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ENGLISH SUMMARY

The world population is getting older. As our age increase, our body and mind
start to lose its potency, until a point, where we lose independence, which means the
ability to take care of ourselves unassistedly. To a certain degree, such old age
symptoms are partly a function of lifestyle, and regular exercise can prevent
physical and cognitive declines. For many seniors, nursing homes are the life that
follows the loss of independence. Becoming a nursing home resident is a sign that
the functional capabilities are now at an all-time low. Nursing homes are aware of
this reality and offer in-house physical therapy rehabilitation for residents. However,
old age makes many activities more challenging, including exercise. At
Akaciegarden nursing home in Frederiksberg, Denmark, residents have shown a
lack of incentive to exercise, despite knowledge of the functional benefits, and an
excellent relation to the therapy staff. In this dissertation, the lack of motivation to
exercise was found to stem from a lack of enjoyment for the dominant exercise
activity. Virtual reality (VR) technology is currently growing at a rapid rate, and so
is the area of application. VR rehabilitation has the potential to enhance physical
therapy activities, by contributing alternative types of feedback to activities through
interactive, technological mediation, and thereby change the user’s perception and
experience of the exercise activity.

The primary exercise activity at Akaciegarden is the bike-centric manuped,
because it allows residents to exercise unassistedly without risk of hurting
themselves, and to their individual ability. The goal of this Ph.D. dissertation has
been to use VR technology to augment the manuped exercise, to raise motivation to
exercise with residents. Literature proposes that nature exposure is therapeutic and
can be a rehabilitation factor by itself. Many nursing home residents are not physical
or cognitively able to leave the nursing home without assistance, and are
predominantly homebound to urban surroundings. The augmentation was therefore
chosen to give residents a recreational bike ride virtual nature, from a choice of
several virtual nature-based environments. Studies suggest that the augmentation
has had a positive effect on intrinsic motivation to exercise, through noticeably
increasing interest and enjoyment of the manuped activity. The project has been
both VR software and hardware oriented. One study, for instance, tested the effect
on residents exercise experience from increasing the immersive system properties of
the augmentation, through an Oculus Rift. In other studies, the actual content of the
VR experience and its role in exercise motivation has been addressed. Nursing home
residents are an incredibly unique user group, and development for residents needs
very different approaches than it is the case for most other users. The crux of the
project lies in the gathering of the technology, the unique user experience approach,
and motivation to exercise.
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DANSK RESUME

Verdensbefolkningen bliver @ldre. Som vores alder stiger, begynder vores krop og
sind at miste noget af sin potens, indtil et punkt hvor vi mister vores uathaengighed,
hvilket betyder evnen til at tage vare pa os selv uden assistance. Disse
alderdomssymptomer er delvis en funktion af vores livsstil, og jeevnlig motion er i
stand til at forebygge fysisk eller kognitivt forfald. For mange aldre er
plejehjemslivet det, der folger mistet uathangighed. At blive plejehjemsbeboer er et
tegn pé at ens funktionelle egenskaber nu har ndet et nyt lavpunkt. Plejehjem er
opmarksomme péd denne realitet, og tilbyder fysioterapi som fysisk rehabilitering
for beboere. Men alderdom geor mange ting svarere — motion inklusiv. Pa
plejehjemmet Akaciegarden pa Frederiksberg, DK, har beboere vist en mangel pé
incitament til at motionere, pa trods af kendskab til de funktionelle fordele, og et
glimrende forhold til fysioterapeuterne. I denne afhandling blev det fundet, at
manglen pa motivation til at motionere, stammer fra en manglende glade ved den
primare motionsform. Virtual reality (VR) teknologi har potentiale til at udvide
fysioterapeutiske aktiviteter, ved at tilfgje alternative former for feedback til
aktiviteterne, via interaktiv teknologisk mediering, og derved @ndre brugerens
opfattelse og oplevelse af motionsaktiviteten.

Den primare motionsaktivitet pa Akaciegarden er den cykel-orienterede manuped,
fordi den tillader beboerne at motionere uassisteret, uden risiko for at sla sig, og
udfra deres personlige ydeevne. Mélet for denne Ph.D afhandling har vaeret at bruge
VR teknologi til at augmentere manuped motionen, og forage motivationen hos for
beboerne til at motionere. Litteraturen foreslér at natur oplevelser er terapeutiske og
i stand til at veere en rehabiliterende faktor i sig selv. Mange plejehjemsbeboere er
ikke fysisk eller psykisk i stand til at forlade plejehjemmet uden hjelp, og er
hovedsageligt stavnsbundet til urbane omgivelser. Det blev derfor besluttet at
augmentationen skulle tilbyde beboerne en rekreation ved cykelture i en virtuel
natur, fra et udvalg af virtuelle naturmiljeer. Studierne antyder at augmentationen
har haft en positiv effekt pd intrinsisk motivation til at motionere, ved en
bemerkelsesveerdig foregelse i interesse og forngjelse ved manuped motionen.
Projektet har vearet orienteret mod bade software og hardware. I ét studie blev
effekten af beboernes motionsoplevelse evalueret, i forbindelse med at haeve de
”immersive” egenskaber ved agumentationen, gennem et Oculus Roft. I andre
studier har det vaeret indholdet af oplevelsen og dens rolle for motivation der har
veret adresseret. Plejehjemsbeboere er en helt unik brugergruppe, og udvikling til
beboere kreever meget anderledes tilgange end for de fleste andre brugere.
Spandingsfeltet i projektet ligger i samlingen af teknologi, den unikke tilgang til
brugeroplevelsen, og motivation til at motionere.
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CHAPTER 1. INTRODUCTION

“I am a sensually curious, and perceptually guided being”

Contemplating the years educating myself in the uses of media technology,
several acknowledgements stroke me. The one thing that tied it all together, and has
guided most of my central interests throughout my life, can be explained by the
quote above.

Since childhood, experiences that would blast my senses with stimuli would form
a focal point for my leisure activities. During remarkable experiences through
hearing or seeing (or in combination), I would ‘zone out’ of social existence, and
often only return when my parents needed my attention. When delivered by
technology, high-impact sensory (e.g. high fidelity audio or impressive CG
visualizations) and multisensory (multichannel audio with visuals) presentations
would completely absorb my mind and attention, by the sheer perceptually
overwhelming nature of their presentation. Or they would be experiences that would
let my imagination run free, and effectively allow my mind to take me to another,
imaginary place. On such occasions (if good enough), I would find myself at peace,
while very excited at the same time.

As a child (and growing up), I was a raving introvert. The real world was scary to
me, often being too intense, too fast or too complicated to understand. I was also
very sensitive, and too emotional to handle adversity very well. As such, I would
always prefer to stay at a safe distance from many things (especially social
interaction) to a position where I would have time to observe, and try to understand
things happening around me. Ironically, the things I found scary and removed
myself from in real life were often the things that fascinated me intensely, and often
became things I longed for. Technologically mediated experiences (music, movies,
games, etc.) thus became a paramount part of my life. They allowed me to 1)
observe situations that I would not allow myself to engage first hand, from the
physical distance of my private residence, while still making me to feel like I was
close to the event. 2) To access them by personal choice and in my own time, which
was so different from real life. 3) Intense displays of impressions that would fill my
general need for robust, perceptual stimulation. 4) And the emotional experiences
from the content and artistry of music, movies or games, typically by their moods
and impressions, and often as inspiration for my mind to wander.

Jumping in time to the present, some things have changed, and others have
remained. I’ve learned to overcome many of the challenges related to my
fundamentally introvert nature, but my affection for technologically mediated
experiences remains. Meanwhile, as a consequence of studying the field for almost a
decade, as a student and later an employee at the Medialogy education in Aalborg
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University Copenhagen, my appreciation of media technologies has changed.
Medialogy teaches the knowledge of technological media, from the perspectives of
computer science, media psychology, and sociology. The graduated medialogist is
ample in the discipline of using media technology to communicate purposefully a
specific experience that hits the psychology (e.g. perception) of a specific user
demographic. From a developer’s point of view, media technology unveiled itself as
a tool, more than a mystery black box. I grew to highly respect the complexities
inherent to mastering different technologies. They are instruments, by their unique
capabilities, characteristics, and limitations. Their effect on the overall orchestra
adds certain dynamics to the overall harmony, to deliver an ultimate expression with
the end-recipient. By that final step, the end user, complexity is added once more,
from the undeniable realization that user experiences are perceived differently,
depending on its particular individuality and characteristics.

The complex nature of the user group has never been as real in my academic
career, than in this PhD project.

1.1. ROAD TO REHABILITATION IN THE VIRTUAL DOMAIN

During my studies at the Medialogy education at Aalborg University
Copenhagen, I developed an affinity for the theoretical perspectives of multisensory
perception and cognition. In no other research area did I find as much potential for
exploring this, as with immersive virtual reality (IVR) experiences in virtual
environments (VEs). It was intriguing to me how mediated multisensory stimuli and
behavioral tracking could combine to form perceptual illusions of place and actions.
Illusions that are able to persuade a user to feel as if placed elsewhere than their
physical location in real life. I also loved how working with IVR, required
understanding the individual characteristics related to each sensory modality, and
the complexity of their combination, to use them correctly. My childhood mind
wanderings were suddenly coming closer to being possible in something less
imaginative, and more resembling a real life experience.

The two last projects I did during the masters program worked within the virtual
domain. The first was a project with some fellow students, which was the first
experience with augmented reality (AR), and became an eye-opener of the potential
of AR for rehabilitation. Azuma, et al. describe AR as the combination and
alignment of real and virtual objects in a real environment, running interactively in
real time [1]. In the project, we created an artificial, augmented body part; an extra
limb, in the form of virtual butterfly wings. The project tested the possibility of the
sense of “pseudo proprioception”, a self-coined term indicating a convincing
proprioceptive sensation of an artificial/virtual limb. By a combination of a real
mirror and a virtual mirror (a projection displaying the augmentation), users would
see a reflection of themselves from behind. On their back, they see a set of large,
beautiful butterfly wings. Through EEG, users would be able to flap the butterfly
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wings by muscles activation of their back shoulder. The real-time alignment of the
behavior between user and wings connected the virtual to the real, through visual
and proprioceptive stimuli conjunction. User responses suggested that pseudo-
proprioception had been obtained, to a high degree during trials. Many participants
were surprised and some even shocked about the effectiveness of the illusion.

Figure 1: The visual/proprioceptive illusion of a virtual limb, granting the participants
butterfly wings, which they could move fairly accurately with gradual shoulder muscle
tension.

After the project had ended, the system was taken to a high-level physical
therapy clinic in Copenhagen, for the project’s potential in physical therapy and
rehabilitation. It was during this interview, and when seeing the enthusiasm and
excitement from the therapists, where I realized the potential of media technology
combined with exercise, and how using augmentations wound amplify or alter the
perception of body activities and movements, and be extended to something
completely different with AR and VR influences.

The second project was my master thesis, made under the free equipment usage
and supervision of the Multisensory Experience Lab, at Aalborg University
Copenhagen. The project did not focus on rehabilitation, but on multisensory
perception in the virtual domain, by a study of methods for measuring the sense of
presence from a cognitive psychology perspective. The project tested this using a

20
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nonvisual experience of a circus tightrope act, having participants walking
blindfolded on an audiohaptic representation of a wooden plank under the ceiling of
an audience-packed circus tent (soundscape). The project was a great theoretical
exercise in multisensory displays and psychology, but also felt slightly detached
from real world application.

1.1. UNDERSTANDING THE PROJECT

The initiating idea behind the Ph.D. project built on the hypotheses that users of
monotonous indoor exercise routines would consider it repetitive and uninteresting.
A coexisting hypothesis was that the correct use of media technology, for instance
in the form of interactive and immersive VEs, could provide an additional ‘layer’ on
top of the exercise, and decrease boredom. Most people have the impression that
exercise benefits our wellbeing and health, but not all individuals have a natural
affection for exercising. In this context, interactive and immersive VEs could raise
the motivation to exercise.

During the formation of the project direction, it was proposed that while such
intervention might be relevant for most user groups, the demographic of older adults
might be academically interesting, and very pertinent in a societal context. The
academic interest stems from the limited body of work in the field of older adults
and immersive VR. The relevance in the social context is explained in more detail in
Chapter 2, but relates to how society (in this case, the Danish) allocate considerable
resources to the expenditures of the daily care of the older adult demographic [2].

At the time of the project’s inception, commercial exercise products were slowly
becoming available, offering media to accompany indoor exercise, often with the
proclamation of ‘increasing motivation and ‘enhancing’ the experience'. The method
commonly used was by prerecorded video footage, typically of the outdoor version
of an indoor exercise activity (walking, running, biking, etc.). Italian fitness
company TechnoGym , for instance, offer such for a selection of their fitness center
biking products, via a small pre-installed monitor. The speed of the footage is
scaled, corresponding to the speed of the user on the fitness bike.

While similar in nature, the objective for this project was the desire to use real-
time, computer generated VEs to create the world and content of the displayed
augmentation, instead of prerecorded footage - for the following reasons.

To allow an ongoing presentation no matter user input. In the TechnoGym
solution, the scaling of the speed means that if the user stops pedaling, the footage
stops. The result is a ‘real world put on pause’. Birds hang in the air, and people
stand motionless by the road. When biking at slow speeds, the world representation
(footage) would display an environment moving in slow motion. Conversely, when
biking at high speeds, the world representation would look like a VCR on fast-

21
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forward. For the same reason, audio is not a part of the TechnoGym solution. With
the Virtual Active product, the DVD video would run in a single speed, no matter
the exercise input from the user. This allowed audio, but at the expense of
interaction.

To allow advanced interaction designs. Common for the Virtual Active and
TechnoGym products, the recorded footage allowed limited to no interaction with
the displayed environment, aside from the speed gradient in the TechnoGym
installation. With real-time computer-generated VEs the freedom to design user
interaction, allow user choices and implement gamification elements is almost
limitless. Examples are navigation inside the environment, visual orientation,
behavior of in-world objects (movement, interactive characteristics), interaction
with said objects, etc.

To be able to design and control exact content and interaction designs. A large
part of the project relates to identifying exact user needs and promote user
experiences that fit specific user preferences. While prerecorded footage has the
advantage of ecological, photorealistic visuals (while running correct speeds), it is
limited in content by the availability of the footage, or the resources to produce new
content. Contemporary VE creation software (such as Unity3d, Unreal 4, or
CryEngine) allows custom content creation without the many barriers of
prerecording footage (e.g. travel expenses, weather conditions, recording equipment,
staff expenses, removing unwanted in-scene elements, legal permits, or post-
production).

To be able to control the technological display. The control of the VE display
methods plays a fundamental part of the user experience, from the perspectives of
the immersive properties of the system (as defined by Slater [3]). This is something
that will be explained in greater detail later in the dissertation, but fundamentally
relates to the degree, in which the senses are convinced that the user is actually
situated inside the VE, and whether the events happening inside the VE feels like
they are actually taking place [3]. The impact of this is related to all considerations
listed above, from the perspective of the user experience of the interaction
possibilities, and the user perception of the custom built virtual world. Methods for
enhancing the immersive system properties relate to its ability to display stimuli to
all senses, and its ability to represent and react to user actions. Such displays are
predominantly possible with computer-generated real-time virtual worlds.

1.1.1. THE HARD REALIZATION OF THE PROJECT PREMISES

Personally, it was a privilege to be allowed to return to the idea of augmenting
exercise and physical therapy, especially for a Ph.D. project proposed to explore the
dynamics of the nursing home resident user group, exercise motivation and
interactive experiences in IVR. Exercise motivation was a new field for me,
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however, and older adult nursing home users were considered exotic as a user
group. While research on immersive VR has been growing as a field over the
previous decades, documentation on its merits with older adult users seems almost
illusive. Literature highlights the benefits from exercise for physiological and
cognitive health with technological augmentation displays [4] [5] [6] [7] [8] [9] and
how games for exercise are able to support motivation purposes [10] [11] [12].
However, literature on game designs for elderly [13] or exercise game
considerations for elderly [14] [15] was much more sparse. No previous studies
were found using highly immersive VR with elderly users or using exercise media
technology for nursing home residents.

To proceed was to engage a nursing home, and start developing a background by
empirical studies. The preconceived method of defining user needs was to explore
the spectrum of exercise activities used by nursing homes, analyze user preferences,
challenges, potential lacks in motivation, and find the causes. It was expected to be a
long process of observing, interviewing and collecting data on several parameters
discovered during interviews. And it was projected to be an equally long process, to
consider and choose among countless possibilities for immersive VR
augmentations, to different exercise methods, according to various user preferences,
etc. And which interaction and gamification designs would be needed, which
additional interfaces would have to be built, etc. From the literature on ‘elderly’ or
‘older adults’, it all seemed possible.

I reached out to a nursing home called Akaciegarden, in the Frederiksberg region
of Copenhagen, and arranged a project initiating visit. That day is still a fresh
memory, as it was the first step in a realization process that changed the whole
direction of the project. After a meeting with the superintendent, I was approved and
allowed to join the lead physical therapist in training sessions at the clinic. During a
week spent at the clinic, I started as a non-participant observer, noting the residents’
exercise routines, impressions on physical performance, exercise devices used, the
different social roles, etc. Over the course of the week, I gradually transitioned into
a participating observer. I was able to participate in casual conversations with
residents and staff, to initialize myself as a person in context, and get personally
familiar interacting socially with residents. I was also able to perform semi-
structured interviews with a handful of residents while exercising, about their
impressions exercise, what they could think of to improve the exercises, and what
they thought about the idea of an additional layer for instance through immersive
technologies.

When I left after that week, it was clear that the project needed rediscovery in
some crucial areas. The course of the week at the physical therapy had
fundamentally changed my perception and understanding of the contextual
circumstances of the project, concerning the user-oriented requirements needed to
proceed. During my conversations with residents, it had become clear that most of
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the things I initially believed to be possible were not, and that the fundamental
premises I had originally expected were very different, as illustrated in the
paragraphs below.

Exercise activity types reflected the general physical performance level. Only two
exercise types were generally utilized. The first was the parallel walking bars, for
standing and walking exercises, performed with the assistance of the physical
therapist. The second was a chair-based biking device for arms and feet, called a
manuped (Figure 2). The pedaling action was performed with pedals for the feet,
and handlebars for the arms. The low physical strength of residents meant that many
were barely able to complete the simple actions required by the exercises.

Figure 2 The manuped exercsie 'bike’

General physical condition for attending residents was lower than expected.
None were unable to walk unassistedly, only a few barely able to walk with a
‘walker’ (a stand on which to lean for balance and strength relief), and many were in
wheelchairs, and only able to e.g. stand up in short bursts, including assistance.

Physical exercise performance reflected the physical condition. Exercises on the

manuped lasted 30-45 minutes, with extremely low levels of exertion, and with time
spent taking breaks. For personal reference, I tried the standard manuped exercise
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(500 rounds on the pedals), which could easily be completed in 6-7 minutes (for an
adult with an average physique, keeping a comfortable pace). Exercise duration for
the walking bar was significantly shorter, lasting 5-10 minutes. Most time was spent
on breaks between trials, as the exercise procedure was quite painful for most
residents, and therefore demanding both physically and mentally.

Communication abilities of residents, based on experience during conversations
and interviews, showed to be challenging from a qualitative data perspective. Only a
few were able to uphold a reasonable conversation. Others were almost unable to
conduct discussion, due to a variance of inabilities on the cognitive and physical
level (physical, as in lack of energy to keep focus or talk). Residents’ cognitive
challenges showed, as for instance in relation to dementia, making residents repeat
themselves with 5-20 minutes intervals. They would often restart a previously told
story, as if never told before. Besides, some would change topic without warning,
despite being in the middle of a particular conversation topic. In other cases, it
seemed like some residents simply tried to redirect the conversation to their topics
of preference. They would answer a question quickly, and just as soon change the
subject to their personal agenda - which in all likelihood had already been addressed
5-20 minutes before.

Conceptualization abilities. This area seemed related to many of the
communication abilities challenges, about the cognitive or memory oriented
limitations. When asked for personal opinions, concerning possible changes or
improvements to their exercise routine, most would not be able to suggest anything.

When explained how it would be possible to be able to see something on a
screen, while biking, which could relate to their efforts on the bike, they did not
understand. When being told that they would (for instance) be able to see another
place on a screen, through which they could drive, they did not understand. When
asked what type of environment (or surroundings) they could imagine themselves
enjoying a bike ride through, most would respond that they were not able to bike
anymore. It did not help to repeat or rephrase the question. Most confusing were
questions asking residents to imagine seeing a lovely landscape on a screen which
would move forward while they were biking on the manuped as if they were biking
through it themselves. Upon given such question, some would not reply, but paused
for a moment, and only start talking about something else. Others would look at me,
and try to search for something in my facial expression, that they might have
missed, to understand what I was talking about. The main thing to take away from
this experience was that I would not be able to rely on resident participants to
imagine new concepts, or give advice to possible improvements without seeing to
trying something very relatable to the topic in question.

On a positive note, it was also possible to conclude that most residents had
positive memories of biking at a younger age. Biking was by many recollected as a
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past leisure activity, for instance, bike rides around the village, town or city in which
they lived, or to take the bike to the countryside for nature experiences.

From the initial conversations with residents, and from non-participating
observation, it was indeed possible to obtain particular insights to the circumstances
and potential problems related to the Ph.D. project agenda. From observations, the
most frequently used exercise activity was the manuped. Either, residents were
exclusively using the manuped for exercise, or they were using it as a warm-up
supplement to trials on the parallel walking bars. Residents could operate the
manuped without the need for further assistance from the physical therapist, due to
the safe nature of the activity. A regular chair with armrests demands no assistive
support from the physical therapist, as risks related to balance or strength was non-
present. From a staff resource perspective, this allowed the physical therapist to
service other residents in the meantime, making the manuped a very productive
activity in context.

However, the manuped also represented a social void. When active, residents
would sit alone, facing either a window to a yard or a wall (there were two manuped
type devices in the clinic), with their backs facing the rest of the room, resulting in
nearly no social contact to anyone else in the chamber. From the conversations with
residents concerning the manuped, it was suggested by many that the act of pedaling
the device was not exactly exciting. But most focused on the positive sides of the
matter, by the physical benefits it would eventually provide, and how in many
aspects, sitting by the manuped was no worse than sitting in the hallway on their
room floor. Negatives were boredom and physical pain, which could sometimes
challenge the incentive to attend the physical therapy sessions when seated in the
room and making the decision to head down. This suggestion was supported by
conversations with the physical therapist, highlighting a problem of getting residents
into a regular exercising routine. There were a few issues, but one of the main was a
sensation that residents seemed to try and avoid regular attendance. This presumably
related to the physical challenges residents would be facing, and perhaps due to the
lack of time and resources to make their experience ‘eventful,’ as a consequence of
the suboptimal therapist/resident ratio. From observations, I could agree to this.
Residents and the physical therapist got along very well, and it seemed that the
residents very much enjoyed the company of the physical therapist. However, it also
appeared to be the lack of sufficient attention possible for each resident was
counterproductive in the sense that residents, who were not given attention for a
while, projected the sensation of being abandoned for another peer.

1.1.2. INTERACTION COMPLEXITY AND PHYSICAL DEMANDS

Based on the experiences listed in the previous section, nursing home residents
are more mentally and physically challenged than presumed from the project’s
inception. Physically, the residents (in general) were substantially below the
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performance levels found in literature discussing exergaming for elderly. Nursing
home residents, from the experienced, just described, are thus not to be blindly
considered a reflection of the research categories ‘elderly’ or ‘older adults’, but a
unique class in itself. Besides, the majority of residents I was able to meet and talk
to, were challenging to communicate with, due to low energy, short memory and
attention span, and a desire to talk about things unrelated to my desired context of
the conversation. Residents were hesitant to go into detail about negative aspects to
the exercise, and were rarely able to rationalize or imagine concepts not clearly in
front of them. They had no conception of media technological possibilities, which
made gathering insights for a future pilot study implementation both challenging
and shallow, compared to what I had initially hoped.

Issues related to a lack of enjoyment of exercising did present themselves during
observations, and seemed to relate to the physical challenges faced my many
residents (predominantly strength limitations or arthritis related issues), and possibly
also to a lack of meaningful experiences while exercising. From a discussion with
the lead physical therapist at Akaciegérden, it was agreed that the manuped should
be the platform for future implementations and studies. The therapist also
acknowledged that motivation to exercise for many residents seemed weak. From
the perspective of the physical therapist, many residents were attending the sessions
partly because they were bound to a promise-based engagement between them and
the therapist. While the therapist agreed that it was a suboptimal method to ‘force’
residents to exercise, based on this interpersonal and emotional connection, it was
decided to be a necessary evil. Increasing the attendance frequency of residents was
believed to be of high priority. It was, however, the therapist’s impression that those
residents were happy to be there once arrived.

Based on the newfound experience of the residents, a positive experience was
how the initiating project hypotheses were not disproven. In all likelihood, nursing
home resident users of monotonous indoor exercise routines (in this case the
manuped) did, in fact, seem to consider a less than positive experience in some
respects, and at the nursing home, there appears to be a recognized state of
discouragement to exercise among residents. The fact that residents were unable to
relate to augmenting exercise, or the role of media technology and immersive
displays, means that the possibility of positive effects from such setup was not
disproven.

Meanwhile, the defining experience of nursing home resident characteristics
made it apparent how a better understanding of the capabilities and limits of the
resident user group was crucial. Concerning physical and cognitive abilities,
residents would have to be able to both understand and perform the tasks inherent to
the exercise augmentation. At this point, it was not clear where that balance would
be found, but clear that residents seemed to need a much simpler experience,
compared to the initial expectations. At the same time, it remained unsupported
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whether residents were demotivated to exercise, which parameters of the exercise
experience could improve motivation and how it could be achieved.

To approach an answer to these questions, I arranged a focus group session with
eight residents (appointed by the lead physical therapist). The purpose of the session
was to get more experience interacting with residents and to observe and possibly
get insights to behavioral patterns, physical ability, interface interaction skills and
overall preferences, during a play session with a Nintendo Wii. The Wii has been
used with positive results in several studies related to promoting physical activity
[16] and balance treatment [17] for elderly users. The game used was Wii Sports,
which has a collection of small sports games which the user can practice using the
Wii controllers (see Figure 3). Residents would have to complete two separate steps
to bowl. The first step was to press a direction button for the horizontal aim angle;
indicated by a huge arrow moving on screen with every button press. When the
angle was chosen, the second step was to hold a different button (simulating holding
the ball), swing the controller and let go of the button. The only place in this
sequence that required timing was the letting go of the button.

The focus group session led to the following conclusions:

a) Besides one, residents were practically unable to interact with the Nintendo
Wii Sports Bowling gameplay. Remembering and understanding steps were
hard, and the level of complexity in timing the button release was too high for
the cognitive or motor-based deficiencies of most residents.

b) Residents who were unable to perform the required actions within the Wii
Sports game experienced apparent personal defeat and embarrassment, instead
of a personal encouragement to keep going or learn a new skill.

From an interaction design perspective, this could be a matter of practice.
However, relying on gradual improvement of interaction skills seemed risky. The
reactions of discomfort and embarrassment by residents unable to perform the
interactions indicated that introducing equal interaction complexity to a manuped
augmentation would probably result in a more destructive than constructive effect
on motivation. The impression was that many residents might remove themselves
from exercising, before being able to practice sufficiently to succeed.
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Figure 3: Wii Sports Bowling. 1-4 illustrates the controller interaction scheme'

The presupposition from the initial week of observation that simplicity would
likely be an essential delimitation for an interaction design was confirmed from the
focus group session. It also led to the paradoxical realization that resident users
seemed vulnerable to the wrong experiences, but should be considered unlikely to
provide insights to their preferences before practically testing a system.

That concludes this little narrative of an introduction. The story is meant to share
insights into the transition from comfort zone based expectations to uncharted
territory, and towards the necessity for acclimatization and personal development as
a researcher, to be able to lift the task. In this dissertation, the considerations,
methods, and techniques will be proposed, for one solution to using virtual
environments as the catalyst for increased intrinsic motivation to exercise for
nursing home residents.

As previously described, the incentive to start the project was to explore the
combination of older adults, immersive virtual reality and exercise motivation. As it
is shown in the following chapter, the quantity of older adults in Denmark is
increasing, and will continue dramatically over the next decades [2]. There is a need
for keeping them as physically active and capable, and as independent as possible,
to decrease expenses on society, and to increase the quality of life for the elderly

! http://www.wikihow.com/Bowl-an-Easy-Bowling-Strike-in-Wii-Sports
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individual. Performing exercise becomes challenging with high age, and finding
ways to make exercising seem more inviting can potentially prove a major factor to
older adult demographic requirements for health care. This project is one of a
hopefully large body of research, which will aim to explore how to affect older
adults' exercise incentives positively. The method is through immersive virtual
reality technology, and experiences of virtual environments as the attractive element
used to augment an exercise, and thereby increase exercise motivation.

Throughout its duration, the project has been fortunate to continue its close
access to the daily-living nursing home residents and their routines at Akaciegarden.
This has facilitated iterations of observation sessions, interviews, private visits and
social interactions with residents and nursing home staff, for studies aiming to
measure the effects on exercise motivation when implementing virtual technology
based exercise augmentation. And it has also given insight into valuable
considerations and necessary precautions, when working scientifically with this type
of technological development, with this particular user group. The resulting
understanding of what constitutes the nursing home life, residents’ abilities,
opinions and practices to daily physical exercise, has enabled the project to highlight
a previously unexplored angle to of virtual technology for nursing home exercise
activities and rehabilitation.
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The Danish population is increasing, it is getting older, and the average life
expectancy is increasing. According to the Statistical Yearbook 2015 from Statistics
Denmark [2], the period from 1980 to 2015 has seen a general population increase
from 5.12 million to 5.66 million, the average age has increased by 4.2 years, the
population aged 80 or higher has grown by 68 %, and citizens’ aged 100 or higher
rose by 647 %. In 2014, the number of dwellings for elderly people was
approximately 40.000, for nursing homes purposes. Resident distributions were 11%
aged 80-84, 21% aged 85-89 and 40% aged 90+. The need for permanent help
increases with age, with 31% being in need of permanent help at the age of 80-84,
55% need at the age of 85-89, and 91% by the age of 90 years and up. Nursing
home related expenses for the State is an estimated annual cost of kr. 12.49 billion
(€1.67 billion) [2].

The deceleration of physical ability affects health and everyday life quality [18]
[19]. Older adults most often transition from private residences to nursing home
residency due to incapacities or limitations to cognitive or physical ability related to
old age. Schwartz describes the decline of functional status thresholds, at various
points along a decreasing slope, signifying the functional ability. [20]. With
increasing age, an individual loses a series of physiological components, such as
strength, endurance, flexibility, balance and coordination (which Schwartz shortens
to the term vigor), in a non-linear fashion such as indicated in Figure 4.
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Figure 4 - Loss of functional ability following age. Adaptation from Schwartz [20]
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Physical conditioning can counteract most deficiencies related to age. Part from
the vigor in Figure 4, the frailty stage as a geriatric syndrome, represents cumulative
declines such as impaired homeostasis (metabolism, acid-base balance, body
temperature, glucose concentration, calcium levels, fluid volume, etc.), and reduced
capacity to resist stress, resulting in unintended weight loss, exhaustion, weakness,
slow gait speed, and low physical activity [21]. Physical activity does not play a
predictive role in the degree of frailty, but should be considered one of the
recommendations to avoid it. It protects against frailty components such as
sarcopenia (loss of skeletal muscle mass following high age), functional
impairments, cognitive performance and depression [22]. Frailty components in
combination can create different negative loops. An idle lifestyle is a risk factor for
muscle weakness. It results in an overall reduction in activity level, which affords
losing muscle mass and strength (sarcopenia) [22] [23]. And while decreases in
motor skills often have relation to cognitive disabilities (from advanced age),
cognitive decline can conversely be directly linked to increases in physical inactivity
or immobility [14]. Emerging physical decline can lead to e.g. falls and injury,
resulting in increasing immobility. Immobility over longer periods affects cognitive
performance, which in turn can prevent the foundation for reinstating increases in
physical performance. This spiral of decreases daily function, and is potentially
accelerated as ‘vigor’ (Figure 4) decreases, and therefore often results in a final,
overall degradation of life quality [14] [22]. Specifically oriented physical activity
(exercise) is the central approach to treat sarcopenia and slow down the age related
declines, e.g. of muscle mass and muscle strength [23]. The expression physical
activity should be understood as movement involving muscle contraction. This
includes daily activities such as housework, walking, climbing stairs, etc. Exercise is
to be understood as planned physical activity, from the intention of acquiring
increased fitness or other health benefits [22].

At Danish nursing homes, physical exercise is, therefore, a priority. Having
residents exercise, and having them be the most independent they can be, is a
priority of life quality, as well from a societal resources perspective. The
distribution of age groups in Danish nursing homes, and the related need for
permanent help, listed at the beginning of this chapter, indicates the demand for
nursing home care requirements. 2015 is seeing the lowest birth rate in Denmark in
30 years. Besides the future perspectives of a limited workforce in 29+ years, it also
implies that Denmark is currently entering the lowest workforce resource in 30
years, to financially support (for instance) the care and healthcare of the highest
number of inactive, nonworking older adult citizens in Danish history. According to
[2], the result is an expected dependency ratio in 2030 of 1.06; meaning that for
every 100 economically active and working individuals in Denmark, 106 persons
will need support in 2030. The longer elderly citizens, for instance, nursing home
residents, can live or function to the fullest of their independence level, the more
resources can be allocated to those who cannot.
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2.1. NURSING HOME PHYSICAL THERAPY

At Akaciegarden nursing home in Frederiksberg, everyday care is built around an
ideology called Project Life Tree (Danish: “Projekt Livstre”), in which physical
exercise is am an essential priority. The idea behind Project Life Tree was to
promote physical therapy with the individual resident, to heighten everyday life
quality. The idea was for each resident to have personal, functional goal for regular
exercise, to retain (or re-achieve lost) daily life function, which had high priority for
the resident, such as being able to lift a wine glass unassistedly. Over time, the
Project Life Tree initiative has unfortunately gone to the background of everyday
focus at Akaciegéarden, due to limited staff resources. But the attitude towards the
importance of regular exercise remains a priority at the nursing home.

Akaciegarden has 100 residents, and all are free to exercise if personally desired.
Physical therapists are available four days a week in a designated clinic. On open
days, the clinic is accessible two times a day (morning and afternoon), for
respectively 2.5 hours. Residents can enter the clinic as they please during open
hours. Some residents are able to travel to the clinic by themselves (wheelchairs or
with ‘walkers’), while others need assistance from care personnel to arrive at the
clinic. All residents who join the clinic receive an individual program from the
physical therapists. It is often based on specific and problematic physical issues, but
the progression and development of the exercises difficulties and durations, are
appropriated based on the physical, and mental state of the resident. The program is
explicitly discussed and agreed upon by both parties. Emotion, lack of previous
experience, fear of pain, fear of unknown procedures, etc. have shown to be among
reasons why therapists sometimes start very cautiously. Going forward, they
continuously evaluate the exercise-oriented requirement for each resident. Empathy
and a professional compass for the physical and mental state of the residents, is a
very valuable tool for the therapist. From the time spent at the clinic, they practice
their profession being attentive, kind, and socially engaging. This creates trust
between resident and therapist, and allows therapists the authority to dictate the
exercise level, and push the residents to perform the necessary intensities, despite
body pain and mental barriers which would otherwise prevent them from pushing
appropriate physical limits.

Over the course of this project, the average participation in the clinic is
approximately 10-15 residents in the morning, and 6-10 in the afternoon, depending
on the weekday and activity schedule of the nursing home calendar. Many residents
require individual sessions, for instance in the parallel walking bar. Resources
during opening hours, therefore, need to be spent efficiently. Exercise routines that
do not require personal assistance are therefore imperative, in the resource
management of the therapy clinic. As previously highlighted, the manuped (Figure
2) is a device that has sufficient inherent safety in use, to allow residents unassisted
exercise sessions. As most exercise bikes, the manuped gives the option of changing
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resistance in the pedals, to adjust the exertion level for the individual. Different from
a regular exercise bike, the manuped activates both arms and legs, in various
pedaling frequencies, for a non-static overall motion dynamic. As also described,
interviews about the exercise experience showed that many residents at
Akaciegarden choose not to partake in physical therapy, despite being aware of the
physical benefits related to regular exercise routines.

2.1.1. WHY RESIDENTS DISLIKE PHYSICAL THERAPY EXERCISE

A constant during the time spent at Akaciegarden in relation to the project has
been that residents attending the physical therapy sessions, really enjoy the company
of the physical therapists, due to the social connection prioritized and cultivated by
therapists towards residents (being caring, attentive and interested). Through
countless observations over the years spent at Akaciegarden, this has always been
the situation. Residents seem invigorated during the time spent in the active, social
company of the therapists. However, the majority of residents are not eligible for the
personal exercise sessions (e.g. the parallel walking bar), primarily due to personnel
resource limitations. For these residents, the active time spent in direct contact with
therapists is minimal (typically a few minutes in total) and isolated to the greeting
they get when entering the room, and the assistance they need when placed on a
non-assisted exercise activity (such as the manuped).

It should be said that the quantity of residents simultaneously present in the clinic
dictates this to a great extent. On occasion, the attendance is low, which increases
social interaction time per resident during the visit. But during regular days,
residents spend more time a) waiting in a queue (Figure 5), or b) alone by their
appointed exercise device.

Subsequent interviews and casual conversation, concerned themselves with a) the
general exercise experience, b) the manuped exercise experience and c) residents’
reasons for inactivity or reluctance to keep exercise agreements. Responses showed
that besides general body pain, 1) they don’t like the activities themselves (including
the manuped). 2) they might have been exercising regularly in the past, but lost
motivation to return. 3) Exercising interferes with leisure-based activities at the
nursing home or 4) (in their words) they are too lazy.

They don’t like it. Despite being both exertion flexible and safe to use without
assistance, the user experience of the manuped exercise was described as trivial and
uninteresting. This is not surprising, as the activity consists of sitting alone, spatially
static while facing one way (usually a wall due to the basic ergonomics of getting
the residents in place) for 10-50 minutes (depending on the individual user
performance level).
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Figure 5 - Resident waiting in line to receive physical therapy, either from the manuped or
assisted therapy
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In this position, residents are left, chasing a fixed number of pedal rounds or
fixed exercise duration. In interviews, residents have described the experience as
trivial, boring and often physically painful. These tendencies are also found in
rehabilitation literature [24] [25] [26]. Residents did attribute value to the
proclaimed physical benefits of the manuped exercise, even though many did not
feel the direct effect of the exercise in daily life’.

They have been exercising but lost motivation. Illness regularly occurs among
nursing home residents, and due to high age, recovery is a long process. General
physical obstacles to resident’s exercise, such as reduced muscle strength and body
pain, which are improving with regular exercise routines, are pronounced when
returning from periods of illness. Coupled with how many residents struggle with
arthritis or coordination difficulties, returning to exercise can be extremely
challenging. According to the physical therapists, many residents have given up on
therapy, after several consecutive instances of illness and return to exercise. As
explained earlier, immobility can quickly become a negative spiral, physically and
mentally. Besides, the knowledge that the exercise investment is a long-term process
that is very unstable, and losing it all when the cycle breaks, seems devastating for
morale.

1t interferes with leisure-based activities. Considering the immobility of many
residents, it is a central part of the week at the nursing home, to have regular social
events for leisure, monotony distraction and entertainment (movies, bingo, cards,
etc.). These events are understandably a priority for most residents. Whereas
exercise is a long-term, painful and often boring activity, the leisure activities have
no physical requirements and provide short-term value. If the two activities clash,
leisure activities have been the choice with extremely few exceptions.

They are too lazy. From the points just described, the lack of genuine desire to
exercise can hardly be a surprise. Some residents explained how they would often
sit in their room, and have time to exercise, know that it was the rational thing to do
because of the necessity of the physical benefits, but ultimately choose not to go,
primarily because of the pain, and how they disliked the exercise activities. When
describing this situation, many residents displayed slight embarrassment and
discomfort, in relation to honestly and explicitly admitting this position, showing
nonverbally (uncomfortable body language, facial expressions) and verbally
(rhetorically, tone of voice). These residents expressed a certain sadness about the
situation; that they knew ‘it was not okay,' that they should do join the physical
therapy clinic more, that they needed the exercise (due to various physical
complications), and ultimately feeling sorry about abandoning the agreement and
promise to the very friendly therapists.

2 Neel Sass-Petersen and Maja Nerr-Larsen, who were physical therapists at Akaciegarden during this dissertation, have
approved all information and reflections on the therapy procedures described in this dissertation.
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These insights indicate that the physical and mental challenges to exercise are
substantial for many residents. Especially due to the high risk and instability in their
physical conditioning process, which can make the long-term goals of exercising
seem unobtainable. It also shows that pleasurable experiences with short-term value
and routine distractions are in high demand and valuable. And it indicates that while
the obstacles to conventional exercising can retain residents from engaging, there
are dormant reasons why many would like more incentive to return to exercise.

2.2. EXERCISE AND MEDIA TECHNOLOGY

Games connected to, or constructed around physical activity and exercise are
often placed under the category exergaming. Equal for most exergames are their
focus to facilitate physical activity during gameplay [27] [28] [29] [30]. Exergames
(at large) contextualizes physical activity by providing feedback to the real world
actions, as events or activities from a mediated environment. From a technological
perspective, this environment can be created from the rough categorization between
custom built physical interfaces in the real world, typical user actions/interfaces
augmented with virtual environments, or a combination of custom built interfaces
and virtual environments. Common for all is that technology plays a guiding part for
the activity schemes of the user actions. Exergame designs differ in orientation, as
some implementations focus on supplementing a gameplay experience with exercise
features (such as Konami’s Dance Dance Revolution [15]), or by enhancing a
conventional exercise experience with gameplay or game oriented features, such as
the Kinect Trainer’.

Research on exergaming outside the field of game design is not only or qualified
by the game design challenges physical movement interaction design, but by their
potential as therapeutic tools to societal issues. Examples are obesity therapy [6]
[12] [31] [32], balance training [27] [33] [34], motor skill training (often related to
post-stroke complications) [30] [35] [36] [37] [38], learning and training transfer
[30] [39] [40], cognitive benefits [41] [42], and general exercise motivation [12]
[43]. In these contexts, the technological mediation is less about promoting above-
average physical ability, and more about exploring a potential for rehabilitation.
Rehabilitation can be defined by the focus on “the functional outcomes of
pathologic processes and uses a variety of therapeutic interventions to restore
function” [44]. This can be initiated by developing either a specific set of skills or a
support system, needed to therapeutically strengthen an individual’s level of
functioning [45]. Physical therapy rehabilitation specifically aims at the restoration
of physical mobility and functionality. Geriatric rehabilitation is furthermore
defined by the quantity of conditions at high age, which interact to produce
disabilities [44], as it has also been described in the Introduction of this dissertation.
However, a crucial part of geriatric physical therapy relies on exercise, as stressed

3 http://www.fastcodesign.com/1671136/review-nike-kinect-is-the-perfect-exercise-game-with-a-fatal-flaw
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by Guccione, et al. how “Exercise may well be the most important tool a physical
therapist has to positively affect function and increase physical activity toward
optimal aging” [46]. Rehabilitation activities in geriatric physical therapy and
exercise, while not interchangeable, are therefore to be considered closely linked.
Ordinated, physical therapy exercise, is rehabilitation, from the perspective of
seeking increased fitness in relation to the constant struggle against e.g. the high
pace muscle mass degeneration.

2.2.1. VR BASED REHABILITATION FOR ELDERLY

The Nintendo Wii has been given a lot of attention as a platform for physical
activity and exercise engagement for older adults. Positive results have shown in
relation to increased physical activity [16], balance treatment rehabilitation [17] [47]
[48], and motor control rehabilitation for post-stroke patients [49]. Meanwhile, as
previously described, the focus group testing the Wii at Akaciegérden suggested
quite negative effects. And in a study by Laver, et al. [50], the use of the Wii
console was found inappropriate as a physical therapy instrument for hospitalized
elderly patients. Participants preferred the conventional physical therapy, stating that
they believed to get more therapeutic value from the traditional methods [50].
Crotty, et al. [S1] showed that while the Wii could, in fact, be useful for certain
types of mobility therapy (for hospitalized older adults), results highlighted the need
for more knowledge concerning the particular engagement preferences of older
patients.

VR outside of the Wii format has proven very capable in the rehabilitation of
many of the aforementioned areas of therapy. It seems specifically utilized in motor
control for stoke patients [35] [36] [37] [40] [52] [53], cognitive rehabilitation [54]
[55] [42], and gait therapy [56] [57] [58]. Holden and Todorov [59] argue how VR
can be a very ‘practical’ technology, by its ability to facilitate experiences
comparable to real world situations for individuals who are otherwise prohibited
from experiencing them in a real world context. With VR based rehabilitation,
studies take advantage of VEs and virtual objects, to contextualize and augment real
world therapy activities, and allow training of real world skills in the virtual domain.
A virtual supermarket can thus aid cognitive rehabilitation by practicing keeping an
overview of everyday tasks such as planning, time and money consumption,
navigation, objects to buy, etc. [54]. A beach environment can provide real
associations, and surfaces from which footstep sounds can increase walking speed,
with participants undergoing gait rehabilitation [56]. A virtual arm can effortlessly
be experienced in many different locations, and offers different circumstances and
tasks for post-stroke motor skill training [35], or facilitate telerehabilitation [60].
And an exercise bike can be augmented by a virtual environment, for instance, to
address motor control and fitness deficiencies with post stroke patients [53]. Holden
and Todorov [59] describe how VEs can be built and also changed dynamically and
inexpensively, compared to seeking those variations within real world facilities.
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A valuable aspect of VR rehabilitation relates to the concordance of visual and
proprioceptive information during activities [14]. Conceptually it is comparable to
visual biofeedback [61], as the mapping of the exercise movements onto the VE
feedback, connects the visual and proprioception feedback to support a participant’s
sense of ability. This sensation is argued to be particularly important for older adults
[14]. Enhancing the feedback can be a necessary tool to promote the experience of
exercise actions with physically or cognitively limited users’ [S9]. VR rehabilitation
can thereby create a distracting layer, as a method to shift attention away from any
exercise-related pain [14] [62] [63]. These potential benefits from VE augmentation
may result in “a shift from negative to positive thoughts about exercise” [14] and
introduce motivation factors to the exercise experience, otherwise unavailable with
conventional therapy methods. [Jsselsteijn, et al [13] argue that older adults are
receptive to new technology, provided they understand the benefits of the
technology, for their individual purposes [13].

Another interesting advantage of VR rehabilitation platforms compared to
conventional therapy, relate to the ability to convey realistic, ‘ecological’ VE
experiences [64] [65] [66], and appropriate them to fit specific user requirements,
based on individual needs and abilities [14] [S9] [67]. Through VR experiences, a
nursing home resident would be able to experience locations and environment types
that would be unfeasible to visit in real life. Traveling presents many obstacles for
nursing home residents, such as complications related to physical deficiencies, or
personal endangerment related to how cognitive deficiencies (e.g. dementia) can
lead to problematic situations in public spaces. Many residents, therefore, need
assistance to travel (also locally). However, VEs offer interaction under safe and
controlled conditions [59]. A freedom of design can shape and grade VE content,
behavior and purpose [14]. Nursing home residents would be able to visit public
space replications in VR, but never have to be afraid of forgetting the way home,
forgetting to take notice of traffic flow, etc.

In summary, transferring the advantages and features listed above to the context
of nursing home residents seems logical. From the arguments listed above, VR
augmentation of nursing home physical therapy should be a method of pairing two
problematic situations into one solution, using the lack of ability to explore the
world outside the nursing home to positively affect the lack of exercise motivation
among residents. The decision to focus on the manuped exercise platform means
that the VE rehabilitation could quickly orientate itself to a biking experience.
Concerning the purpose and tasks inherent to such biking experience, the previously
described inability of complex interaction with nursing home residents suggests that
the experience should incorporate a minimalistic interaction design. It is also
important to remember, that the exercise is the premier focus, as opposed to a more
exergaming oriented approach.
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Considering how many residents struggled with the manuped exercise, and how
the exercise format occupies hands and feet, the enhancement of the experience
must come from the content and overall presentation of the virtual environment
augmentation.

2.3. RECREATIONAL EXPERIENCES IN VIRTUAL
ENVIRONMENTS

Nature could be more important for humans than many give it credit for. Multiple
studies highlight how experiencing natural environments can bring benefits to both
psychological and physiological wellbeing. Exposure to nature has shown to
produce relaxation [68] [69], increase positive mood, recover attention capacity and
cognitive functions, as well as reduce stress [64], even when merely perceived
through a window [68] [70]. It has also been found an inviting environment for
physical activity (e.g. walking or running) [69]. Nature experiences are thus often
referred to as recreational. These positive effects have shown to be directly opposed
by urbanized environments exposure. Bratman et al. [71] highlight how urban
environments are causing rumination, which is a negative cycle of self-referential
thought on personal, distressing matters. Rumination induces increased risk of
depression and mental illness, such as anxiety disorders [71]. Bratman, et al. showed
that a 90-minute exposure to a natural environment eliminated negative symptoms
caused by a similar duration of exposure to an urban environment [71].

Due to these recovery-oriented features, recreational nature environments are
often referred to as restorative environments, when discussed in medical or
specifically physiological terms [72] [73] [74]. The term is often used in identical
fashion to the term recreational. However, the trend seems to be that the former
used for medical or physiological findings [72] [75] [74], whereas the latter
primarily refers to user experiences related to leisure activities, urban planning for
nature environments, or tourism [76] [77] [78].

Recreational experiences for nursing home rehabilitation by VE augmentation for
the manuped exercise seems interesting, from the arguments presented above.
Human beings’ affinity for leisure activities within recreational spaces can be seen
from the attractiveness of beaches, parks, hikes, and other ventures into naturesque
environments, for the sake of enjoyment and relaxation. Irvine et al. [69] supports
this in a study on park visitor experiences and personally perceived benefits of urban
green spaces. In addition to inducing relaxation and revitalization, the park
environment also inspired physical exercise [69]. Common for many of these
destinations is seemingly the ability to be in nature surrounding, no matter whether
lying on a blanket or sitting on a bench, or engaging in physical activity. As such,
nature exposure seems to be a reward in itself for many individuals. The same could
be suspected to be true for homebound nursing home residents, especially due to the
general lack of natural environment exposure. This puts an interesting twist to the
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expected interaction design of the augmentation. If the leisure experience is by far
the most central part of the augmentation experience, it could be suggested that
other interaction aspects of the augmentation could be limited to a minimum,
without jeopardizing the VE rehabilitation purposes.

2.3.1. VIRTUAL ENVIRONMENT DESIGN FOR RESTORATIVE
EXPERIENCES

Restorative effects by natural environment stimuli have been shown to be
measurable after just 5 minutes of exposure, even when perceiving the exposure
through a glass window [79]. Meanwhile, past studies on the restorative effects of
real world recreational environments through technological mediation (pre-recorded
CRT display [80] and real-time plasma display representations [79]) have shown
mixed results. Depledge, et al. argue positively for a “resurrection of interest in the
design and study of high-fidelity, ambience-rich virtual environments* [64]. The
authors suggest that software toolkits and the graphics hardware (especially
considering the contemporary power/cost ratio) is now ready to produce convincing
recreational VEs. Authors also suggest that research field holds great potential to
promote health and wellbeing for disabled or elderly individuals with homebound
living conditions [64].

Unfortunately, many studies using recreational VEs (RVEs) for rehabilitation
purposes mainly use the RVEs as ambiance for a primary therapeutic task [81] [57]
[60]. Even studies where VEs designs are used as a central component in their
methods [29] [53] [66] [82] [83], investigations into the underlying therapeutic
effects of their designs are omitted, for instance, regarding the role of the RVE
content. An example is a study by Wargnier, et al. [84] where high-fidelity VEs
form the context for their post-fall syndrome VR rehabilitation platform. The
authors highlighted results, which showed that aesthetics and context was an
important motivational factor for the older adult participants [84]. The primary tasks
for the post-fall therapy were to navigate a virtual trail and hit glowing objects
placed on either side of the trail, controlled by real world motor behavior. Over the
course of the study, four VEs were used; two recreational-based and two urban-
based. They served no functional role, besides as an ambiance for the trail and
navigation tasks. However, the older adult participants rejected the non-recreational
VEs (an indoor corridor and an outdoor city), while happily accepting the two
nature-based VEs (a forest and a park). The urban VEs were rejected for being too
‘narrow’ (corridor) and ‘cold/unwelcoming’ (city). Participants described the
recreational VEs as satisfying and realistic [84]. Despite these participant reactions,
Wargnier, et al. did not present further causal analysis on the impact or background
of the user responses [84].
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Depledge, et al. state that content is essential for the restorative experience, and
that there is a current shortage of research going comprehensively into cues and
clues, which trigger human interest or sense of wellbeing in nature environments
[64]. What is available in literature seems to offer individual parts of a large puzzle.
This affords difficult design and development conditions for RVE developers, who
do not have urban design- or landscape architectural backgrounds.

In fact, to the knowledge of this author, no studies are yet available that present a
comprehensive framework, identifying key considerations for recreational VE
design in VR. Examples are more insights into which ‘cues and clues’ we pick up
while in a recreational environment, or the design of effective and appropriate
recreational content, e.g. in a set of categories (as also requested in [64]). Moreover,
literature is lacking recommendations or guidelines on how to combine this content
into a convincing whole, and methods of how to ‘bridge’ it all into the virtual
domain.

2.3.2. FOUR COMPONENTS TO RECREATIONAL EXPERIENCES

However, as previously mentioned, parts of the puzzle can be found in discrete
studies. On an overall level, Kaplan [75] proposes that the restorative aspects of
nature settings can be understood from the perspective of attention. He proposes that
attention is a mental resource, which needs periodical ‘resting’ from demanding
influences of our surroundings, and that particular types of natural environment
exposure can be these resources. This occurs for experiences that inherently deliver
stimuli by four components.

1) Being away means removing an individual’s attention from the concerns
related to one’s everyday living environments. The component needs to be
understood more as a conceptual notion, than a spatial one. Being away relates
primarily to an experience of ‘attention displacement’, rather than a physical
transportation to a different spatial location.

2) The extent demands that the restorative environment contains rich and
coherent stimuli, which in combination induces the sensation of a ‘whole other
world’. This “must provide enough to see, experience, and think about so that it
takes up a substantial portion of the available room in one’s head” [75]. An
environment’s extent is less dependent on size than on its ability to portray richness,
coherence, and complexity. Kaplan highlights Japanese gardens as a good example
of a small space, which excels in extreme richness of detail, within a governing
philosophy of coherence. Extent should enable a ‘connection’ to the environment,
by its ability to catch the attention of the observer. At the same time, it should
facilitate effortless exploration of its content. Incoherence in its inherent architecture
poses ‘problematic’ issues for cognitive problem-solving processes [75].
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3) Fascination in nature settings is predominantly a ‘soft’ type of fascination.
Kaplan’s descriptions infer that the inherent qualifications of extent are linked to
induction of fascination, but only when the extent of the environment is represented
as a coherent ‘whole’. If an environment represents an eclectic package of
fascinating, but discrete content, the restorative effect is not obtainable. If (soft)
fascination is obtained, it allows an effortless appreciation of the environmental
features and opens for the possibility of thought and reflection. In nature settings,
fascination can arise from aesthetically pleasing and naturesque objects. Kaplan
highlights examples of soft fascination entities, like clouds, sunsets, snow patterns,
motion of leaves in the wind, or wildlife [75]. Soft fascination can also be
understood as an opposing extreme to ‘hard’ fascination. The latter relate to e.g.
adrenaline-inducing experiences, which require directed attention, effort and focus
on cognitive processes. Hard fascination situations require constant reinterpretation
of the chain of events and possible reaction.

4) Compatibility refers to how an individual’s purposes for being at a specific
location, must fit within that environment characteristics, and provide the
information needed, to fit the individual’s purposes. If the environment is unable to
facilitate purpose seamlessly, it requires cognitive problem solving, which removes
the ability for fascination. [75].

2.3.3. RECREATIONAL VE CONTENT, FEATURES AND STRUCTURE

For the design of an RVE, Kaplan’s four components provide a useful overview
of the considerations necessary to ‘orchestrate’ a developer’s understanding of a
recreational experience. The missing are parts of the puzzle, which can be found,
but are scattered in literature, from a variety of fields. Examples of puzzle piece
categories are examples of specific content that promotes the restorative experience,
the aesthetic representation of the RVE content and an approach to spatial
management of content within the RVE (when starting the blank worksheet of a
virtual area in its developmental infancy).

Regarding content, Depledge, et al. [64] highlight forests visuals, outdoors
environmental sounds (birds, water and wind), natural colors (greens, blues and
browns), and air movement, and water with particular importance [64]. In a study
on the recreational aspects of a mountain environment hiking (path-based)
experience, Dorwart, et al. [76] note how “Whether hiking alone or with a group,
each of the 33 participants noticed and photographed more nature-oriented details
such as plants and wildlife than any other type of feature” [76]. The authors propose
a set of recreational themes found to define hikers experience. Nature-oriented
details being the most important content theme, is primarily related to the
appreciation of near trail flora, such as plants, ‘a green carpets of vegetation,’
wildlife, vast surrounding forest, rock-formations, and general composite
combinations natural elements for close inspection inspire exploration. Scenic
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values are deemed second most important. Examples are large views and distant
locations overview, high altitude vistas of trees and beautiful scenery, light and
shade combinations, and ‘natural elements’ such as waterways and waterfalls.
Management influences refer to man-made constructions along the trail, which
served to compliment or support the overall hike experience and thus, the
recreational experience. Depreciative behavior was litter, trash, broken objects, etc.
[64].

Besides identifying the content types of an RVE, it is important to remember that
RVEs are technologically manufactured environments. A real tree growing in nature
will always look like a real tree, but stylistic or low-quality representations of
natural objects are part of the development options for computer-generated designs.
When simulating nature, a designer needs to be conscious of the aesthetic features
that create a resemblance to real natural environments. A visually perfect
representation of nature is often referred to by the term photorealism - an image so
realistic that it is indistinguishable from a photograph [85]. However, complete
simulated photorealism is very hard to achieve, especially in real time from a
computational performance perspective [85]. Fortunately, photorealism, correct
imagery and high levels of geometric detail have been found less important for
perceived realism in VR, compared to considerations of reasonable behavior (of VE
objects and content), high-quality textures, and rich surface detail [72] [86] [86].
These ‘features’ relate to the technical considerations of the RVE development,
whereas more artistic, central design features found in the literature refer to realistic
lighting, high image complexity, subtle shadows and the correct scaling of objects
[72] [86] [87]. Being able to include all realism enhancing features in an RVE is
unrealistic from a computational performance perspective [85]. Some features most
often need to be prioritized. In the absence of a formal priority list for these
‘features for perceived realism’, it becomes a subjective aesthetic choice. Such can
be guided by analysis of reference media representing desired content and features.
Most defining RVE features depend on the desired portraiture of the environment.
For instance, grey weather and dense fog entail little to no shadows and a very
simple “realistic” lighting method. In this scenario, these features will therefore not
occupy computational performance, which can be allocated to include features, for
example, dynamic behavior of wildlife or other content, high-resolution textures or
high image complexity in the proximity of the user. However, features can often be
scaled to a suitable compromise, utilizing gradients of the complexity levels. A
crude example could be including medium quality shadows and medium quality
textures opposed to the exclusive inclusion of one in high quality. If both features
are considered necessary, but computational resources are not sufficient to render
both at high quality, the compromise might give the best overall expression for a
realism perception. As previously mentioned, such decisions can be supported by
reference material from real nature environments.
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As previously mentioned, most developers without educated backgrounds as
landscape architects or urban designers might need a simple set of guiding
recommendations, to spatially frame and structure the placement of RVE content.
This would induce control, and limit complete coincidental placement of content.
Vinson [88] proposes to keep control of content management by a landmark typeset,
to improve recognition of the VE locations and thereby increase the likelihood of
successful navigation for VE visitors.

For this project, the landmark typeset seemed the most useful approach amongst
those found in the literature to guide content placement. Besides, focusing on
creating recognizable locations might aid residents to remember experiences with
RVEs. Supposing an RVE augmentation would be successful in increasing
motivation to exercise, residents who suffer from dementia might be challenged to
remember such experiences. As the navigation guidelines from Vinson serve exactly
the purpose of location recollection, the landmark typeset made sense. Within the
framework, different landmark types serve individual purposes. Paths (such as
streets, canals) are channels for movement, edges (fences, rivers, etc.) highlight
boundaries, districts (neighborhoods) are distinct areas formed by boundaries, nodes
(town square, public buildings, etc.) are focal points for travel, and landmarks (such
as statues) are distinct and impenetrable objects [88]. Individual landmarks need
detail variations such as height, shape, etc. to make them distinguishable [88].

Vinson recommends that landmarks should be man-made objects, as these are
easily recognizable, compared to nature-based content. Nature-based is considered
virtual objects, which represent the much of the VEs identity and ‘fullness.'
However, such is not to be regarded as remarkable compared to landmarks,
according to Vinson. If nature oriented landmark are necessary, Vinson
recommends man-made items (roads, sheds or fences), but also landscape contours
(hills, slopes or cliff faces) or water features (lakes, streams or rivers) [88]. Low
vegetation, tress, rocks, etc. are not part of Vinson’s conceptual direction of
recognizable entities, which begs the question of their role in a restorative-based
design. Vinson recommends landmark placement to be managed from a top-down
perspective. Such process is supported by an architectural approach to e.g. gaming
level design, referring to a molecular diagram mapping as a method to overview
spaces and the connections between them [89]. Totten appropriately recommends
that spaces in the diagram be defined by their role as landmarks, identical to those
adopted by Vinson [88] [89]. If the top-down perspective can be referred to as
‘macro’ perspective, the evaluation of the recreational experience needs to include a
‘micro’ perspective, bottom-up approach that places the designer into the user
perspective of the RVE. Only from this point of view can the micro-managing of
virtual content and objects, landmark scaling (etc.), and artistic restorative feature
effects (lighting, shadow, image complexity, etc.) be evaluated. It is also from this
bottom-up perspective that the fulfillment of the four components from Kaplan
should be analyzed.
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2.3.4. PERFORMANCE REQUIREMENTS, IMMERSION AND PRESENCE

The term ‘user perspective’ (concerning the bottom-up design approach) infers
the possible points of orientation for a resident interacting with the RVE
augmentation. In this relation, the design and development RVEs needs to account
for its content placement, to make sure that it is visible if it plays a significant role,
but also to remove any content that plays no important part in the user experience.
This relates to both performance requirements and balance considerations for the
RVE design and development. Roughly speaking, performance requirements are a
function of the volume of content generation, graphics features, and display
technology requirements. - And these parameters are often dependent on the
immersive demands of an application.

Performance requirement considerations

RVE content aspects such as plants, wildlife, water, etc. and features such as rich
surface detail and dynamic lighting are a direct method of obtaining richness and
high image complexity in an RVE (e.g. to achieve a sensation of extent and
subsequently fascination). However, high quality and quantity content and features
mean increased requirements for computational power. Performance requirements
increase very fast, following increasing volumes of content. Ambitious game
development will always attempt to limit computational requirements wherever
possible, while trying to obtain the highest perceived quality possible. Graphically,
this can be done through various techniques such as backface culling, occlusion
culling, limitations to quality and distance of dynamic lighting, general draw
distance, control of transparent surface materials, etc. However, a simple approach
is to remove all unnecessary content from a scene, and only show content that will
be inside the user’s field of view at any time.

Certain game designs, with racing games being a good example, utilize a
forward-looking camera orientation along a fixed path (the race track). It makes the
control of meaningful content placement easy to map and adjust, for any given part
of the user experience, as developers and designers will know exactly which content
is shown when. This affords a transparent need for performance requirements, and
an easier performance optimization workflow. Other interaction designs allowed
free orientation. Under such circumstances, performance and optimization have
reduced control, and the non-forward facing camera requires that more parts of the
RVE should be given content treatment as fully designed and implemented parts of
a map.

A forward-looking camera view on a large flat screen TV seems feasible for use
with nursing home residents. This takes into consideration how studies have shown
that the restorative effect is possible even through a window [79], that mediated
restorative effects have been possible, even through a VHS taped RVE on a CRT
screen [80], and how other scholars are currently working on mediating realistic
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restorative environments through flat screens, to bring restorative experiences to
hospitalized patients and older adults [64] [90]. Interesting aspects of such
mediation are if and why the VR augmentation can ‘connect’ residents to the virtual
feedback, based on their real world actions, and how they perceive the RVE content.
Literature seems to support that they might be able to establish the connection, as
long as the therapeutic and interaction requirements are fitting and they can
recognize and agree to the purpose of the augmentation. Flat screen TVs are
recognizable as a technology for nursing home residents, and the interaction design
of the augmented exercise would remain unchanged.

Meanwhile, if the ambition of the VR rehabilitation setup with the manuped is to
facilitate the best possible sensation of natural environment exposure, a flat screen
TV might not be sufficiently convincing. Head Mounted Displays (HMDs) offer
stereoscopic visuals for a three-dimensional display, as well as orientation tracking
which allows a user to orientate him/herself inside a VE. The addition of such
display technology is referred to as immersive experience, which can increase the
sense of presence inside a VE. This places a different requirement to the RVE
design, concerning awareness on content and landmark placement, as orientation
angles go from controlled (flat screen) to free (HMD). Besides that, it places
different (higher) computational requirements on the system, as it has to render two
screens (the HMD panels) at once, instead of one (flat screen).

Immersive system properties

There are many definitions of both terms. In this project, I have chosen to follow
the definitions of Mel Slater, because I find his framework logical, and very useful
in the context the RVE experience. Slater defines immersion as a property of the
technology or system, which deliver multisensory displays of a virtual environment
to the user [3]. An immersive VR (IVR) system should aim to deliver “displays (in
all sensory modalities) and tracking that preserves fidelity in relation to their real-
world sensory modalities” [91]. The immersive properties of an IVR system should
ideally provide the foundation for a perceptual illusion of reality in the virtual
domain. Optimally, IVR systems should consist of visual, auditory and haptic
sensory displays. Position and orientation tracking plays a critical role for
immersive system properties by supporting sensorimotor contingencies (SC) as a
“set of valid actions that are meaningful in terms of perception within the virtual
environment depicted” [3]. Slater proposes that as the immersive ‘degree’ of a
system is difficult to quantify, immersive systems should be differentiated
comparatively between each other. Specifically, if one system can simulate another
system in VR, that system should have superior immersive properties [3]. For
example, a HMD based system is able to simulate a monitor-based system, but not
vise versa.
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The perceptual illusions of presence - responding as if real

The sense of presence is often being described by the sensation of ‘being there’
in another spatial location (for example a VE), than the environment one is
physically situated in [92] [93]. Common for most theoretical perspectives on
presence, are their focus on how human beings can feel as if reality is what they
perceive through technological mediation. Lombard and Ditton, for instance, define
presence as “the perceptual illusion of nonmediation” [94]. It seems that the goal of
presence research has long been to strive for a recipe for understanding the
‘complete’ illusion; a perceptual illusion so complete, that a user becomes
completely unaware of his/her existence in the real world. Slater has come to
believe, that while people are able capable of feeling the sensation presence in an
immersive VR (IVE), it is not possible to a degree where the individual loses mental
or physical attachment to their existence in the real world. Highly immersive VE
systems are thus able to increase very convincing perceptual illusions of place and
plausibility, to a sufficient degree where a user would as they would in the real
world, hence Slaters ‘respond-as-if-real” RIAR framework [3]. The place illusion
refers to the illusion often referred to as ‘being there’ at another spatial location
(despite being consciously aware that one is not). The plausibility illusion refers to
when events in the virtual world feel or appear as if they are really occurring
(despite being aware that they are not). The method of measuring presence has seen
numerous variations between scholars, based on their respective different
approaches to the phenomenon. The Slater-Usoh-Steed (SUS) questionnaire
(introduced in 1994 [95] and later revised several times [96] [97]) has been widely
adopted, and measures presence through self-report of respectively 3 or 6 items,
each measured on a 1-7 semantic differential scale. Scores of 6 or 7 classify an item
to represent a sense of presence.

2.3.5. THE MANUPED AUGMENTATION

From the perspectives just described, it seems that recreational nature
experiences in the virtual domain are fitting for the purposes of the nursing home
exercise augmentation. From literature on recreational experiences, the cardinal
points to restorative effects of nature exposure come primarily by nature-oriented
details and scenic values [64] [76], as well as features from both technological and
artistic perspectives. The ‘layout’ of the RVE design should be based on a
combination of a top-down and bottom-up process, depending on the design
purposes, where landmark placement should be used to structure content, and guide
residents’ recognition of the RVE.

A consideration for the RVE augmentation is whether or not the user experience
should allow free navigation, enabling residents to steer themselves around the
RVE. Residents operate the conventional manuped with relative difficulty (limited
strength, flexibility, and arthritis), and have both hands and feet occupied while
exercising. Manual navigation control in the RVE while exercising (at least in a
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traditional steering wheel manner) seems unfeasible. Even if manual navigation was
more accessible from the manuped ergonomy, it should be expected to introduce a
high risk of complications. If residents would not steer as intended, such as a
resident navigating off the trail into a tree, or falling off a cliff in the RVE. Fixing
the situation, either by a restart or steering the resident ‘back on track’ would
introduce an additional task for physical therapists, during opening hours of the
clinic. It would thereby remove some of the strength of the manuped as an exercise
device, which is its ability to provide independent exercise sessions for residents. Of
course, it cannot be ruled out that residents would, in fact, be able to learn some
variance of a non-hand, non-feet gesture-based navigation system. But due to the
cognitive and motor skill limitations observed with residents, during the focus group
trial with Wii Sports, it should be expected that residents will not be able to steer
themselves properly around an RVE independently, let alone follow a path in an
RVE. Navigation through the RVEs should be performed automatically in software.

Concerning the use of display, both types previously discussed earlier are
interesting for further evaluation. The flat screen TV is attractive because it is
unobtrusive, it is familiar to most residents, and it is possible to share the visuals
with others present in the room at the same time. The HMD is interesting due to its
stereoscopic rendering and orientation tracking. HMDs can provide very immersive
experiences if used and run properly to avoid VR sickness [98] [99]. Methods to
limit the risk of VR sickness are to minimize rotation speeds, ensure a (system-wise)
high precision and low-latency tracking [100], and the highest frame rate rendering
possible on the given HMD (probably approx. the 75 frames per second) [99].
Nevertheless, the flat screen TV will have an advantage as a familiar technology,
unobtrusive in nature, and able to communicate the RVE experience to a
surrounding audience. The flat screen TV is a valuable asset to introduce the
augmentation unobtrusively as a concept onto the physical therapy culture.

Choosing display type has a potential impact on the RVE design approach. The
HMD would potentially require more work in the design process than ‘simply’
developing for an (orientation-wise) fixed forward-facing VR camera, for each RVE
location characteristics, by demanding attention to content and landmark placement
by the possibility of free visual orientation. Computational requirements for an
HMD are also more demanding, as content will be rendered twice. RVE designs
appropriated for HMD usage should, however, be able to transition onto a flat
screen display without additional optimization from a design and hardware
requirement perspective (but not vice versa), so RVEs made for the project will thus
be designed with an RVE in mind.
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Based on the literature, it is unclear whether residents will respond positively to
an HMD. It might depend on the degree of which the sensation of presence inside
the RVE (another place than the nursing home) shows to increases exercise
motivation for residents. It might also rely on additional perspectives suggested by
motivation literature, concerning the particular orientation of the motivation, how to
achieve it, and what to avoid.

2.4. INTRINSIC MOTIVATION

“Perhaps no single phenomenon reflects the positive potential of human nature
as much as intrinsic motivation, the inherent tendency to seek out novelty and
challenges, to extend and exercise one’s capacities, to explore and to learn” [101]

According to psychologists Ryan and Deci, motivation should be understood as
the phenomenon of being ‘moved’ to perform an action [102]. Individuals, who feel
no desire to act on an impulse or engage in specific activities, can, therefore, be
characterized as unmotivated towards these instances [102]. Besides being able to
produce action, the value of motivation can be connected to increases in creativity
and learning, enhancement of performance and persistence, and increases of self-
esteem and wellbeing [102].

The lack of incentive to ‘move’ or produce action, reflects very well how residents
at Akaciegarden explain not to have the drive to exercise. As such, motivation levels
towards the manuped exercise seem a valid measurement tool to indicate the
presumed activity desire of a resident.

Self-Determination Theory (SDT) is a widely accepted theoretical framework based
on the assumption that humans are inherently self-motivated, without the need for
additional external reward [101] [102] [103]. SDT also proposes that motivation is
multidimensional, and evaluated according to both its level (intensity) and its
orientation (type). One of SDTs most fundamental ontologies lies in the distinction
between intrinsic and extrinsic motivation. Intrinsic motivation occurs when
individual performs an action exclusively because it is inherently interesting or
enjoyable. Extrinsic motivation represents the opposite and is prominent when a
person carries out a task because it leads to value found outside of the activity itself
[102] [104]. SDT believes that self-determined motivation depends on three
psychological needs [102] [105]: Autonomy (or self-determination); when the
individual becomes the causal agent of his/her life. Competence; (or self-efficacy);
when the individual has a perceived belief in his/her ability. Relatedness; when the
person is enabled to share experiences and meaningful relationships. The sensation
of competence is not able to increase intrinsic motivation without the existence of
perceived autonomy.
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At Akaciegarden, the decision with residents not to exercise comes from their
determination (as described in Chapter 3), not from external pressure from their
surroundings (e.g. therapists, other residents or nursing home staff).

Autonomy does not trigger from external control, and increases in intrinsic
motivation are dependent on how the individual independently perceives the value
of an experience [102]. The incentive of the augmentation is therefore, ideally, to
make a difference to the exercise experience, so positive that it will trigger their
autonomy to exercise.

Competence is a relevant motivation aspect, from the perspective of the physical
and cognitive challenges that most residents face every day, and which are also
challenged during exercise. Competence (self-efficacy) can enhance intrinsic
motivation through e.g. promoting/positive feedback and freedom from demanding
evaluations, such as lack of strength [59] [102]. For body pain, the sense of
competence might increase due to the distracting layer of the augmentation, by
shifting attention away from the exercise-related pain [14] [62] [63]. Influences that
undermine competence are tangible rewards, controlled directives, competition
pressure, negative feedback, or focus on task performance.

Relatedness ironically represents the experience that residents are not able to get
from the busy physical therapists. Relatedness would be a fantastic contribution to
the exercise augmentation, but the interaction limitations of the residents, combined
with the solitude of the manuped, means that this is not a motivational aspect that
this project will attend. SDT also encompasses several additional subtheories to
complete its framework [101] [103] [106] [107] [108], but these will not be further
addressed.

To utilize autonomy and competence as measuring instruments with residents,
the Intrinsic Motivation Inventory* (IMI) offers a variety of options. Its primary
purpose is for laboratory experiments but can be used outside the controlled
environment. IMI seeks the individuals’ subjective experience of an activity, after
said activity has taken place. It measures the level of intrinsic motivation from a set
of seven factors/subscales: The Interest/Enjoyment (considered the self-report
measure of intrinsic motivation), Perceived Choice and Perceived Competence
(considered positive predictors of intrinsic motivation), Pressure/Tension (negative
predictor of intrinsic motivation), Value/Usefulness (positive predictor of
internalization), Effort/Importance (measures the activity’s relevance to the subject)
and Relatedness (measures the social connection to other entities or individuals). A
7-point Likert scale is used to evaluate all factors, where 1 is “not true at all” and 7
is “very true”.

www. http://www.selfdeterminationtheory.org/intrinsic-motivation-inventory/
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Each factor has a variety of items, which can be combined to purpose. Results
come from the averaging of item scores within each factor. Individual factors scores
can then be used for analysis purposes. The IMI scales will be used in studies
relating to residents’ motivation to exercise, with factor choices relating to the
purpose of the study.

As a multidimensional phenomenon (according to SDT), studies addressing
motivation will hopefully provide insights to the level of several motivation factors.
Brunet and Sabiston conclude how “Identifying factors that influence intrinsic
motivation and identified regulation for physical activity within each age segment is
necessary to develop interventions to increase physical activity behavior across the
lifespan” [43]. Dacey, Baltzell and Zaichkowsky suggest that increases in intrinsic
motivation have resulted in increases in physical activity with elderly users, and
describe SDT as “appropriate framework for studying physical activity motivation
in this age-group” [109].
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CHAPTER 3. RESEARCH QUESTIONS

At the end of the introduction, I described the incentive of the project to be the
exploration of combining older adults, immersive virtual reality and exercise
motivation. It has since become apparent how the importance of exercise for older
adults is strongly linked to their individual independence and quality of life.
Moreover, the size of the elderly demographic is increasing, and how this will
continue to require increasing societal resources. The issue is apparent in nursing
homes, where limited staff resources for physical therapy require therapists to find
ways to occupy many of the resident visitors in exercise activities that require no
personal assistance. The result is that manuped, an exercise found trivial and
uninteresting by residents, is unquestionably the most frequently used exercise
platform at Akaciegarden. However, the manuped itself does little to motivate
exercise, which is already an activity related to personal obstacles such as
accessibility, body pain, and arthritis.

Literature referenced in Chapter 3 suggests that the advantages found in VR-
based rehabilitation can improve exercise experiences, with custom designed
feedback loops in which real world actions are augmented and contextualized in
virtual reality and placed inside virtual environments. This can provide constructive
interference for the specific rehabilitation purposes, if correctly based on the
objective of the activity and performance level of its users. The physical actions
required from the manuped are already challenging for most residents. Low body
strength, motor skills and cognitive abilities of residents mean that introducing
additional physical interactions to the manuped augmentation would likely disturb
the exercise routine more than the opposite. The mediated feedback from the
augmentation should, therefore, be the only addition to augmentation, and needs to
have a logical purpose, which exclusively connects it to the manuped pedal activity.
VEs can simulate realistic and ecological locations. Due to the homebound lives of
nursing home residents, having the opportunity to experience locations different
from the nursing home might be an interesting asset. Literature suggests that nature
exposure produces cognitive and physical benefits, as well as promote exercise
activity. Given the urban surroundings of the nursing home, I assume that nature-
based VE experiences can become an enjoyable and motivating addition to the
manuped user experience. The literature on design guidelines for custom made
recreational VEs is sparse, but does suggest the priority of specific content types. It
also suggests that navigation guidelines could aid the recognition of VE locations,
which might assist residents to remember the VEs, and thereby support the desire to
return to the exercise platform. However, more information concerning recreational
design in VR is needed. If exercise motivation does, in fact, increase for residents
following the RVE augmentation, these aspects of the user experience need to be
documented.
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These points pose the following research questions:

RQ1. How is motivation to exercise influenced for nursing home residents, when
augmenting a manuped exercise with recreational virtual environments?

RQ2. What design aspects should a developer prioritize, when creating
recreational, biking-oriented experiences in VR for nursing home residents?

Working with virtual reality has to include considerations of its presentation
methods. The impact of differences in immersive properties of a VR system is not
trivial, and the difference between low and high levels of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>