favourite since it was the most

Interactive one.

Regarding things that participants did not enjoy, eight participants mentioned the
graphics, and nine participants mentioned the amount of space in the room that was used for
the virtual experience. Additionally, in total eight participants wished that the controls would
be slightly more intuitive and/or mentioned that making all tasks more interactive would

create a more pleasurable experience.

The created VE was very well accepted, 29 out of 32 participants would recommend
using it to improve subjective vitality. Although three participants suggested that additional
improvements would be necessary for it to be even more effective, the majority (26

participants) mentioned that the virtual nature environment could help in times of need as it is.
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Finally, only two out of 32 participants mentioned experiencing slight motion
sickness, showing that the environment does not have a high chance of causing it for this

target group.

Phase 1. Discussion
The main goal of Phase 1 of this study was to explore the design and development
process of a gamified nature VE and address its usability (imaginative immersion, presence,

and user experiences) for 32 university students.

Pl.1. Design and development

In this phase, a gamified nature VE was designed and developed, creating a fully-
functional VR application meant to improve subjective vitality of university students. The
main challenge of the design phase was the small room. While the initial idea was to create a
virtual walk in nature, the small size of the room research was conducted in, did not allow to
implement it. Trying to avoid tripping on wires from the HMD and walking in a small space
can affect the feeling of presence of the user. Therefore, the original idea of a virtual walk
became a virtual experience. For the same reason, participants had to start each task from the
same spot in the room, thus, had to be guided back by the researcher after each task. This
could have also affected the feeling of presence. For safety reasons, Oculus Rift S offers a
feature where one can set the limits of the room. When a person moves too close to a wall or
an object, an either red or blue (based on the proximity) coloured contour appears to warn that
there is an object or a wall close by. This feature was implemented for this research to help
avoid injuries, yet it did not help with the space issue. Even with such adjustments, space
limitations were often mentioned by participants. This problem is difficult to address, yet
some solutions can already be found in the literature. For instance, Kanamori et al. (2018)
suggested implementing the actual objects from the room into the environment. That way,
people can better orient themselves within the room during the VR experience. Using real-life
objects in a nature setting seems as if it could negatively affect one’s experience, however, in
the study by Kanamori et al. (2018) real-life objects were implemented in a VR shooter game,
which took place outside. Partially displaying real-life objects in the environment did not
reduce immersion. This could be one of the solutions how to deal with a small space issue and
keep participants safe. Participants of that study suggested to ‘harmonize’ the real-life objects
with the VE by creating the real-life objects from the assets within the environment (e.g. a

chair made out of bushes). This way, participants can easily orient and recognize what it is,
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yet stay immersed within the environment (Kanamori et al., 2018). This idea seems especially
good for spaces with more furniture which is difficult to move. Another option could be to use
Electric Muscle Stimulation (EMS) as described by Auda, Pascher, and Schneegass (2019).
EMS actuates the legs creating an illusion that one is walking straight, which is the case in
VR, yet in reality, one walks in circles. This apparatus could help to explore large spaces
within the VE and not feel space-bound. However, the EMS is still a work in progress and
currently only works while walking straight and with no obstacles (Auda, Pascher, &
Schneegass, 2019). Finding creative solutions on how to implement VR in smaller
environments could be an interesting topic for future research since a lot of institutions that

could offer VR as a method of treatment do not have large empty rooms for people to walk in.

Another important aspect to discuss is the development of the VE because it has
highly adjusted the end result and was the most time-consuming part. Creating even a small
VE requires a lot of theoretical and technical skills, such as psychological concepts,
programming, human-computer interaction, and game design (Tao et al., 2021). Pre-made
assets from Unity Asset Store vastly helped to simplify the process from the technical side,
yet sometimes the assets did not look highly realistic (e.g. some flowers within the
environment were 2D instead of 3D) or did not do what the initial design required (e.g. yoga
animations did not include certain poses). Therefore, some things had to be adjusted based on
what was offered in the online store. Using pre-made assets can help reduce the development
time and costs, which are especially important in the health sector since that makes the
environment cheaper and more easily available. However, due to such shortcuts, some design
aspects might not be achieved. For example, if certain characters or objects are not available
in the asset store, one would have to either think of how to replace them or create them out of
different objects. An example of creating something from different objects was done in this
study for the butterfly exercise. In the exercise, the green tunnel for the butterflies was created
out of multiple green garden arches available on the asset store and placed next to each other
to form a tunnel. It is important to keep in mind that health-related games will not reach the
quality of commercial ones. They first need to focus on addressing health-related needs and
not on the design itself. Therefore, an optimization problem should be considered: which level
of precision needs to be reached in the VE, what is realistic, and affordable for health-related
games. Additionally, end-users could be consulted in the design phase to help developers
understand what is important to the end-user and what should they pay more attention to (Tao

et al., 2021). This could also help with VR health game adoption and adherence rates (Tao et
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al., 2021). For the VE created, this research was only a pilot test and using the input received
from participants some adjustments could already be made from both design and development
parts, potentially improving the effects on usability, presence, and subjective vitality. The
created VE is stored and available upon request at the BMS lab (see
https://bmslab.utwente.nl/).

P1.2. Imaginative immersion and presence

In comparison to the norms provided by Robillard et al. (2002) participants of this
study scored higher (except for the ability to focus) on imaginative immersion, meaning, that
their ability to feel immersed was higher than expected. Which could have helped them to
easier adjust and feel involved in the VE. People with a high sense of imaginative immersion
can also let go of outside distractions faster and focus their attention on the task at hand easier
(Krassmann et al., 2020). They tend to create stronger bonds with the environment, characters
in it, and even experience the emotions that the atmosphere entails (Nacke & Lindley, 2008).
Obtained high imaginative immersion scores suggested that participants in this study will
experience a higher sense of presence since the ability to feel immersed is related to the
ability to feel present (Khashe, Becerik-Gerber, Lucas, & Gratch, 2018). However, obtained
presence questionnaire scores were very similar to the provided norms (Robillard et al. 2002,
2003) only Realism, Quality of Interface, Sounds, and Haptic subscales scored statistically
significantly higher. This means that participants have experienced presence within the VE,
but it was not as high as their imaginative immersion had predicted. According to the study
done by van Gisbergen, Kovacs, Campos, van der Heeft, and Vugts (2019) a more realistic
environment does not immediately imply more immersion, presence, and even more realistic
behaviour from the user. All elements within the environment have to be on a similar level for
the environment to be perceived as more realistic (van Gisbergen et al., 2019). Another aspect
to consider is that according to Riva et al. (2007) there is a bidirectional interaction between
feeling present within the VE and emotions (e.g. anxiety, relaxation). Meaning, when people
feel present within the VE, it can elicit emotions but at the same time, a VE that makes people
feel certain emotions can create a stronger sense of presence (Riva et al., 2007). Thus,
exploring target groups with different abilities to experience immersion could provide a good
insight into presence. It could also prove to be useful investigating the emotional aspect
within the VR to see which emotions can elicit the most presence or to explore what type of

environments and/or tasks can evoke certain emotions.
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The methods chosen to measure imaginative immersion and presence were simple to
use, analyse, and were not too labour intensive. Since participants had to fill in multiple
questionnaires, it was good that the translated immersive tendencies and presence
questionnaires were relatively short and did not repeat themselves — one was administered
before and the other one after the experiment. However, there were two main drawbacks to
the questionnaires. The first one was that the internal consistencies for some subscales (Focus
in the immersive tendencies questionnaire, Quality of Interface, and Possibility to Examine in
presence questionnaire) were low. It is suggested that for scales with less than ten items, an
acceptable Cronbach’s alpha should be o > 0.5 (Pallant, 2011), meanwhile, some of the
subscales scored as low as a =.32. The second drawback was that there was little information
on the translated questionnaires in terms of psychometric properties, aside from the original
literature with longer questionnaire versions. Suggesting that their validity is not clear and

that further assessment is needed.

P1.3. User experiences

In the open-ended questions after using the VE, participants mentioned enjoying the
interaction with the VE. The butterfly exercise was mentioned the most, in comparison to the
other tasks, as a favourite. This task was also the most interactive one since participants could
move within the environment and their actions could change something in it (e.g. a press of a
button made the butterflies fly away). That is an example of simulation, where the user does
something within the environment and the outcome is presented immediately (cause and
effect) (Oinas-Kukkonen & Harjumaa, 2008). In the future, by implementing more
simulation-based design, participants could be taught positive behaviours more efficiently.
Learnt positive behaviours could be then applied in real-life (e.g. participants get rewarded for
choosing healthy food instead of junk food in a virtual supermarket). Additionally, if
participants enjoy more simulation-based games, the format could be used to increase

adherence to VR treatments that require more sessions (Tao et al., 2021).

A major point for improvement mentioned by participants was graphics. Although
most mentioned that the graphics did not intervene with the task enjoyment, it was still a point
for improvement, particularly in comparison to the current graphics in VR games. However,
as mentioned previously, creating a VE from scratch can be very time and labour intensive,
especially when it comes to the intricacies of nature (e.g. trees swaying in the wind, leaves
falling). The resolution from 3D models can be lost due to technological misinterpretations

(data loss, storage, computational constraints) which leads to 3D models looking very simple
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in comparison to the real world (Huang, Lucash, Simpson, Helgeson, & Klippel, 2019). In
other words, without additional work, VR displays cannot produce all the small details people
see in reality. This suggests considering the optimization problem - find the middle ground

between effectiveness, time, money, and quality.

Using open-ended questions after experiencing the VE, encouraging both positive and
negative points, was used to receive input from participants. This way information that was
not collected using standardized questionnaires was obtained (e.g. that usability could be
improved during breathing tasks). Participant feedback could be used to improve the
environment in the future. However, in the background questionnaire participants reported
that they were only somewhat familiar with VR environments and that they enjoy walking in
nature very much. This could have had an influence on their experiences within the VE and
the feedback that they gave, since participants who do not enjoy walks in nature might have
reacted more negatively or participants with more VR experience could have provided
feedback on more technical aspects of the environment. For future research, it would be
interesting to use input from a heterogeneous sample (in terms of experience with VR and
enjoyment of walking in nature), to create a human-centred design. Participants who enjoy
and do not enjoy walks in nature could provide insights on how to make the environment
pleasurable for both groups and participants with a lot of experience with VR could help with
more intricate questions regarding development, layout, and details, whereas inexperienced

users could help with usability.

Strengths and limitations

This study had several strengths. The main strength was that while working in
collaboration with an interdisciplinary team, a fully functioning gamified nature VE was
created, which was the aim of this part of the study. Phase 1 has also explored the process of
design and development, and how the final product can change due to various reasons (e.g.
technical skills, time, space limitations). It has also provided a good insight into important
aspects that should be kept in mind while creating a VE. For example, the study showed that
interactive experiences are appreciated more by users and created a well-received base for a
VE that could improve subjective vitality of students. Finally, questionnaires showed that
participants felt present in the VE, reported not experiencing motion sickness, and that they
would recommend the gamified VE to improve subjective vitality or as an alternative to a real

nature experience to others.
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This study also had some limitations that should be considered. The developed
environment is still a prototype. Before implementing it in research or practice, some
adjustments are required. For example, the animations during the yoga task should be adjusted
to improve clarity, in one of the poses the yoga teacher crosses the legs which was not meant
to happen, and some participants have tried to mimic it. Furthermore, tasks involving
breathing (tree and yoga) were less interactive, the pressing of a button did not actually affect
anything within the environment, which could be improved for the final product to increase

usability and make the end-user feel more involved in the process.

Phase 2: Pilot effectiveness study of the VE on subjective vitality
Phase 2. Method

Participants
The study involved the same 32 participants as in Phase 1, for further details refer to

the participant section in Phase 1.

Procedure

The procedure for this study followed a strict scenario. When arrived at the lab, each
participant was informed about the procedure, given the time to read and sign the informed
consent. Only the intention and use of the stressful task (public speaking and mental
arithmetic) was not disclosed. Afterward, one was asked to fill in a questionnaire with
questions regarding one’s age, gender, nationality, level of education, a background
questionnaire about previous experiences with VR, nature, and current stress levels (see Phase

1), and a questionnaire measuring imaginative immersion.

After the introduction and questionnaires, the HR monitor was attached to the
participant and he or she was introduced to the first task — public speaking, followed by a
mental arithmetic task. Both tasks including the preparation lasted approximately 15 minutes.
After that, the participant was encouraged by the researcher to take a seat and was given two
questionnaires: one measuring subjective vitality and the other measuring energy-tension.
While the participant was busy filling out the questionnaires, other tasks were prepared by the

researcher.

After the questionnaires were completed, the participant was introduced to the VR

display, instructed regarding its use, motion sickness, and hygiene safety measures.
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Controllers were given to the participant and he or she was invited to put on the VR headset.
Then the second part of the research began — a gamified virtual nature experience. The
participant had to first walk in a nature VE (in a room in the laboratory) to get used to the
environment and then was introduced to the three tasks one by one: breathing tree, butterfly
exercise, and yoga task. All tasks were started by the researcher and involved the use of
controllers to interact with the software. The virtual experience lasted approximately 10

minutes.

After all three tasks were completed, the gamified walk in nature was over and the
participant was invited by the researcher to take off the headset. He or she was asked to again
fill in subjective vitality and energy-tension questionnaires together with the usability
questionnaire regarding presence, and to answer some open-ended questions inspired by
Foronda et al. (2016) regarding user experiences (see Phase 1). When everything was
completed, the researcher explained more regarding the intention of the stressful task and why
deception was used regarding the recording of the task and asked again for informed consent.
Finally, the importance of subjective vitality and the research itself was explained, additional

questions were answered.

Measures

Subjective Vitality Scale (SVS)

The 7-item SVS assesses “energy and aliveness” (Ryan & Frederick, 1997, p. 530; see
Appendix A). It combines both psychological well-being and one’s ability to function or
physical well-being (Castillo, Tomds, & Balaguer, 2017). It consists of six positively phrased
items (e.g. “I look forward to each new day”’) and one negatively phrased (“I don’t feel very
energetic”) item. Each statement within the measure is evaluated on a Likert scale from 1 =
“not at all” to 7 = “very true”. The minimum score one could receive for the SVS was 7 and
the maximum was 49. The SVS has shown good construct validity, with all items showing
high factor loadings (loadings > 0.60) (Bostic, Rubio, & Hood, 2000). Cronbach’s alpha for
the questionnaire in the before VR condition was acceptable (a = .75), and for the after VR

condition was poor (a =.57).

Activation—Deactivation Adjective Check List (AD ACL)
AD ACL is a self-report measure constructed by Thayer (1986) to measure
momentary arousal or activation states (see Appendix B). The measure provides 20 different

adjectives (e.g. active, wakeful, tense) and each of them is scored on a four-point scale from 1
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= “definitely do not feel” to 4 = “definitely feel” (see Table 6). It is scored in two pairs of
bipolar dimensions comprised of Energetic arousal (Energy vs. Tiredness) and Tense arousal
(Tension vs. Calmness) (Boyle et al., 2015; Thayer, Newman, & McClain, 1994). According
to Thayer (1978), the bipolar dimensions for Energetic and Tense arousal have good within-
pair correlations (-.58 and -.50 respectively). These states form a curvilinear relationship,
meaning that moderate levels of tension can improve energy, yet higher levels of tension

cause tiredness and reduce energy (Thayer, 1986).
Table 6.

An overview of the AD ACL and its subscales as provided by Thayer (1986).

Number Example item Min Max Cronbach’s
of items alpha

before after

VR VR
AD ACL Total 20 20 80
Tense Arousal 10 10 40 0.80 0.74
Tension 5 Jittery 5 20
Calmness 5 Quiet 5 20
Energetic Arousal 10 10 40 091 0.83
Energy 5 Lively 5 20
Tiredness 5 Sleepy 5 20

Note. AD ACL = Activation—Deactivation Adjective Check List.

Physiological Measure

To measure whether any physiological changes occur throughout the experience, HR
and HRV have been chosen to measure. An increase in HR shows the activity of the
sympathetic nervous system which gets activated while engaging in more challenging
activities such as sports, whereas the parasympathetic system activates when HR slows down
when one goes to sleep for example (Taelman, Vandeput, Spaepen, & Van Huffel, 2009). The
interaction between the two nervous systems is HRV. A change in HR and its variability can
help determine individuals’ stress levels (Taelman, Vandeput, Spaepen, & Van Huffel, 2009).
Thus, to be able to track one’s HR and HRV non-intrusively, an Empatica E4 wristband

tracker has been used. It is a wearable that helps to acquire data in real-time, among other
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trackers it provides photoplethysmography (PPG) which is a blood volume pulse and from it,

the required measures can be derived.

The HR and HRV were analysed using Kubios HRV standard version 3.5.0. Each
participant’s data was uploaded and processed separately within the software. However, the
output from Empatica E4 recorded only when a certain threshold was reached which was not
specified in the manual. Meaning, that there were a lot of missing data points, and most data
outputs were similar to Figure 9. Important to note was that the time points also did not
transfer correctly in the data analysis program, and it could not be recognized at which point
in time measurements took place. Therefore, data were not analysed further and were not

taken into the discussion.
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Figure 9. An example of a dataset with very few measurement points.

Stress induced in a laboratory setting

To measure whether a walk in a virtual forest and additional tasks affect subjective
vitality, first, slight to moderate psychological tension had to be induced. Although there are
multiple ways to do so in a laboratory setting, the most efficient strategy is a combination of
public speaking and cognitive tasks with a sense of uncontrollability and a social-evaluative
threat where one could be negatively critiqued by others (Dickerson & Kemeny, 2004). The
procedure chosen was similar to the Trier Social Stress Test (see Kirschbaum, Pirke, &
Hellhammer, 1993). To begin with, the participant was instructed to give a short speech of
five minutes to the researcher. This was an unexpected task, and the participant had only five
minutes to choose and prepare a speech from a list of topics (see Appendix E). He or she was
informed that the speech, as well as an additional cognitive task, will be video recorded and
analysed afterward (which was not the case, there was a camera, but it was not on). This
instruction was given to create a social-evaluative threat. If the participant finished early, he
or she was encouraged by the researcher to continue the speech (e.g. “Your time is not over
yet, please continue”). Afterward, a time-bound (lasting five minutes) mental arithmetic task
was introduced and performed by the participant. The task was to count backwards in steps of

13 from 1687.
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Data analysis

For each questionnaire, similarly as in Phase 1, data were analysed using SPSS. A
Shapiro-Wilk test of normality was performed, and based on the results an appropriate
analysis method was chosen. If data were normally distributed (p > 0.05), then a paired
samples t-test was performed comparing before VR and after VR conditions. If it deviated

from a normal distribution (p < 0.05) then the Wilcoxon signed rank test was used.

Subjective Vitality Scale

To analyse the SVS, the negatively phrased (“I don’t feel very energetic”) item from
the scale was reversed in SPSS. Then, means and standard deviations were calculated for
before and after using the VE and reported together with the t-value and significance of the

difference in means.

Activation—Deactivation Adjective Check List

Before analysing the AD ACL, Tiredness (except for “wide-awake” and “wakeful”)
and Calmness subscale scores were reversed. Then, from Energy and reversed Tiredness
subscale scores means and standard deviations were calculated and reported for Energetic
arousal before and after VR conditions. Finally, means and standard deviations were
calculated and reported for Tense arousal before and after VR conditions by combining

reversed Calmness and Tension subscale scores.

Phase 2. Results
H 1: Subjective Vitality

The conducted test of normality has shown that the before VR condition was not
normally distributed (p = 0.03) and the after VR condition data was normally distributed (p =
0.14). The normality violation in the before condition was minor, therefore, paired samples t-
test was decided to perform to measure subjective vitality between both conditions. A
statistically significant increase was found for subjective vitality from before (M =4.63, SD =
0.91) to after VR (M =4.95, SD = 0.65) conditions; #31)=-2.71, p = 0.01. Meaning, that VR

had a positive impact on subjective vitality of participants.

H 2: Energy-Tension
Table 7 summarizes means and standard deviations for Energetic and Tense arousal
states of the AD ACL for before and after VR conditions. For both Energetic and Tense

arousal before and after VR conditions, normality tests were conducted and were all normally
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distributed (p > 0.05). Therefore, a paired samples t-test was chosen to conduct. It showed no
statistically significant difference between before and after VR conditions for Energetic
arousal. This means that there was no improvement regarding the energy of participants.
However, a statistically significant decrease in Tense arousal was found from before to after
VR conditions. This means that the environment reduced the tension and stress participants

accumulated during stressful tasks.
Table 7.

Energy-tension results before and after using VR.

Before using VR After using VR

M SD M SD t-test
Energetic arousal  2.98 0.67 3.14 0.48 -1.64
Tense arousal 2.49 0.59 1.67 0.40 8.44%

Note. * p<0.01

Correlation between subjective vitality and energy-tension

For descriptive purposes, it was decided to carry out a post-hoc analysis. Its goal was
to determine whether there is a correlation between subjective vitality and energy-tension
scales between pre- and post- VR conditions. To do so, first, the Tense arousal subscale from
AD ACL was reversed. Then, a Pearson’s correlation was conducted to determine the
direction and strength of the relationship between the two scales. It showed a strong
significant positive correlation between subjective vitality and energy-tension in the pre- VR
condition (r =.72, p <0.01). The post- VR condition showed a moderate significant positive
correlation (» = .47, p < 0.01) between subjective vitality and energy-tension. This analysis

has revealed that there is a positive relationship between the two questionnaires.

Phase 2. Discussion
The second phase was a pilot effectiveness study, its goal was to introduce the
gamified nature VE and test whether it can help to improve subjective vitality and energy-

tension of 32 university students after a stressful situation.
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P2.1. Subjective vitality

The first hypothesis explored whether students would report greater subjective vitality
during the before VR condition in comparison to the after VR condition. Questionnaire results
showed a significant positive change in subjective vitality in the after VR condition in
comparison to the before VR condition. This is in line with prior research suggesting that a
five-minute walk in a nature VE is enough to improve subjective vitality (Mattila et al., 2020).
In the case of this study, a virtual walk was not implemented, yet a short virtual nature
experience with some gamified psychological and physical elements was able to yield similar
results. Findings of this study together with other literature (e.g. Mattila et al., 2020; Plante et
al., 2006) suggest that using VR is a time-efficient way to improve subjective vitality short-
term: only a few minutes are enough to find noticeable results immediately after using the
VR. Exploring for how long the positive effects of the VE last and the long-term effects of

using VR to improve subjective vitality would be beneficial to further explore the field.

P2.2. Energy-tension

The second hypothesis compared energy-tension in the before and after VR
conditions. It showed a statistically significant decrease in the after VR condition compared to
the before VR condition for Tense arousal. Meaning that participants became calmer after the
VR experience. However, no significant differences have been found between before and
after VR conditions for Energetic arousal. Such results could be explained by a study
conducted by Plante et al. (2006). The findings of the study suggested that exercising outside
increased energy yet was not necessarily relaxing. Suggested reasons for that were fresh air,
scenery, and alertness in case of an emergency. Findings also suggested that although VR
condition paired with exercise did not increase energy, it reduced tension, which was also
found in this pilot effectiveness study. Exercising in an enclosed environment provides a

sense of security and comfort, reducing distractions (Plante et al., 2006).

Aside from exercising outdoors multiple studies have shown that only exercise itself
can improve energy, psychological exercises are not sufficient enough (Giurgiu, Ebner-
Priemer, & Dumuid, 2021; Plante et al., 2006). However, in this study using a combination of
breathing, butterfly catching, and yoga exercises the participant energy levels did not increase.
Therefore, it could only be hypothesized that maybe the exercises were not engaging or
challenging enough for the participants. Adding moderate-to-vigorous physical activity such
as walking at a higher pace could potentially be beneficial in improving Energetic arousal as it

has been shown by Bourke, Hilland, and Craike (2021). Since physical activity is a crucial
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part of subjective vitality and the current VE did not affect it that much, combining the current
environment with a more intense physical exercise in the future could create an all-rounding

VR experience.

Subjective vitality and energy-tension

A post-hoc analysis was conducted to explore whether subjective vitality and energy-
tension questionnaires in before and after VR conditions were correlated. The analysis
showed statistically significant positive correlations between both questionnaires. Meaning
that when subjective vitality increases, positive aspects of energy-tension increase as well,
and the other way around, reduced tension and improved energy results in positive emotion
and positive action (Dagar, Pandey, & Navare, 2020). This goes in line with the theory that
both psychological and physical well-being is required to achieve subjective vitality (Ryan &
Frederick, 1997).

On a more variable level, subjective vitality and energy-tension questionnaires
evaluated each participant’s momentary experiences throughout the study and helped to self-
evaluate feelings both from positive and negative prisms. The questionnaires were short and
easy to administer. The only problem with the energy-tension questionnaire was that not all
participants understood the meaning of some words. The researcher had to have explanations
prepared for some of the expressions such as “full-of-pep” or “placid”. Thus, in the future, it
would be good to either find a way to simplify the words or have explanations next to them,

especially if used with non-native English speakers or younger target groups.

Strengths and limitations
There were multiple strengths that Phase 2 of the study has shown. The first one was that
the pilot test proved that the VE can improve subjective vitality and reduce Tense arousal.

That was the main goal of this phase of the study. The second one concerns the appropriate,

short, and efficient questionnaires that were chosen to measure subjective vitality and energy

tension. They simplified the process both for participants and the researcher.

Some limitations have also been observed throughout the second phase. The first and the
most important limitation was that there was no control group. Without a control group it is
impossible to conclude whether effects can be attributed to the intervention. Subjective
vitality and energy-tension could have increased just because some time has passed since the
stressful tasks were conducted and the tension decreased after time as an adaptive reaction.

Secondly, during the stressful tasks (both public speaking and mental arithmetic) participants



VIRTUAL REALITY AND SUBJECTIVE VITALITY 45

were facing a window (which could not be covered), the university is located in a relatively
green area and participants could look through the window while performing the tasks which
might have positively affected their stress levels. Thirdly, sometimes unrelated noises were
interrupting the experience such as people walking in the hallways, closing doors, trucks
passing by outside, and others. This could have potentially also affected the experiences,
inducing even more stress during the stressful task and/or reducing the effectiveness of the
VE. Finally, because the physiological measure could not be analysed, it is not clear whether
the stress induced in the laboratory setting had an impact on participants' physiological
reactions. Although self-reported measures show a change, the physiological measurement in

its objective character was also as important for this study and yet was not addressed.

Future directions

Creating a VE to improve subjective vitality from scratch was a resource-intensive
journey. It required to learn about VR application development, technology, theory, and
practice. It took multiple people to make a working prototype. However, it still requires a lot
more work to adjust, polish, and test it, to create a final product that could be introduced to the
public. Even then, the final product might not be as appealing as the other VR applications the
gaming industry makes. This raises a question, is it worth creating completely new VE’s

instead of waiting on the gaming industry to provide people with well-being applications?

There are two main drawbacks to creating completely new VR applications. Firstly,
designing, developing, and testing a VR application is a tiresome and resource-intensive
process (Hanson & Shelton, 2008). It can take a lot of time to create a VE which has
significant effects. Although in this study a working prototype has been created, it still
requires more work (such as adjusting the tasks based on the received feedback, creating an
interface for the users) and research to finalize it. Secondly, developing a VE is expensive
(Hanson & Shelton, 2008). It requires a team of people with different skills, computers, VR
equipment, and testing which can also be costly. Even after creating the VE and releasing it
into the public maintenance of the environment will be required which, again, demands

resources.

There are also some positives about creating new VR applications. Firstly, relying on
the gaming industry to create something useful for well-being is unsustainable. Most games
focus on being engaging and attractive to the user, thus additional testing whether the
applications provide any benefits is unnecessary for their creators. There are already

companies focusing on creating VE’s for psychologists, yet they find simpler methods to
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develop a VE. For example, the company MOOVD which creates VE’s for exposure therapy
uses 360° video material implemented into VR (Moovd, n.d.). They save time and resources
on development and instead invest in good quality video materials. The idea used in this
research, creating the environment out of “blocks™ or tasks, could also help reduce costs and
improve user engagement. By creating different tasks to improve subjective vitality the
knowledge of its creators increases and the development price for each block reduces (Hanson
& Shelton, 2008). Such blocks can be later combined to create a different experience each
time and even be used to target more specific problems. Having a library of different blocks
would also ensure that users are not bored of the environment and can continue using it for
longer. Secondly, from the user perspective, when the environment is made available, people
can purchase it once and use it daily. The use of a VE that can improve subjective vitality
could prevent negative emotions, help relax, and breathe, encourage physical movement
throughout the day. Using the environment could prevent developing mental health and
physical problems, which might be costly in the future. Such environment could also be used
together with or after treatment. Thirdly, buying VR equipment may seem to be costly, yet
VR HMD’s are becoming a more mainstream product, available for more affordable prices
than before (Harley, 2020). Furthermore, purchasing the HMD could still be a cheaper option
than waiting for the problems to progress and then seeking treatment, or as maintenance after

treatment.

To conclude, creating a completely new VE to improve subjective vitality is very
resource-intensive, yet a start has already been made in this study — a working prototype has
been created. Showing very good results, it gives hope that by improving upon already
created blocks and with the addition of new ones an impactful environment can be completed.
With it, initial development costs can be outweighed by reduced mental health and physical

problems of the VE’s users.

General conclusion
To sum up, this study had two main goals. The first one was to design and develop a
virtual nature environment with gamified elements for university students and to explore its
usability using imaginative immersion, presence, and user experiences. The second goal of
this study focused on exploring to what extent a gamified nature VE can improve subjective

vitality and energy-tension of students after a stressful situation. Throughout the course of the
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study, a fully functioning prototype of the VE was created while working together with an
interdisciplinary team. The questionnaires regarding usability showed that participants of the
study have a strong ability to feel immersed and reported mostly positive feelings of presence
within the environment. User experiences highlighted that with some additional adjustments
regarding usability, the environment could be used in the future. Most participants mentioned
enjoying the experience, and that they would recommend it to others. To induce some stress,
public speaking and mental arithmetic tasks were used before the VR experience. The HR
monitor used did not provide sufficient data, thus, the physiological measures were decided
not to include in the data analysis. Subjective vitality and energy-tension questionnaires were
conducted before and after using VR. They showed that after using the gamified nature VE,
participants have expressed significantly improved subjective vitality and reduced tension.
However, these results should be taken with caution, since there was no control group to
account for other variables. Throughout the two phases, both goals were achieved, creating a
fully functioning prototype of a gamified nature VE which can improve its users’ subjective
vitality. With some adjustments regarding usability, interactions with the environment, and
more aerobic exercises, this VE would be ready to test on larger and/or more diverse groups

of users to improve subjective vitality.
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Appendix A
Subjective Vitality Scale by Ryan and Frederick (1997).

On a scale from 1 = “not at all true” to 7 = “very true” describe your feelings at this moment.

[a—y

I feel alive and vital

I don’t feel very energetic*

Sometimes I am so alive I just want to burst
I have energy and spirit

I look forward to each new day

I nearly always feel awake and alert

A o

I feel energized

*Reversed item
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Appendix B
Activation Deactivation Adjective Check List by Thayer (1986).

On a scale from 1 = “definitely do not feel” to 4 = “definitely feel” describe your feelings at

this moment.

Energetic
Lively
Active
Vigorous
Full-of-pep
Sleepy*
Drowsy*
Tired*
Wide-awake
. Wakeful

A S AR A e
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. Tense

[a—
[\

. Clutched-up
. Fearful

—_ =
W

Jittery

—
W

. Intense
. Still*

. At-rest*
. Calm*

. Quiet*
20. Placid*

—_— = e
O o0 3 O

*Reversed item
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Appendix C
Immersive Tendencies Questionnaire original by Witmer & Singer (1998), revised and

translated by Robillard et al. (2002).

Indicate your preferred answer by marking an "X" in the appropriate box of the seven-point
scale. Please consider the entire scale when making your responses, as the intermediate levels
may apply. For example, if your response is once or twice, the second box from the left
should be marked. If your response is many times but not extremely often, then the sixth (or

second box from the right) should be marked.

1. Do you easily become deeply involved in movies or tv dramas?

| | | | | | | |
NEVER OCCASIONALLY OFTEN

2. Do you ever become so involved in a television program or book that people have
problems getting your attention?

| | | | | | | |
NEVER OCCASIONALLY OFTEN

3. How mentally alert do you feel at the present time?

| | | | | | | |
NOT ALERT MODERATELY FULLY ALERT

4. Do you ever become so involved in a movie that you are not aware of things
happening around you?

| | | | | | | |
NEVER OCCASIONALLY OFTEN

5. How frequently do you find yourself closely identifying with the characters in a
storyline?

| | | | | | | |
NEVER OCCASIONALLY OFTEN

6. Do you ever become so involved in a video game that it is as if you are inside the
game rather than moving a joystick and watching the screen?

| | | | | | | |
NEVER OCCASIONALLY OFTEN
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10.

11.

12.

13.

14.

15.

How physically fit do you feel today?

| | | | | | | |
NOT FIT MODERATELY FIT EXTREMELY FIT

How good are you at blocking out external distractions when you are involved in
something?

| | | | | | | |
NOT VERY GOOD SOMEWHAT GOOD VERY GOOD

When watching sports, do you ever become so involved in the game that you react as
if you were one of the players?

| | | | | | | |
NEVER OCCASIONALLY OFTEN

Do you ever become so involved in a daydream that you are not aware of things
happening around you?

| | | | | | | |
NEVER OCCASIONALLY OFTEN

Do you ever have dreams that are so real that you feel disoriented when you awake?

| | | | | | | |
NEVER OCCASIONALLY OFTEN

When playing sports, do you become so involved in the game that you lose track of
time?

| | | | | | | |
NEVER OCCASIONALLY OFTEN

How well do you concentrate on enjoyable activities?

| | | | | | | |
NOT AT ALL MODERATELY WELL VERY WELL

How often do you play arcade or video games? (OFTEN should be taken to mean
every day or every two days, on average.)

| | | | | | | |
NEVER OCCASIONALLY OFTEN

Have you ever gotten excited during a chase or fight scene on TV or in the movies?
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| | | | | | | |
NEVER OCCASIONALLY OFTEN

16. Have you ever gotten scared by something happening on a TV show or in a movie?

| | | | | | | |
NEVER OCCASIONALLY OFTEN

17. Have you ever remained apprehensive or fearful long after watching a scary movie?

| | | | | | | |
NEVER OCCASIONALLY OFTEN

18. Do you ever become so involved in doing something that you lose all track of time?

| | | | | | | |
NEVER OCCASIONALLY OFTEN
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Appendix D
Presence Questionnaire original by Witmer & Singer (1998), revised and translated by

Robillard et al. (2002).

Characterize your experience in the environment, by marking an "X" in the appropriate box of
the 7-point scale, in accordance with the question content and descriptive labels. Please
consider the entire scale when making your responses, as the intermediate levels may apply.
Answer the questions independently in the order that they appear. Do not skip questions or

return to a previous question to change your answer.
WITH REGARD TO THE EXPERIENCED ENVIRONMENT:

1. How much were you able to control events?

| | | | | | | |
NOT AT ALL SOMEWHAT COMPLETELY

2. How responsive was the environment to actions that you initiated (or performed)?

| | | | | | | |
NOT MODERATELY COMPLETELY
RESPONSIVE RESPONSIVE RESPONSIVE

3. How natural did your intentions with the environment seem?

| | | | | | | |
EXTREMELY BORDERLINE COMPLETELY
ARTIFICIAL NATURAL

4. How much did the visual aspects of the environment involve you?

| | | | | | | |
NOT AT ALL SOMEWHAT COMPLETELY

5. How natural was the mechanism which controlled movement through the

environment?

| | | | | | | |
EXTREMELY BORDERLINE COMPLETELY
ARTIFICIAL NATURAL

6. How compelling was your sense of objects moving through space?
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10.

I11.

12.

13.

14.

| | | | | | | |
NOT AT ALL MODERATELY VERY
COMPELLING COMPELLING

How much did your experiences in the virtual environment seem consistent with your
real world experiences?

| | | | | | | |
NOT MODERATELY VERY
CONSISTENT CONSISTENT

Were you able to anticipate what would happen next in response to the actions that
you performed?

| | | | | | | |
NOT AT ALL SOMEWHAT COMPLETELY

How completely were you able to actively survey or search the environment using
vision?

| | | | | | | |
NOT AT ALL SOMEWHAT COMPLETELY

How compelling was your sense of moving around inside the virtual environment?

| | | | | | | |
NOT AT ALL MODERATELY VERY
COMPELLING COMPELLING

How closely were you able to examine objects?

| | | | | | | |
NOT AT ALL PRETTY VERY
CLOSELY CLOSELY

How well could you examine objects from multiple viewpoints?

| | | | | | | |
NOT AT ALL SOMEWHAT EXTENSIVELY

How involved were you in the virtual environment experience?

| | | | | | | |
NOT MILDLY COMPLETELY
INVOLVED INVOLVED INVOLVED

How much delay did you experience between your actions and expected outcomes?
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15.

16.

17.

18.

19.

20.

21.

64

| | | | | | | |
NO DELAYS MODERATE LONG
DELAYS DELAYS

How quickly did you adjust to the virtual environment experience?

| | | | | | | |
NOT AT ALL SLOWLY LESS THAN
ONE MINUTE

How proficient in moving and interacting with the virtual environment did you feel at
the end of the experience?

| | | | | | | |
NOT REASONABLY VERY
PROFICIENT PROFICIENT PROFICIENT

How much did the visual display quality interfere or distract you from performing
assigned tasks or required activities?

| | | | | | | |
NOT AT ALL INTERFERED PREVENTED
SOMEWHAT TASK PERFORMANCE

How much did the control devices interfere with the performance of assigned tasks or
with other activities?

| | | | | | | |
NOT AT ALL INTERFERED INTERFERED
SOMEWHAT GREATLY

How well could you concentrate on the assigned tasks or required activities rather than
on the mechanisms used to perform those tasks or activities?

| | | | | | | |
NOT AT ALL SOMEWHAT COMPLETELY

IF THE VIRTUAL ENVIRONMENT INCLUDED SOUNDS:
How much did the auditory aspects of the environment involve you?

| | | | | | | |
NOT AT ALL SOMEWHAT COMPLETELY

How well could you identify sounds?
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| | | | | | | |
NOT AT ALL SOMEWHAT COMPLETELY

22. How well could you localize sounds?

| | | | | | | |
NOT AT ALL SOMEWHAT COMPLETELY

IF THE VIRTUAL ENVIRONMENT INCLUDED HAPTIC (SENSE OF TOUCH)

23. How well could you actively survey or search the virtual environment using touch?

| | | | | | | |
NOT AT ALL SOMEWHAT COMPLETELY

24. How well could you move or manipulate objects in the virtual environment?

| | | | | | | |
NOT AT ALL SOMEWHAT EXTENSIVELY

65
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Appendix E
A list of public speaking topics

Please choose a topic from the list below and prepare a speech of 5 minutes.

Marketing determines junk food’s popularity

It is not enough to be smart to survive

Poverty is a state of mind

Hyperactive children do not need medication
Celebrities are not role models

The soul exists

Boys and girls should be taught in separate classrooms

Human cloning is ethical

o N kWD

Playing violent video games increases aggression

10. Self-driving cars should be illegal

66
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Appendix F
Requirement Checklist

Nature Environment
e Set the nature environment (visual environment and walking paths)
¢ Add nature sounds

e Create character movement (within the virtual environment and the physical

room)
e Set controllers

e The nature environment is the main room that transports the participant to a
different task. Each task is in a new "Virtual" Room

e [Each exercise is enabled by the researcher

Breathing Exercise “Tree”
e Introduce the participant to a new task (via the task objective)
e Set the pre-recorded voice instruction

e Set animation of the tree (colour, from dark to saturated and if possible,

movement, expanding based on the breathing)
e Interaction with the tree and breathing (via a press of the controller)

e After the exercise, the participant is brought back to the main nature

environment and can continue to the second task

Physical Exercise “Butterfly”

e Introduce the participant to a new task (via the task objective, it instructs to do

the task as fast as possible)
e Set the green tree/bush tunnel

e Position the butterflies
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Animate the butterflies

Set the interaction between the participant and butterflies (via a press of the

controller)

After the exercise, the participant is brought back to the main nature

environment and can continue to the third task

Subjective Vitality Exercise “Yoga”

Log

Introduce the participant to a new task (via the task objective)

Set the pre-recorded voice instruction

Creation of the character and animations (within the nature setting)
Set the different yoga poses

Interaction with the character, breathing (the same pressing buttons as with the

tree while inhaling and exhaling), and nature scenery

After the exercise, the walk in nature is over

Timestamp activation and finish audio - the tree exercise.
Times button was pressed for the breathing within the tree exercise

Timestamp activation (from when the first butterfly was pressed) and finish (to

when the last butterfly was pressed) — the butterfly exercise
Times button was pressed during the butterfly exercise
Timestamp activation and finish audio - the yoga exercise

Times button was pressed for the breathing within the yoga exercise
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Appendix G

Information sheet

Information sheet

The purpose of this study is to develop and explore a virtual reality
environment to improve subjective vitality in university students. This study
also aims to explore whether the created gamified virtual environment can
make the user feel present (feel as if he or she is there) in the virtual
environment. In order to achieve set goals the main activities that will take
place during this study are a short background questionnaire, public
speaking and cognitive tasks, questionnaires regarding mood and energy
levels, a gamified virtual walk in the nature (with three exercises: breathing,
movement, and stretching), and final questionnaires regarding mood,
energy levels, and usability of the virtual environment. During the virtual
tasks physiological measure (heart rate) will also be measured. The whole
procedure might take up to 1,5 hours.

Before continuing please note that this study:

e is voluntary, and you can withdraw from it at any time, without providing
an explanation

e is approved by the BMS Ethics Committee

e might cause some psychological stress and/or motion sickness

e involves a physiological measure (namely heart rate)

e ensures that the data collected will be stored anonymously and safely
e makes sure that upon request of the participant their data can be deleted
and withdrawn from the dataset. This request cannot be made later than
one month after the data collection process has finished because by then
all data will be untraceable.

If you have any questions or want to know more about this study do not
hesitate to contact:
Lina BareiSyté l.bareisyte@student.utwente.nl

Contact Information for Questions about Your Rights as a Research
Participant:

If you have questions about your rights as a research participant, or wish to
obtain information, ask questions, or discuss any concerns about this study
with someone other than the researcher(s), please contact the Secretary of
the Ethics Committee of the Faculty of Behavioural, Management and
Social Sciences at the University of Twente via the e-mail address:
ethicscommittee-bms@utwente.nl
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Appendix H

Informed consent

Informed Consent Form for
Exploring Virtual Reality to Improve Subjective Vitality

Taking part in the study

| have read and understood the study information, or it has been read to me. | have
been able to ask questions about the study and my questions have been answered
to my satisfaction

| consent voluntarily to be a participant in this study and understand that | can refuse
to answer questions and | can withdraw from the study at any time, without having to
give a reason

Risks associated with participating in the study

| understand that taking part in the study involves the following risks: mental
discomfort, motion sickness

Use of the information in the study
| understand that information | provide will be used for a Master’s thesis

| understand that personal information collected about me that can identify me, will
not be shared beyond the study team

| agree that my information can be quoted in research outputs
Future use and reuse of the information by others

| give permission for the anonymised transcripts of the data that | provide to be archived and
stored in an encrypted storage device

| understand that the data | provide will not be used for future research

@ | agree that | have read and understood the informed consent and agree to
participate voluntarily



