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Preface 

This is a 6th semester Medialogy BSc project under the theme “Interactive Systems Design”. 

Digital appendix 

A digital appendix in the form of a zip-folder has been handed in with the project on 

digitaleksamen.aau.dk.   

The appendix includes the following files:  

• Appendix A - Correspondence Timeline.pdf 

• Appendix B - Write-up from Skovmoseskolens Psychiatrist.pdf 

• Appendix C - Raw Experiment Data.zip 

• Appendix D - Experiment Data Condensed.pdf 

• Appendix E - Individual Data.pdf 

• Appendix F - Students with Diagnoses, Danish.pdf 

• Appendix G - Post-test Interview Questions.pdf 

• Appendix H - Post-test Interview Recording, Danish.m4a 

• Appendix I - Post-test Interview Transcript, Danish.pdf 

• Appendix J - Unity Project.zip 

• Appendix K - Windows Builds.zip 

• Appendix L - Project Video.mp4 

• Read Me.txt 

Special thanks to 

All the therapists and experiment participants at Skovmoseskolen and Rødovre municipality. 
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1.0. Introduction 

Skovmoseskolen is a school in Rødovre municipality that works with students who has certain 

disabilities, such as Down Syndrome, Asperger Syndrome and Autism.  

In the past, physical therapists and ergotherapists at Skovmoseskolen have experimented with 

nontraditional methods to enable and encourage their students to exercise. These methods include 

virtual reality bicycling exercise games, such as the VirZOOM system. In short, the VirZOOM 

system pairs a stationary exercise bicycle with a computer running a VR game. Sensors on the 

bike capture the pedaling motion and head movement as the steering motion in the physical world 

and translate these into forward- and rotational motion in the game world. 

While these games work well for some of the students, others find them too challenging and 

overwhelming, due to requirements for multitasking in terms of sensorimotor skills. More 

specifically, that the player must pedal and steer the bike while processing all the information 

that the game presents – such as steering in the right direction (especially since the head rotation 

determines the in-game direction) while collecting items and keeping an eye on various energy 

bars and other information simultaneously. This is simply too demanding for some of the students 

at Skovmoseskolen, which often leads them to quit. None of the VirZOOM games are created 

specifically for young people with Down, Asperger and Autism, which is why the therapists at 

Skovmoseskolen have been looking for a custom-made VR bicycling exergame solution that is 

designed with this specific target group in mind. The therapists note that while VR seems to be 

a good tool for engaging some of the students in exercise, they are looking for a solution that is 

more tailored to the special needs of the students at Skovmoseskolen. 

Consequently, the therapists have requested a VR bicycle exergame that avoids overstimulation 

without being uninteresting either and which can sustain the students’ focus long enough to 

complete an exercise session and possibly even exercise regularly in the best-case scenario. The 

game should be designed with simpler gameplay and a reduced level of stimuli and information 

that the students can handle, while motivating them to exercise more regularly. The game should 

be designed such that it affords no manual steering – only pedaling and looking around.  

It was decided early on in the project that the game should feature an AI companion that will 

guide and motivate the player to perform more. A type of companion that can facilitate motivation 

in a game is a virtual pedagogical character, which is a type of artificial intelligence companion 

that are found in teaching environments. A virtual pedagogical character has the function of 

keeping the player focused on a task at hand while establishing a social connection to the player, 

ultimately increasing player engagement and motivation.  
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Adding a virtual pedagogical character, that the students can relate to, to the game can be 

beneficial for the students’ motivation and interesting in the game. Especially if it can establish a 

social connection with them, since making them feel connected to the companion could lead them 

to enjoy the game more and cause them to want to return to it later, which will lead to more 

exercise. Furthermore, the companion can be designed with a behavior that encourages the 

students to progress in the level by following it, which can increase their performance if done right.  

This project seeks to investigate how to design and implement a bicycling VR exergame, that the 

therapists can use as a tool to encourage exercise among the students at Skovmoseskolen, while 

considering their special needs and difficulties with the former exercise methods that were 

presented to them. Furthermore, it will be examined how the solution model can benefit from 

implementation of a companion character whose goal is to sustain the students’ focus and interest 

in the game while encouraging and motivating them to perform more, as well as how this 

companion can be designed and implemented.  

 

This leads to the following initial problem statement (IPS):    

How to create a VR bicycle exergame for the students at Skovmoseskolen, that incorporates an AI 

companion to keep them motivated while avoiding overstimulation? 
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2.0. Analysis 

To begin with, this analysis will examine the topic of Skovmoseskolen, including who has been 

involved in the project, definitions of the diagnoses that the therapists at Skovmoseskolen work 

with, their daily workflow and some benefits of physical activity in children. This will lead to a 

target group and a case for further research. 

Next comes an analysis of how exergaming is defined, to understand what exergaming is in general 

and the type of exergame that this project is attempting to create. Then an analysis of virtual 

reality concepts is presented. This includes concepts of immersion and presence which say 

something about the capabilities of the medium, in terms of player experience and the hardware 

needed to facilitate this experience. This section will wrap up by examining ways to avoid motion 

sickness in virtual reality which is important to provide a pleasant player experience.  

Subsequently, a state-of-the-art analysis of VR bicycle exergaming platforms will be conducted to 

gain knowledge about some leading platforms, what they do and how this knowledge will help 

narrow down a suitable solution model for this project.  

Next, the analysis will present a summary of an initial meeting with Skovmoseskolen, where ideas 

were exchanged and established. Additionally, this meeting was to match expectations in terms 

of what the final solution will look like ideally.  

Then, an analysis of what motivates people to participate in activities, seen through the lens of 

self-determination theory and how this can be expressed in a video game.  

After covering the concepts of motivation, the analysis will proceed by investigating how an 

artificial intelligence companion can be designed to facilitate motivation in a video game, followed 

by a few simple pointers to what such an implementation could look like from a technical point 

of view. 

Finally, the analysis will come together in a conclusion chapter and a final problem statement 

leading to a set of design requirements for designing the game.  

2.1. Skovmoseskolen 

Skovmoseskolen is a school in Rødovre municipality that works with students who has special 

needs and diagnoses. The most common diagnoses at Skovmoseskolen is Down syndrome, Asperger 

syndrome and autism.  
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This section introduces who has been involved in this project, namely the people at 

Skovmoseskolen and Rødovre municipality, how the interaction has been with them and how the 

report will refer to these interactions. Additionally, the aim is to discover the definitions of the 

diagnoses that the therapists work with and their daily workflow. A few benefits of physical 

activity in children will be examined to support the case. Finally, this will lead to a target group 

and a case for further research. 

2.1.1. Interaction with Actors Involved in the Project 

Interaction with the therapists at Skovmoseskolen and Rødovre municipality has happened 

through e-mail and physical meetings. Physical therapist Katrine Nygaard Lodahl has been the 

primary contact and representative of Skovmoseskolen and Sune Buch-Sloth has been the 

representative of Rødovre municipality.  

Other physical therapists and ergotherapists at Skovmoseskolen that have been involved in this 

project and have been responsible for conducting experiments, presented in alphabetical order: 

Andreas Vandborg Larsen, Birte Nordheim Riedel, Dorte Iversen, Elke Wessel, Kamilla Friis, 

Mathilde Refsgaard Hermansen and Rikke Hermann. 

E-mails and meeting summaries between Skovmoseskolen, Rødovre municipality, my project 

supervisor Jon Ram Bruun-Pedersen and myself can be found in the appendix folder in the file 

“Appendix A – Correspondence Timeline.pdf”. The report will refer to this file where applicable.  

Example: “Appendix A, item 1”.  

2.1.2. Working Definitions 

To understand the diagnoses of the students at Skovmoseskolen, an article will be examined. This 

article (recommended by Katrine Nygaard Lodahl) offers a definition that the therapists work 

with. Furthermore, this will be supported by a statement from the school psychiatrist who gives 

a written assessment of the students’ developmental stages and how Skovmoseskolen accounts for 

these different stages.  

According to Katrine Nygaard Lodahl, since Skovmoseskolen works with students of many 

different diagnoses, varying age groups and severities of learning difficulties, Skovmoseskolen 

generally does not distinguish between each diagnosis in their everyday work. Instead they operate 

from an all-embracing definition named ICD-10, which was created by the WHO (World Health 

Organization).  
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ICD-10 is defined as “a state of delayed or deficient development of abilities and functional levels, 

which usually appears during childhood and contributes to the overall level of intelligence, i.e. the 

cognitive, linguistic, motor and social abilities and skills” (Definition og kriterier, 2019) (quote 

translated from Danish). 

ICD operates with four levels of learning disabilities, defined by IQ (Intelligence Quotient). 

• “Lighter degree: IQ range 50-69. Usually involves learning difficulties in school. Many 

adults can work, socialize and contribute to society” (Definition og kriterier, 2019) (quote 

translated from Danish). 

• “Moderate degree: IQ range 35-49. Most can cope with personal necessities to some extent. 

Adults need support to survive in society” (Definition og kriterier, 2019) (quote translated 

from Danish). 

• “More severe degree: IQ range 20-34. Need persistent support and help” (Definition og 

kriterier, 2019) (quote translated from Danish). 

• “Most severe degree: IQ below 20: Cannot handle necessities, continence, communication 

or mobility. Requires persistent care” (Definition og kriterier, 2019) (quote translated from 

Danish). 

The psychologist (Appendix B) affiliated with Skovmoseskolen describes the students like the 

ICD-10 definition but elaborate that they have a functional level of about half their lifespan. 

Furthermore, the psychologist (Appendix B) notes that Skovmoseskolen follows standard primary 

school learning goals but places each individual student in a grade corresponding to their cognitive 

abilities. Students are grouped by age but follow individualized learning goals. A student in the 

9th grade typically follows academic goals from the 2nd or 3rd grade (Appendix B).  

2.1.3. Daily Workflow at Skovmoseskolen 

This text is based on a statement by Katrine Nygaard Lodahl (Appendix A – Item 58) and aims 

to describe the therapists’ daily workflow with the students, prior to this project, to understand 

what they do and to give context to the baseline condition, before introducing a new VR bicycle 

exergame into the workflow.  

The students taking part in this project have all been granted physical therapy or ergotherapy 

according to the Danish service law §44 and §86, paragraph 2. The goal here is to maintain physical 

or mental skills, which are needed because of reduced physical or mental function or social 

problems. The training, that is preventative, is targeted to prevent loss of function and maintain 

or improve the existing functional ability.  
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In practice, the students usually train with a physical therapist or ergotherapist 1-2 times per 

week. The physical therapists work with basic motor skills and balance (feet, legs, back) and the 

ergotherapists work with fine motor skills (hands, mouth) and sensory processing. The training 

varies between maintenance and activity goals.  

Examples of maintenance goals: maintain the student’s use of their left hand that they tend to 

neglect to use because of spasticity or to maintain joint movement in the knee to avoid 

contractures, maintain walk function, maintain the function of getting up and down from the 

floor. 

Examples of activity goals: learning to walk on stairs because the student wants to visit their aunt 

who lives on the 3rd floor, learning to eat more coarse foods that needs to be chewed as opposed 

to mashed foods, learning to use both hands in an activity such as cutting, slicing foods etc. 

Additionally, the therapists spend time in the classrooms with groups (mouth motor skills, 

Danish/communication, movement, play groups and more) or join the teaching (physical 

education, visual arts, swimming, writing). This assistance is an interdisciplinary collaboration 

between therapists, teachers, educators, speech- and hearing consultants, assistants and sometimes 

the psychologist. 

2.1.4. Benefits of Physical Activity in Children 

When asked about the benefits of exercise in children with Down, Asperger and autism, Katrine 

Nygaard Lodahl pointed towards a conference report (Bangsbo & Krustrup, 2016) that discusses 

benefits of exercise in children and young people in general, noting that the benefits are essentially 

the same for children with the aforementioned diagnoses.  

The areas that benefit from physical activity include: 1) physical fitness and health, 2) learning, 

cognitive function and motor skills, 3) motivation and wellbeing, 4) social inclusion (Bangsbo & 

Krustrup, 2016).  

The table below (figure 1) gives an overview of the different categories of exercise benefits in 

children and the benefits pertaining to each category. The table information is based on an article 

by Bangsbo & Krustrup (2016). 

Physical fitness and 

health 

Learning, cognitive, 

function and motor 

skills 

M otivation and 

wellbeing 
Social inclusion 
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Improved muscular and 

cardiovascular fitness 

 

Decreased risk for 

illnesses, such as type II 

diabetes and heart disease 

 

Better muscle-bone health 

Benefits brain structure, 

brain function and 

cognitive functions 

 

Improves performance in 

school 

 

Mastery of motor skills 

are beneficial for cognition 

and performance at school 

Improves self-esteem and 

social relations to peers 

 

Creates a positive and 

motivating environment 

 

Improves interpersonal 

and self-regulatory skills 

in addition to core values 

such as respect and social 

responsibility 

Promotes social inclusion 

by providing equal access 

to physical activity 

regardless of the children’s 

backgrounds, skills, 

gender, ethnicity 

Figure 1 - Overview of benefits of exercise and physical activity among children and young people (Bangsbo & 

Krustrup, 2016) 

2.1.5. Target Group 

The target group of this project primarily consists of the students that are going to be participating 

in the experiment. However, the therapists can also be considered as part of the target group, 

since they are the ones that initialized this project and will be using the project solution along 

with the students.  

The students are girls and boys in the age group 7-18 years. Most of them are diagnosed with 

either Down syndrome, Asperger syndrome or autism. They have learning disabilities 

corresponding to an IQ between 69 and below 20 (cf. ICD-10 in 2.2.2) and experience deficient 

development of cognitive, linguistic, motor and social abilities and skills (cf. the ICD-10 definition 

in 2.2.2). Their functional level can also be expressed as about half their lifespan (cf. 2.2.2). 

The group of therapists includes 8 people, distributed among professions of ergotherapists and 

physical therapists (cf. 2.2.1). They have some experience with using virtual reality in their daily 

workflow.  

2.1.6. Case for Further Research 

The students at Skovmoseskolen are very different from each other, which makes them hard to 

place into one category. However, therapists at Skovmoseskolen work with a standardized 

definition of learning disabilities and cognitive function that distinguishing between IQ. Most of 

the students have a functional level of roughly half their lifespan.  
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Therapists include physical therapists and ergotherapists whose daily work include training basic- 

and fine motor skills, balance and sensory processing among the students.  

Looking into benefits of physical activity in children shows that children greatly benefit from 

physical activity in terms of health, brain function, motor skills, social relations, self-esteem and 

more. Katrine Nygaard Lodahl emphasizes that these benefits apply to the students at 

Skovmoseskolen as well.  

The target group main consists of students in the ages 7-18 years old that has learning disabilities 

and IQ’s below 69. The therapists can also be considered as part of the target group, since they 

will be using the game software with the students.  

Prior to the project, it was decided by Skovmoseskolen that they want a new virtual reality (VR) 

bicycle exercise game (exergame) with reduced stimuli (compared to their previous game 

experiences) and tailored to the target group, to motivate them to exercise more, since the current 

games that they have are too demanding for the students. The therapists at Skovmoseskolen 

already know from experience that VR bicycle exergames can work with the target group. 

However, this report needs to establish theoretical basis and support of the concepts involved 

before proposing a solution model.  

The next sections will examine topics of exergaming, VR and VR bicycle exergaming to understand 

what these concepts are about and to find evidence that the solution that Skovmoseskolen seeks 

can work from a theoretical standpoint, before summarizing an initial meeting where ideas for a 

solution model were exchanged to narrow down the problem and work toward a final problem 

statement and design requirements. 

2.2. Exergaming  

Skovmoseskolen seeks an implementation of a new exergame that is tailored to the target group. 

This section will examine and define what exergaming is, to establish a terminology and 

background knowledge that makes it possible to understand, which type of solution this project 

is going to implement and why this solution might be suitable. It will explore various styles of 

exergaming to put into words which genre the game of this project falls into and some known 

benefits of exergaming to argue that an exergame is a good solution model from a theoretical 

standpoint.  
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In short, exergaming is defined as the fusion of exercise and video games (Bogost, 2005; Osorio, 

Moffat, & Sykes, 2012) where physical activity results from the gameplay (Osorio, Moffat, & 

Sykes, 2012).  

2.2.1. Styles of Exergaming 

Bogost (2005) categorizes exergaming into five common styles of exergames: 1) running, 2) agility, 

3) reflex, 4) training and 5) impulsion. 

Running refers to exergames that simulate running or sprinting (Bogost, 2005), such as pressing 

input buttons in rapid succession with your feet.  

Agility alludes gameplay where players must make different physical motions that accurately 

interfere with one another, for example, shifting back and forth between running, kneeling and 

jumping (Bogost, 2005), as seen in aerobic workouts.  

Reflex gameplay is found in games that afford physical input and needs to be delivered with swift 

precision (Bogost, 2005), such as Whack-a-Mole type games.  

Training is a type of exergaming that mimics real-life workouts with the intent of teaching the 

player this particular workout, while tracking their performance and providing feedback (Bogost, 

2005).  

Impulsion happens in types of exergames that are not explicitly about exercise, but the 

actions/gestures needed to play the game will lead to exercise (Bogost, 2005).  

The bicycle game idea that was briefly introduced in the introduction chapter fits the training 

style of exergaming, since the game is teaching the player a bicycle exercise routine. The question 

is how the game will provide feedback to the player. This will be explored later in the analysis.  

It can also be argued that the game idea is somewhat an impulsion type game, if seen from the 

perspective that the game is about doing certain things in a virtual world, whereas bicycling is 

the simply the means to do so, and as a result, exercise will emerge from performing these actions. 

A short reflection: possibly, by not actively reminding the player that this is a bicycle game, it 

might make them immerse themselves more in the game and forget about their physical exertion, 

to some extent.  
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2.2.2. Benefits of Exergaming  

Research suggests that exergaming positively influences several things:  

• Motivation, enjoyment, psychological and social well-being (Joronen, Aikasalo, & Suvitie, 

2016)  

• Several physiological aspects such as energy expenditure, oxygen uptake and heart rate 

(Joronen, Aikasalo, & Suvitie, 2016; Staiano & Calvert, 2011) 

• Training of visual–spatial skills, hand–eye, foot–eye coordination and reaction times 

(Staiano & Calvert, 2011) 

• Continuous use of exergames can lead to weight loss (Staiano & Calvert, 2011) 

• Improved social relations through bonding with other players over exergames (Staiano & 

Calvert, 2011) 

• Improved self-esteem and less physical self-consciousness because bystanders are focused 

on a screen instead of the person exercising (Staiano & Calvert, 2011) 

• Improved mood (Staiano & Calvert, 2011) 

• Increased motivation compared to traditional exercise (Staiano & Calvert, 2011) 

There seems to be some evidence that suggests a connection between exergaming and weight loss, 

well-being, overall improved health and motivation to exercise. This supports what the therapists 

at Skovmoseskolen are already aware of: that exergaming has a lot of health benefits, it might be 

an appropriate tool to motivate their students to exercise and exergames are in fact capable of 

yielding many of the same benefits as regular exercise. 

Having established some basic knowledge and definitions of exergaming, the next section will 

examine concepts of VR.   

2.3. Virtual Reality 

From experience, therapists at Skovmoseskolen are aware that VR can be a powerful tool, which 

is why they propose an implementation of a bicycle exergame using VR. However, they might not 

be aware of the theoretical basis of why VR is effective, which is what this section will explore, 

i.e. what it is that VR is capable of and why it is effective. 

Furthermore, this section aims to provide context to the VR technology that this project will be 

using by examining a definition of the ideal VR system and reviewing the Oculus Rift platform in 

this perspective. Since Skovmoseskolen decided to use the Oculus Rift prior to this project, this 

section will not compare the Oculus Rift with other platforms to find the best platform, but simply 
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justify Skovmoseskolen’s choice of platform and equipment. Finally, an examination, of why 

motion sickness occurs in VR and some best practices to how this can potentially be avoided, will 

be presented. 

A definition that can be used to describe modern VR platforms (such as Oculus Rift, HTC Vive 

and PlayStation VR) is Immersive Virtual Reality (IVR). IVR can be defined as “a medium in 

which people respond with their whole bodies, treating what they perceive as real” (Slater, 2009).  

First, this section investigates two concepts closely related to VR, immersion and presence, which 

both say something about what the VR medium is capable of in terms of the player experience.  

2.3.1. Immersion 

This section will explore what it is that VR technology is capable of in terms of immersing the 

player by taking them out of their daily environment and placing them in a virtual environment 

(VE).  

The term immersion can be defined as “the experience of being transported to an elaborately 

simulated place is pleasurable in itself, regardless of the fantasy content” (Murray, 1997) and “the 

sensation of being surrounded by a completely other reality [...] that takes over all of our attention, 

our whole perceptual apparatus” (Murray, 1997).  

There are three aspects of immersion that can increase the player’s feeling of immersion in the 

VE: “(a) the extent to which the user is isolated from the external physical environment, (b) the 

sense  of  self-inclusion  within  the  mediated  environment,  and  (c)  egocentric  motion  

perception and  the  ability  to  interact  naturally  with  the  environment” (Nilsson, Nordahl, & 

Serafin, 2016). 

These definitions presented by Murray and Nilsson, Nordahl & Serafin expresses something about 

the capabilities of a system. VR can be considered such a system as it envelops the player’s whole 

perception and places them in a VE where they are perceptually isolated from the physical 

environment, they have a sense of self in the VE and their actions and movements are expressed 

in the VE, which can potentially immerse them as it fulfills the three criteria of immersion, 

according to Nilsson, Nordahl & Serafin.  

Logically, an immersive experience should be able to take the player’s mind off the fact that they 

are exercising in the real world, since the player’s focus are captured by this virtual experience 

that overtakes their perception. An immersive experience takes the player out of their daily 

environment and places them somewhere new, which can potentially prove more interesting and 
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stimulating than regular exercise on a stationary bicycle, where the person is looking at a wall, or 

similar, while exercising.  

2.3.2. Presence 

Tied to the concept of immersion is the concept of presence. Place illusion (PI) is a specific form 

of presence which can be defined as ”the sense of being there” (Slater, 2009) or  “the strong illusion 

of being in a place in spite of the sure knowledge that you are not there” (Slater, 2009). The 

relationship between immersion and PI can be described as such: “immersion provides the 

boundaries within PI can occur” (Slater, 2009).   

A different form of presence is plausibility illusion (Psi). Psi can be defined as a ‘suspension of 

disbelief’ of the authenticity of what is happening in the virtual world (Slater, 2009). The player 

is aware that the game or VE is not real, however, it seems real enough that they relate to 

occurrences in the VE as if they were real. When the game acknowledges the user, like when an 

non-playable character interacts with the user, this can add to Psi and the illusion that the world 

is real (Slater, 2009).  

Immersion and presence say something about the immersive capabilities of VR, which indirectly 

is why Skovmoseskolen wishes to deploy VR methods to their toolbox: because it can take the 

students out of their everyday environment and give them an exciting experience out of the 

ordinary, which can in turn change their attitudes toward exercise to more positive ones. 

The diagnoses of the students at Skovmoseskolen prevent the possibility of conducting tests for 

levels of immersion and presence. The therapists at Skovmoseskolen assess that Likert scale results, 

or similar, cannot be trusted to be reliable, since the students will not necessarily understand what 

they are replying to. However, immersion and presence can still happen as a byproduct of the 

medium used and the students might still experience immersion and presence in a VR exergame. 

Potentially, a post-test interview can ask about the therapists’ perceptions of levels of immersion 

and presence among the students while playing the implemented VR bicycle exergame.  

Next, this section will examine a definition of the ideal immersive VR (IVR) system and compare 

it with the Oculus Rift to argue that the Oculus Rift is an appropriate choice for this project, due 

to its immersive capabilities. 

2.3.3. The Ideal IVR System and Oculus Rift 

One way to consider VR technology is through the definition of the ideal IVR system (Slater, 

2009). The ideal IVR system is a VR system that facilitates several types of feedback, including 
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visual-, auditory-, haptic-, force feedback, heat and smell (Slater, 2009). Furthermore, it affords a 

tracking system to track the player’s movements (Slater, 2009). The VE is rendered to a screen, 

often a stereoscopic display (one image rendered for each eye; left and right) located in a head-

mounted display (HMD), putting the display close to the user’s eyes, making them perceive the 

VE as their own surrounding environment (Slater, 2009). The VE is rendered according to the 

player’s head and body movements to incorporate the player in the VE, and some systems track 

the user’s hand to provide another dimension of interaction with the VE, such as touching and 

grabbing objects in the VE (Slater, 2009).  

The VR system that is available at Skovmoseskolen and will be used there for this project is the 

Oculus Rift CV1 (consumer version 1; figure 2) which fulfills most criteria for the ideal IVR 

system, except for heat and smell feedback. 

 

Figure 2 - Oculus Rift CV1 – HMD (left), constellation sensors (middle), touch controllers (right) (Oculus Rift, 2019) 

The Oculus Rift CV1 system has an HMD (figure 2, left) with a resolution of 2160x1200 

(1080x1200 per eye) and runs at 90 Hz (Carey, 2016; Martindale, 2018). The system includes the 

following sensors: gyroscope, accelerometer, magnetometer and constellation array (figure 2, 

middle), which provides the possibility for 360° room-scale tracking of HMD and handheld 

controllers (figure 2, right) (Carey, 2016; Martindale, 2018). The HMD has a 110° field of view 

(FOV) (Carey, 2016; Martindale, 2018). 

Like Slater notes, an assumption for using an IVR system is controlling it with one’s body. 

Consequently, VR is a way make the player move while providing an immersive experience. 

Pairing exercise with VR can take people out of their daily real-world environment, put them in 

an interesting world that provides a “sense of being there” and make the exercise less mundane, 

since the VR experience provides stimulus that can distract from the exercise task. This might be 

enough to make some players, that are not accustomed to exercising, exercise more, since the 

exercise task suddenly becomes something else and exercise is simply a byproduct of playing the 

VR game or navigating the experience.  
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The Oculus Rift does not afford heat and smell but it does still facilitate immersion on 5 out of 7 

criteria for the ideal IVR system, which suggests that the Oculus Rift should be able to provide 

PI and Psi, since the “immersion provides the boundaries within PI can occur” (Slater, 2009). 

2.3.4. Optimal Performance and Setup to Avoid Motion Sickness 

For the students at Skovmoseskolen to enjoy the VR exergame, it needs to be a pleasant experience 

and not a nauseating experience. Next is an examination of why motion sickness occurs in VR 

and what can be done to avoid it.  

Visually Induced Motion Sickness (VIMS) is a type of cybersickness that is triggered by moving 

through a virtual environment without moving correspondingly in the real world (Yantis & 

Abrams, 2017; Hartnagel, Taffou, & Sandor, 2017). A theory of why this happens is because of  

incoherency between the visual information, presented through the head-mounted display (HMD), 

and the vestibular system which is responsible for sense of balance and spatial orientation (Yantis 

& Abrams, 2017; Hartnagel, Taffou, & Sandor, 2017).  

It is logical that movements, such as sharp turns, might induce motion sickness, since it increases 

the gap between visual information and the lack of corresponding motion perceived in the 

vestibular system. The turn is not felt in body but is perceived visually. Plausibly, softening turns 

in a bicycle game should reduce this incoherency, since the motion, that the body expects to feel 

from the motion perceived visually, would be less. 

To release a game on the Oculus Store, the game must meet some minimum requirements in terms 

of performance: it must run at 90 frames per second (fps), display the graphics without judder 

and render without errors and distortion (Rift Performance VRCs, 2019) to avoid discomfort and 

cybersickness. 

Avoiding sharp turns or other sudden artificial movements and abiding by the Oculus Store 

performance requirements should reduce the chance of cybersickness among the students at 

Skovmoseskolen when playing the VR bicycle exergame, so it is important to keep this in mind 

when implementing the game later. 

Furthermore, the physical setup of the Oculus Rift system must be done correctly to avoid tracking 

issues which can cause uncomfortable effects in VR. From my own experience with the Oculus 

Rift, the two sensors must be calibrated using the Oculus software. After calibration, the sensors 

must stay in fixed positions. If they move, this will cause tracking issues and result in visual flicker 

in the HMD, which can cause considerable discomfort to the player. A solution to this problem 

can be to mount the sensors on a wall or to secure them on a flat surface with duct tape.  
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2.3.5. VR Summary 

The therapists find it difficult to make certain students focus on exercising, because they often do 

not have the stillness and concentration to sit around and for example ride a stationary exercise 

bicycle. One thing that is interesting about VR is its immersion and presence capabilities, where 

it can take the player to another place and make them feel present there. This opens up for the 

potential of creating a new virtual world in which the students can exercise, while facilitating a 

sense of calmness and ability to hold the focus of those who think the regular exercise in the real 

world is tedious. Giving them a new experience that is distinguished from the real world might 

make exercise more interesting to some extent.  

Skovmoseskolen is planning to use an Oculus Rift platform for this project and according to 

theory, this platform fulfills most of the requirements of the ideal IVR system, which suggests 

that it is a suitable choice for delivering an immersive experience.  

Finally, it is important to take certain precautions to avoid motion sickness, which is an effect 

that can push people away from embracing the VR medium, including avoiding significant 

artificial motion such as sharp turns and ensuring that graphics display clearly and at 90 fps.  

Having established concepts of exercise and VR, the next section will offer a state-of-the-art 

(SOTA) look into some popular VR bicycle exergaming platforms. 

2.4. VR Bicycle Exergaming 

The purpose of this section is to approach a solution model for this project by examining some 

SOTA VR bicycle exergames products that are on the market today, including what they do and 

why they might or might not work for the target group of this project. This will help narrow down 

the solution model for the VR bicycle exergame that this project is creating.  

The two platforms to be examined are Tacx and VirZOOM, beginning with Tacx. 

2.4.1. Tacx 

Tacx is an interactive bicycle exercise smart trainer system that pairs with a TV (figure 3), PC 

or smart device. It lets the trainee ride through recorded videos of real-life routes and offers 

information, statistics and data analysis on a variety of performance metrics. Furthermore, it 

features training plans and live opponents (other players simultaneously in the same map).  
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Figure 3 - Tacx setup (Tacx, 2019) 

 

Figure 4 - Tacx FLUX 2 Smart (Tacx, 2019) 

The physical setup combines a bicycle of the user’s choice with a Tacx product – FLUX 2 Smart 

(figure 4) or the more advanced version NEO 2 Smart – that captures the pedaling movement 

from the bicycle and translates it into the application which makes the camera move in the virtual, 

recorded environment.  

Looking at the Tacx website clearly indicates that their products are targeted at serious 

fitness/bicycle enthusiasts with heavy emphasis on performance metrics and competition (against 

oneself or others). Tacx delivers an outdoor bicycling experience indoors. The system even 

simulates incline and decline to make a more realistic depiction of real-life bicycling.  

Tacx seems like a clever system with many great features. However, the platform seems much 

more appropriate for adults than for younger children, and especially children that have issues 

with sensory- and information overload. It is already known that the solution of this project should 

aim to limit stimuli and information presented to the students and a solution like Tacx quickly 

becomes heavy-handed. 

The next section examines another bicycle exergaming platform, namely the VirZOOM.  

2.4.2. VirZOOM 

The VirZOOM is a VR bicycle exergame platform that lets player play games in VR while 

exercising on a stationary exercise bike (VirZOOM, 2019). The platform has a sensor kit called 

VZfit (figure 5) with a sensor that can be strapped onto any exercise bike (VZfit FAQ, 2019). 

They note that the VZfit is intended for personal use and requires Oculus Go or Oculus Quest 

(all-in-one, portable, wireless VR solutions that do not require a PC). VirZOOM also offers a kiosk 

type setup (figure 6), which includes a desktop PC that can run heavier games than a mobile 

HMD. Additionally, it includes a VR system with sensors similar to the personal edition, an HMD 

and a TV for bystanders (VZfit FAQ, 2019), which is more suitable in a gym environment for 

instance.  
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Figure 5 - VirZOOM sensor kit (VirZOOM, 2019) 

 

Figure 6 - VirZOOM kiosk setup (Introducing VZfit, 

2019) 

VirZOOM offers several games, including bicycle games, racing games, horseback ride games, a 

game where you ride a flying horse and more (VirZOOM, 2019).  

On their website, VirZOOM claim that people ride 3.25 days per week using VirZOOM as opposed 

to 1.5 days per week on a stationary bike without VirZOOM, and their workout is 38 minutes per 

workout on average with VirZOOM as opposed to 21 minutes per without VirZOOM (VirZOOM, 

2019). 

The user controls the game by pedaling on the bicycle which will translate into forward motion 

and speed based on the pedaling speed, and the left/right steering rotation in the game is 

determined by head/HMD rotation and leaning (Virtual Reality That Moves You, 2019).  

Now, this section will examine a game called Gate Race for the VirZOOM platform. Gate Race 

will be analyzed in an observatory way by looking at a video of the game (VirZOOM, 2019) on 

the VirZOOM website. 

In Gate Race the player rides on the back of a horse with wings along a path (figure 7). Pedaling 

on the bicycle makes the horse run and physically leaning your head makes the horse steer around 

corners. The goal is to pass through as many gates as possible before a workout timer runs out 

(figure 9). If an energy bar meets a certain requirement, the horse can lift off and fly (figure 8) 

(by pressing a button) to make a shortcut to the next gate. The energy bar is filled by collecting 

apples (figure 9).  
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Figure 7 - Gate Race, riding on 

road 

 

 

Figure 8 - Gate Race, take off 

to fly 

 

 

Figure 9 - Gate Race, showing 

apple and gate 

The environment (figures 7-9) in Gate Race is a simple, however quite large, and calm nature 

environment with hills, trees, mountains, roads and a river. It seems that they were going for a 

peaceful experience with somewhat muted and peaceful colors. It is a relatively simple game, but 

it gives an idea of some possibilities of the VR bicycle exergaming platform and some inspiration 

for the exergame solution of this project.  

2.4.3. Tacx vs. VirZOOM vs. Solution Model 

As opposed to Tacx, VirZOOM is likely more in the right direction, in terms of which type of 

solution might work with the students at Skovmoseskolen. VirZOOM does some of same things 

as Tacx, including moving the player through a virtual environment fueled by pedaling motion on 

a real-life bicycle. However, where Tacx takes a realistic performance-based approach, VirZOOM 

takes a more gamified route and does so in VR. The gamified style might work better with children 

and younger adults, since it is more about having fun and having a different experience than it is 

about performing. The same applies to the students at Skovmoseskolen who are learning motor 

skills, balance and sensory processing (cf. 2.2.4) through exercise. The important thing to note 

here is that, for them, some exercise is more important than performing at a high level.  

The look into the VirZOOM platform provides a good basis for how this project potentially can 

unfold. Using a wireless sensor that can be equipped on any bicycle provides a degree of versatility 

while making the solution cost-effective, since there is no need for a special bicycle. According to 

the statistics provided by the VirZOOM company itself (average rides per week and minutes per 

workout as mentioned earlier in this section), VR bicycle exergaming seems like a viable solution, 

in terms of getting people motivated to exercise more than they usually do with the means of the 

VR medium. However, this statistic should be met with some skepticism. Since the company has 

an interest in selling their product, their statistics might not be representative of a larger 

population, but more tailored towards selling the equipment. Still, the popularity of the platform 

does indicate that it does something right. 

The short analysis of the Gate Race game is both a good example of what could carry over into 

the project solution and what should be left out. Some ideas match what was discussed with 
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Skovmoseskolen (riding along a path in a nature environment, possibly collecting objects etc.). 

However, it also presents some of the pitfalls, in terms of Skovmoseskolen’s students’ abilities to 

handle multiple things happening simultaneously in a game. The therapists at Skovmoseskolen 

mentioned that the students have difficulty focusing on riding and steering at the same time, 

which is precisely what this game requires, while also keeping an eye on the energy bar, apples, 

gates, timer etc. Gate Race is a good example of where it becomes too much for the students, but 

lending elements from the game while simplifying them, decreasing stimuli and number of actions 

needed, might prove to be a useful approach for the game design later on.  

The next section will summarize the opening meeting with Skovmoseskolen where ideas were 

presented and exchanged.  

2.5. Opening Meeting with Skovmoseskolen 

The idea so far is to make a VR bicycle exergame tailored to the needs of the target group. Having 

established that this idea is theoretically sustainable in terms of the technology and its capabilities, 

the goal of this meeting was to:  

• Confirm that the therapists agree that a project with focus on VR and AI is justifiable 

• Find out what the therapists’ expected outcome is  

• Present an initial idea of an AI companion and the player’s interaction with the companion 

and with the game 

• Learn more about Skovmoseskolen’s experiences with VR exergaming, including how to 

avoid the possible stimuli overload for the students  

• Learn more about the therapists’ recommendations related to the interaction with VR 

exergames, including the type of interaction and the complexity of the interaction 

• Establishing the phases of the project: analysis, development and testing 

• Discussing the testing phase, more specifically if Skovmoseskolen can conduct the test and 

how and when the tests will take place  

Summaries of this meeting can be found in the appendix (Appendix A – Item 11; Appendix A – 

Item 12).  

This led to a small pitch presentation that was presented at this meeting with Skovmoseskolen. 

The aim of the presentation was to explain the idea of implementing an AI companion in the 

exergame with the purpose of creating motivation and focus among the students, provide a feeling 

of interaction, and ultimately to guide and encourage the player to ride longer on the bicycle.  
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Two examples of companions in video games (figures 10-11) were presented to give the therapists 

at Skovmoseskolen an idea of what such a companion is capable of. The examples were Journey  

(figure 10) and The Last Guardian (figure 11), where the companions guide the player through 

their respective game worlds.  

 

Figure 10 - Screenshot from the game “Journey” 

 

Figure 11 - Screenshot from the game “The Last 

Guardian” 

Next, some ideas for the companion’s visual appearance were presented: a toy kite, a cartoon-like 

bunny, a cartoon-like dog and a more realistic looking bunny (figure 12). 

 

Figure 12 - Images as examples for different appearances of the AI companion 

The therapists responded positively to the ideas, especially the cartoon-like bunny, noting that a 

friendly visual appearance like this would be a good fit for the young students, in terms of 

relatability and matching the cartoon characters that they know from animated movies. 

Furthermore, they noted that it would be a good idea if the bunny was able to make gestures, say 

things based on the player’s performance, have facial expressions and animations. However, it 

should not always talk, but just shout motivating things sometimes. Generally, there was 

consensus that the cartoon bunny is a good idea. 

Next, an idea for the companion’s behavior and the core gameplay was presented from two 

drawings (figures 13-14): the player is riding along a path where there are certain checkpoints 

along the way. If the player is actively pedaling, the companion will follow the player on the 
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sideline. However, if the player stops, the companion will move to the next checkpoint and 

encourage the player to follow along.  

 

 

Figure 13 - Sketch of AI companion following along 

when player is moving 

 

Figure 14 - Sketch of player not moving and AI 

companion waiting at checkpoint while encouraging the 

player to move 

The therapists responded positively to this idea and agreed that it was a good starting point.  

The therapists have some experience with their students playing on the VirZOOM platform which 

was presented in the previous section (2.4.2). The important thing to note at this point is that 

the therapists have observed a tendency among the students that the VirZOOM is too complex 

for most of the students. The extent of stimuli and simultaneous actions overwhelm the students 

to the point where they give up playing. This includes a visual overload due to too many objects 

visible at the same time, all while pedaling, turning the head to steer while also keeping track of 

game states such as timing an energy bar and the like. One thing that the therapists are certain 

of at this point is that a game where the only physical input needed is pedaling on the bike, i.e. 

no head steering, is optimal. The level of detail (LOD) in the environment is up for discussion. 

To provide a starting point for the discussion of the LOD, two images were presented to the 

therapists (figures 15-16), one being very detailed and the other being low-detail and low-polygon. 

The intent was to receive some feedback on which LOD, in their opinion, would be a good fit for 

the students, since the precondition was that the game solution should reduce stimuli, including 

visual stimuli, compared to the VR exergames that they had tried beforehand. 
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Figure 15 - Presented example of high LOD 

environment 

 

 

Figure 16 - Presented example of low LOD environment 

It was discussed and decided that an LOD somewhere in between these two images, but tending 

to the low-detail version, would be a good fit, if the environment would not become too 

uninteresting and repetitive either.  

Another thing that the therapists noted to be important is that the level should not have sharp 

turns, since this seem to make the students nauseous (relates to VIMS theory in 2.3.4)  

After the presentation, the therapists presented some of their ideas. They had noticed that one 

thing that many students enjoy in the VirZOOM games is collecting items, so they suggested that 

the project game could feature coins or similar objects to collect. This would also provide 

something to do in the game besides just bicycling. Furthermore, it was discussed that a possible 

way to test the solution is to observe the duration that the students are motivated with and 

without the AI companion. However, the full experiment method, procedure etc. was not formed 

at this point. They had some time to think it through after the meeting and returned with this at 

a later time. 

Summary of ideas from the opening meeting 

• Ride a bike in VR along a path in a friendly nature environment 

• Low LOD environment and visuals without being uninteresting 

• Use an AI companion to motivate the students to ride the bicycle for longer than they 

normally would 

• Cartoon-like companion with animations, gestures, a voice and facial expressions. 

• Companion follow along when the child is moving 

• If the child stops bicycling, the companion will guide and encourage them to follow, i.e. 

ride a little longer 

• Collect coins or other tokens as you progress in the game to have something to do 

• Possibly test for how the students are motivated with and without the companion 
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2.6. Motivation  

This section will cover concepts of motivation, to understand what motivates people to participate 

in activities, or more specific to this project, exergaming activities.  

The goal is to create a game that motivates the students to exercise more, perhaps indirectly, and 

to assess whether motivational aspects are reflected in the game design, there needs to be an 

understanding of what motivation is. To clarify this, this section will examine what motivation is 

through the lens of self-determination theory (SDT; explained in the next section 2.7.1) before 

considering an approach to highlight elements of SDT in a game. 

It would be interesting to test if a VR bicycle exergame affects motivation among the target group, 

by running an intrinsic motivation inventory (IMI) questionnaire, which is a verified Likert scale 

type questionnaire based SDT that tests enjoyment, perceived competence, pressure/tension, 

perceived choice and value/utility (Monteiro, Mata, & Peixoto, 2015). However, like testing 

immersion and presence, this is not possible due to the restrictions from the target group. 

2.6.1. Motivation and Self-Determination Theory 

Motivation can be divided into two categories based on the driving factors behind an action: 

intrinsic motivation (IM) and extrinsic motivation (EM). IM refers to engaging in an activity for 

the sake of enjoyment, learning or exploration (Ryan & Deci, 2000). EM is when one is engaging 

in an activity with focus on the outcome or reward (Ryan & Deci, 2000).  

What motivates people to participate in certain activities can be further clarified through SDT 

and its three main concepts: 1) autonomy, 2) competence, 3) relatedness (Osorio, Moffat, & Sykes, 

2012; Rogers, 2017).  

Autonomy refers to when a person voluntarily participates in an activity, competence refers to a 

perceived sense of optimum challenge within the activity (the activity is neither too easy or too 

difficult) and finally, relatedness refers to being associated with others socially, like in cooperation 

activities (Osorio, Moffat, & Sykes, 2012; Rogers, 2017).  

2.6.2. Emphasizing Autonomy, Competence and Relatedness in a Game 

Depending on which elements are prominent in a video game, these elements can affect autonomy, 

competence and relatedness in various ways: character, story and playing with another person can 

increase relatedness, while gameplay and intuitive controls can increase competence and autonomy 

(Rogers, 2017). The increase in relatedness when playing with someone else largely applies to 



Page 28 of 103 

 

online multiplayer games, but the same sense of fulfillment can also happen when interacting with 

a game character (Rogers, 2017). 

Rogers (2017) argues that there is a connection between motivation and three concepts found in 

video games: 1) feedback, 2) rules and 3) social interaction. 

Feedback refers to the way that the game evaluates input from the player and reacts accordingly 

(Rogers, 2017). Furthermore, feedback has the intent of guiding the player towards certain 

behavior, such as reaching a specific goal (Rogers, 2017). A balanced amount of feedback can 

enhance feelings of competence, while excessive feedback will present too much information for 

the player to be able to process, thus having a negative effect instead (Rogers, 2017).  

Rules refer to which actions is affordable within the game and contributes to the structure of the 

game (Rogers, 2017). When a game has a wide array of possible actions within the ruleset, this 

will increase the sense of autonomy (Rogers, 2017).  

Social interaction is one of the most important motivational aspects for why people play video 

games and can increase relatedness (Rogers, 2017). While this interaction usually comes from 

playing with other human, players can develop relationships with in-game non-playable characters 

as well (Rogers, 2017).  

2.6.3. Creating Motivation with an AI Character 

To fulfill the three main aspects of SDT (autonomy, competence, relatedness), the game needs to 

convey some type of feedback, rules and social interaction.  

The range of the game’s rules (afforded actions) is predetermined by Skovmoseskolen to be limited 

because of the need for simple gameplay, which could lower the feeling of autonomy.  

It has been established at the opening meeting (2.6) that the solution model must feature a type 

of AI companion. Since motivation needs to be delivered through feedback and social interaction, 

it is logical to realize this through the AI companion, making it facilitate competence through 

feedback provided from companion to player and the relatedness aspect through use of social 

interaction or social bond with the companion.  

This leads to the next section (2.8) that will explore the idea of Virtual Pedagogical Characters 

to see how such a character can be designed as part of the solution model to encourage motivation 

and engagement.   
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2.7. Virtual Companion Character 

It was found in “2.7. Motivation” that important aspects of SDT is autonomy, competence and 

relatedness, which in a video game can be stimulated through feedback, rules and social 

interaction. First, this section explores how an AI game agent can be designed accentuate these 

factors through the concept of Virtual Pedagogical Characters (VPCs) and then look at how a 

VPC can be designed from a theoretical point of view. Next, the section will examine the creation 

of a virtual character from an AI point of view, to ultimately connect the two concepts in a 

conjunction of design requirements for the companion character. 

2.7.1. Virtual Pedagogical Characters 

This section is based on Gulz & Haake, Benefits of Virtual Pedagogical Characters – A Learning 

Style Perspective (2009).  

A study of digital learning environments proposes a method of developing social context in a 

digital environment: using VPCs (also known pedagogical agents). A VPC is a digital character 

that is represented as an NPC agent (e.g. in a game world) and has animations (movements, 

gestures, facial expressions), a voice and outputs dialogue. VPCs can be strictly task-oriented and 

relation and task-oriented. The strictly task-oriented VPC concentrates on the player’s task, while 

delivering precise and objective information. While the relation and task-oriented VPC also focuses 

on completing the task, it simultaneously aims to form a social connection with the player, making 

the experience more personal by focusing less firmly on the task and instead making small-talk, 

storytelling, joke-telling, preferences, opinions and encouraging talk. In addition to the verbal 

feedback, both types of VPC may also make physical gesticulations. The relation and task-oriented 

type may use gestures such as smiling, nodding and showing emotions through its body language. 

Generally, research show that subjects are positively tuned to VPCs in digital learning 

environments, and a quantity of studies show that VPCs have a positive impact on motivation 

and performance. Furthermore, if the VPC is animated, this often increases motivation and 

engagement (Conati & Zhao, 2004). However, introverted people tend to be more positive toward 

the strictly task-oriented VPC, whereas extroverted people are often more positive toward the 

relation and task-oriented VPC. 

Gulz & Haake (2009) recommend implementation of an individualized model, where one can 

choose between the two types of VPC, as to accommodate both introversion and extroversion, if 

possible. According to Katrine Nygaard Lodahl, the students at Skovmoseskolen are generally 

more extroverted, but there are also some introverts (Appendix A – Item 42). This indicates that 
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it would be best to create an individualized AI, but due to time constraints likely only one 

companion will be created. Therefore, it makes sense to create one that is a combination of strictly 

task-oriented and relation- and task-oriented, leaning to the relation- and task-oriented side. This 

could in theory embrace both personality types. 

The VPC should have animations, gestures, facial expressions and a voice. This matches the ideas 

and expectations from the opening meeting and is a confirmation that these ideas can work in 

practice for a companion that facilitates motivation.  

Summarized VPC requirements from this sub-section: 

• A combination of strictly task-oriented and relation and task-oriented 

• Feature a voice that provides feedback on the task and encouraging talk 

• Use positive body language and gesticulation and possibly show emotions through body 

language and gesticulation  

2.7.2. VPC Design   

The aim of this section is to identify different parts of VPC design, to make an informed decision, 

based on theory, on how to design a VPC for the game.  

Naturalistic or stylized VPC 

The first part of this section is based on Gulz & Haake, Virtual Pedagogical Agents: Naturalism 

vs. Stylization, (2006).  

The design of VPCs can be divided into two categories: naturalistic and stylized. Naturalistic 

means realistic in terms of language and visual appearance. Stylized means a look that is more 

like cartoons and animated movies. It can be noted that a VPC that has a stylized appearance 

can have naturalistic speech. 

A naturalistic VPC is good at simulating human-human interaction, where the VPCs role is 

emotional support, identification and role modeling, and the more it resembles a human being, 

the more effective it will be in fulfilling this role. If the interaction is more aimed at forming a 

social relationship to the player, the stylized VPC is often a better choice, since people tend to 

identify themselves with stylized VPCs more than naturalistic VPCs. 

This rest of this section section is based on Gulz & Haake, Design of animated pedagogical agents 

– A look at their look, (2006), where Gulz & Haake compiles and examines various research to 

identify what makes good VPC design, including various features that can produce different 

effects.  
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Research suggests that an animated VPC increases motivation if it features gestures, hand 

movements, facial expressions, voice characteristics, dialogue and conversational characteristics 

and expresses personality and emotions via voice, gestures, facial expression and verbal 

communication.  

Personality 

In terms of personality, a VPC tend to be perceived as extroverted if it has round shapes, a big 

face and happy expressions. Furthermore, it can be noted that if a character makes an appealing 

first visual impression, the player will be more focused on them.  

Example of good and bad character design 

Gulz & Haake use the Lara Croft character from the Tomb Raider game series as an example of 

good and bad character design (figure 17). They mention that the left and middle images are 

examples of good character design that has “strong and immediate visual characteristics” while 

the image one the right exemplifies an “overworked design creating visual bewilderment and 

confusion”. 

 

Figure 17 - Lara Croft from Tomb Raider (Gulz & Haake, Design of animated pedagogical agents – A look at their 

look, 2006) 

Realism and iconicity 

Furthermore, Gulz & Haake discuss the notions of realism and iconicity in relation to VPC design 

(figure 18). They present conflicting research in terms of which is the best for increasing user 

engagement and involvement. One belief is that the VPC should resemble the user as closely as 

possible to mirror human interaction, inferring a realism approach. However, another belief is that 

the iconic approach to the character design increases user engagement and involvement, since 

people have an iconic mental image of themselves and a realistic image of others, which makes it 

easier to associate themselves with the iconic character.  
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Figure 18 - Example of an iconic character (left), semi-iconic character (middle), realistic character (right) (Gulz & 

Haake, Design of animated pedagogical agents – A look at their look, 2006) 

Gulz & Haake note that a teacher type character that represent someone else may benefit from a 

realistic depiction, since people perceive others visually and realistically, whereas a learning 

companion that is perceived as an extension of the user themselves may benefit from having an 

iconic appearance.  

Facial expressions 

About facial expressions, baby-faced people are often perceived as honest, warm and kind-hearted. 

Gulz & Haake note that the VPC does not need to have the actual face of a baby but can have 

features that to some extent resemble a baby’s features such as large eyes, high eyebrows, light 

skin, small wide nose and a small chin. Furthermore, they state that a face that is tilted slightly 

down, looking up at you, suggests innocence and vulnerability. When the face is in a neutral state, 

lips that turn up, high eyebrows will make people perceive the face as more friendly, easy-going 

and non-aggressive.  

Body type  

About body types, Gulz & Haake cite that people tend to react most positively to characters with 

mesomorph body types, more negatively to endomorph body types and somewhere in between to 

ectomorph body types (figure 19). The mesomorph body type is often associated with 

attractiveness, health, braveness, competitiveness and adventuresome. However, they note that 

some endomorph characters such as Santa Claus are still viewed positively.  



Page 33 of 103 

 

 

Figure 19 - Three body stereotypes (Gulz & Haake, Design of animated pedagogical agents – A look at their look, 

2006) 

The ideas and guidelines presented in this section address themselves to how the companion will 

be designed in practice, i.e. the design requirements for the VPC. The goal is to make a companion 

and giving it a stylized/iconic appearance could make it more relatable.  

Since most of the students are extroverted, giving the companion round shapes, a big face and a 

happy expression can make the students perceive the companion as extroverted as well. It is 

known that the students have difficulty with visual overload, which is why simplicity should be 

reflected in the companion design as well, cf. Gulz & Haake who state that an overworked design 

creates visual bewilderment.  

The companion should appear welcoming and kind and this can be achieved by giving the 

companion large eyes.   

Theory in this section says that people are generally more positively tuned towards ectomorph 

and mesomorph body types, which is why the endomorph body type can be avoided for the 

companion design. 

Summarized VPC requirements from this section:  

• Stylized and iconic appearance to make it more relatable as a companion as opposed to a 

teacher role 

• Round shapes, big face, happy expression 

• Have strong and immediate visual characteristics while avoiding overworked design with 

too many visual characteristics 
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• Large eyes, high eyebrows and a small chin that will make it appear honest, warm and 

kind-hearted 

• Ectomorph or mesomorph body type  

2.7.3. Artificial Intelligence and Game Artificial Intelligence Definitions 

To create a VPC companion, artificial intelligence (AI) methods can be used, since a VPC is 

essentially a type of game AI designed in a specific way and with a specific intent. This section 

will investigate some definitions of AI and game AI to gain an understanding of relevant 

terminology and some more technical methods of implementing AI in a video game. In addition 

to that, these definitions will be used as guidelines that the companion is acting appropriately 

according to the definitions of what an AI should do.  

Russell & Norvig (2010) define the overall field of AI as attempting to understand and build 

intelligent entities. AI can be split into four subcategories of definitions: 1) thinking humanly, 2) 

thinking rationally, 3) acting humanly and 4) acting rationally (Russell & Norvig, 2010). Refer to 

figure 20 for definitions pertaining to each category.  

Thinking Humanly 

 

“The exciting new effort to make computers 

think . . . machines with minds, in the 

full and literal sense.” (Haugeland, 1985) 

 

“[The automation of] activities that we 

associate with human thinking, activities 

such as decision-making, problem solving, 

learning . . .” (Bellman, 1978) 

Thinking Rationally 

 

“The study of mental faculties through the 

use of computational models.” 

(Charniak and McDermott, 1985) 

 

“The study of the computations that make 

it possible to perceive, reason, and act.” 

(Winston, 1992) 

Acting Humanly 

 

“The art of creating machines that perform 

functions that require intelligence 

when performed by people.” (Kurzweil, 

1990) 

 

“The study of how to make computers do 

things at which, at the moment, people are 

better.” (Rich and Knight, 1991) 

Acting Rationally 

 

“Computational Intelligence is the study 

of the design of intelligent agents.” (Poole 

et al., 1998) 

 

“AI . . . is concerned with intelligent behavior 

in artifacts.” (Nilsson, 1998) 

Figure 20 - Some definitions of artificial intelligence, organized into four categories. (Russell & Norvig, 2010) 
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Kirby (2011) defines AI as “the ability to act intelligently in the face of changing conditions” and 

game AI as “embedding such capability in a game”.  

Ways to assess the quality of an AI is that the player can notice the intelligence of the AI, that 

it makes seemingly intelligent decisions and that it is able to react to changing conditions in the 

game (Kirby, 2011).  

As Kirby states, game AI must make seemingly intelligent decisions. Whether the VPC AI is, in 

fact, thinking humanly and rationally might be less important, since this is happening under the 

hood of the program and will not be noticed by the player. Acting entirely humanly might not be 

that important either if going for a stylized, cartoon-like and iconic appearance. However, to avoid 

breaking the illusion that the VPC is intelligent, it could benefit from acting rationally. If the 

VPC is not acting rationally, i.e. not responding in a meaningful way to player behavior or acting 

completely odd, this might be off-putting to the player. 

2.7.4. Finite State Machine Logic  

This sub-section is a short look on a concept of creating AI and especially game AI. The purpose 

is to gain inspiration for the technical side of the implementation of the companion behavior. A 

common way to implement state-based AI behavior in a game is with Finite State Machines 

(FSMs).  

Game AI behavior often relies on AI based on Finite State Machines (FSMs) since FSMs gives 

the developer control over how the AI behaves (Afonso & Prada, 2005). 

An FSM is a system that defines a set of different behaviors (states) and can alternate (transition) 

between those states according to a specific logic (Kirby, 2011).  

Below (figure 21) is a simple code example of a state machine (written in Java) that can switch 

between four color states. It shows how states can be clearly divided with a switch-case statement 

and how the transition conditions can be set up.  
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Figure 21 - Simple state machine (Klute, 2017). 

The state is initialized at RED. When it is RED it switches to RED_YELLOW, then GREEN, 

then YELLOW and the back to RED, looping indefinitely with no exit state. 

The state machine code in figure 21 can be visualized as in the diagram below in figure 22. 

 

Figure 22 - Simple state machine visualized 

 

enum State { 

    RED, RED_YELLOW, GREEN, YELLOW 

} 

 

State activeState = State.RED; 

 

 

public void stateMachine() { 

    while (true) { 

       switch (activeState) { 

 

            case RED: { 

                activeState = State.RED_YELLOW; 

                break; 

            } 

     

            case RED_YELLOW: { 

                activeState = State.GREEN; 

                break; 

            } 

     

           case GREEN: { 

                activeState = State.YELLOW; 

                break; 

            } 

     

            case YELLOW: { 

                activeState = State.RED; 

                break; 

            } 

 

        } 

    } 

} 
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Constraining the various behaviors to incapsulated states with clear transition conditions in 

between them gives control, as a developer, over how the companion behaves and is likely a good 

way to avoid unexpected behavior. This method will be used in the implementation of the 

companion.  

The code example is simple but gives a good idea to how a state machine can be programmed in 

practice.  

Summarized VPC requirements from this section:  

• The player can notice its intelligence 

• Must act rationally and seemingly intelligent 

• Reacts to changing conditions in the game 

• Use an FSM logic to constrain behaviors and transitions 

2.7.5. Companion Requirements 

Below is a summary of the key features extracted from the entirety of section 2.7 thus far:  

• A combination of strictly task-oriented and relation and task-oriented 

• Feature a voice that provides feedback on the task and encouraging talk 

• Use positive body language and gesticulation and possibly show emotions through body 

language and gesticulation  

• Stylized and iconic appearance to make it more relatable as a companion as opposed to a 

teacher role 

• Round shapes, big face, happy expression 

• Have strong and immediate visual characteristics while avoiding overworked design with 

too many visual characteristics 

• Large eyes, high eyebrows and a small chin that will make it appear honest, warm and 

kind-hearted 

• Ectomorph or mesomorph body type  

• The player can notice its intelligence 

• Must act rationally and seemingly intelligent 

• Is to react to changing conditions in the game 

• Use an FSM logic 
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2.7.6. Reflections on VPCs, AI and Motivation  

Following the points in 2.7.6. should provide a good basis for designing a VPC that will increase 

engagement and motivation in a virtual teaching environment. Even if the game of this project is 

not strictly about teaching and learning, it could be argued that it does feature teaching and 

learning to some degree: learning to develop an exercise routine.  

To maintain an exercise routine with the VR bicycle exergame, the game needs to facilitate some 

level of motivation and engagement (cf. 2.6, 2.7), which the VPC notions that are documented to 

work for learning games (cf. 2.8) could possibly provide to an exergame as well.  

It has been found that implementing a VPC in a game often leads to increased motivation and 

engagement among players (cf. 2.8.1, 2.8.2). Furthermore, a VPC can provide feedback and a 

social aspect, which was found to be important for promoting competence and relatedness 

motivation (2.6.2 and 2.6.3).  

Even if the prototype for Skovmoseskolen is more about enhancing motivation than about 

learning, deploying some methods and ideas used for VPCs may be beneficial, in terms of the 

students forming a social connection with the AI agent, since it will feature a companion-like 

behavior, like one type of VPC mentioned in 2.7.1.   

The social bond between the agent and the child, created through means of VPC techniques (task 

feedback, friendly dialogue and gestures) may fulfill the need for relatedness regarding motivation, 

while the feedback it provides about the player performance can potentially satisfy the need for 

feeling of competence. The feeling of autonomy through a wide ruleset (range of actions) will likely 

be difficult to achieve, since the aim is to make a very simple game for the target group. However, 

the agent can potentially make the few actions that the game affords more stimulating and fun, 

through use of encouraging and responsive behavior and dialogue.  

To establish an optimal social connection leading to motivation (cf. 2.8.1), the companion needs 

to feature animations, a voice, dialogue, facial expressions, gesticulation and be tailored to the 

type of introvert/extrovert (2.8.1).  These things are in line with ideas that were discussed at the 

opening meeting (2.6). Katrine Nygaard Lodahl believes most of the students at Skovmoseskolen 

are generally more extroverted with some exceptions (Appendix A – Item 42), which suggests that 

the game should accommodate somewhere in between these two types, leaning to the extroverted 

side, by taking a relation- and task-oriented approach as opposed to a strictly task-oriented 

approach. This will be held in mind when deciding what the bunny companion is going to say.  

In terms of companion design, it should be stylized and iconized to facilitate a social bond, 

increasing motivation, it should have round shapes, a big face and happy expression to convey an 
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extroverted personality which should match the target group. Furthermore, the companion should 

not be overworked as this could create visual confusion, which is the opposite of what the goal is 

(cf. 2.5. Opening Meeting …). Finally, it should have an ectomorph or mesomorph body type, 

since research suggests that people respond most positively to these body types in virtual 

characters. 

A quick look into AI theory gives some guidelines in terms of what good AI behavior is and how 

to achieve it technically with an FSM logic. Important for a video game AI is that it makes 

seemingly intelligent decisions. It does not have to be intelligent under the hood, but it must not 

break the illusion of seeming intelligent and life-like to the player by acting humanly (if applicable 

to the specific character) and rationally. 

2.8. Analysis Conclusion 

This analysis has investigated various different concepts and areas of theory and attempted to 

link them all together to arrive at a theoretically sensible solution model for this project.  

First of all, research into Skovmoseskolen, and topics related to that, showed that there is a lot 

of diversity among the students at Skovmoseskolen, which means that they cannot be put in one 

category. However, the therapists operate with a common learning disability definition called ICD-

10 which categorizes people in IQ ranges, and the students are expected to have functional levels 

of approximately half their ages. Furthermore, it was found that exercise benefits motor skills, 

balance and sensory processing in children, which are the areas that the therapists work with. 

Additionally, exercise benefits physical health, mental health, social relations to peers and self-

esteem. All in all, physical activity is very important for children.  

Therapists at Skovmoseskolen are, of course, already aware of that. What they are looking for, 

and what this analysis has attempted to find a solution model for is a new VR bicycle exergame, 

that is tailored to the target group, especially in terms of reduced stimuli and actions afforded. 

Prior to this project, the therapists have experimented with other VR exergames and platforms, 

namely the VirZOOM system. While this has been well-received by a few students, the majority 

experiences difficulties in playing the VirZOOM games, where there are too many things 

happening visually and motorically at once.  

To find out how a more suitable VR bicycle exergame experience can be created, this analysis has 

investigated concepts related to exergaming, VR and VR bicycle exergaming. First, it was found 

that VR is a medium highly capable of immersing the player and making them feel present in a 

VE if certain technological conditions are met. This can pull the students out of their daily lives 
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and make exercise something new and possibly exciting. The Oculus Rift platform (that 

Skovmoseskolen wants to use) meets the most important conditions in this regard, which makes 

it possible to facilitate an immersive experience using this platform. In relation to VR, it was 

found that some requirements must be met to avoid VIMS (visual cybersickness), including 

reducing artificial motion, where the VE moves without player movement. This creates 

discrepancy in the brain that can trigger VIMS in some individuals. Furthermore, the game should 

display clear, judder-free graphics and run at close to a stable 90 fps.  

Research into SOTA VR bicycle exergaming shows that a platform like the Tacx is far from 

approaching the target group. It is too advanced, complicated and targeted toward non-casual 

exercise enthusiasts, looking for a somewhat accurate simulation of riding outside. The VirZOOM 

and the game Gate Race is closer to meeting the needs of the target group, but it is still too 

complicated for the students at Skovmoseskolen, due to the need of multitasking (pressing buttons, 

looking around, steering, keeping an eye on items, energy bars etc.). What might work from the 

Gate Race game is the notion of riding along a path in a calm nature environment, while 

automatically collecting items along the way. However, the multitasking needs to be avoided – 

especially the requirement to manually steer the bike, which the therapists know from experience 

is too overwhelming for the students.  

At the first meeting with therapists from Skovmoseskolen and a representative from Rødovre 

municipality, the basic idea of the game was discussed and established: bicycling along a road or 

path in a friendly, low-detail nature environment in VR and using checkpoint and coins as a 

visible measure of progress. The idea of creating and incorporating a virtual companion into the 

game was discussed as well. There was consensus of this idea and that the companion should be 

a cute cartoon bunny that, preferably, has animations, facial expressions, a voice and dialogue. 

At the time, the idea for the bunny companion behavior was that it should follow the player when 

they are actively bicycling and if the player stops, the bunny should run ahead to the nearest 

checkpoint and begin encouraging the player to follow along.  

In order to see how the game can somehow facilitate motivation to bicycle more, concepts related 

to motivation were analyzed. It was found that three concepts in SDT (namely autonomy, 

competence, relatedness) are important for self-determined motivation. How these can take shape 

in a video game is through feedback, rules and social interaction. This led to research into how 

the bunny companion can facilitate these elements. Investigating VPCs showed that a viable 

approach to facilitating motivation through the companion is to make a relation- and task-oriented 

(and slightly strictly task-oriented) VPC that has a voice to provide feedback and encouragement, 

to give it positive body language, gesticulation and facial expressions through animations. In terms 
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of appearance, the companion should be stylized and iconic to make it relatable and have round 

shapes, big face and happy expressions to make it relatable specifically to extroverts. Furthermore, 

its design should be balanced to avoid visual confusion, which is the opposite of the goal of creating 

simple low-detail visuals that do not overstimulate the target group. Other visuals characteristics 

were identified which went into the design requirements for the companion. In terms of AI and 

intelligence, it was found that the companion should act seemingly intelligent (not necessarily 

think truly intelligently since this is hard to develop in a video game and not worthwhile compared 

to the actual payoff), the player should be able to notice its intelligence and it should be able to 

react to changing conditions in the game. Finally, it was found that a technical approach to 

making a video game AI agent is using the FSM method.  

Finally, this analysis wraps up in the following final problem statement (2.9) and the subsequent 

design requirements (2.10).    

2.9. Final Problem Statement 

How can a VR bicycle exergame, featuring a motivational VPC AI companion, be designed and 

implemented to fit the needs of the target group and comply with the requirements identified in 

this analysis, with the intent of testing if the game, with and without the companion, makes a 

difference in the students’ performance and attitudes, compared to the baseline condition at 

Skovmoseskolen?  

2.10. Design Requirements 

Design requirements for the VR bicycle exergame solution in the order that they appear in the 

analysis: 

• Ride a bike in VR along a path in a friendly nature environment with a low LOD 

• Use an AI companion to motivate the students to ride the bike for longer than they 

normally would 

• Cartoon-like companion with animations, gestures, a voice and facial expressions. 

• Companion follow along when the child is moving 

• If the child stops bicycling, the companion will guide and encourage them to follow, i.e. 

ride a little longer 

• Collect coins or other tokens as you progress in the game to have something to do 

• Styles of exergaming 

o Training, simulating a bicycle ride 

o Impulsion, exercise is emergent from the gameplay 
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• Facilitate IVR using the Oculus Rift CV1 platform 

• Provide an immersive experience that offers the ”sense of being there” (presence) 

• Prevent motion sickness, specifically VIMS, by: 

o Avoiding sharp turns in the level 

o Ensuring that the game runs at 90 fps 

o Display clear graphics, i.e. without judder, visual errors and distortion 

• Facilitate motivation, especially with emphasis on competence and relatedness 

o Competence is created through a balanced amount of feedback 

o Relatedness is created through a sense of social interaction with an NPC 

o The game should facilitate enjoyment, physical wellbeing and improved mood after 

playing 

• Feedback and social interaction will be provided by an NPC game AI agent designed 

from VPC principles 

• The NPC game AI agent must fulfill the following requirements: 

o A combination between task-oriented and relation and task-oriented 

o Feature a voice that provides feedback on the task and encouraging talk 

o Use positive body language and gesticulation and possibly show emotions through 

body language and gesticulation  

o Stylized and iconic appearance to make it more relatable as a companion as 

opposed to a teacher role 

o Round shapes, big face, happy expression 

o Have strong and immediate visual characteristics while avoiding overworked 

design with too many visual characteristics 

o Large eyes, high eyebrows and a small chin that will make it appear honest, 

warm and kind-hearted 

o Ectomorph or mesomorph body type  

o The player can notice its intelligence 

o Must act rationally and seemingly intelligent 

o Is to react to changing conditions in the game 

o Use an FSM logic 

• Implement a sensor for detecting pedaling motion from an exercise bicycle 
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3.0. Design 

This chapter will unfold the design requirements (2.10) and go through how the game– and AI 

companion design was established based on findings in the analysis.  

3.1. Base Idea 

At the initial meeting with Skovmoseskolen (2.5), it was decided that the focus of this project is 

to create a VR bicycle exergame, where the player bicycles on a path in a low LOD nature 

environment and is followed by an AI companion that intents to encourage the player to bicycle 

longer.  

Additionally, it was decided that the level should have some visible checkpoints that act as 

intermediate goals in the level and that the AI companion should guide the player towards these 

goals. More specifically, if the player is actively pedaling, the AI will follow and compliment the 

player and if the player stops, the companion will go to the next checkpoint and encourage them 

to follow along. Furthermore, it was decided that the level should feature objects that can be 

collected, such as coins.  

Below is an early concept sketch of the gameplay idea (figure 23). Originally, there was an idea 

that the AI could be a red toy kite, which is why it is represented as such in the sketch. In figure 

23, the left sketch shows the player moving forward and the companion that follows along, and 

the right sketch shows the player with no motion and the companion gravitating toward the 

closest checkpoint.  

 

Figure 23 - Early concept sketch 
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3.2. Environment Design 

At the initial meeting with Skovmoseskolen (2.5), it was decided to make a friendly nature 

environment similar to and with a level of detail (LOD) somewhere in between the two images 

below in figures 24-25. 

 

Figure 24 - Presented example of high LOD 

environment 

 

 

 

Figure 25 - Presented example of low LOD environment 

 

Cf. the opening meeting (2.5), the LOD must not be too high, since it tends to overload the 

students’ visual sense.  

An environment demo (figures 26-27) was created based on the requirements and presented to the 

therapists at Skovmoseskolen (Appendix A, item 32). The purpose was to suggest a visual style 

and to receive feedback, including their expert opinion before implementing the final game.  

 

Figure 26 - Environment demo screenshot 

 

Figure 27 - Environment demo screenshot 

The environment demo was met with positivity as the therapists did not have any criticisms and 

confirmed that this is an appropriate direction in terms of look and LOD for the game environment 

(Appendix A, item 33). 
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3.3. AI Companion 

This section will explain the process of designing the bunny, including its graphics, animations, 

behavior, voice and dialogue. 

3.3.1. Graphics and Animations 

Based on the requirements extracted from the analysis of VPCs (2.7), a package called “Bayla 

Bunny Character” (Bayla Bunny Character, 2019) (figures 28-29) was found on the Unity Asset 

Store containing a bunny model with materials and 26 animations, including animations for 

running, walking, idling, talking, waving and dancing.  

 

Figure 28 - Bayla Bunny, Unity Asset Store (Bayla 

Bunny Character, 2019) 

 

Figure 29 - Bayla Bunny, Unity Asset Store (Bayla 

Bunny Character, 2019) 

The bunny has been assessed to fulfill the visual requirements of the VPC: positive body language 

and gesticulation, stylized and iconic appearance, round shapes, big face, happy expressions, strong 

characteristics, large eyes, warm-hearted appearance and ectomorph or mesomorph body type.  

This accounts for the the visual side of the companion. A short demo video of the bunny’s 

animations was sent to Skovmoseskolen (Appendix A, item 23), who liked the bunny and 

confirmed that it has the potential to work with the students (Appendix A, item 24).  

Next is the bunny’s behavior, which includes following the player around the level and acting 

appropriately to the player’s behavior. 

3.3.2. Behavior 

When the game starts, before the player has begun bicycling, the bunny will walk to the player 

and introduce itself to the player. This can potentially help to establish a social connection between 

player and companion, as was found to be one factor for motivation (refer to 2.6).  
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Another factor for motivation was found to be competence (2.6.1) which in a video game can be 

realized through providing feedback to the player (2.6.2). The notion of feedback can happen 

through the VPC dialogue.  

If the player is actively riding the bicycle at a fast pace, the bunny will run alongside the player 

while shouting encouraging words to motivate them to keep up the current pace. If the player’s 

pace lowers beyond a threshold, the bunny will run in front of the player and encourage them to 

increase their effort while saying words that support this. Finally, if the player comes to a complete 

halt (or close to), the bunny will run to the nearest checkpoint ring and encourage the player to 

follow over to that position.  

To understand and evaluate the player behavior, the bunny needs a way to perceive the player’s 

effort. The current player effort can be realized through their current speed. Depending on the 

player’s current speed, the bunny can pick a pool (category) of verbal responses and pick a random 

verbal response from the pool of responses, corresponding to the speed. Having multiple responses 

in each pool would help eliminate the bunny sounding repetitive by saying the same sentence for 

each response type, and instead allow it to have multiple different responses with the same 

meaning and relevance in each category pool.  

An example: if the player is doing well, the bunny will not say “good job” over and over, but 

instead vary between saying “good job”, “you are doing well”, “keep going” and similar. 

Below (figure 30) is a table containing an overview of the response pools for the different game 

states and an example for each state. The specific dialogue lines will be presented in 3.3.3. Voice 

& Dialogue.  

Player speed is fast Player speed is slow 
Player speed is 

between slow and 0 

Bunny is waiting at 

checkpoint and player 

catches up 

Response pool A 

 

Voice sample example: 

 “You are the fastest!” 

 

Response pool B 

 

Voice sample example: 

 “I believe you can ride a 

bit faster” 

 

Response pool C 

 

Voice sample example: 

 “Getting tired? Me too. 

Let’s ride just a little 

more” 

 

Response pool D 

 

Voice sample example:  

“Good job! Now we’re 

moving again” 

Figure 30 - Dialogue response pools overview 

Below (figure 31) is a diagram illustration the complete bunny behavior, as explained in this 

section.  
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Figure 31 - Diagram of the entire bunny behavior 

3.3.3. Voice and Dialogue  

Another factor for motivation was found to be competence (2.6.1) which in a video game can be 

realized through providing feedback to the player (2.6.2). The research into VPCs (2.7) showed 

that feedback can be provided through the dialogue of the VPC, which can be strictly task-

oriented (works well with introverts) or relation and task-oriented (works well with extroverts). 

Katrine Nygaard Lodahl was consulted to find out if the students at Skovmoseskolen were mostly 

introverted or extroverted (Appendix A – Item 42). While she did not have a conclusive answer, 

she believes that the students are generally more extroverted, which indicates that the companion 

should be closer to relation and task-oriented rather than strictly task-oriented. This assumption 

will go into the design of what the companion will say specifically.  

Depending on the game state it can articulate feedback or encouraging speech. This will be done 

by recording several audio clips with voice samples and playing them at relevant times in the 

game.  

Since the game is targeted at young Danish students, it makes sense to give the bunny character 

a friendly, childish voice to make it more relatable to the age group, and to make it speak in 
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Danish with no difficult words, to make it easy to understand. Skovmoseskolen was consulted 

about this and agreed with this notion (Appendix A – items 25, 26). 

As previously mentioned, the bunny should have different pools of voice samples that it can 

output, depending on how it perceives the player’s behavior, to provide feedback to the player 

and attempt to establish a social connection with them.  

The table below (figure 32) lists the responses corresponding to the different player states, written 

in Danish as they will be implemented into the game. 

Game state Possible companion responses 

Game has not yet started Introduction:  

- “Hej! Mit navn er Karla Kanin (hvad er et godt navn til en kanin?). 

Jeg er din ven og vi skal ud på en sjov cykeltur sammen. Hvis du bare 

cykler, så følger jeg med og holder dig med selskab!” 

Player speed is fast  

(response pool A) 

- “Nøj! Det går hurtigt. Bliv ved” 

- “Du har fart på. Godt gået” 

- “Juuhuuu, jeg elsker at have fart på” 

- “Du er god til at cykle stærkt!” 

Player speed is slow  

(response pool B) 

- “Kom så, min ven! Lidt hurtigere” 

- “Lad os få lidt mere fart på. Træd i pedalerne” 

- “Cykle cykle, følg med mig” 

- “Jeg tror på, du kan cykle lidt hurtigere!” 

Player speed is between slow and 

0  

(response pool C) 

- “Kom med herover! Cykle cykle. Du kan godt!” 

- “Du er sej! Du kan godt cykel lidt længere” 

- “Ikke gå i stå endnu. Følg med mig min, min ven” 

- “Hov, hvor blev du af? Kom liige med mig herover” 

- “Følg med, vi har mønter der skal samles” 

Player catches up to the 

companion at the checkpoint  

(response pool D) 

- “Juhuuu, så cykler vi” 

- “Sådan skal det være” 

- “Sejt! Så kører vi igen” 

- “Stærkt, nu er vi i gang igen” 

Figure 32 - Game states and companion responses 

Skovmoseskolen was invited to give feedback on the voice lines, but they did not reply before the 

recordings had to be finished. For this reason, the voice lines in figure 32 are the final ones that 

goes into the game.  
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3.4. Use Case Diagram 

Below is a use case diagram (figure 33) of the interaction between the user and equipment in the 

physical world and the AI and gameplay in the virtual game world.  

 

Figure 33 - Use case diagram 

The player puts on the Oculus Rift HMD that outputs the virtual game world visually and 

auditory, which the user in then able to see and hear. The user pedals on a stationary exercise 

bicycle. The pedaling motion is captured by a wireless sensor located on the pedal and this motion 

is converted to data, which is sent to the computer and to the game.  

The game uses the pedal data to produce forward motion and speed in the game and this speed 

is also how the bunny companion perceives the player’s effort. The game is continually output 

through the Oculus Rift HMD, creating a link between the player in the physical world and the 

virtual game world. 

 

  



Page 50 of 103 

 

3.5. System Design 

Figure 34 shows a pseudo UML diagram to give an overview of the different systems and objects, 

that are going to be in the game, and their interlinked relationships. The final implementation 

may differ from this, as it is just to provide a starting point for and overview of how everything 

fits together and what the application should do on a macro scale, rather than a micro scale. 

 

 

Figure 34 - System design overview diagram 

3.6. Avoiding Motion Sickness  

It was established in the design requirements that to avoid motion sickness in VR, the game 

should run at 90 fps, display clear graphics and avoid sharp turns, since incoherency between 

visuals and the vestibular system, as created by jittery visuals and artificial motion, can result in 

motion sickness. 

Therefore, it is important that the game graphics are created in a way that the game can meet 

these requirements. The notion of avoiding sharp turns applies to the level design and is something 

to be aware of when creating the path in the environment.  

To comply with these requirements, the game should be tested continually in the implementation 

process. The level, assets and performance will be tweaked until the game satisfies these 

requirements. 
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4.0. Implementation 

The VR bicycle exergame solution has been created in Unity 2017.2.5. This section will go into 

detail with how the solution was made, including assets, code, tools, packages and various other 

Unity techniques. 

4.1. Oculus Rift Integration with Unity 

Since the game does not need to use the Oculus Rift controllers, the only VR settings that need 

to be enabled is the XR Settings (Settings – Player Settings – XR Settings) as seen in figure 35. 

This will enable the main camera to be controlled by the Oculus Rift HMD.  

 

Figure 35 - Unity XR Settings 

Another thing that is important to ensure that the app renders smoothly in VR is to go into “Edit 

– Project Settings – Time” and set Fixed Timestep to 1/90 = 0.01111111 (1/target framerate 

which is 90 in this case). Refer to figure 36.  

 

Figure 36 - Time settings 

This has to do with how often physics objects are being updated. If the camera is updating 90 

times per second and the player’s moving Rigidbody (that the camera is attached to) is only 

updating 50 times per second, this will cause a discrepancy in how the world is being rendered 

and cause it to look jittery.  
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4.2. Bicycle Sensor Integration with Unity 

Communication between the gyroscopic sensor and Unity 2017 happens via three scripts: UDP.cs, 

BangInterpreter.cs and UDPBikeAcceleration.cs.  

The scripts are made by Jon Ram Bruun-Pedersen and Emil Rosenlund Høeg who did a research 

project on VR bicycle exergaming similar to this project. Since I did not write these scripts, I will 

not go into too much detail about the inner workings of the code but will just explain briefly how 

they were setup to work in this project.  

The scripts must be imported into the scene on each their own GameObject to work.  

UDP.cs establishes a connection by looking for a specific wi-fi router which is plugged into the 

ethernet port of the PC and is configured to work with a certain IP address and port, that the 

gyroscopic sensor is sending data to. In other words, the UDP scripts collects the data generated 

from the rotational movement of the physical sensor, via the router. BangInterpreter.cs then 

interprets this data from the UDP script and sends it further along to the UDPBikeAcceleration.cs 

script. The UDPBikeAcceleration script (which is located on the Player GameObject) simulates 

acceleration and deceleration over time, such as on a real-life bike. Ultimately, the 

UDPBikeAcceleration script outputs a float value that can be used to set the player move speed. 

4.3. Environment and Post Processing Effects 

The environment is made using the Unity terrain tool with trees and textures from a package 

from the Unity Store called “Stylized Nature Bundle” (Stylized Nature Bundle, 2019) (figure 37).  

 

Figure 37 - Stylized Nature Bundle, Unity Asset Store 
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First the base terrain was created as a flat plane. Next, hills were painted using the “Raise/Lower 

terrain” tool (figure 38) and the grass and road textures were painted onto the terrain mesh using 

the “Paint Texture” tool (figure 39).  

 

Figure 38 - Raise/Lower Terrain Tool 

 

Figure 39 - Paint texture tool 

The finished terrain can be seen below in figure 40.  
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Figure 40 - Finished terrain 

The trees from the Stylized Nature Bundle were plugged into the “Place Trees” tool (figure 41) 

and instantiated in the scene using the “Mass Place Trees” tool (figure 42), which allows for 

randomly placing a specified number of trees in the scene. The trees that happened to end up on 

the road were manually erased.  

 

Figure 41 - Place Trees tool 

 

Figure 42 - Mass Place Trees tool 

Finally, a skybox from the Stylized Nature Bundle was plugged into skybox material in the 

Lighting Settings to create the blue sky, and Color Space is set to Linear (in Project Settings – 

Other Settings – Rendering) to produce more vivid colors matching the visual style of the game.  

Next, a few more alterations were done to the visual appearance of the game by applying some 

Post-Processing effects to the camera as seen in figure 43.  

First, the Color Grading effect has been used to tweak the environment colors from the default 

cold colors to more warm and welcoming colors (see before/after in figure 43).   
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Next, a Bloom effect was applied. While this is subtler, the effect can be seen in figure 43, especially 

be seen on the yellow checkpoint ring in the image center in figure 43 (in the Bloom after image). 

Bloom makes everything glow a little bit, which makes the environment appear more vivid.   

Post-Processing Effect Before After 

Color Grading 

  

Bloom 

  

Figure 43 - Before and after Post-Processing effects 

Worth mentioning is that the only light present in the scene is a Directional Light that emits light 

infinitely in one direction, as to emulate sun light. This is the appropriate lighting type to use in 

an outdoor scene with no other light sources. 

Furthermore, a fog effect (figures 44-45) has been applied in Lighting – Other Settings – Fog. This 

effect creates fog in the distance, reducing view distance and can help ease the visual output, 

which is necessary in this case, as not to overwhelm the target group who is easily overloaded 

with visual information.   

 

Figure 44 - Environment without fog 

 

Figure 45 - Environment with fog 

The trees in the Stylized Nature Bundle come with different LODs. These have been set to LOD0 

(the minimum level of detail) to ensure that the game runs at 90 fps. The fps dropped to 45-60 

fps when setting the LOD to higher numbers, which made the experience unpleasant. 
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4.4. Player and Waypoint System 

The Player GameObject has a camera (Main Camera) and three BunnyMarker objects attached 

to it as child objects (figure 46). The camera represents the player’s field of view in VR and is 

controlled by the Oculus Rift and the BunnyMarker objects are transforms (positions in 3D space) 

that the bunny companion uses to follow the player (more on that later).  

 

Figure 46 - Player GameObject 

The Player.cs script is responsible for handling the player movement and leading the player down 

a path of waypoints when receiving movement from the sensor.  

 

Figure 47 - Level seen from above to illustrate waypoints represented by the red diamonds 

Figure 47 show the waypoints (red diamond markers along the road) which are essentially several 

positional points that form a path corresponding to the dirt road. The player is programmed to 

follow these points.  
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Figure 48 - Player.cs variables 

Figure 48 shows the variables of the Player script. 

 

Figure 49 - Player.cs Awake method 

In the Awake method (figure 49) references to the needed scripts are set. 

 

Figure 50 - Player.cs Start and FixedUpdate methods  

In the Start method (figure 50), the player’s own position is set to be that of the first waypoint 

on the route (waypoints are managed on the GameLogic object, because they are shared with the 

bunny companion, which is why the player is getting the waypoint position from there). The 

player’s LookAt rotation is set to be towards the next waypoint (current waypoint + 1) to ensure 

that the player is facing the correct direction. The Player object is then given a destination, which 

is the next waypoint.  

public GameObject bunnyMarker; 
public GameObject[] waypoints; 
 
private GameObject gameLogic; 
private GameLogic gameLogicScript; 
private UDPBikeAcceleration bikeAccelerationScript;  
     
[Range(0, 30)] public float moveSpeed; 
[Range(0, 5)] public float turnSpeed; 
[Range(.5f, 15)] public float distanceToIncrementWaypoint; 
 
private Vector3 destination; 

void Awake() { 
   bikeAccelerationScript = GetComponent<UDPBikeAcceleration>(); 
   gameLogic = GameObject.FindGameObjectWithTag("Game Logic"); 
   gameLogicScript = gameLogic.GetComponent<GameLogic>(); 
} 
 

private void Start() { 
   transform.position = 
gameLogicScript.playerWaypointsList[gameLogicScript.playerStartIndex].transform.position; 
   transform.LookAt(gameLogicScript.playerWaypointsList[gameLogicScript.playerStartIndex + 
1].transform.position); 
 
   destination = waypoints[gameLogicScript.GetPlayerWaypointIndex()].transform.position;     
} 

void FixedUpdate() { 
   SetMoveSpeedFromSensor(); 
   SetNextWaypoint(); 
   MoveTowardsNextWaypoint(); 
   ResetWaypointIndex(); 
} 
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In the FixedUpdate method (figure 50), three methods are called. The first is 

SetMoveSpeedFromSensor, which sets the Player move speed according to the sensor speed from 

the UDPBikeAcceleration script.  

 

Figure 51 - Player.cs SetMoveSpeedFromSensor and SetNextWaypoint methods 

The sensor velocity does not go lower than 9, so in reality 9 means 0, which is being enforced in 

this if-statement (figure 51). If the sensor velocity is above 9, the Player move speed is set to a 

fraction of the sensor velocity, since the sensor outputs a big number, which would make the 

player move too fast. The turnSpeed is set to be 10 times lower than whatever the moveSpeed is. 

This is so the player can turn faster when the move speed is high, to prevent that the player is 

not able to turn fast enough, which would cause them to go off the path.  

In the SetNextWaypoint method (figure 51), if the distance to the next waypoint is less than a 

specified float value, the index of the next waypoint will be incremented, to make to player 

movement transition to the next waypoint in the waypoint array.  

 

Figure 52 - PlayerMoveTowardsNextWaypoint and ResetWaypointIndex methods 

private void SetMoveSpeedFromSensor() { 
   if (bikeAccelerationScript.GetCurrentVelocity() < 9) { 
      moveSpeed = 0; 
   } else { 
      moveSpeed = bikeAccelerationScript.GetCurrentVelocity() / 65; 
      turnSpeed = moveSpeed / 10; 
   } 
} 

private void SetNextWaypoint() { 
   if (Vector3.Distance(transform.position, 
waypoints[gameLogicScript.GetPlayerWaypointIndex()].transform.position) < distanceToIncrementWaypoint) { 
 
   gameLogicScript.IncrementPlayerWaypointIndex(); 
    
   destination = new Vector3(waypoints[gameLogicScript.GetPlayerWaypointIndex()].transform.position.x, 
transform.position.y, waypoints[gameLogicScript.GetPlayerWaypointIndex()].transform.position.z); 
   } 
} 

private void MoveTowardsNextWaypoint() { 
 
   var targetRotation = 
Quaternion.LookRotation(waypoints[gameLogicScript.GetPlayerWaypointIndex()].transform.position - 
transform.position); 
   transform.rotation = Quaternion.Slerp(transform.rotation, targetRotation, turnSpeed * 
Time.deltaTime); 
   transform.Translate(Vector3.forward * moveSpeed * Time.deltaTime); 
} 
 
private void ResetWaypointIndex() { 
   if (gameLogicScript.GetPlayerWaypointIndex() >= waypoints.Length - 1) 
gameLogicScript.ResetPlayerWaypointIndex(); 
} 
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The MoveTowardsNextWaypoint method (figure 52) moves the player forward by the moveSpeed 

value over time, while rotating toward the next waypoint in line, while using a Quaternion.Slerp 

which is basically a smooth LookAt rotation. Where LookAt would be an instant rotation, 

Quaternion.Slerp does it gradually over time.  

Finally, ResetWaypointIndex resets the next player waypoint to 0 if it exceeds the waypoint array, 

so the player can continue playing even after completing one lap.  

4.5. Game Logic 

GameLogic is a script that keeps track of a number of things, including the waypoints, spawning 

of coins, number of coins collected and rings passed.  

 

Figure 53 - GameLogic.cs variables 

Figure 53 shows the variables in the GameLogic script. The first three public variables hold 

references to the ring objects, single coin object to spawn in this script and a list of waypoints. 

The playerStartIndex, which can be set in the inspector, is used to make the player spawn at a 

waypoint of choice (used for debugging).   

Next are the indices for keeping track of how many rings and waypoints have been passed and an 

integer for counting the number of coins collected. 

 

Figure 54 - GameLogic.cs Start and SpawnCoins methods 

public GameObject[] rings; 
public GameObject coin; 
public List<GameObject> playerWaypointsList; 
public int playerStartIndex = 5; 
 
private int ringIndex; 
private static int playerWaypointIndex; 
private static int collectedCoinsCount; 

void Start() { 
   playerWaypointIndex = playerStartIndex + 1; 
   collectedCoinsCount = 0; 
   ringIndex = 0; 
   SpawnCoins(); 
} 

 
private void SpawnCoins() { 
   for (int i = 0; i < playerWaypointsList.Count - playerWaypointIndex; i++) { 
      if(i % 3 == 0) Instantiate(coin, new Vector3(playerWaypointsList[playerWaypointIndex + 
i].transform.position.x, playerWaypointsList[playerWaypointIndex + i].transform.position.y, 
playerWaypointsList[playerWaypointIndex + i].transform.position.z), Quaternion.Euler(new Vector3(90, 
0, 0))); 
      }  
} 
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In the Start method (figure 54), values are reset initialized at 0 and the playerWaypointIndex is 

set to the start index plus 1, so the player moves to the correct waypoint next in line. In addition 

to this, the SpawnCoins method (figure 54) is called, which creates coins across the level. It does 

so by looping through each waypoint in the level with a for loop, places a coin at every third 

waypoint using a modulo operator and flips the coin 90 degrees in the x-axis to give it the correct 

orientation. 

 

Figure 55 - GameLogic.cs StartNewRound method 

The StartNewRound method (figure 55) is called upon completing one lap. It is called when the 

player collides with the FinishLine object which will be explained later in 4.6. The method resets 

the ringIndex and playerWaypointIndex so the player and bunny can correctly follow the level all 

over again. Next, it finds all coin instances and destroys them (removes them from the game and 

from memory). This is to avoid coin duplicates in the unlikely, however possible, event that the 

player has missed a coin somehow. After destroying the existing coins, the coins are respawned 

using the SpawnCoins method.  

public void StartNewRound() { 
   ringIndex = 0; 
   playerWaypointIndex = 0; 
 
   GameObject[] coins = GameObject.FindGameObjectsWithTag("Coin"); 
 
   if (coins != null) { 
      foreach (GameObject coin in coins) { 
         Destroy(coin, .1f); 
      } 
   } 
 
   SpawnCoins();  
} 
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Figure 56 - GameLogic.cs various methods 

Finally are a some public methods (figure 56) to read and to increment various values from other 

scripts, including ringIndex, collectedCoinsCount and waypointIndex. 

4.6. Rings and Finish Line 

The ring is the yellow object (figure 57) and the finish line is the pink object (figure 57).  

 

Figure 57 - FinishLine and Ring GameObjects in scene 

public void IncrementRingIndex() { 
   ringIndex++; 
} 
 
public void IncrementCoinCount() { 
   collectedCoinsCount++; 
} 
 
public int GetCoinCount() { 
   return collectedCoinsCount;  
} 

 
public int GetRingIndex() { 
   return ringIndex; 
} 
     
public void IncrementPlayerWaypointIndex() { 
   playerWaypointIndex++; 
} 
 
public int GetPlayerWaypointIndex() { 
   return playerWaypointIndex;  
} 
 
public void ResetPlayerWaypointIndex() { 
   playerWaypointIndex = 0;  
} 
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First in the Rings.cs script are the variables (figure 58). 

 

Figure 58 - Rings.cs variables 

To keep track of the number of rings passed, the ring needs to be able to communicate with the 

GameLogic, which explains the reference to it. Furthermore, the ring will spawn coins when 

passing through it, which explains the coin variable. coinSpawnAmount is how many coins will 

be spawned upon collision.  

 

Figure 59 - Rings.cs Start and Update methods 

At some point, there was a lag issue when there was too many coins and rings in the scene 

simultaneously. This was solved by disabling each object’s Renderer by default (in the Start 

method; figure 59) and enabling it when in proximity to the Player (as seen in the Update method; 

figure 59). However, this is done at a large distance of 200 units, so the player will not notice. It 

is just something that happens behind the curtains to optimize the framerate. 

 

Figure 60 - Rings.cs OnTriggerEnter method  

public GameLogic gameLogic; 
public GameObject coin; 
public int coinSpawnAmount = 5; 
public bool canSpawnCoins = true; 
 
private bool playerHasPassed = false; 
private MeshRenderer renderer;  
private GameObject player; 

private void Start() { 
   renderer.enabled = false; 
} 
 
private void Update() { 
   if (Vector3.Distance(transform.position, player.transform.position) < 200) { 
      renderer.enabled = true; 
   } 
} 

private void OnTriggerEnter(Collider other) { 
   if (other.tag == "Player") { 
      gameLogic.IncrementRingIndex(); 
 
      float distance = 6.5f;  
 
      if (canSpawnCoins) { 
         for (int i = 0; i < coinSpawnAmount; i++) { 
            Instantiate(coin, new Vector3(player.transform.position.x + player.transform.forward.x * 
distance + Random.Range(-3, 3), player.transform.position.y + player.transform.forward.y * distance + 
Random.Range(1,3), player.transform.position.z + player.transform.forward.z * distance + 
Random.Range(-.5f, .5f)), Quaternion.Euler(new Vector3(90, 0, 0))); 
          } 
      } 
   } 
} 
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In the OnTriggerEnter method (figure 60), if the detected collision object is the Player (i.e. has 

tag “Player”) a number of coins corresponding to coinSpawnAmount is instantiated in front of the 

player by using the players own transform.position, offsetting x, y and z by a specified distance 

and a random factor to make the coins not appear in the exact same spot.  

The game contains a FinishLine script that works similarly but instead of incrementing the 

ringIndex, it restarts the round by calling the StartNewRound method that is located on the 

GameLogic script. Furthermore, it spawns 15 coins instead of 5.  

4.7. Coins 

  

Figure 61 - Coin GameObject 

The Coin GameObject (figure 61) has some components attached to it: an AudioSource for playing 

a coin pick sound, a BoxCollider for detecting collision with the player and a script.  

 

Figure 62 - Coin.cs variables 

In the script, first are the variables (figure 62) which reference the sound file, the AudioSource for 

playing the sound file, the GameLogic, the Player, the MeshRenderer and floats for pickup 

public AudioClip coinSound; 
 
private AudioSource audioSource; 
private GameObject gameLogic; 
private GameLogic gameLogicScript;  
private GameObject player; 
private MeshRenderer renderer; 
[SerializeField] private float pickupDistance = 7; 
[SerializeField] private float rotateSpeed = 60; 
[Range (0,1)] [SerializeField] private float moveDistancePerCall = 0.25f; 
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distance, rotation speed and how fast the coin gravitates toward the player on proximity to the 

player.  

 

Figure 63 - Coin.cs Start and Update methods 

In the Start method (figure 63), the coin’s start rotation is randomized. Otherwise, every coin 

would have the same rotation, which would look strange and artificial. 

The same technique used to avoid lag on the rings is used here as well: disabling the MeshRenderer 

on start (see the Start function; figure 63) and enabling it when the player approaches (see the 

Update function; figure 63). Furthermore, in the Update function the coin rotates over time with 

a speed of rotateSpeed. If the distance between the coin and the player is less than the 

pickUpDistance, the coin will move towards the player using the Vector3.MoveTowards function. 

moveDistancePerCall equals how much the coin should move per draw call.  

Finally, as seen in figure 64, when the player collides with the coin, the coin counter is incremented 

in the GameLogic script, a coin sound is played at the player’s position and the coin object 

instance is destroyed from the game.  

 

Figure 64 - Coin.cs OnTriggerEnter method 

  

void Start() { 
   transform.Rotate(0, Random.Range(0, 360), 0, Space.World); 
   renderer.enabled = false; 
} 
 
void Update() { 
   if (Vector3.Distance(transform.position, player.transform.position) < 75f) renderer.enabled = true; 
 
   transform.Rotate(0, rotateSpeed * Time.deltaTime, 0,  Space.World); 
 
   if (Vector3.Distance(player.transform.position, transform.position) < pickupDistance) { 
      transform.position = Vector3.MoveTowards(transform.position, new 
Vector3(player.transform.position.x, player.transform.position.y, player.transform.position.z), 
moveDistancePerCall); 
   } 
} 

private void OnTriggerEnter(Collider other) { 
   if (other.tag == "Player") { 
      gameLogicScript.IncrementCoinCount(); 
      AudioSource.PlayClipAtPoint(coinSound, player.transform.position); 
      Destroy(gameObject, .05f); 
   } 
} 
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4.8. Coin Counter TV 

 

Figure 65 - Coin Counter TV GameObject in scene 

The Coin Counter TV (figure 65) is made of a 3D model mesh of a flatscreen TV, a TextMeshPro 

object for showing the number of coins collected as text and a simple script (figure 66) for updating 

the number. 

 

Figure 66 - TelevisionCounter.cs script 

In the Start method, a coroutine is started. This coroutine updates the timer every second, instead 

of doing it each frame in an Update method which would be expensive, in terms of computer 

power, especially since there are multiple TV’s around the level.  

  

private GameObject gameLogic; 
private GameLogic gameLogicScript; 
private TextMeshPro counterText;  
 
private void Awake() { 
   gameLogic = GameObject.FindGameObjectWithTag("Game Logic"); 
   gameLogicScript = gameLogic.GetComponent<GameLogic>(); 
} 
 
void Start() { 
   counterText = GetComponent<TextMeshPro>(); 
   StartCoroutine("UpdateCounter", 1); 
} 
 
IEnumerator UpdateCounter(float waitTime) { 
   while (true) { 
      yield return new WaitForSeconds(waitTime); 
      counterText.text = gameLogicScript.GetCoinCount().ToString(); 
   } 
} 
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4.9. Bunny AI Agent 

This section will go through the steps used to create the bunny AI companion, which is the most 

complex object in the game.    

Animation 

As mentioned in 3.3.1, a package containing the bunny model (figure 67) and animations were 

downloaded from the Unity Asset Store to use for the visual side on the bunny companion. 

 

Figure 67 - Bunny model 

First, the base bunny model was imported into the scene. Next, an Animator was created, and 

the animations were dragged into the Animator (figure 68), which is a state machine for 

animations.  

 

Figure 68 - Animator with animations, transitions and triggers 
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In the Animator, the grey boxes are the animations, the orange box is the initial state when the 

game starts, the green box is the entry node that specifies which animation is played on entry (i.e. 

when the game starts) and the arrows are transitions. The turquoise box “Any State” allows a 

transition from any animation state to the state that an arrow points at from “Any State”. It is 

also possible to constrain the transition logic by only allowing certain states to be transition to 

from other certain states. However, in this case, it makes sense for the bunny companion to be 

able to transition from any state to any other state. 

On the left in figure 68 are some defined trigger parameters. Each trigger is linked to a transition 

arrow in the state machine diagram, and these triggers can be called freely from code to control 

which animation should trigger and when.  

Navigation 

The next step is to set up a NavMesh system, which is Unity’s built-in navigation and pathfinding 

system. First is going to the Navigation – Object menu (figure 69), selecting the terrain and 

checking Navigation Static, Generate OffMeshLinks and selecting Walkable for the Navigation. 

Next, going to the menu Navigation – Bake (figure 70), selecting the terrain and clicking the Bake 

button converts the terrain to a walkable NavMesh surface which allows NavMeshAgents (bunny 

in this case) to move around the terrain’s height mesh while avoiding obstacles (trees and rings 

in this case).  

 

Figure 69 - Navigation – Object menu 

 

Figure 70 - Navigation – Bake menu 

 

The movable area is denoted by the blue color (figure 71) and when baking the NavMesh, Unity 

automatically ignores objects that collide with the terrain (trees, rings), such that the agent will 

walk around these and not through them.  
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Figure 71 - Terrain NavMesh in scene 

GameObject inspector components 

Next, the Bunny GameObject must be setup containing several components in the inspector: 

Animation, Animator, NavMeshAgent, AudioSource and a C# script to write the desired 

behavior.  

The Animator is the one from figure 68 with all of the animation states previously created and 

the Animation component is where these will be played on the Bunny GameObject. The 

NavMeshAgent component makes the Bunny a NavMeshAgent, so that it can move around the 

specified NavMesh terrain. The relevant values on the NavMeshAgent component is speed and 

angular speed, which controls how fast the agent can move and turn. Finally, the AudioSource is 

used to play the bunny’s recorded dialogue lines (wav-files).  

BunnyAI.cs script 

Next is an examination of the BunnyAI.cs script. The first thing that is necessary to use the 

NavMesh system in a script in to include the AI library in the script by entering “using 

UnityEngine.AI” at the beginning. Next are the public variables (figure 72): 
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Figure 72 - BunnyAI.cs public variables 

Like seen in some previous scripts, this script has a reference to the GameLogic script. Then it 

has several variables to the AudioClips containing the voice sound files. These are split in 

categories. The categories with more than on audio file are created as arrays to hold multiple files.  

Next is a reference to the player and an array of references to the three “bunny marker” transforms 

that follow the player. Then an enum of the different states that the bunny can exhibit and an 

initialization of this enum. Enums are useful for things like states, providing labels to each state, 

which makes the code more readable, than if using numbers for each state for example.  

Finally, there are two variables runSpeedThreshold and goToWaypointSpeedThreshold. The first 

determine at which player speed the bunny transitions from walking to running and the second 

determines at which player speed the bunny transitions to going to the next waypoint.  

 

Figure 73 - BunnyAI.cs private variables 

Figure 73 shows the private variables of the BunnyAI script. followMarkerIndex is the index of 

which BunnyMarker (on the Player) that the bunny follows. The next four are references to the 

Animator, NavMeshAgent and AudioSource located on the bunny and a reference to the Player. 

Then a float for the move speed and a float for enforcing a certain distance to the player, so the 

bunny does not go through the player. Finally, are some Boolean variables that are used to control 

various states.  

public GameLogic gameLogic; 
public AudioClip bunnyVoiceIntro; 
public AudioClip[] bunnyVoiceStopped; 
public AudioClip[] bunnyVoiceCatchUp; 
public AudioClip[] bunnyVoiceBikeFast; 
public AudioClip[] bunnyVoiceBikeSlow; 
public GameObject player; 
public GameObject[] playerBunnyMarkers; 
public enum PhysicalStates { InitialIdle, Idle, FollowWalk, FollowRun, GoToNextWaypoint, WalkToPlayer, 
Jump }; 
public PhysicalStates physicalStates = PhysicalStates.InitialIdle; 
public float runSpeedThreshold = 3.5f; 
public float goToWaypointSpeedThreshold = 1.5f; 

private int followMarkerIndex = 0; 
private Animator animator;  
private NavMeshAgent agent; 
private Player playerScript; 
private AudioSource audioSource; 

private float moveSpeed; 
private float keepDistanceToPlayer = 4; 
private bool gameStarted = false; 
private bool waitingAtCheckpoint = false; 
private bool canMakeIntroSpeech = true; 
private bool introSpeechIsFinished = false; 
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Figure 74 – BunnyAI.cs Awake and Start methods 

Figure 74 shows the Awake and Start methods. On Awake, the relevant variables are set with 

their respective component references. In the Start function, the bunny is set to look at a new 

Vector3 position composed of the Player’s x-and z-position and the bunny’s own y-position. This 

means that it looks in the direction of the Player without tilting on the y-axis.  

 

Figure 75 - BunnyAI.cs Update method 

Figure 75 shows the Update method where three methods are called continuously. The first method 

DetermineBunnyMarker (figure 76) contains code that handles which BunnyMarker on the player 

that the Bunny should follow.  

 

Figure 76 - BunnyAI.cs DetermineBunnyMarker method 

It starts with an initial countdown variable (outside the function) timeLeftToSwitchMarker with 

a value of 250. Inside the function this valued is decreased continuously. When it reaches 0 or 

below, the marker index is set to a new random index, making the bunny follow a new marker 

(code where it follows will be explained in a moment). The countdown time variable is set to a 

new value between 250 and 1000, which is the time before the marker index switches again. This 

happens ongoingly.  

private void Awake() { 
   animator = GetComponent<Animator>(); 
   agent = GetComponent<NavMeshAgent>(); 
   playerScript = player.GetComponent<Player>(); 
   audioSource = GetComponent<AudioSource>(); 
} 
 
void Start() { 
   transform.LookAt(new Vector3(player.transform.position.x, transform.position.y, 
player.transform.position.z)); 
} 

void Update() { 
   DetermineBunnyMarker(); 
   TransitionConditions(); 
   StateMachine(); 
} 

private float timeLeftToSwitchMarker = 250f; 
 
private void DetermineBunnyMarker() { 
   timeLeftToSwitchMarker = timeLeftToSwitchMarker - 0.25f; 
 
   if (timeLeftToSwitchMarker <= 0) { 
      followMarkerIndex = Random.Range(0, playerBunnyMarkers.Length - 1); 
      timeLeftToSwitchMarker = Random.Range(250f, 1000f); 
   }  
} 
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The next method is TransitionConditions (figure 77) which handles the logic for when the bunny 

should transition from one state to another. The code will be split into multiple text boxes to 

improve the readability of the report.  

 

Figure 77 - BunnyAI.cs TransitionConditions method 

In figure 77, the first if-statement checks if the Player has started moving. If they have, the bunny 

considers the game to have been started. The next if-statement containing subsequent if-statement 

controls the relevant states when the game has not yet started. If the bunny is above a certain 

distance of keepDistanceToPlayer it will walk towards the player (defined in WalkToPlayer; 

explained later) or if it is close enough it will begin the Introduction state (defined in 

WalkToPlayer; explained later).  

 

Figure 78 - BunnyAI.cs TransitionConditions method 

Figure 78 shows the code responsible for recognizing when the Player is catching up to the Bunny 

who is waiting at a checkpoint. When this happens a TalkWhenPlayerCatchesUp method is called 

(plays voice audio; explained later). Then is an if-statement saying if the current animation is not 

“Happy_Dance” then trigger the “Trigger_Happy_Dance” trigger that is defined in the Animator 

(figure 68). This if-statement check ensures that the animation does not start each frame, which 

would cause the bunny to glitch. Finally, in figure 78 variables are set to ensure that the bunny 

is no longer fixed to the checkpoint, but that it can be again later.  

private void TransitionConditions() { 
   if (!gameStarted && playerScript.moveSpeed > 0) gameStarted = true; 
 
   if (playerScript.moveSpeed == 0 && !gameStarted) { 
      if (Vector3.Distance(player.transform.position, transform.position) < keepDistanceToPlayer) 
physicalStates = PhysicalStates.Introduction; 
      if (Vector3.Distance(player.transform.position, transform.position) > keepDistanceToPlayer) 
physicalStates = PhysicalStates.WalkToPlayer; 
   } 
 
Continued ... 
… 

   if (waitingAtCheckpoint && Vector3.Distance(player.transform.position, transform.position) < 7f) {  
      TalkWhenPlayerCatchesUp(); 
 
      if (!animator.GetCurrentAnimatorStateInfo(0).IsName("Happy_Dance")) {  
         animator.SetTrigger("Trigger_Happy_Dance"); 
      } 
 
      timeUntilTalkWaitingAtCheckpoint = 10f;  
      canTalkWaitAtCheckpoint = true; 
      waitingAtCheckpoint = false; 
   } 
 
Continued ... 
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Figure 79 - BunnyAI.cs TransitionConditions method 

Figure 79 shows the last part of the TransitionConditions method. The first if-statement evaluates 

to true if the player is moving, the introduction is over, and the bunny is not waiting at a 

checkpoint. The sub if-statements determine if the bunny should walk or run based on the Player 

move speed. The last if-statement in figure 79 triggers the GoToNextWaypoint state if the Player 

move speed goes below a specified threshold.  

The next method is the StateMachine. This method contains a lot of code that works similarly, 

so a few examples will be presented instead of going through the entire StateMachine code. For 

the full code refer to the appendix.  

The full BunnyAI.cs file can be found in: Appendix\Appendix J - Unity Project.zip\P6 - Unity 

2017\Assets\Scripts. 

 

Figure 80 - BunnyAI.cs StateMachine method 

First, the state machine (figure 80) is written with a “switch case” that switches on the enum 

physicalStates, which are set in the TransitionConditions method. The first state is the 

Introduction state, where the bunny approaches the player. Next, the agent is stopped which 

   if (playerScript.moveSpeed > 1 && gameStarted && !waitingAtCheckpoint) { 
      if (playerScript.moveSpeed < runSpeedThreshold) physicalStates = PhysicalStates.FollowWalk; 
      if (playerScript.moveSpeed >= runSpeedThreshold) physicalStates = PhysicalStates.FollowRun; 
   } 
 
   if (playerScript.moveSpeed < goToWaypointSpeedThreshold && gameStarted && !waitingAtCheckpoint) { 
      physicalStates = PhysicalStates.GoToNextWaypoint; 
   } 
} 

private void StateMachine() { 
   switch (physicalStates) { 
      case PhysicalStates.Introduction: 
         agent.isStopped = true; 
         transform.LookAt(new Vector3(player.transform.position.x, transform.position.y, 
player.transform.position.z)); 
 
         if (audioSource.isPlaying && !animator.GetCurrentAnimatorStateInfo(0).IsName("Talk_Intro") && 
!animator.IsInTransition(0)) { 
            animator.SetTrigger("Trigger_Talk_Intro"); 
         } else if (!audioSource.isPlaying && !animator.GetCurrentAnimatorStateInfo(0).IsName("Idle") 
&& !animator.IsInTransition(0)) { 
            animator.SetTrigger("Trigger_Idle"); 
         } 
 
         if (canMakeIntroSpeech) { 
            audioSource.PlayOneShot(bunnyVoiceIntro, 0.5f); 
            canMakeIntroSpeech = false; 
         } 
      break; 
 
Continued ...  
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means that the Bunny object stops moving through the NavMesh component. Then the relevant 

animations are played based on whether the bunny is actively speaking (playing audio) or not. If 

it is, the talk animation is played and if not, the idle animation is played. If the 

canMakeIntroSpeech condition is met, the bunny will begin playing an introduction AudioClip 

through the AudioSource and the canMakeIntroSpeech to false, to ensure that the audio only 

plays once.  

Another state in the state machine method is FollowWalk (figure 81). When this state is active, 

the agent.isStopped becomes false, which means that the Bunny can move again. The 

TalkDuringWalkOrRun method (explained later) (which handles what the bunny says during 

these states) is called continuously to allow the bunny to talk.  

 

Figure 81 - BunnyAI.cs FollowWalk state in the StateMachine method 

The outer if-statement check if the current animation is Idle or Talk_Intro and if it is either, the 

next if-statement can happen. Essentially what this does is to allow the Idle or Talk_Intro 

animation to be interrupted, while not allowing other animations to be interrupted. If the outer 

if-statement evaluates to true, the Trigger_Walk will trigger the Walk animation, if it is not 

already playing. If the current animation is not Idle or Talk_Intro, the Trigger_Walk will again 

Trigger the Walk animation but ensure that it plays one animation loop all the way through to 

the end before triggering the same animation again.  

Next, in figure 81 the agent speed is set to be the player speed plus 2 to ensure that the bunny is 

always in front of and visible to the player. The Animator speed is set to 1 plus a fraction of the 

agent speed, to speed up the animation so it matches the move speed. Finally, the agent 

destination is set to one of the bunny markers on the Player, determined by the index of the 

particular marker. 

   case PhysicalStates.FollowWalk: 
      agent.isStopped = false; 
 
      TalkDuringWalkOrRun(); 
 
      if (animator.GetCurrentAnimatorStateInfo(0).IsName("Idle") || 
animator.GetCurrentAnimatorStateInfo(0).IsName("Talk_Intro")) {  
         if (!animator.GetCurrentAnimatorStateInfo(0).IsName("Walk") && !animator.IsInTransition(0)) 
animator.SetTrigger("Trigger_Walk"); 
      } else {  
         if (animator.GetCurrentAnimatorStateInfo(0).normalizedTime > 1 && 
!animator.IsInTransition(0)) animator.SetTrigger("Trigger_Walk"); 
      } 
 
      agent.speed = playerScript.moveSpeed + 2; 
      animator.speed = 1f + agent.speed / 15; 
      agent.destination = playerBunnyMarkers[followMarkerIndex].transform.position; 
 
   break; 



Page 74 of 103 

 

The FollowRun state works similarly to FollowWalk but with a running animation and faster 

speeds. 

The GoToNextWaypointState is a combination of the same techniques as previously mentioned: 

if/else-statements, setting the destination to the nearest waypoint (which is handled on the 

GameLogic.cs script) and playing the appropriate animations and voice audio clips.  

Finally, in the BunnyAI.cs is a number of methods for handling and playing the bunny voice audio 

when these methods are called. They are quite similar, so only one will be explained.  

 

Figure 82 – BunnyAI.cs TalkDuringWalkOrRunMethod 

Figure 82 shows the TalkDuringWalkOrRun method. Outside the scope of the function are two 

variables. One for handling the countdown time and one to constrain when the bunny can talk. 

First, in the method, the timer is decrementing. Next, if the timer reaches 0 or below, a random 

voice line from the array of audio clips will play. Based on the player’s move speed, the bunny 

will pick an audio clip from a particular array of audio clips. If the speed is slow, the bunny will 

pick a clip encouraging the player to move faster. If the speed is fast, it will play a clip praising 

them and encouraging them to keep up the speed. The GetRandom method that is in place of the 

voice clip array index is used to calculate a random index that is different from the index before 

that, as to make sure that the bunny does not say the same thing twice in a row. Figure 83 below 

shows the GetRandom method.  

private float timeUntilTalkWhenRunWalk = 50f; 
private bool canTalkRunWalk = true; 
 
 
void TalkDuringWalkOrRun() { 
 
   timeUntilTalkWhenRunWalk = timeUntilTalkWhenRunWalk - 0.25f; 
 
   if (timeUntilTalkWhenRunWalk <= 0 && canTalkRunWalk) { 
 
      if (playerScript.moveSpeed >= runSpeedThreshold) {  
         if (!audioSource.isPlaying) audioSource.PlayOneShot(bunnyVoiceBikeFast[GetRandom(0, 4)], 1f); 
         timeUntilTalkWhenRunWalk = Random.Range(125f, 250f); 
      } else {  
         if (!audioSource.isPlaying) audioSource.PlayOneShot(bunnyVoiceBikeSlow[GetRandom(0, 4)], 1f); 
         timeUntilTalkWhenRunWalk = Random.Range(125f, 250f); 
      } 
   } 
} 
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Figure 83 - BunnyAI.cs GetRandom method 

As mentioned earlier, the full BunnyAI.cs script is too long to go into every detail with here. For 

the full script, refer to digital appendix handed in with the project on digitaleksamen.aau.dk.  

The full BunnyAI.cs file can be found in: Appendix\Appendix J - Unity Project.zip\P6 - Unity 

2017\Assets\Scripts. 

 

  

private int lastNumber = -1; 
 
int GetRandom(int min, int max) { 
   int rand = Random.Range(min, max); 
   while (rand == lastNumber) 
      rand = Random.Range(min, max); 
      lastNumber = rand; 
      return rand; 
} 
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5.0. Evaluation 

This chapter will introduce the methods used to conduct the experiment, including the experiment 

design, the types of data that will be collected in the experiment, a model used for collecting the 

qualitative data and the methods used to conduct the post-test interview. Next, the experiment 

setup and procedure will be explained before proceeding to the results and data processing. Finally, 

a discussion will take place, which will attempt to discuss and find meaning in the data by 

comparing the quantitative data collected in the experiment with the qualitative data collected in 

the experiment and in a post-test interview.  

The purpose of the experiment is to test for differences between three conditions: A) riding on a 

stationary bicycle without a game (baseline), B) VR bicycle exergame without companion and C) 

VR bicycle exergame with companion. 

5.1. Methods 

The therapists at Skovmoseskolen will be responsible for conducting the experiment, since they 

know the students best and since the setting needs to be as close to a natural everyday setting as 

possible. This section will go through the methods used for the experiment, including the 

experiment design and its variables, the PEO model which is a model that the therapists will use 

to collect the qualitative data and the method for conducting a post-test interview.  

The experiment aims to find out if the performance and attitudes of the students at 

Skovmoseskolen are affected across three conditions A, B, C (figure 84): 

Condition A Stationary bicycle without a game (baseline condition) 

Condition B VR bicycle exergame without AI companion 

Condition C VR bicycle exergame with AI companion 

Figure 84 - Experiment conditions A, B, C 

Each participant will participate in all three conditions which, in theory, makes it a within-group 

design. However, in reality it will be more like a quasi-within-group design, since there are several 

individual differences, such as age (7-18 years old), fitness level and diagnosis, which makes the 

sample incoherent. Therefore, statistical comparison of the collective participants is less telling 

than normally in a within-group design. Normally, in a within-group design, it is necessary to use 

randomization to lessen confounding variables (Field & Hole, 2003). However, this experiment will 

not be able to do that due to time constraints, more specifically that the game has been developed 
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ongoingly while testing. If the game had been finished before testing, it would have been possible 

to randomize the order of the conditions. In reality, it was necessary to run all participants through 

conditions A, B, C in that order. 

Normally, in within-group design, there is a chance of participant fatigue. However, this 

experiment spans over approximately 45 days. This means that each participant only participates 

once per 7-14 days. This should help decrease fatigue and minimize bias.  

The independent variable is the type of bicycle experience and it has three levels (as represented 

by conditions A, B, C). Dependent variables include:  

• Ride time  

• Ride distance  

• Qualitative observations about the person (physically, cognitively and affectionately) 

• Qualitative observations about the environment surrounding the test participant (visual 

and auditory) 

The theoretical model behind collecting the qualitative observations is briefly explained in the 

next section (5.1.1). 

Other things that will be noted during each session:  

• If the participant uses a leg- or arm bike 

• If the participant plays the game in VR or if they play on a regular flat screen 

5.1.1. The PEO Model 

The therapists observe the participants using the Person-Environment-Occupation (PEO) model 

(figure 85) (Townsend, 2008), which illustrates the interaction between the person, the 

environment and the activity, and how this interaction affects the child's activity performance. 

Changes in any part of the interaction between the person, the environment and the activity will 

affect the activity. 

 

Figure 85 - Illustration of the PEO model 
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The Person (P) is comprised of the physical (sensory, motor, sensorimotor functions), the cognition 

(mental functions; cognitive and intellectual, concentration, memory, planning, abstract thinking 

and more) and the affective (social and emotional functions such as mood, temper, personality, 

will, energy, motivation) (Townsend, 2008).  

The Environment (E) is the external disturbances (visual and auditory stimuli) that affects the 

activity performance (Townsend, 2008).  

The Occupation (O) is about how the child manages the activity, including what it can do on 

their own, takes initiative to, needs help with and if they make the surroundings aware of their 

own needs (Townsend, 2008).  

5.1.2. Post-test Interview 

A post-test interview was conducted with physical therapist Katrine Nygaard Lodahl. The 

interview took place at Skovmoseskolen on May 27th, 2019. 12 interview questions were written 

and sent to Katrine Nygaard Lodahl 6 days before the interview, which gave her some time to 

think about them. 

The interview was conducted in Danish, it took 32:18 minutes and has been recorded as an audio 

file. This audio file (Appendix H) and a transcript of the interview (Appendix I) can be found in 

the appendix folder. The interview results will be summarized in condensed form in “5.2.6. Post-

test Interview Results” with references to the transcript and the original document with question 

is in the appendix as well (Appendix G).  

Below in figure 86 are the interview questions translated from Danish into English.  

Question no. Translated question (English) 

1 How did it go overall? What has gone well and what could have gone better? 

2 
In your opinion - what were the crucial differences between the 3 conditions and the 

students' reactions to them? 

3 

The data indicate that the biggest difference in the measurements was with/without 

game, whereas with/without bunny seems to make less of a difference. However, the 

data suggests that some students were actually motivated to do more because of the 

bunny. When looking at all the numbers, overall, there was not much difference 

between with/without bunny. What do you think the reason for this is? 

4 

Did you find that some of the bunny's functions (animations, speech, behavior or 

otherwise) worked well or less well with some particular diagnoses? In what way and 

what could the causes be? For example, was it too abstract for some? 
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5 

Students 2-11-12 showed enthusiasm for the bunny and 18-19-20 (6 students in total; 

33%) thought it was more fun to ride with the bunny and several of them bicycled 

longer with the bunny. In your opinion, is there any reason why specifically these 

students share the same attitude/perception? 

6 

Of the students who responded less positively (1 pupil did not understand why it 

spoke; 5%) or did not respond to the bunny (10 pupils; 55%), from the notes at least, 

do you feel that something could be added to the bunny to tailor it better to these 

students? Or were there any other factors than the rabbit that made the experience 

less good for these students? 

7 

The therapists' notes* show a tendency that many of the children were not so happy 

with VR (8 students; 44%). Were there any particular diagnoses that reacted 

positively or negatively to VR? 

 

* do not like VR glasses - do not want them on - quickly wants them off - continue 

briefly with glasses but do not like it - bicycles without VR glasses 

8 

The students 2-11-12 were not happy with VR but still had a good experience with 

the bunny and the students 6-17-18-21-22 were not happy with VR and were not 

happy with the bunny/did not react to the bunny. What do you think the reason for 

this difference can be? 

9 

Many of the therapist notes do not mention the student's attitude/perception of 

bunny and/or VR. Do you feel there has been a general trend among all the students 

in relation to these things? Which one? 

10 
Could the game (including the bunny) have been a greater success if we had 

completely refrained from using VR and only used a flat screen? 

11 

Did you find that the fact that the children were taken out of everyday life and put 

into this virtual world had a positive or negative effect on their willingness to bicycle? 

With whom, how and why? 

12 Some final remarks? 

Figure 86 - Interview questions translated into English 

5.2. Setup 

Equipment and resources used for the experiment include:  

• Two game builds (without and with AI companion)  

• A MotoMed exercise bike with wheelchair  

• Oculus Rift consumer version 1 HMD, tracking sensors and controllers 

• A VR-ready PC (NVIDIA GeForce GTX 1060, 16 GB ram) 

• Other laptop for writing down data and observations 

• Duct tape 
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The Oculus Rift HMD, controllers and sensors were connected to the PC running the builds. The 

controllers were only used for the initial calibration of the sensor position, using the Oculus Rift 

software. After calibration, the sensors were secured in place using duct tape to ensure that they 

would not move and cause tracking issues during the time period of the experiment.  

Below (figure 87) shows the experiment setup at Skovmoseskolen. 

  

Figure 87 - Experiment setup at Skovmoseskolen 

5.3. Procedure 

The experiment that are led by the therapists at Skovmoseskolen took place at Skovmoseskolen 

between April 1st and May 13th. 

22 students were supposed to participate in the experiment. However, 4 students had to leave the 

experiment due to personal circumstances, leaving 18 participants (11 female, 7 male).  

Before beginning each session, the therapist observes and records the state of the surrounding 

environment, such as the level of distractions coming from a playground outside the test room. In 

addition to that, before the session starts, the therapist observes the participant and record 

qualitative observations about them (physical, cognition, affection).  

For each condition, the participant sits in the wheelchair and pedals on the bicycle using either 

their arms or legs, depending on what is appropriate for the individual. In conditions B and C, 

the participant is wearing the Oculus Rift HMD unless they decline to wear it. In that case, they 

will follow the game on the laptop screen that is running the game.  

The participant will bicycle as long as they like. When the participant decides to stop the session, 

the therapist notes down the session length in minutes, the distance captured by the bicycle in 
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meters and the current date, as well as observations about the participant (physical, cognition, 

affection) again.  

The procedure described above is visualized in the flow chart below (figure 88).  

 

Figure 88 - Experiment procedure flow chart 

5.4. Results 

The results to be presented from the experiment are the metric data (time, distance) and the 

therapist observations/notes from the PEO model. Additionally, the answers from the post-test 

interview will  be presented. Rather than presenting data for each participant end to end, this 

data will be summarized and condensed to improve readability. For the complete data, refer to 

the appendix.  

The numerical data from the experiment was very inconsistent to begin with, which made data 

processing nearly impossible in the initial form of the data. Some conditions were tried more than 

once, some with a break in-between, others tried with an arm-bicycle one time and a leg-bicycle 

the next time. To make the dataset more uniform, to make it possible to work with, if there were 

more than one numerical observation in time and/or distance, these values were averaged, leaving 

only one time and one distance for each condition A, B, C. Furthermore, minutes have been 

converted to seconds to make calculation easier, since minutes were in time format and not decimal 

format.  

Furthermore, each observation of time and distance will be normalized in a separate column. Later 

in “5.3.4. Statistical Analysis of Quantitative Results” statistical tests will be performed on both 

the non-normalized data and the normalized data, to see if there are any differences between the 

significant differences in these two types. The idea is that the normalized data should smoothen 

out the large difference in the participants, making comparison easier, even if there is a lot of 

variation in their ages, diagnoses etc. 
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After streamlining the data, calculations will be performed to find the percentage change in time 

and distance for each participant between each condition, with the purpose of counting how many 

shows an increase, decrease or no change between the conditions. These accumulated numbers 

will be used in “5.3.1. Summary of Quantitative Individual Results” to give a clear overview of 

what the percentage change looks like for all participants.  

Below (figure 89) is an example of how this is done for a single participant:  

Condition Time (seconds) Time normalized Distance (meters) 
Distance 

normalized 

A 119.5 0.39 330 0.34 

B 
178 

A→B: +48.95% 
0.59 

580 

A→B: +75.75% 
0.59 

C 

301 

A→C: +151.88% 

B→C: +69.10% 

1.00 

970 

A→C: +193.93% 

B→C: +67.24% 

1.00 

Figure 89 - Participant 1, numerical data averaged and percentage change between conditions 

To see this process repeated for every participant, refer to “Appendix E – Individual Data”. 

The next thing after the summary of the quantitative results is summarizing the qualitative 

results, i.e. the therapists’ observations and notes (PEO). The best thing to do would be to 

quantify them. However, due to time constraints, they have been accumulated instead. The 

method of summarizing consists of identifying the most recurring themes/trends and confounding 

variables in the therapist notes. These will be summarized in “5.3.2. Revealed Confounding 

Variables” and “5.3.3. Trends in the Qualitative Data”.  

For the full qualitative data, refer to “Appendix C – Raw Experiment Data” or “Appendix E – 

Individual Data”. The qualitative data can be found both appendices. However, in appendix E, it 

is collected into one PDF, which has improved readability. 

For the post-test interview results, Katrine Nygaard Lodahl’s answers will be summarized into 

the most recurring and important themes as well.  

5.4.1. Summary of Quantitative Individual Results 

Figure 90 shows how many individual participants experienced an increase (↑), decrease (↓) or no 

change (→)  in time and distance from condition A to B, A to C and B to C. This is based on the 

data in Appendix E.  
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A→B A→C B→C 

Time Distance Time Distance Time Distance 

↑ Increase: 12 

↓ Decrease: 2 

→ No change: 1 

Total: 15 

↑ Increase: 13 

↓ Decrease: 1 

→ No change: 0 

Total: 14 

↑ Increase: 12 

↓ Decrease: 2 

→ No change: 1 

Total: 15 

↑ Increase: 12 

↓ Decrease: 3 

→ No change: 0 

Total: 15 

↑ Increase: 8 

↓ Decrease: 8 

→ No change: 0 

Total: 16 

↑ Increase: 8 

↓ Decrease: 7 

→ No change: 0 

Total: 15 

Figure 90 – Distribution of increase/decrease/no change in time/distance between conditions (in number of 

participants) 

Figure 91 shows the data from figure 90 but converted to percent, i.e. the percentage of 

participants that experienced an increase (↑), decrease (↓) or no change (→) in time and distance 

from condition A to B, A to C and B to C. 

A→B A→C B→C 

Time Distance Time Distance Time Distance 

↑ 80.0% 

↓ 13.3% 

→ 6.6% 

↑ 92.8% 

↓  7.1% 

→ 0.0% 

↑ 80.0% 

↓ 13.3% 

→ 6.6% 

↑ 80.0% 

↓ 20.0% 

→ 0.0% 

↑ 50.0% 

↓ 50.0% 

→ 0.0% 

↑  53.3% 

↓  46.6% 

→ 0.0% 

Figure 91 - Distribution of increase/decrease/no change in time/distance between conditions (in percentage of 

participants) 

Figure 92 visualizes the data from figures 90-91. 

  

   

Figure 92 - Six charts visualizing the data from figures 90-91 

A→B Time

Increase Decrease

No change

A→B Distance

Increase Decrease

No change

A→C Time

Increase Decrease

No change

A→C Distance

Increase Decrease

No change

B→C Time

Increase Decrease

No change

B→C Distance

Increase Decrease

No change
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5.4.2. Revealed Confounding Variables  

Going through the therapist notes identifies a number of confounding variables and factors that 

have not been constant between conditions and can have affected the data outcome in various 

unknown ways.   

• If the participant has tried VR before or not 

• Other students present vs. alone in the room  

• Fine motor activity before the session  

• Amount of sleep before the session 

• The “new” factor of trying the bicycle and VR 

• Level of excitement, agitation and arousal 

• Interruptions by a fire alarm 

• Interruptions by students in the playground outside the test room 

• Verbal encouragement or not 

• Illness (pneumonia, cold) vs. being fresh 

• Overstimulation and stress before the session 

• Mood and energy level 

• A participant being “brushed” to calm them but only in some conditions 

• Different chairs 

• Level of motivation before the session 

• Willingness to use VR, possibly due to having tried it before 

5.4.3. Trends in the Qualitative Data 

• Many are ambivalent about, does not want VR headset on or finds the VR headset 

uncomfortable. One is proud the she overcame her reluctance to play in VR 

• Some are uncomfortable with the new routine 

• A few are moderately to very excited about the bunny and actively mention it, while 

others do not understand it or do not mention it. In two cases, the participants pushed 

themselves to ride longer in roughly the same duration when the bunny was present, 

seemingly because of the bunny, which they thought was fun.  

• Some participants thought it was more fun to ride with the bunny and some were 

interested in the fact that the bunny is talking 

• Some thought the game experience was fun, while others did not  
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• Some are interested in and mention the coins, and one thought the coins were very fun 

and collected 1171 of them 

• A few are preoccupied with and motivated by number of rounds 

• Some think the baseline condition (A) is boring and seem to find B and C more interesting 

5.4.4. Statistical Analysis of Quantitative Results 

The results were analyzed using IBM SPSS Statistics 25. Because the sample size is currently 

small (N=18) due to 4 people leaving the experiment, random missing values for 5 participants in 

the experiment have been filled out using mean imputation (Tsikriktsis, 2005) for the purpose of 

performing statistical tests.  

For raw results data, refer to the appendix folder (Appendix C) or this data in condensed form 

(Appendix D). 

In this section both non-normalized data and normalized data will be analyzed to see if significant 

differences vary between non-normalized data and normalized data, since normalizing the data 

somewhat considers the fact that the participants do not truly come from the same population, 

since they are different ages, fitness levels, cognitive levels etc., while the non-normalized data 

does not. 

Analysis of non-normalized data 

Figure 93 presents the means and standard deviations of all participants’ time and distance 

data, as well as histograms of this data, for each condition A, B, C. 

A seconds B seconds C seconds A meters B meters C meters 

Mean: 346.91 

Std: 189.91 

 

Mean: 561.29 

Std: 351.01 

 

Mean: 572.12 

Std: 404.36 

 

Mean: 892.08 

Std: 596.94 

 

Mean: 1797.81 

Std: 1415.64 

 

Mean: 1872.71 

Std: 1683.16 

 

Figure 93 - Means, standard deviations and histograms of imputed data 

Looking at the histograms in figure 93, the data does not appear to be normally distributed. To 

further investigate this, a Shapiro-Wilk test (Field & Hole, 2003) for normality was performed on 

the data.  

According to the Shapiro-Wilk test, data in 5 of 6 columns was found to be significantly different 

(at p < 0.05) which means that they do not come from a normal distribution (figure 94).  
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A seconds B seconds C seconds A meters B meters C meters 

p = 0.144 p = 0.009 p = 0.002 p = 0.048 p = 0.009 p = 0.003 

Normal Not normal Not normal Not normal Not normal Not normal 

Figure 94 - Shapiro-Wilk test results 

Normality in the data is an assumption for performing parametric tests (Field & Hole, 2003). 

Since this is violated, this excludes parametric tests such as ANOVA or the t-test, even if the data 

is parametric (Field & Hole, 2003).  

As an alternative, a Related-Samples Friedman’s Two-Way ANOVA (Field & Hole, 2003) will be 

used to test for significant differences on the time and distance data (figures 95-96).  

 

Figure 95 - Related-Samples Friedman’s Two-Way ANOVA test of time data (table from SPSS) 

 

 

Figure 96 - Related-Samples Friedman’s Two-Way ANOVA of distance data (table from SPSS) 

On the time data, the null hypothesis is rejected at p = 0.012 < 0.05 (figure 95), which means 

that the results in conditions A, B, C are significantly different. On the distance data, the null 

hypothesis is also rejected at p = 0.015 < 0.05 (figure 96), which means that results in conditions 

A, B, C are significantly different as well.  

However, the Related-Samples Friedman’s Two-Way ANOVA test does not tell how they differ 

individually from each other. To examine this, Related-Samples Wilcoxon Signed Rank Tests 

(Field & Hole, 2003) were performed on two columns at a time to test the null hypothesis that 

the median differences between the conditions equal 0, which means that they are not significantly 

different.  
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Comparison Significance value (p) Decision 

Time, A-B 0.005 Reject null hypothesis 

Time, A-C 0.015 Reject null hypothesis 

Time, B-C 0.845 Retain null hypothesis 

Distance, A-B 0.004 Reject null hypothesis 

Distance, A-C 0.008 Reject null hypothesis 

Distance, B-C 0.647 Retain null hypothesis 

Figure 97 - Pairwise comparison using Wilcoxon Signed Rank Tests 

Figure 97 shows that there are significant differences between the baseline condition (A) and the 

VR/game conditions (B, C) in terms of both session time and distance. However, there are no 

significant differences between the game without and with the bunny (B, C). This is to be expected 

by looking at the means (figure 93) where the time means increase 61.8% from A→B, 64.8% from 

A→C and only 1.93% from B→C. The same applies to the distance means which increase 101.53% 

from A→B, 109.93% from A→C and only 4.17% from B→C. 

Analysis of normalized data 

The same procedure that was used for the non-normalized data has been applied to the normalized 

data.  

First, the means, standard deviations and histograms for time and distance in condition A, B, C 

(figure 98). 

A seconds B seconds C seconds A meters B meters C meters 

Mean: 0.50 

Std: 0.22 

 

Mean: 0.87 

Std: 0.15 

 

Mean: 0.82 

Std: 0.20 

 

Mean: 0.46 

Std: 0.27 

 

Mean: 0.82 

Std: 0.19 

 

Mean: 0.78 

Std: 0.27 

 

Figure 98 - Means, standard deviations and histograms for the normalized data 

Again, the data in the histograms (figure 98) do not appear normally distributed. Then a Shapiro-

Wilk normality test is performed, which shows that 5 of 6 data columns are not normally 

distributed (figure 99).  

A seconds B seconds C seconds A meters B meters C meters 

p = 0.029 p = 0.002 p = 0.001 p = 0.101 p = 0.007 p = 0.002 

Not normal Not normal Not normal Normal Not normal Not normal 

Figure 99 - Shapiro-Wilk normality test on the normalized data 
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Next, the Related-Samples Friedman’s Two-Way ANOVA test rejects the null hypothesis for the 

time and distance data (figures 100-101). 

 

Figure 100 - Related-Samples Friedman’s Two-Way ANOVA test of the normalized time data (table from SPSS) 

 

Figure 101 - Related-Samples Friedman’s Two-Way ANOVA test of the normalized distance data (table from SPSS) 

Finally, the Wilcoxon Signed Rank Test on the normalized data rejects and retains the same null 

hypotheses (figure 102) as it did on the non-normalized data (figure 97).  

Comparison Significance value (p) Decision 

Time, A-B 0.000 Reject null hypothesis 

Time, A-C 0.004 Reject null hypothesis 

Time, B-C 0.500 Retain null hypothesis 

Distance, A-B 0.001 Reject null hypothesis 

Distance, A-C 0.009 Reject null hypothesis 

Distance, B-C 0.711 Retain null hypothesis 

Figure 102 - Pairwise comparison using Wilcoxon Signed Rank Tests on normalized data 

The results from statistical testing on the normalized data retain and reject the same null 

hypotheses as the same test on the non-normalized data.  

5.4.5. Post-test Interview Results 

This section will summarize the post-test interview with lead therapist Katrine Nygaard Lodahl.  

Refer to the appendix for the following items, which this section is based on: interview questions 

(Appendix G), interview recording (Appendix H), interview transcript (Appendix I).  
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The key themes and tendencies in Katrine Nygaard Lodahl’s answers to the interview questions 

will be summarized below.    

Attitudes towards VR 

Katrine Nygaard Lodahl thinks the project has gone well and that the game has worked as 

intended when the participants were willing to wear the VR HMD (Appendix I, item 4). A number 

of participants did not respond well to VR. The reasons for this can be found in that some 

participants have never tried VR before and do not respond well to new and unknown situations 

(Appendix I, item 20). Furthermore, a participant with visual impairments was discomforted by 

wearing the HMD and had difficulty seeing what was happening on the laptop screen, since it was 

too far away (Appendix I, item 26).  

However, some participants could be persuaded to try VR in condition C where the bunny is 

present, because they love animals (Appendix I, item 40). Furthermore, Katrine Nygaard Lodahl 

notes that the participants that are dependent on familiarity could learn to like the game and VR 

if they were in the experiment for a prolonged period of time, allowing them to get used to the 

situation (Appendix I, item 74, 76).  

Generally, the participants who did not respond well to VR are the younger ones that are in the 

earlier developmental stages, those who have vision impairments and those with cognitive 

disabilities, whereas the older students on the later developmental stages who primarily have a 

physical handicap rather than a cognitive handicap tended to respond more positively to VR and 

to the game (Appendix I, item 84). Additionally, the participants in the former group have 

difficulty coping with too many sensory inputs. This includes tactile sensory inputs, such as the 

weight and feeling of the HMD on their heads, which discomforted them as well  (Appendix I, 

item 86). 

Katrine Nygaard Lodahl concludes that the experiment with the former group likely would have 

been a bigger success without VR and only using a flat screen, but that the experience would have 

been uninteresting for the latter group, who have higher cognitive function and are used to playing 

more advanced video games (Appendix I, item 84). For the latter group, VR definitely added 

something positive (Appendix I, item 86).  

Attitudes toward the bunny companion 

Katrine Nygaard Lodahl assesses that some of the participants were actively paying attention to 

what the bunny was saying, while others were shutting the voice out, since they could not handle 

auditory sensory inputs in addition to all other sensory inputs (Appendix I, item 16). The latter 
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group primarily sensed the bunny visually and some described it as cute and tried to catch it 

(Appendix I, item 16).  

One participant did not understand why the bunny was speaking (Appendix I, item 57). He could 

not deal with auditory stimuli in addition to all the other stimuli (Appendix I, item 58). Katrine 

Nygaard Lodahl notes that it would be interesting to test without sound to see if the certain 

participants could better handle the sensory inputs and would have responded more positively 

then (Appendix I, item 58-62). 

For some participants, it did not matter whether there was a bunny or not. Mainly, they were 

captivated by the presence of a video game experience in general (Appendix I, item 18). 

She notes that many participants were enthusiastic about the bunny’s behavior, including the 

way it acts and speaks, and one cheered when the bunny made a spin. However, when it ran to 

the nearest checkpoint, it became too “out of sight” and the participants forgot about it. It 

definitely worked best when it was up close (Appendix I, item 28).  

The reason why the older participants bicycled longer with the bunny can be found in that they 

are more conditioned to playing video games and have a higher cognitive function, which allows 

them to form a connection between what the bunny says and that they should follow it, whereas 

the younger ones were often interrupted and confused by the bunny (Appendix I, item 40-44).  

Many of the therapists’ notes did not mention the participants’ attitudes toward the bunny, which 

could be interpreted as that they did not really notice it. Katrine Nygaard Lodahl clarifies that 

this is simply because each therapist had their hands full in the testing room and that the note 

document did not explicitly state to take notes about this (Appendix I, item 51). She notes that 

many of the participants bicycled longer with the bunny and she believes that the bunny has 

something to do with this, even if the notes do not say anything about it (Appendix I, item 54).  

Coins 

The coin counter screen quickly became difficult for the students to follow, since they have 

difficulty counting and understanding large numbers (Appendix I, item 14).  

One participant was very motivated by the task of collecting coins and continued playing to collect 

more coins, even though he wanted to stop playing (Appendix I, item 66), while others found the 

task of collecting coins a bit simple and mundane, which made it hard for them to concentrate 

(Appendix I, item 10). For the latter, the bunny was a welcome addition that made the activity 

more interesting (Appendix I, item 10). 
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Other considerations 

Many of the students have not tried the MotoMed bicycle before, which increased their enthusiasm 

in the beginning and made it decline later as it was not as interesting as when it was new 

(Appendix I, item 8).  

Katrine Nygaard Lodahl notes that some participants, especially the younger students, are very 

dependent on a connection with the adult during the activity, including that the therapist is 

cheering them on to continue (Appendix I, item 10-14).  

Many of the participants bicycled for what seems like a short time. However, according to Katrine 

Nygaard Lodahl, maintaining them in an activity for 5-10 minutes is actually a success (Appendix 

I, item 20-22).  

When asked questions related to immersion and presence, Katrine Nygaard Lodahl does not 

necessarily think that the participants were aware that they were inside another world, but they 

mentioned the bunny as if it were real, spoke to it and reached out for it, which indicates that 

there has been some level of immersion and presence involved in their experience, even though 

this is hard to measure or clarify with certainty (Appendix I, item 91-99). 

5.5. Discussion of Results 

The experiment of this project aimed to study the relationship between three conditions (bicycling 

with no game (A), bicycling with a VR exergame (B), bicycling with a VR exergame that has a 

bunny AI companion (C)) and their ability to affect performance (time, distance) and attitudes 

among the participants.  

Between conditions A→B, 80% of the participants increased their time and 92.8% increased their 

distance. This is supported by the statistical tests that confirmed significant differences for both 

time and distance between conditions A→B. This indicates that introducing the VR exergame 

increased a majority of participants’ willingness to keep bicycling and perform more. In the post-

test interview, Katrine Nygaard Lodahl’s confirms that many participants thought the bicycling 

activity was more fun and interesting when playing the VR exergame. Especially, the older 

students enjoyed the gamification as they are used to playing video games. This same applies to 

those that have physical handicaps rather than cognitive handicaps. A smaller percentage did not 

increase their metrics (some decreased, some stayed the same)  from A→B when the VR exergame 

was introduced (20% in time; 7.1% in distance). Both therapist notes and the post-test interview 

show that some students did not respond well to VR because of various reasons. One has a visual 
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impairment that made VR uncomfortable, some has issues with the tactile stimuli of wearing the 

HMD, others do not respond well to new and unknown things and situations and some simply did 

not think the game was fun, which can explain why their metrics did not go up. Additionally, the 

post-test interview showed that many students found the experiment situation, including the 

MotoMed bicycle, most interesting in the beginning and less interesting the more they attended 

the experiment, which can explain why their performance decreased from A→B.  

Between conditions A→C, 80% increased their time and distance, while 20% saw a decrease or no 

change in metrics. The statistical tests found significant differences in both time and distance 

between A→C as well. Again, this indicates that the addition of a VR exergame is preferable for 

most participants rather than just bicycling on the MotoMed bicycle with no game. Some therapist 

notes showed that some students were motivated by the bunny. However, a majority of these 

notes did not state anything about the bunny. The post-test interview clarified that the absence 

of notes about the bunny was because the data collection document did not specifically say to 

take notes about the participants’ reactions to the bunny. Katrine Nygaard Lodahl is under the 

impression that the bunny made a positive impact on several participants, in terms of their 

willingness to perform more. There were several positive reactions among the participants, some 

thought it was cute, fun, physically reached for it, showed affection toward the bunny, paid 

attention when it was talking, cheered when it did a spin. Some bicycled longer in roughly the 

same duration when the bunny was present. Katrine Nygaard Lodahl mentions that many of the 

children love animals and the bunny became a selling point for persuading some of those who were 

reluctant about trying VR to try VR. However, as the numbers suggest some participants (20%) 

did not increase their performance with the bunny. Again, the might have something to do with 

the situation getting less exciting after conditions A and B and VR being less desirable for some 

participants due to reasons listed earlier. Additionally, as the therapist notes and post-test 

interview reveal, the explanation might have something to do with a number of other things, 

including that the bunny talked (the addition of voice audio might have resulted in stimuli 

overload) and that it sometimes became too invisible or unnoticeable when it ran away to the 

nearest checkpoint. It seems that this behavior of going to the nearest checkpoint and cheering 

the player to tag along was not immediately recognizable among some participants and might 

have confused some or caused them to forget about the bunny.  

Conditions B→C is where the smallest increase can be seen. 50% showed an increase in time and 

53.3% showed an increase in distance. The statistical tests did not find significant differences in 

neither time nor distance between B→C. Like mentioned earlier, there were certainly some positive 

reactions to the addition of the bunny into the game. However, half of the participants decreased 

their metrics when the bunny was introduced into the experiment. From the therapist notes, it is 
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difficult to see exactly why this is. A few participants did not understand why it was talking, 

which might have made the experience more confusing than exciting for them, which can explain 

part of the large decrease. However, these participants do not account for all 50%/53.3%. Other 

explanations might include experiment fatigue, decreased interest as the experiment went on or 

any of the large number of confounding variables that arose during the experiment (refer to 5.2.3). 

Also, Katrine Nygaard Lodahl clarifies in the post-test interview that for some participants, the 

most important thing was playing a game, whereas it did not matter as much if there was a bunny 

or not.  

The participants’ diagnoses and the whole environment did not allow for a completely rigid 

experiment design from the beginning, which in turn has allowed many confounding variables to 

enter the equation as can be seen in both the therapists’ notes and the post-test interview. This 

has resulted in some results that, in many ways, are ambiguous. Confounding variables such as 

interruptions by fire alarms, illness, mood and energy levels etc. are hard to control, but of the 

confounding variables in this experiment, many of them can be avoided.  

If we were to conduct a new experiment and learn from experience, there are some factors that 

should be held constant to exclude these as confounding variables:  

• If the participant has tried VR before or not 

• Other students present vs. alone in the room  

• Fine motor activity before the session 

• Randomizing conditions to account for the “new” factor of trying the bicycle and VR 

• Close the curtains in the room to avoid interruptions by students in the playground outside 

the test room 

• Verbal encouragement or not 

• No use of different chairs 

When asked about how the project has went, in the post-test interview, Katrine Nygaard Lodahl 

replied that she thinks the project has gone really well and that the game has worked as intended 

for the participants that responded well to VR. It could make sense to split the participants in 

two groups for a new experiment: 1) VR and 2) flat screen. Clearly, VR was not a suitable platform 

for some participants because of reasons named earlier. However, using a flat screen might yield 

entirely different results, as VR is not there to impact these participants negatively.  

The participants that are dependent on familiarity could participate in a side experiment, where 

they have a number of weeks to get comfortable with the new activity before beginning 

measurements on them.  
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As Katrine Nygaard Lodahl mentions in the post-test interview, it would also be interesting to do 

an experiment with no sound for the participants that are sensitive to sensory stimuli. Finally, it 

would be a good idea to explicit tell the therapists to keep an eye on the reactions to the bunny, 

since the main focus of the experiment has been to see if the bunny makes a difference. 

However, even if many of the results are ambiguous due to a large number of confounding 

variables, there are some strong indicators that the game and the bunny had a positive impact on 

a considerable number of participants. It can be expected when working with such different 

participants in the same study, that not everyone will react similarly to what you subject them 

to. It worked best for the older, more cognitively developed children with physical handicaps and 

minimal cognitive handicaps. This was especially true for the VR version. In the post-test 

interview, Katrine Nygaard Lodahl emphasizes that VR made the experience better for this group 

of participants, since it would have been too boring for them otherwise.  

Furthermore, the post-test interview reveals that maintaining these participants in an activity for 

5-10 minutes can be considered a success, since it normally is very difficult to do. Most of the 

participants played for at least 5 minutes, some for nearly 10 minutes or more, and a few even 

bicycled for 15-20-25 minutes.  
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6.0. Discussion 

The project managed to create a VR bicycle exergame solution that fulfills the design requirements 

identified in the analysis and thus answering the final problem statement to an extent.  

In the solution game, the player rides a MotoMed bicycle in real life and this motion translates 

into forward motion in the game. The game is set in a calm, cartoony, low detail nature 

environment and the gameplay features checkpoints, coins and coin counter screens. More 

importantly, I managed to create a bunny companion character that fulfills all of the requirements 

that were established during the analysis and the communication process with Skovmoseskolen. 

The bunny fulfills the VPC and technical requirements.  

While being technically advanced compared to earlier projects of mine, therapists at 

Skovmoseskolen have not reported back any bugs and errors with the bunny or the game in 

general. Since many different people have used the program over an extended period of time, this 

indicates that the implementation has gone well and that the code can be considered stable and 

bug-free. Furthermore, the therapists have not mentioned any problems with motion sickness 

while playing the game, which indicates that the precautions taken to avoid this have been 

successful.  

The experiment results indicate that the presence of a game had a positive effect on a majority of 

participants, since their performance metrics are clearly increasing from conditions A→B and 

A→C. Roughly half of the participants increased their performance when the bunny was 

introduced in condition C, and Katrine Nygaard Lodahl assesses that the bunny definitely has 

something to do with this positive change.  

The results from the experiment and the post-test interview shows that the game was most 

successful with the older, more cognitively developed students. This group is used to playing video 

games and are not as bothered by playing in VR as the younger students with less cognitive 

function. For the older group, VR was a welcome addition, since it made a simple game more 

interesting for them.   

Many reacted positively to the bunny and some even seemed to form a social connection with it, 

which was one of the main goals when designing the bunny to be a relatable VPC type character. 

The chosen appearance and voice for the seemed to be successful as well, since the students that 

liked it described it as cute and were fairly drawn to it.  

The results from the experiment showed that a large number of students did not respond well to 

VR due to sensitivity of tactile stimuli, vision impairments and the need for familiarity, whereas 
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VR was a new and uncomfortable situation for them and the VR HMD triggered their visual- and 

tactile sensitivities.   

While some students were motivated by number of rounds and collecting the golden coins, the 

coin counter screen were irrelevant almost all students, since they were unable to keep track of 

such high numbers.  

Additionally, the experiment had a large number of confounding variables, which have led to 

ambiguous results. Some ambiguity has been cleared by Katrine Nygaard Lodahl in the post-test 

interview, but there are still many things that potentially have affected the results. Therefore, the 

results should be taken as indications and not the entire truth.  

For some students, the fact that the bunny ran ahead sometimes caused them to quickly forget 

about it, since it became ”out of sight”. One way to improve this could be to add more waypoints, 

so the distance to the next waypoint is shorter, which will make the player be closer to the bunny 

when it runs ahead. Or the run ahead behavior can be excluded entirely. It is difficult to say 

whether it had an effect or not.  

If we had to redo the experiment, an important thing to focus on is minimizing all possible 

confounding variables and keep as many elements constant between the conditions as possible. 

Furthermore, the therapists should be more clearly instructed to take notes about the students’ 

reactions to the bunny and they should not run more than one session per condition. There needs 

to be more consistence in the data collection than what is seen in this project. 

Additionally, it would be interesting to separate the group that responded negatively to VR and 

perform the same type of experiment but with a flat TV screen only. For the students that depend 

on familiarity, running the experiment several times per week over several weeks could be a better 

approach, since they will gradually become more comfortable with the situation, which can lead 

to clearer results. For the most stimuli-sensitive students, it would make sense to let them play a 

new iteration of the game, where the bunny does not speak.  

To make a generalization, it makes sense to keep using the current game version (perhaps deleting 

the coin counter) with the older/cognitively developed students and reworking a new version for 

the younger/less cognitively developed group. The new version should evade VR and use a flat 

screen display only and cut the bunny’s voice or possibly all audio. The coin counter can be 

deleted here as well, since it does not add anything but confusion to the experience.  
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Returning to the FPS: 

How can a VR bicycle exergame, featuring a motivational VPC AI companion, be designed and 

implemented to fit the needs of the target group and comply with the requirements identified in 

this analysis, with the intent of testing if the game, with and without the companion, makes a 

difference in the students’ performance and attitudes, compared to the baseline condition at 

Skovmoseskolen?  

I believe that FPS has been partially answered but not completely. A VR bicycle exergame 

featuring a motivational AI companion was successfully designed and implemented. However, it 

did not fit the needs of everyone in the target group, only some of them. While this is to be 

expected with such different participants, the project still attempted to embrace all students at 

once and in this regard the project failed. The solution did comply with the requirements identified 

in the analysis. Additionally, the game was successfully created with testing and experimentation 

in mind. Regarding, whether it made a difference or not, the answer is: it seems to have made a 

difference for some, however, not everyone and confounding variables makes it difficult to see the 

nuances of how much it worked or did not work.  
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7.0. Conclusion 

The project started out with an objective of creating a VR bicycling exergame built with the 

target group in mind. The purpose has been to create a game that considers the diagnoses and 

needs of the students at Skovmoseskolen, including not overstimulating them through sensory 

stimuli, but creating a balanced experience that can motivate and encourage them to take part in 

this exercise activity. It was suggested early on that the solution model could benefit from 

implementing an AI companion in the game, with a behavior that encourages the student to 

perform more in terms of exercise activity.  

To approach a viable solution model, the analysis explored who the people at Skovmoseskolen 

(students and therapists) are and what they do, to identify a target group, as well as why the 

therapists believe that exercise is good for these children. It was found that the target group are 

children at ages 7-18 years old who have learning disabilities, cognitive disabilities, physical 

disabilities and a functional level of roughly half their age. 

Next, the analysis investigated various concepts related to the problem statement, to find out how 

a VR bicycle exergame could be designed from a theoretical viewpoint. These concepts included 

definitions of exergaming, VR, SOTA of VR bicycle exergaming, motivation and SDT, VPCs and 

AI. 

It was found that VR is a medium that is capable of immersing players and making them feel 

present in a VE when certain technological requirements are met. Furthermore, the Oculus Rift, 

which is the VR platform of this project, is capable of facilitating an immersive VR experience, 

which is the one of the instruments that this project uses to make exercise more interesting for 

the students. In relation to VR, it was found that the game should adhere to certain requirements 

to avoid motion sickness: limit incoherency between visually perceived motion and actual bodily 

motion and make sure that the game displays clear graphics in 90 fps.  

Research into SOTA of VR bicycle exergaming helped narrow down the solution model by 

eliminating some elements found in two popular VR bicycle exergame platforms. The Tacx 

platform has some highly advanced features that will quickly result in information overload among 

the target group. The VirZOOM approaches the desired solution project, but there are some things 

that the therapists at Skovmoseskolen already know will be too much for students, which in short 

can be described as an excess of stimuli and simultaneous actions needed to play the game. The 

final solution model ended up borrowing elements from the VirZOOM game analyzed in this 

section but in a simplified way and excluding certain elements such as head-steering and time-

sensitive actions.  
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Before a meeting with Skovmoseskolen, all of these ideas were only loosely discussed. The opening 

meeting with them served the purpose of establishing the ideas of what the final game will be like. 

In short, it was determined that the game should take place in a calm, low-detail, nature 

environment and utilize an AI companion to encourage more physical activity. The AI should 

have a cartoon-like appearance, preferably a cartoon bunny, and have animations, gestures, a 

voice and facial expressions, since the therapists assessed that this type of companion could return 

positive responses among the students. It was suggested that the bunny could behave in an 

encouraging way by following along when the student is actively moving and run ahead to cheer 

them on if they stopped moving. Furthermore, the game should feature some type of objects to 

collect, such as golden coins. There was a general consensus at the meeting that this seemed like 

a good direction for the project.  

The analysis then investigated concepts related to motivation and SDT (autonomy, competence, 

relatedness), including how a video game can provide the necessary elements for autonomy, 

competence and relatedness to occur in the player. It was found that this could be done through 

feedback, rules and social interaction. The next step was to identify a type of virtual character 

framework that provide feedback and social interaction, to make the companion the motivational 

part of the game. The VPC type of virtual companion was identified to facilitate these elements.  

This led to research into VPCs and AI to identify some theoretically based requirements for the 

companion, as well some more technical guidelines as to how it could be implemented. It was 

found that the companion should behave somewhere in between strictly task-oriented and relation- 

and task-oriented,  it should have a voice to provide feedback and encouraging speech, it should 

use body language and gesticulation, be stylized and iconic, have round shapes, happy expressions 

and other specific physical attributes. Many of these things coincided with the ideas that were 

established at the opening meeting with Skovmoseskolen, confirming that the ideas exchanged 

there could, theoretically, contribute to increase motivation as well.  

On the AI side, the player should be able to notice its intelligence and it had to act rationally and 

seemingly intelligent as not to break the illusion that the companion is a somewhat real being 

with a personality. Furthermore, it should be implemented with an FSM logic to give control over 

the behavior, when it reacts to changing conditions/player input in the game.  

All of this led to a set of design requirements that went into the final design and implementation. 

For the bunny design, a Unity package was found, that matched the design requirements for the 

bunny’s visual appearance.  

When the implementation was finished, testing began at Skovmoseskolen. 18 participants (first 

22 but 4 left) took part in the experiment which featured three different conditions: A) ride a 
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stationary exercise bicycle, B) ride a stationary exercise bicycle with a VR bicycle exergame, C) 

ride a stationary exercise bicycle with a VR bicycle exergame and a bunny AI companion. The 

experiment was set up as a within-group experiment and the goal was to test if there were any 

differences in participants’ performances between the three conditions. Performance was measured 

in time and distance per bicycle session. Additionally, therapists observed the participants 

according to the PEO (Person-Environment-Occupation) model. 

The results showed the biggest change from A→B and A→C, whereas the change from B→C were 

less noticeable. The statistical tests confirmed significant differences from A→B and A→C as well, 

and no significant differences from B→C. As mentioned in the discussion, the experiment was 

filled with confounding variables, which made it difficult to see the bigger picture of why the 

metrics decreased for roughly half the participants when the bunny companion was introduced. 

Some confounding variables could have been controlled and some that were out of the therapists’ 

hands. To clarify, a post-test interview was conducted with leading therapist, Katrine Nygaard 

Lodahl, which showed that the bunny might have had a more positive impact on several 

participants than first assumed. Some participants were very bothered by the VR aspect which 

ruined the experience for them. Furthermore, the therapists were not explicitly informed to take 

notes about the participants’ attitudes toward the companion. Katrine Nygaard Lodahl assesses 

that a large number of participants were actually motivated by the bunny, even if the notes do 

not mention anything about it. The post-test interview clarified that the game with companion in 

VR form definitely worked best for the older students that have higher cognitive functions. For 

this group, the game was a success, whereas the younger students with lower cognitive functions, 

the game could have worked better without VR, and in some cases even excluding the sound 

completely, since audio added to the sensory overload for some participants in this group.  

In conclusion, mixed and ambiguous results are to be expected when dealing with participants 

that are very different ages, have different diagnoses and behavioral patterns. Adding a layer of 

confounding variables on top of that will obscure the results even more. However, the game was 

a success for the older students with higher cognitive function and Skovmoseskolen is interested 

in continuing using the game in their everyday work with the students that responded well to it, 

whereas a new implementation is needed to accommodate the needs of the younger students.  
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