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[bookmark: _Toc133366606]Abstract 
Virtual Reality (VR) technology has advanced rapidly in recent years. Offering users an immersive experience that can transport them to entirely different worlds. However, one issue that has arisen with the increased use of VR is virtual reality sickness, which can cause symptoms such as nausea, headaches, and disorientation. 
This report provides an overview of the background of VR technology, including its process, current applications, and limitations. It also explores the literature surrounding VR and VR sickness, highlighting the various factors that contribute to these symptoms, such as the user's exposure time, the type of VR hardware used, and the virtual environment itself. To further investigate the relationship between VR and VR sickness, a research of measurement methods was taken to masure the correlation of virtual reality movement methods and the severity of virtual sickness symptoms.
 To aid this a  a virtual environment was designed and created using Unreal Engine 5. Six participants were recruited to test the environment using  appropriate consent forms. The three different movement methods in questions were teleporting, walking(in-place) and jumping. Prior to testing a MSSQ(Motion Sickness Susceptibility Questionnaire)was given to the user. Post-testing, data was collected from the participants using VRLEQ(Virtual Reality Locomotion Experience Questionnaire) and SSQ (Simulator Sickness Questionnaire). The data was then presented diagrammatically, and minor statistical analysis was performed. 
In conclusion to the experiment, there is a definite correlation between virtual reality movement methods and virtual reality sickness. There is also possible correlations between MSSQ  and SSQ scores. Further potential correlations include the relationship between the usability scores of the movement methods to the participants SSQ scores and what they responded to as the ‘most sickness inducing movement method’. Measurements within this report are not perfect, yet are highly prevalent in the literature, with some needing to be more used, for example the VRLEQ. This is so that researchers can accurately determine if the data gathered with this measurement tool is adequate. The experiment  could also be improved  by including more participants and a more sophisticated and usable virtual environment. 
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[bookmark: _Toc133366607]Chapter 1 – Introduction 
Project Aims - In this report I will be detailing ‘User Virtual Reality sickness effects from locomotion methods. This will involve how users may encounter virtual reality sickness, the  severity of the effects, how long the effects may last. Other interest may look to see what movement method is the most severe and is there any possible way to measure this. 
Objectives of Project- To achieve this aim, I will acquire virtual reality hardware, specifically the ‘Meta Quest 2’ including peripherals. With the help of suitable computer hardware, I will use an appropriate software game engine, specifically the ‘Unreal Engine 5’ to create a virtual environment that will test various mode of transport in VR. Locomotion methods include the walking function, teleportation function and the jumping function. Post testing, I will conduct user testing to measure virtual sickness symptoms, as well as the usability of the environment created. and attempt to find further mitigation strategies. 
Structure to report – To begin the report I will be detailing a review of research and literature found with this field of study. I then will discuss the research of development methodology. After this I will then design and implement the chosen methodology, with evaluation of findings and recommendations to further improve methods of completing the project. 
[bookmark: _Toc133366608]Chapter 2 – Research & Literature Review 
In this section I will be discussing the research and literature relating to the topic of my independent project. I will first be detailing the research of VR(Virtual Reality) as well as ‘VR Sickness’ and then detail and critique the existing literature that relates to the topic of ‘VR Sickness’.
[bookmark: _Toc133366609]Research 
Before critiquing the existing literature, I must first research the topic of VR technologies and VR sickness to better understand the topic.
What is VR? According to research, VR(Virtual Reality) is a term used to describe the use of imaginary worlds that have been generated through the use of computers [1] [2]. Definitions also include a ‘artificial environment that is experienced through stimuli’ or ‘computer generated environment that can be experienced as if it was real’ [1] [2]. 
To aid in this research I conferred to LinkedIn Learning to research the topic of VR. LinkedIn Learning course “Understanding Augmented and Virtual Reality: An Introduction” by Catherine Henry [3] taught me an understanding of VR, its innovative technologies and where they can be applied to. The course taught me the different sectors VR can be used in, such as sports, shopping and the entertainment industry. The course also taught the innovation that companies such as Meta is driving forward, which could develop a “Metaverse”.
 Similarly, I also conferred to Craig Barr’s “Virtual Reality Foundations” [4] LinkedIn Learning course. This course has taught me that the different aspect of VR technologies that work as a foundation to grow out of. This includes the equipment involved, applications of VR  within industries such as filmmaking, visualisation and even architecture. 
Yet, to fully research the intricacies of the subject, I will need to delve into detail how VR works along with the equipment needed. According to author ‘Steven M. LaValle’ [5], the definition of virtual reality is inducing artificial sensory stimulation on an organism that has no understanding of the interface [5]. The major aspects that are involved in the definition are the:- 
1. Organism – This would be the individual that experiences the virtual simulation through interaction [5]. 
2. Awareness – The individual will be unaware of the interface to the simulation and thus will be immersed into the virtual world [5]. 
3. Targeted behaviour – This will involve the individual experiencing and interacting with the virtual environment such as moving or interacting with objects in a game [5].
4. Artificial sensory stimulation – This according to the author involves ‘one or more senses’  being used within the virtual environment [5]. 
To further understand VR, one must understand the technologies that deliver the experience. The main piece of hardware relating to VR is the head mounted display [6]. This piece of hardware would allow a user to view a virtual environment as any other method of display such as monitor [6]. The head mounted display uses the orientation and positioning tracking to capture in environment interaction [6]. With the head mounted display  speakers or earphones may be used to output any audio from the virtual environment [6]. 
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[bookmark: _Toc133364154]Figure 1 - VR Process
Using a process displayed within Matjaz’s ‘Virtual Reality Technology and Applications’ [7], The process would follow three factors that would combine into the ‘virtual experience’. The factors consist of the User), UI( User Interface and the Virtual Environment [7]. 
The User factor consists of:-
· Engagement
· Interaction Experience
· Immersion
The User interface will consist of:-
· The input
· The output
· Interactivity with Virtual environment 
The Virtual Environment will consist of :-
· Simulated environment
· Working physics
· Potential shared user space
These factors will then lead to typical virtual reality experience. To deliver the experience there must be a virtual reality environment made with a compliment of interactivity, using differing tools such as Unity or Unreal Engine. There must be a UI to which a user may interact with the environment and there also must be a user to perceive and immersive themselves within the virtual environment [7].
Software is another vital part within VR. It is an element that makes it possible. Software concerning VR can be categorised into hardware interfaces, world creation software and applications [8]. The hardware interface are a sort of ‘libraries’ for certain software to make the process easier for computing power [8] [9], yet can also make the process of writing coding for applications easier for certain hardware. There is such a thing as open-source hardware interface software, which can be very important to developers of VR applications, as this can increase efficiency and speed of development [8]. Another important category of software are world creation applications, which can include the various game engines available to download [8]. 
After viewing the software, we must now look how a user may interact with the virtual environment. 
Users in virtual reality can interact with the environment using various hand input devices [10]. Author ‘Jerald’ then separates the class which comprises of ‘World-grounded devices’, ‘tracked handheld controllers’, ‘non tracked handheld controllers’ to even ’hand worn devices’ and even the users bare hands [10]. An example of a world grounded devices is a keyboard as well as joysticks, and trackballs [10]. Examples of non-tracked handheld devices may include Xbox or PlayStation controls which offer gamepads and joysticks [10]. 
[image: ]
[bookmark: _Toc133364155]Figure 2 - Console controller
Yet an important device class for VR are the tracked handheld controllers, which can also be referred to as ‘wands’ in the literature [10]. They are important for VR applications as they can not only offer buttons and joysticks, but they also the ability to tracking. Tracking is a vital component of VR which affects not only the handheld devices but also the way a user can interact with VR environments.  
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[bookmark: _Toc133364156]Figure 3 - Meta Quest 2 Touch controllers
Now we must ask what is ‘tracking’? Tracking is the method that is utilised by the sensors of the virtual reality head mounted display to track movement performed by the user [11]. Not only are the sensors used to track the users movements, but the buttons of the VR controller may also act as a tracking mechanism as well as the controller itself [11]. 
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[bookmark: _Toc133364157]Figure 4 - VR Tracking Process
In figure 4, we can see the process of tracking on the user with virtual reality equipment [11]. This process seen is important for virtual reality systems to help figure out the positions and what orientation the user is to then give the user stimuli within the virtual environment [11].  
With the aid of tracking, the user may further interact with the virtual environment they are in, in multiple ways [10] [12] [13].  The first being locomotion, which detail how the user travels within the virtual environment [12] [13]. The ways a user may travel in the environment by walking with the joystick, which can enable the user to not physically move in their physical environment, yet they may also choose to physically walk in their environment to interact with virtual environment [12] [13] .An additional method that can be used to move in a virtual environment is the teleportation function that can be done with the VR controls [12] [13].  In LaValle chapter on Interaction, the author states that in terms of locomotion within a virtual environment, these methods can give the user a sense of virtual reality sickness due to ‘vection’ [13]. The author describes that methods such as lowering viewpoints that are close to the ground, reduction in the contrast of the virtual environment and even giving the user tasks to perform may reduce sickness [12] [13].    
Yet with tracking and software how do users see in VR? To see virtual environments there are 3 approaches, hand-held displays, world fixed displays and head mounted displays [13] [14] [15]. An example of hand held displays are mobile devices such phones or tablets, they are mostly used for augmented reality and less with virtual reality, yet the it is still possible for VR development [13] [14] [15]. An example of world fixed displays is a computer monitor which is also commonly used to display virtual reality environment. Head tracking can be implemented for world fixed displays, yet won’t have the same effect as head mounted displays as the stimuli generated will be lesser [13] [14] [15]. 
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[bookmark: _Toc133364158]Figure 5 - Meta Quest 2 HMD
Finally, the device class that the project will be focussing on will be HMDs or Head mounted Displays [13] [14] [15]. A an example of a head mounted display could be the widely used Meta Quest 2, which enables tracking of positions and orientation, which will be essential for this project [13] [14] [15]. The display works by having 2 small lenses that act as the display to the virtual environment, which delivers a immersive experience [13] [14] [15].  
Now to the subject focus of the project, virtual reality sickness. But what is virtual reality sickness? Virtual reality sickness, also referred to as motion sickness or cyber sickness, are the sickness symptoms felt through the sense of motion [16] [17] [18] [19]. The difference with Virtual Sickness is that the symptoms are brought with the sense of immersion and motion a user feels within a virtual environment [16] [17] [18] [19]. 
The symptoms that are found with VR sickness are usually:- 
· Nausea
· Discomfort
· Headaches
· Disorientation
· Dizziness
· Vertigo 
· Vomiting 
Another interesting aspect to virtual reality sickness is that after use, sickness symptoms may last up to several hours and at worst case days [16] [17] [18] [19]. The general cause of these symptoms are not fully known as many different elements of virtual reality may contribute to the effects [16] [17] [18] [19]. One of the most notable theories is a ‘sensory overload’ such as sudden fast movements that may be unnatural to the human eye, as well as the field of view that one can see through a head mounted display [16] [17] [18] [19]. This is why research suggests decreasing or removing the amount of locomotion is a viable strategy to reduce VR sickness [16] [17] [18] [19]. 
Now how does one measure VR sickness? Research suggests that questionnaires  or simulator sickness questionaries are a viable strategy to measure a user’s VR sickness symptoms, which implement scoring systems to measure the severity of the overall symptoms [16] [17] [18] [19].
[bookmark: _Toc133366610]Literature review 
After conducting research of virtual reality, we must now look at what the literature has found on virtual sickness and cases for measuring said sickness, that can be related to my project. 
 An example of a case of study looking at virtual reality sickness measurements looked at HMDS and their related content [20]. They then measurement the sickness using SSQs to determine [20]. They also studied the effects with a different test user characteristic such as age, experience and gender [20]. Similarly, a study done in 2000 studied the effects of VR sickness through exposure duration to virtual environment [21]. They concluded that the longer the exposure a user has to VR, the more likely the user will get sickness symptoms [21]. They also concluded that the more a user is exposed to VR the more likely that the user will grow accustomed to the effects of the virtual environment [21]. They conducted this study with the use of a checklist SSQ which contained 26 symptoms. 
In comparison, in 2005 a study was done to measure the effects of headaches and discomfort that are associated with the use of head mounted displays relating to symptoms related to the users eye and other symptoms not related to the eye [22]. The main method for observing this is again a questionnaire that is posed to a group of users, one before the immersion of a virtual environment and one after [22]. The results found within the study has concluded that the study of virtual sickness can be done before the immersion and use of head mounted displays, yet the symptoms of sickness can decrease fast [22]. The questions also most useful for the questionnaire are 13 questions, 8 symptoms not related to the eye and 5 related to the eye [22].  
More recently, a study done in 2022 was conducted to review cybersickness  related to head mounted displays relating to individual users [23]. The  study delves into the many factors of VR including the elements of VR such as hardware and software while also considering the human factors such as history with cyber sickness, as well as demographics such as age [23]. One element that makes this study like my aims and objectives is that it also takes into account the navigation methods that are taken within the virtual environment, which include walking, teleporting and even steering [23].
 A similarity to my project is that they also found recommended mitigation strategies to significantly reduce the cybersickness symptoms through the reduction of the field of view in the simulation, as well as the combination of blurring techniques and elimination of visual cues such as teleportation and snap turns [23].  An interest point is that the studies research had found was that there was no impact from cybersickness in hardware devices such as the ‘Oculus Rift DK2’ compared to ‘Oculus Rift DK1’ and authors assumed that the changes within content of the virtual environment bring more changes than the factors of the hardware [23] [24]. Other interesting finds within research is also the limitation of latency and the delay between the action taken of a user compared to when its acted upon in the virtual environment. 
In other research, one study investigates the clinical predictors of cybersickness within VR with relations to users with hight stress [25]. They looked at two groups and tested them with the use of VR video as opposed to a VR environment. They tested the videos with different levels of shaking and used a SSQ and FMS(Fast Motion sickness Scale) [25]. The two groups were made depending on age range, such as one group was ages 19-39 whereas the next group was aged 40-59 [25]. 
To further explore the exposure time to VR and the potential symptoms that is brought with it, studies done to research the temporal effects of VR sickness was made in 2018 [26]. The study used the popular SSQ questionnaire to gain measurements. One finding the study had gained was that after a certain point in exposure to VR, although sickness symptoms can increase due to exposure time, there will be a certain threshold for when sickness symptoms begin to stop increasing in severity or even decrease [26]. Devices used within the study are once again the popular HMD devices which were the HTC Vive and Oculus Rift [26]. The study predicts that the popularity of standalone headsets might increase in the future, which could be proven correct considering these models are no longer in production and are replaced with devices such as the ‘Meta Quest 2’ [26]. The research conducted into the theories of cybersickness, the theories they have retrieved are the common ‘Sensory Conflict Theory’, which involves when motion sickness symptoms arise from a conflict of two senses such as visual and audio [26] [27]. Alternate theories also include the ‘Postural Instability Theory’ which includes motion sickness not coming from a sensory conflict, but from the postural status of the user not feeling accustomed to the sense of height or swaying within the virtual environment [26] [28]. 
To refer to previous research author ‘LaValle’ studied possible theories causing VR sickness, while also looking at methods to measure symptoms and recommendations to VR developers that can lead to improve the overall user experience [29] [17]. Much like the theories researched by ‘Duzmanska’ [26], author ‘LaValle’ also states the possibility of the ‘Sensory Conflict theory’, yet also proposes alternate plausible theories such as  ‘forced fusion and fatigue’ which involves of eye strain and fatigue developing due to the these having to put more effort in to work when viewing virtual environments [17]. 
Once again like other journal articles, a recent study done in 2022 looked at the patterns of VR sickness relating to long exposure times reaching 7.5 hours of immersion in the virtual environment [30]. Thee study tested users based on HMD devices such as HTC Vive and compared user sickness with LCD display devices [30]. The settings of the headset was set at a 1440x1600 resolution per eye display, with a field angle of 110 degrees [30]. The research method they conduct was testing with 22 participants aged 20-27 years old and ensured that the users had 7+ hours of sleep a week beforehand, while also ensuring that a written a consent form was given to users, fully explaining the details of testing [30]. The user testers would also be withdrawn from testing at any point [30]. The experiment was also conducted with the use of a pre-experiment questionnaire, while also providing g a SSQ post testing [30].
Further research done on the effects of display factors show a conference publication done in 2020,  looked into the effects of a field of view restrictor on VR HMDS to see the effects of virtual sickness [31]. The user study was done by having users traverse a virtual environment using a field of view restrictor with eye tracking while also using one that was head fixed [31]. The study found there was no difference in the measurements of VR sickness when testing both these restrictors [31]. The devices used in the study was the HTC Vive Pro, with a refresh rate of 90 and a field of view of 110 degrees [31]. The game engine Unity was also used for the virtual environment [31]. 
One important aspect of this project are the locomotion aspects of VR, a survey in 2019 shows ‘real’ techniques that can be used for VR applications with HMDs used [32]. The survey delves into the techniques and categorises them into different travel methods [32]. These being ‘warnings’, ‘scaling’, ‘unmediated’, ‘redirection’, ‘resetting’ and ‘dynamic virtual environment’ [32].They are categorized like this to represent the action of the user and the feedback they would gain from the application [32]. The study also emphasises that the real locomotion of a VR application should be the physical movement of user, enabled with tracking,  delivers an immersive experience to an application [32]. 
In comparison a more recent study in 2022 categorised the locomotion techniques in an alternative way, whereas they group the techniques based on room-scale, controller based, motion based and teleportation-based navigation [33]. Room-scaled movement involves the physical movement of the user and their actions to translate into the virtual environment. Controller based navigation involves the use of controllers such as a joystick, which can be chair based for the user to navigate in the virtual environment. Motion based, in comparison to room scale navigation, emphasises more on the ability to walk in place or use gestures within the VR environment to navigate. Finally teleportation based navigation entails the user using a joystick to point and instantly teleport in the environment. 
A common recurring method to measure the effects of VR sickness symptom is the use of SSQ/MSQ or simulation/motion sickness questionaries [34]. This measurement became the standard among research to measure motion sickness related symptoms done through the research of author ‘ Kennedy’ in 1993 [34]. 
As much as Kennedy’s SSQ/MSQ  is used throughout the literature, it is still not quite the standardised test method, as shown in 2018 journal article of Applied Ergonomics, author ‘Kim’ researched the possibilities of a VRSQ or a virtual reality sickness questionnaire [35]. The research combined a SSQ with elements of VR and developed it to test out user sickness with 24 users [35]. The researchers concluded that a significant find was that sizes of buttons and target selection were factors that contributed to motion sickness [35]. 
Further review of the research has found that some studies criticise the use of SSQ’s to measure the discomfort a user can find within VR head mounted displays [36]. The study states that a largely ignored are the symptoms of digital eye strain as well as the ergonomics [36]. 
Upon review of certain literature, one measurement that can be used for virtual reality environment us the UEQ or the user experience questionnaire [37]. It allows measurement for the overall experience for games. It can also be tailored towards a virtual environment through an integration with a system usability scale [38].
Upon further research of measurements, a VRLEQ can be an appropriate measurement of VR experience as well as the overall usability of the environment itself [38]. If used in conjunction with a SSQ, it could perhaps have potential to show significant correlations to user sickness [38]. Many instances within the literature also implement a use of a MSSQ or motion sickness susceptibility question, prior to testing [35] [39]. They also suggest that the MSSQ can aid with the measurement of virtual reality sickness and may correlate the use of a MSSQ and a SSQ. 
To summarise many research articles have committed studies to the effects of motion sickness or VR sickness and the severity of their symptoms. In its widespread use, the MSQ or SSQ has been used in most of the research articles or at least recommended as a suitable measurement method when testing sickness symptoms. The various research, within their individual studies, have tested various parameters of VR and VR equipment, as well as various VR environment settings to determine sickness effects on users. The various studies have also proposed various mitigation strategies that can help decrease the effects a user may have from their exposure to a immersive virtual environment. 



 

[bookmark: _Toc133366611][bookmark: _Hlk130641086]Chapter 3 - Research And/or Development Methodology
In this chapter, I will research and document the methodology I have chosen to conduct to complete the aims and objectives of this project. 
[bookmark: _Toc133366612]Research Question
Research question: -  Does VR navigation methods such as teleporting, jumping and walking in an immersive environment lead to motion sickness symptoms that vary in severity. 
[bookmark: _Toc133366613]Method 
The methodology being used in the project is an experimental hypothesis test using  (one-tailed) hypothesis testing. 
My experiment hypotheses are as follows:-  
· What is the impact of virtual reality sickness on users
· Does having experience with virtual reality head mounted display affect the severity of sickness symptoms
· Are the locomotion methods chosen within the virtual reality environment (Teleportation, smooth joystick movement and jumping), affect the severity of VR sickness symptoms more so than others. 
· Will there be a correlation between VRSQ score and a MSSQ scores
To test this, I will conduct testing on 6 users determining the status of the hypotheses. This will be done by giving the users a pretesting questionnaire determining their susceptibility to motion sickness(MSSQ). I will design and create a virtual environment that enables these locomotive methods to be used by the user. They will need to traverse the course using said locomotion methods and retrieve 2 objects. They then will need to return to the starting location of the test area, where the testing will finish. 
Post testing, the user will be given a virtual reality sickness questionnaire, as well as a virtual reality experience questionnaire that implements system usability scale to measure the  experience of the user concerning locomotion methods and the usability of the environment created. The purpose of this is to see if the environment serves its testing purposes and to see if there is a correlation to the users preferred locomotive method, in comparison to the VR sickness symptoms. 
The justification for using these methods is because measurement methods shown throughout the research and literature as the MSQ, VRSQ and VRLEQ show the best potential in helping me meet project aims and objects [23] [35] [38] [39] [40] [41] [42] [43]. 
[bookmark: _Toc133366614]Chosen hardware and software 
The vital piece of hardware used for this project will be the Meta Quest 2 with a 128GB of space, along with its touch controllers.  Once vital piece if accessory is the link cable, which will allow the Quest 2 establish a connection to the desktop PC, which will be important, as it will allow the virtual environment to be packaged and installed onto the Quest 2 headset. 
The chosen software to conduct the experiment is the game engine Unreal Engine 5. This was chosen as it allows me to create a virtual environment to which the locomotion methods can be tested. The engine version I will choose is 5.01, will using the default VR template. With this game engine I will need Oculus app as well as the secondary software application Side Quest, Visual studio 2019) and Java to allow me to create and package the virtual environment to the Quest 2 headset. The reasoning for Visual Studio 2019 is because the various tools and packages allows Unreal Engine to package for android devices, including the Meta Quest 2 headset.  
To create and generate the virtual environment, I will need a suitable computer desktop with sufficient specification. My home computer will have the AMD Ryzen 5 2600 Six-Core Processor 3.40 GHz, 16 Gb RAM, GTX 1070Ti GPU, keyboard and mouse. 
To perform any data analysis, software such a Excel will be used to generate diagrams and minimal statistical analysis. 
[bookmark: _Toc133366615]Inputs
The inputs for the experiment will be the Meta Quest 2 headset as it allows for tracking. While the next inputs will be the Quest 2 touch controllers themselves. The reasoning for these inputs is because they will be necessary to track the user withing the virtual environment and then use the 3 movement methods that can be studied. 
[bookmark: _Hlk132732383][bookmark: _Toc133366616]Experiment
Prior to the experiment, a MSSQ or Motion Sickness Susceptibility questionnaire will be given to the user. The reasoning behind this to potentially eliminate any unreliable correlations that are potentially between the movement types and the VR sickness symptoms. The reasoning behind this that found in research and the literature surrounding the subject, it has been found that an MSQ is a valid method for measuring the susceptibility a user can have for motion sickness, which will be usefully to se which user has a greater risk for motion sickness through the experiment [44] [45]. In my research I found that a suitable form available to download that may be used for testing is one from the BBC and from the University of Westminster [46] [47]. It was first developed by ‘J F Golding’ [48]. 
To study VR sickness symptoms, the user will be given a post-test questionnaire for VR experience/usability as well as a VR sickness symptom questionnaire. The reasoning for this is to study the experience the user had within the virtual environment, while also measuring the usability of the environment. The reasoning for the VR sickness symptom question is because it will measure any common symptoms a user gets when they are in a virtual reality environment. I will also be measuring the time the sickness symptoms last post testing. The reasoning for this is because I will need to measure if there are any correlations between the sickness symptom and reduced effect. The VR experience and usability form as well as the VRSQ form I have used is a altered questionnaires found within the literature [38] [49]. 
[bookmark: _Toc133366617]Target Group
The target group for the experiment are members of any gender and from age of 20+. Further the criteria for the target group will be users with or without virtual reality experience. The experiment will need to give a user environment that can be traversed through entirely through VR, while feeling immersed. 
[bookmark: _Toc133366618]Questionnaires and calculations
MSSQ
Upon completion of the questionnaires, I will perform calculations to gain their measurements. This will apply to the MSSQ, VREQ and the VRSQ. 
For the MSSQ I will need to perform the calculations for both sections of the questionnaire form. These sections are A(childhood)  and B(Adult), which follow a 5-point scale. These are :-
· Never travelled - t
· Never felt sick - 0
· Rarely felt sick - 1
· Sometimes felt sick - 2
· Frequently felt sick - 3
To calculate the susceptibility scoring for the participant, they will answer a total of 9 transportation methods, which are :- 
· Cars 
· Buses or Coaches 
· Trains
· Aircraft 
· Small Boats 
· Ships, e.g. Channel Ferries 
· Swings in playgrounds 
· Roundabouts in playgrounds
· Big Dippers, Funfair Rides
Calculations will work by adding up the number of raw total sickness scores from the MSA and MSB sections using the 5-point scores which are T,0,1,2,3. The add up the total t scores in both sections. Further calculations work by taking the raw total sickness score and dividing it by the number of t scores, which will then be added by the total amount of transportation methods experienced.  Finally add both section scores together to get the MSSQ score [50].
VRLEQ
One of the questionnaires that will be given post-experiment will be a VRLEQ. The reasoning for this is to measure the experience and usability score towards  the virtual environment. This will be done separately  by giving the questionnaire based on the three movement methods walking, teleporting and jumping[38]. The questionnaire itself is structured with 26 questions, 1-16 being based on the game experience questionnaire [51], while question 17-26 based on the system usability scale questionnaire [52]. The questionnaires will be measured with a 5-point Likert scale of 0-4(0 =Not at all, 1=Slightly,2=Moderately ,3=Fairly,4= Extremely) for the game experience section and (0=Strongly disagree, 1=Disagree,2=Unsure,3=Agree,4= Strongly Agree) being used to define usability [38].  Being issued differently we will be able to see scores based on the movement method in question[38]. 
For the user experience the dimensions below will be assigned to 2 questions, which will allow me to gain a better understanding of user experience and usability of the virtual environment[38]. 
[image: ]
[bookmark: _Toc133364188]Table 1 - VRLEQ dimensions and statements
The justification for using a VRLEQ is that it is suitable measurement method that is found in the literature to measure both a UX and SUS. The only limitation is the limited amount of usage through said literature [38]. 
https://www.researchgate.net/publication/327098420_Systematic_Review_and_Validation_of_the_Game_Experience_Questionnaire_GEQ_-_Implications_for_Citation_and_Reporting_Practice 
[bookmark: _Toc133366619]SSQ
Finally, the last questionnaire given to the user will be a VRSQ or a SSQ. This will measure the users sickness symptoms and then will be able to compare to other users sickness scores, VRLEQ scores and even for potential correlation with MSSQ scores [49] [50].  The questionnaire used was the one researchers ‘Bimberg’ and ‘Merchant’ uses to gain an understanding of sickness symptoms. I will calculate the questionnaire based on the weightings below used in ‘Bimberg’s’ research [49]. 
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[bookmark: _Toc133364189]Table 2 - SSQ Symptoms and Weightings
The calculations will consider the weighted symptoms of Nausea (N)=9.54, Oculomotor Discomfort (O)=7.58 and Disorientation(D)=13.92.The total score of the SSQ will then be calculated by the total symptom score, then multiplied by their respective weighting. The reasoning for this as these dimensions are those frequently reported regarding sickness symptom types when interacting with virtual reality [38] [49] [50]. The reasoning is that many times that a ‘VRSQ’ is implemented in an experiment, it can be calculated without the Nausea(N) dimension, whereas the SSQ includes the Nausea(N) dimension. 
[bookmark: _Toc133366620]Experiment validity 
The validity of this experiment is that it implements various methodologies that can be found in various literature that implements various survey/experimental designs to measure the symptoms of virtual reality sickness and correlate it to other factors that can be changed, such field of views,  specific individual susceptibility towards motion sickness. Most of research discussed that implements these experiment methodologies follow similar parameters and  inputs of experimenting with VR head  mounted displays, as well as the locomotion methods that can be implemented into a virtual reality environment [23] [35] [38] [39] [40] [41] [42] [43]. 
Further validity of this experiment is that various literature experiment with the VR sickness symptoms relating to specific movement methods such as sudden fast movements through actions such as driving, running, sprinting, teleportation, joystick moving, etc. These pieces of research literature also implement strategies of using various game engines such as Unity or Unreal engine to create the environment. Some research journals will also apply a MMSQ pre testing, with a SSQ post testing to gain their desired measurements, with calculations to follow to gain an understanding with potential correlations [44] [45] [46] [47] [48] [49] [50] [53] [54] [55] [56] [57]. 
[bookmark: _Toc133366621]Experiment reliability
The reliability of the experiment will be dependent on the usability and implementation of the desired locomotion methods and design of the virtual environment. Reliability will also depend heavily on the number of participants that can test the virtual environment and locomotion methods. Another dependant would be the validity and accuracy of the calculations and scores with the implementation of the MSSQ, VRLEQ and VRSQ. 




















[bookmark: _Toc133366622]Chapter 4 Design and Implementation
In this chapter I will be discussing the design of the experiment and then the implementation of the experiment. 
[bookmark: _Toc133366623]Design
[bookmark: _Toc133366624]Virtual environment design
Using draw.io, I created a mapping to the process that the participant will follow by in the virtual environment.  It will start out by the user opening the environment, viewing the instructions of testing as well as the viewing controls to the Meta Quest 2 touch controllers. The user should then begin the task by traversing the environment to retrieve one or two objects. They will be doing this by using the objective methods Teleportation, walking and jumping. Once retrieved, the user will traverse the environment back to the starting area, where testing will be ended. 
[image: ]
[bookmark: _Toc133364159]Figure 6 - VR Environment Use case diagram
This process can be seen in figure 6.
[image: ]
[bookmark: _Toc133364160]Figure 7 - VR Environment untextured plan
Shown in figure 7, we can see the planned environment. It will start with a untextured environment that will lead into different section with a textured environment. The areas will be designed with platforms that vary in sizes. The reasoning behind this is to allow the participant to use the different movement methods accordingly. There will be prompts to the user to what section is the best to use a certain movement method. The best positions that the user will be in is a standing position. This is there is some feeling to a sickness symptom effect, while also following health and safety by the user does not have to physically move to navigate the virtual environment. 
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[bookmark: _Toc133364161]Figure 8 -VR Environment textured plan
Shown in figure 8, we can see the design of the textured environment. The layout is necessary to implement the desired movement methods to study. The areas if testing will again be standing in place for the user with various platforms for the user to traverse. Once the user retrieves the objects, they will then traverse back to the spawn/ starting location, where the test will end and the VRLEQ and SSQ will be given to the user. 
To then conclude the experiment, results of the questionnaire will be provided diagrammatically. Results may then be evaluated on further with descriptive statistics to find any correlations. 
[bookmark: _Toc133366625]Implementation
To now implement the experiment, The process of creating the virtual environment will begin in Unreal Engine 5.01. 
[bookmark: _Toc133366626]VR Environment
Using the standard VR Template within Unreal Engine 5, I redesigned the starting VR template environment to look like that of my designed experiment designs. 
[image: A screenshot of a video game
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[bookmark: _Toc133364162]Figure 9 - VR Environment untextured starting area
In figure 9, we can see the starting location of the virtual environment. The user will see the instruction and controls and then proceed to perform the task. 
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[bookmark: _Toc133364163]Figure 10  - VR Environment platforms
[image: ]
[bookmark: _Toc133364164]Figure 11  - VR Environment platforms
As seen in figures 11, we can see that the user will be able to traverse the environment using the platforms and retrieve the objects. 
[image: ]
[bookmark: _Toc133364165]Figure 12 -  - VR Environment Platforms to textured area 
The user will then traverse into the second area that is textured as seen in figures 12.  
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[bookmark: _Toc133364166]Figure 13 - VR Environment Textured area
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[bookmark: _Toc133364167]Figure 14 - VR Environment platforms to jumping area
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[bookmark: _Toc133364168]Figure 15 - - VR Environment platforms to jumping area

[image: ]
[bookmark: _Toc133364169]Figure 16 - VR Environment Jumping area prompt
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[bookmark: _Toc133364170]Figure 17 - VR Environment Alternate locomotion reminder
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[bookmark: _Toc133364171]Figure 18 - VR Environment Alternate platforms to objects
[image: ]
[bookmark: _Toc133364172]Figure 19 - - VR Environment prompt to user
Shown in figures 19, the user can use the movement methods to reach the objects and then return to the starting area, where the testing will end and they will answer the post experiment questionnaires. 
[bookmark: _Toc133366627]Blueprint codes
To implement the movement methods, I researched methods to implement all 3 required locomotion methods to begin the testing through the use of YouTube videos [58] [59] [60]. The videos provided a step-by-step process of editing the default player pawn and inserting new blueprints to enable the desired movement methods to come into effect. 
Through trial and error, I encountered difficulty trying to get the 3 movement methods to work on a single pawn class. The pawn class is what the user would ‘possess’ when using the application and use the movement methods that it had bee set up with. To remedy this, I followed one of the videos encountered to implement a  ‘Smooth Locomotion’ system [59]. 
This would enable a user to switch from a default movement method the player pawn is set to, which uses teleporting for movement, to a alternate locomotion mode, which enables walking. The player pawn class would also have a blueprint that can enable jumping in both modes. The justification for using these methods is due to time constraints, it was the only way that the environment can meet the requirements, while leaving time for participant testing the environment [59]. 
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[bookmark: _Toc133364173]Figure 20 - VR Environment Teleport method blueprint
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[bookmark: _Toc133364174]Figure 21 - VR Environment Jumping method blueprint
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[bookmark: _Toc133364175]Figure 22 - VR Environment Joystick movement  blueprint

Shown in figures 22, we can see the blueprint classes that allow for the locomotive requirements to be met within the virtual environment [59]. 
[bookmark: _Toc133366628]Necessary Interface
To implement this alternate locomotive mode, the process required an interface be made so the user may check/uncheck a box in the menu interface that a user be access through the menu button on their Meta Quest 2 touch controllers [59]. 
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[bookmark: _Toc133364176]Figure 23 - - VR Environment Interface widget
As shown in figure 23, the menu interface offers a chance for the participants to alternate between locomotion modes to access different movement methods in the environment. The menu also offers the default options that allow the participant to exit the environment and restart it [59]. 
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[bookmark: _Toc133364177]Figure 24 - VR Environment interface buttons blueprint
[image: ] 
[bookmark: _Toc133364178]Figure 25 - VR Environment interface alternate locomotion blueprint 
Shown in figure 24 and 25, the blueprint architectures that allow the options in the interface to function [59]. 
[bookmark: _Toc133366629]Experiment Results
With the virtual environment developed, we can now pursue participant testing in the experiment.
In this experiment is the investigation of VR sickness, motion sickness susceptibility and the usability of the environment. Prior to these testing the participant was given a consent form, to which they may withdraw from the study at any time. The consent form briefed the participants on the aims and objectives of the project as well as the risks that can come with the experiment.  
6 users were recruited as participants,  with all 6 users completing the experiment. The users completed the experiment in varying time lengths which averaged to around 9 minutes total. After said experiment, the users were immediately given the post-experiment questionnaire, which consisted of the VRLEQ, which combine the elements of a GEQ and a SUS questionnaire, after which  a SSQ was implemented to measure the virtual reality sickness symptom score that can retrieve scores from each individual user. 
[bookmark: _Toc133366630]MSSQ 
To first gain a measurement of a participant’s susceptibility to motion sickness, I implemented a questionnaire using the short version of the MSSQ [50]. The were measurement  is calculated through 9 transportation types divided into 2 sections. The questionnaire is also measured on a 4-point Likert scale from 0-3. The 2 sections which would be MSA and MSB.MSA being the participants early childhood and MSB being the last 10 years. Following ‘Merchant’s’ calculations [50], I would take the score of each section and divided it by the number of transportation types that were not experienced by the user. Then I would add both MSA and MSB together to get the MSSQ score. The maximum scoring for the MSSQ is 54, which suggests that the user would be highly susceptible to motion sickness, as well as VR sickness.

[bookmark: _Toc133364179]Figure 26 -  MSSQ score by users
Here in figure 26, we can see a diagrammatical output of the users MSSQ scores, showing their individual scores. Looking at their scores we can see that 3 out of 6 users are likely susceptible to motion sickness, which can predict the likelihood of participants feeling VR sickness symptoms. After we gain the SSQ user scores, we then may use figure to compare to the output of the SSQ to see if there are any correlations. 
[bookmark: _Toc133366631]Post Experiment questionnaire 
To first begin the questionnaire was introduced with section 1, being a user background. The questions being :- 
1. What is your age
2. What is your gender 
3. Have you had any VR experience
	[bookmark: _Hlk133361954]User
	 Question 1
	 Question 2
	 Question 3

	User 1
	23
	Male
	Yes

	User 2
	24
	Male
	No 

	User 3
	59
	Male
	No

	User 4
	27
	Female
	Yes

	User 5
	26
	Female
	No

	User 6
	61
	Female
	No


[bookmark: _Toc133364190]Table 3 - VRSQ (questions 1-3)
As we can see in table 3, users 1-6 answers differ slightly. The age range of the users range from 23 to 61, with 2 groups being male and female. 2 out 6 users have experience with virtual reality, them being users 1 and 4. 
[bookmark: _Toc133366632]VRLEQ
Upon section one’s completion, the user will proceed to section 2 which comprises of the VRLEQ. The VRLEQ consists of statements based on the Game Experience Questionnaire. The scoring of the questionnaire is based around the user experience of the virtual environment. It consists of 16 statements that have sub dimensions that measure experience. These being Immersion, Competence ,Negative affect, Flow ,Tension, Positive affect, Challenge and Tiredness. These dimensions will measure the varying experiences within the virtual environment. They are measured on a 5-point Likert scale, 0  being ‘Not at all’, 1 being ‘Slightly’,2 being ‘Moderately’ ,3 ‘Fairly’ and 4 being ‘Extremely’. 

[bookmark: _Toc133364180]Figure 27 - GEQ Score by dimension 
As seen in figure 27, the users GEQ score was gathered repeatedly, according to the movement method per user. Seen in figure 27 is the average of all GEQ scores under the sub dimensions, with a standard error bar. 

[bookmark: _Toc133364181]Figure 28 -GEQ Score by user
In figure 28, we can see the total GEQ score by individual users. The scores were calculated by adding up all individual dimension score across the 3 movement methods and then divided by the number of dimensions and movement methods. The results were then rounded up to the nearest 1, which is now provided in figure 28. 
Questions 17-26 follow the same principle as a system usability scale. The questions are also placed on a 5-point Likert scale of 0-4. With the scale being 0 as ‘Strongly disagree’, 1 as’Disagree’,2 as’Unsure’,3 as ’Agree’ and 4 being ‘Strongly Agree’. 
[image: ]
[bookmark: _Toc133364182]Figure 29 - SUS score by movement methods

The scores retrieved were rated depending on the movement method. As seen in figure 29, users have responded varying to the usability of the movement methods. With users such as 1 rating the usability of the movement methods. 


[bookmark: _Toc133364183]Figure 30 - System Usability Scale score by user
Shown in figure 30 is the average of the 3 movement method scores by users. To retrieve the scores for the system usability scale, the question ratings are turned into scoring [61] [62]. With questions 1,3,5,7 and 9 being counted as 1 being reduced from whatever the user scored [61] [62]. Whereas the even numbered questions like 2,4,6,8 and 10 being whatever the number to be deducted from 5 [61] [62]. 
[bookmark: _Toc133366633]SSQ
After the VRLEQ section, the participant will answer the SSQ. This will give me the data to establish if the movement methods in question can affect users giving them sickness symptoms. The questionnaire consists of 16 symptoms that are measure on a 4-point Likert scale. 
The following questionnaire, unlike the VRLEQ was only answered once per participant. 
 [image: ]
[bookmark: _Toc133364191]Table 4 - SSQ Form
The user would then answer the following based on the symptoms they had felt within the virtual environment. The way the SSQ is calculated is by the weighting of the subscales, as well as with a total score. The subscales were calculated according to their weighting as seen in table 2 . The calculations were done through following the calculations of ‘Merchant’s’ and ‘Shiur’s’ [50] [63].  

[bookmark: _Toc133364184]Figure 31 - SSQ by dimension score 
As seen in figure 31, we can see the user’s SSQ score by dimension. We can then see that the hights scoring dimension is disorientation among the users, with the second highest scoring dimension being oculomotor discomfort.  This shows that the user has felt more disorientation and eye related symptoms such as vertigo and eye strain, compared to the feeling of nausea. 
 To put the severity by dimensions into perspective, we can perform the calculation of the maximum number on the Likert scale being 3. We then can find the “maximum” number for the dimensions, which assumes a cap to the severity a user can feel in the dimensions. The maximum number to Nausea(N) being 200.34, Ocular Discomfort(O) being 159.18 and Disorientation(D) being 292.32. This shows that the closer the user is to these scores by a subscale, the more severe they felt the subscale related symptoms [63]. 


[bookmark: _Toc133364185]Figure 32 - SSQ total score by user
As seen in figure 32, we can now see the total scoring of the users SSQ. This would be separate from the subscales, yet still calculated with a weight factor from the symptoms. As seen in the figure, the highest scoring is users 2,5 and 3. To get a perspective on the scoring and the severity the maximum number of the Likert scale is 3, which applies to all symptoms. Perform calculations in the same manner we did with the total scores we can figure out what the “maximum” number of total scores, which is  235.62. This then would assume that the closer the user score is to that “maximum” the more severe the users felt sickness symptoms [63]. 
After then performing the SSQ, the user will be greeted with miscellaneous questions that establishes the validity of the questionnaire as well as any other unlisted symptoms they have felt and the time scale the user had felt the symptoms, post experiment. 
The questions listed are:- 5-10
· Have you felt symptoms that have not been listed above:-
· How long did you feel the effects listed above last for after testing?
· Did you feel the longer you were in the virtual environment, the more severe the symptoms got?
· Out of the 3 movement methods (Teleportation, Smooth walking and jumping), which was the most sickness inducing. 
· Did the snap turn function with the virtual environment affect sickness symptoms felt throughout the experiment.?
· Did you answer these questions seriously and truthfully? 
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[bookmark: _Toc133364192]Table 5 - Questionnaire Miscellaneous  questions
Seen in table 5, we see the users responses to questions 5 to 10. None of the users felt any symptoms that were not listed within the questionnaire and all estimates that sickness symptoms lasted around 25 minutes after testing. On the 7th question  4 out 6 participants also felt that the longer they had been the virtual environment the more severe the sickness symptoms got, with only 1 out of the 6 participants feeling unsure.  In the 8th question, the participants were on a 50/50 split on what they thought was the most sickness inducing method. With participants 1,3 and 4 believing that the walking method felt more sickness inducing, while participants 2,5,6 believing the jumping was the most sickness inducing method. 
Question 9 and 10 were delivered to gather some data to see the validity of the experiment. With question 9 mentioning the possible effect of the snap turning motion, participants, 1,13,4 and 5 felt that the motion influenced the sickness symptoms felt in the experiment, with participant 2 responding with no and participant 6 being unsure.
Finally question 10, asked if the participants answered the questionnaires seriously and truthfully. All participants responded with yes. 
[bookmark: _Toc133366634]Statistical analysis
Statistical analysis was also performed on the questionnaire scores gathered. 
[image: ]
[bookmark: _Toc133364193]Table 6 - MSSQ Statistical analysis
Shown in table 5, we can see the mean, median and the standard deviation of all the MSSQ scores. 
[image: ]
[bookmark: _Toc133364194]Table 7 - VRLEQ Statistical analysis
In table 7, we can see the statistical analysis of VRLEQ scores, which consisted of the GEQ and the SUS questionnaires. We can see the mean, median and standard deviation of both scores. 
[image: ]
[bookmark: _Toc133364195]Table 8 - SSQ Statistical analysis
Taking the results of SSQ, we could also then perform the statistical analysis of the SSQ scores, based on the subscales as well as the total scores. Shown in table 8, we could see the mean, median and standard deviation of the scores. 
[bookmark: _Toc133366635]Correlations
From what I could gather from the data, there might be small possible correlations between MSSQ scores and SSQ scores, as well as SUS scores and the questionnaires responses. 

[bookmark: _Toc133364186]Figure 33 - Scatter graph of MSSQ and SSQ
Shown in figure 33, we can see a scatter graph of SSQ scores with comparison to MSSQ scores. With in the figure, we could see that the lower the MSSQ score the lower the SSQ score, whereas the participants with higher MSSQ score have higher SSQ scores. This could be clearer we compare figures 26 and 32.

[bookmark: _Toc133364187]Figure 34 – SUS score by movement method
[image: ]
[bookmark: _Toc133364196]Table 9 - Questions 5-10 from the post-experiment questionnaire
Shown in figure 34  are the system usability scale score. When compared to responses from the questionnaire, we can see that the users saw that the lease usable movement method differs between the walking and jumping locomotion method. Whereas the participants deem the teleporting method to be more usable. In comparison to the responses in the questionnaire, we can see that the most sickness inducing locomotion methods are walking and jumping, which could suggest a possible correlation between a) the usability of the locomotion and participant sickness or b) the users experience with the movement method in question relating to the movement method. 
[bookmark: _Toc133366636]Experiment Conclusion
In conclusion, the responses from the experiment are somewhat expected from studying the research. Yet sickness effects related to nausea that scored as high as they did per user was not expected. The reasoning for this is that the literature suggests that nausea related symptoms were not to common when users delved into immersive virtual environments and suffer from VR sickness.  
With multiple participants involved, I would say that they both support and differ from each other. With users scoring low on them MSSQ, then scoring a lower SSQ. In comparison, we have users that scored high on the MSSQ while then scoring high on the SSQ. Once again, the participants support and differ from each other with a 50/50 spilt on what movement type is the most sickness inducing. 
Through a research and literature review, research suggested that there would be a definite response from virtual reality locomotion methods in correlation to the effect virtual sickness [23] [35] [38] [39] [40] Research also suggested that the methodologies such as MSSQ and SSQ are viable methods that can measure a participants susceptibility to motion sickness and the symptoms effects suffered through the use of a simulated environment their symptom severity [41] [42] [43] [44] [45] [46] [47] [48] [49] [50].





[bookmark: _Toc133366637]Chapter 5 – Evaluation 
In this chapter I discuss and evaluate the data that has been gathered in the implementation phase of the experiment. I also analyse if the data is sufficient and if it relates to the literature review. It will also involve if the data gathered has  made me meet my aims and objectives, yet what could be improved upon if the experiment was repeated. 
[bookmark: _Toc133366638]Data Conclusions
Based on the data collected, I can conclude that my data suggests that there is a link between VR environments, their movement methods and their correlation to VR sickness. Another conclusion that I can draw from the data is the possible correlations that there is between MSSQ and SSQ scores. One possible  correlation that can be made it is the correlation between SUS scores (within the VRLEQ) between participant responses to what they think is the most sickness inducing movement method. 

Further conclusions that can be drawn from the data gathered is that users that have experience with VR also gain higher SSQ score than I had thought. This can be seen in figure 32 with user 1 having a score of 59. This does also suggest that users with VR experience can have ‘accumulated’ to the virtual environment and the locomotion methods that a user can experience. This can be shown in figure 32 where user 4 has a SSQ score of 43.92. This does not mean that they do in fact, accumulate to the sickness symptoms nor do the users that have no VR experience generate higher SSQ scores [30]. 
[bookmark: _Toc133366639]Link to literature
It has been shown in research that there is distinct evidence that a MSSQ and SSQ questionnaire, are viable tools to measure the effects of susceptibility and VR sickness symptoms [23]. Research also suggests that there are different factors that can be considered when measuring sickness symptoms, which is age [23]. Taking the literature into account [25] there might be some link between age for example one study did 2 large groups that varied in age, which resulted in different sickness responses [25]. 
My data also backs up the literature by detailing the type of sickness symptoms that are felt in a virtual reality environment and the degree of severity [17]. Author ‘LaValle’ also stated that a user’s susceptibility for motion sickness should be considered with the design of the experiment. My data also links back to the literature and agrees that movement methods and locomotion types that include fast motion can greatly affect a user through virtual reality sickness, when using a head mounted display [32]. Other links back to literature is the possible correlation between the users exposure time and the severity of their sickness symptoms, as some research suggest that long exposure time led to more severe VR sickness symptoms [30]. 
Overall, the methodologies in this experiment link back and agree to the literature review, with results produced off the methodologies of authors that have performed similar experiments measuring VR sickness in relation to a virtual environment. 
[bookmark: _Toc133366640]Aims and objectives
In relation to my aims and objectives, I believe I have met them, as through this experiment, I have gathered data that suggests that there is an impact on virtual reality sickness on users. The data gathered has also met my aim of measuring the possible virtual reality sickness effects from 3 desired movement methods within the virtual reality environment. Data that has been gathered also suggests that one movement method is more severe for VR sickness compared to another movement method. I have also  gathered data that suggests possible correlations between MSSQ and SSQ scores as well as potential correlations between system usability scale scores by movement method and what movement method the participants seem to think is the most sickness inducing. 
[bookmark: _Toc133366641]Recommendations
If I were to do this experiment again, I would first refine the virtual environment and take all environment attributes into account such as snap turning. I could even remove the function entirely as some literature suggests [25] [23]. I would also refine the questionnaire and responses to take more details about the time it took to complete the virtual environment experiment as this could be used to compare to how a user felt the sickness symptoms post testing [30]. 
A vital aspect that would be improved upon, if the experiment was repeated, is to gain more participants for testing the virtual environment. Including more movement methods in a more complex virtual environment could also lead to more data that can define the possible correlations that have been measured in this experiment. 

[bookmark: _Toc133366642]Chapter 6 - Conclusions and Recommendations 
[bookmark: _Toc133366643]Conclusion
In conclusion the research question as well as my aims and objectives have been met. Through research and a literature review, I was able to gain an understanding on the methodologies that could be used to measure VR sickness relating to locomotion effects. The research and literature  encountered is also valid and reliable in discussing the many attributes about VR, as well as the movement methods that can be encountered within the virtual environment. The research within this report has also discussed the various devices that is included with VR as well as the process if how VR works.
Methodologies encountered were both valid and reliable, a portion of the methodologies are close to being the standard in literature, yet still leave room for debate. One methodology used within the experiment is a up to date questionnaire form from recent literature that measures data  relating to the users experience with the virtual environment itself and the usability of the movement methods in question. 
In the design and implementation phase, a virtual environment was made configured to a suitable head mounted display, which a participant could be given to test. In the pre-testing the participant was given an ethical consent form discussing the aims and objectives of the project, while also offering necessary options to withdraw from testing. While testing, the participant was in a safe and secure environment that was suitable for a virtual reality experience. After testing the environment and movement methods, participants were given a suitable questionnaire form that included various measurement methods that have been found in the literature to measure a user’s background, their experience with virtual reality experience data concerning their experience with the experiment experience, the usability of the movement methods and virtual reality sickness symptoms they had felt. 
To summarise the data, I have made them presentable diagrammatically, as well as performing minimal statistical analysis. The data was then evaluated in relation to my aims and objectives, as well as in relation to the research and literature review. 
[bookmark: _Toc133366644]Recommendation 
In recommendation of the project, there are many areas that could be improved upon to deliver more precise results concerning virtual reality sickness relating to VR movement methods. One way to do this is first verify the reliability of the VRLEQ form, which could be refines and used more in the literature to establish its validity. Further recommendations include refinement of  the virtual environment more, making the movement methods more usable, perhaps even adding more movement methods to gain a better understanding of the severity of sickness effects that participants may feel. This would then allow more data to be analysed with more participants in mind, that could lead to a better understanding of VR sickness effects with the different locomotion types. 
To make the virtual environment more effective in presenting movement types, time and planning should be taken more into account when creating the virtual environment, as many things can go wrong. An example of this in my environment, there was issues involved effectively creating a ‘pawn’ class that implemented the desired movement methods. To resolve this further research was done to resolve the problem. 
[bookmark: _Toc133366645]Chapter 7 – Reflection 
In this chapter I will reflect on the project, the work that has been done and what I have learned from it and how it changed me as a person. 
[bookmark: _Toc133366646]What did I learn?
During my study of the subject matter, I have learned the many aspects to virtual reality and the associated processes. One vital aspect that I learned was the various methods that it took to measure virtual sickness and the severity of its effects through calculations. 
One of the things I  also learned relating to Unreal Engine 5 and the virtual environment,  was the importance of planning. Before beginning to create a virtual environment, it was essential to have a clear idea of what the finished environment should look like. This involves identifying the purpose of the environment, the required movement methods, and the desired user experience. 
I found that creating a detailed plan helps to avoid mistakes and ensures that the final environment meets the intended aims and objectives. I also learned about the importance of optimizing the virtual environment for performance, as a poorly optimized environment can cause issues such as lag or low frame rates which would unnecessarily induce severe VR sickness.
What I could have done better is to plan more ahead, taking time to complete certain tasks as well as time it takes to complete other assignments on my course. 
[bookmark: _Toc133366647]How did it change me as a person? 
Reflecting upon this report, I have learned how to plan and detail the subject within a chapter of a report. I have also learned how to find and manage any research and literature that I have encountered, as well as organise the sources that I plan to speak about within a chapter. 
I have also learned the practicality of creating and packaging applications that can be intended for devices such as Android and even video game environments that can be intended for VR. 
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 Virtual  reality sickness symptoms    None  Slightly (1)  Moderate (2)    Severe (3)  

1  General discomfort  ☐  ☐  ☐  ☐  

2  Fatigue  ☐  ☐  ☐  ☐  

3  Headache  ☐  ☐  ☐  ☐  

4  Eye strain  ☐  ☐  ☐  ☐  

5  Difficulty focusing  ☐  ☐  ☐  ☐  

6  Increased  salivation  ☐  ☐  ☐  ☐  

7  Sweating  ☐  ☐  ☐  ☐  

8  Nausea   ☐  ☐  ☐  ☐  

9  Difficulty concentrating   ☐  ☐  ☐  ☐  

10  Fullness of head   ☐  ☐  ☐  ☐  

11  Blurred vision   ☐  ☐  ☐  ☐  

12  Dizzy (eyes open)  ☐  ☐  ☐  ☐  

13  Dizzy  (eyes closed)  ☐  ☐  ☐  ☐  

14  Vertigo   ☐  ☐  ☐  ☐  

15  Stomach awareness   ☐  ☐  ☐  ☐  

16  Burping  ☐  ☐  ☐  ☐  
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Question

User | Questions | Questions | Question7 | Questions | Questions | T
User1 | n/a 10-20mins ves Walking ves Ves
User2 | /A 5-10mins unsure. Jumping no Ves
Users | wja 10-20mins ves Walking ves Yes
Usera | /A 10-20mins no Walking ves Ves
Users | w/a 20-30mins ves Jumping ves Ves
Users | /A 20-30mins yes Jumping. unsure Yes
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 MSSQ Score  

Mean   13.2646164  

Median   12.71527778  

SD  5.304824482  
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 GEQ   SUS  

Mean   132.0167  56.51667  

Median   135.8  56.65  

SD  15.23278  5.147977  
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Nausea (N)Oculomotor Discomfort (O) Disorientation (D)Total SSQ score

Mean  85.86 98.54 139.2 60.35666667

Median  90.63 106.12 132.24 59.53

SD  22.5757605 23.48577101 24.900853 11.93770106
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User  Question 6  Question 7  Question 8  Question 9  Question  10  

User 1  10 - 20mins  yes  Walking  yes  Yes  

  User2  5 - 10mins  unsure  Jumping  no  Yes  

User3  10 - 20mins  yes  Walking  yes  Yes  

User4  10 - 20mins  no  Walking  yes  Yes  

User5  20 - 30mins  yes  Jumping  yes  Yes  

User6  20 - 30mins  yes  Jumping  unsure   Yes  
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