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[bookmark: _Toc102647486]ABSTRACT
This project is about testing methods of interaction in Virtual Reality and understating how they affect user enjoyment. Research was conducted into the aspects of Virtual Reality to identify what factors cause enjoyment and discomfort. The research investigates presence in VR and the factors that make it up such as, immersion and perception. Additionally, research was conducted on the use of questionnaires in Virtual Reality, as to understand design concepts that need to be considered for the platform.
The methodology section includes research methodology and development methodology. For research methodology, the research onion is used to identify operating protocol with each layer defining a different part of research. The development methodology states that Feature Driven Development will be used will be used and lays out the software and hardware requirements needed for the project.
The design, implementation, and analysis section contain the main body of this work. The design shows the breakdown of the features that will be developed and defines the Minimum Viable Product. The implementation section shows the development of the VR software in Unity and how to Google Forms was used to collect data. The analysis section breaks-down the data that was collected and shows that the data collected has statistical significance.
The evaluation section shows that the data collected is statistically significant and shows that interaction method four is more enjoyable than interaction method one. This section explains how the difference between method one and four, is that method four has sound and collision and they make the game more enjoyable as method one does not have them. This section then explains how the aim and objectives have been achieved.
Finally, this project concludes that the data gathered is statistically significant, method four is better than method one meaning that collision and sound increase user enjoyment proving the research that was conducted. Then the author recommends more complex interaction methods to be used in the future as this software design works to measure user enjoyment for interaction methods.
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Virtual Reality (VR) is a technology which is experiencing rapid growth yearly. However, it is victim to growing pains. Since the release of the Oculus Quest 2 the hardware component limiting mainstream adoption of the technology has been removed. The £300 portable headset offers an experience that is hard to beat at its price point. However, users will be met with disappointment at the experiences available inside of their new headsets. Since the release of the Oculus CV1 in 2016, only 3-4 experiences that use the technology to the technology’s potential have released yearly. Additionally, as the technology advanced some of these have even been abandoned or are limited to the hardware of the time. Whether it be design difficulties, monetary incentive for larger studios or any other reason. This lack of enjoyable content has left a gaping hole in the potential of the VR industry.
Due to the industry being on the forefront of technology, a vast majority of the content available is from small studios or indie developers. These developers often are experimenting with new styles of VR game design and user interaction to find what end-users actually enjoy in their games. This has led to the current state of games available. As time progresses and more successful games are created, developer will be able to understand what works and what does not.
However, there is a potential to reduce the amount of time this will take and help refine the community to allow for better games sooner. The biggest issue with VR games is making them enjoyable. The gaming industry is massive outside of VR, which shows that enjoyable games can be made. So, why is there still such a drought of good games available. This is because the enjoyment with games can be split into two major categories: The Human Compatibility Layer and The Content.
Developers know how to make “The Content.” This is the gameplay, mechanics, story, textures, etc. The issue comes “The Human Compatibility Layer,” this is what humans use to interact with the game. For a PC, it is keyboard and mouse. For Console, it is a controller. These interaction methods have been refined for years, to make them as seamless as possible to allow the user to connect to their game whilst being able to forget what they are using to do so. A lot of work has gone into both the hardware and software of these technologies to achieve this. Some games are even geared a device, making them only playable on one or the other, as it is too unsatisfying and unenjoyable to use. This shows that it matters how the game manages the input in order to allow the player to connect to their game. In VR game development, what is actually needed to enable this connection has not been solidified and standardised yet.
There is a way to solve this, the aspects of what make VR enjoyable have already been identified by existing research. All that is required is testing these aspects and measuring the enjoyment to figure out what is best. By quantifying what makes a VR experience good or bad, testing can be conducted into specific situations to find the best path of growth for VR game design and development.
The key to creating enjoyable games is understanding how to interpret the motion input that a user is giving, to create the correct movements inside a game that actually make a user have fun. 
This project will show the creation of a piece of software that will evaluate different interaction methods and collect data using that software to show which of those methods is the most enjoyable for the end-user.
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Therefore, the primary aim of the project will be to understand what type of visual responses leads to the greatest player satisfaction based upon players motion input. 
For this aim to be considered accomplished the following objectives will need to be completed:
1. To investigate and identify what is needed to make a VR game enjoyable.
2. To investigate and identify suitable methods of video game interaction for use in a VR environment and create a list of implementable methods.
3. To design and develop a game that will allow players to compare different methods of chopping a tree and record which the player prefers. 
4. To analyse and evaluate the data collected from the game and produce an analysis that shows if there is a statistically significant result.

[bookmark: _Toc102647492]STRUCTURE
This report has three main sections that achieve the objectives. The first section contains a literature review for this report. This review will complete the first two objectives by identifying what makes a game enjoyable and therefore enabling the creation of interaction methods that can be used in the development of the game. This section also aids in the analysis and conclusions that can be drawn from the data collected.
The second section is the design and development of the game to fulfil objective three. This section will document the design decisions and implementation of the design to create a game capable of collecting data to fulfil the aim.
The third section will evaluate the data to find if it is statistically significant, then using the prior research, will conclude if the results match the research findings. This will fulfil the fourth objective and allow the aim to be met.

The next section will give a brief description of the contents of each chapter in the report.
Chapter one shows the overview of the entire report. It contains the introduction to the project and details the clear aim of the report. The chapter also shows the objectives required to meet the aim and the structure of the report.
Chapter two contains a comprehensive review of the literature related to this project. It shows what makes a VR game enjoyable and what causes negative experiences in VR. This chapter contains the related works required to achieve the aim of the project and allows for effective decision making later in the report.
Chapter three shows the research and development methodology chosen for this report. It looks at how the research has been conducted and how data will be managed and interpreted and explains the reasoning behind those decisions. The development methodology creates a structure for the development of the VR game.
Chapter four shows the process of design, implementation, and analysis used in the creation of the VR game and the data it collects. This chapter also shows the requirements for a successful product and show if any compromises had to be made and how they were overcome. The collected data is also checked for statistical significance.
Chapter five analyses the results collected from the VR game, to determine how the results reflect on the research collected about user satisfaction in VR.
Chapter six contains the conclusion to the project summarising the results and suggestions for future research. 
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[bookmark: _Toc102647494]WHAT IS VIRTUAL REALITY?
Virtual Reality is a board term used to define the process of experiencing a virtual environment. A virtual environment is simulated world created by computers to emulate real-life. [1] 
To achieve effective virtual reality many methods, need to be used and criteria need to be met, the following sections will describe those.
ENJOYMENT
VR has a proven effect in aiding mental health, due to this, there are many known factors that affect enjoyment in Virtual Reality. These include immersion, interactivity, presence, autonomy and more. In other studies, exercise in VR is being observed as users are enjoying their experience of doing physical exercise. [2][3][4]
The key factor behind this enjoyment is the phrase “being there”[5]. This phrase encapsulates the many different factors that make VR enjoyable. An example of this, is the open-world aspect of VR games is a lot more appealing than non-open world games. [3]
This leads to a phrase called presence, in VR this term is used describe the overall experience a user is having in VR. The worse an experience a user is having, the worse their presence is.[6]
MOTIVATION
One large factor of the studied is how different VR stimuli create motivation in users. It is thought that motivation can be developed through improving a user’s wellbeing. If the VR experience is having a positive effect on the user, they are much more likely to continue using it. [7] 
This concept has even been extrapolated into its own category in other areas of gaming. The term gamification is taking a normal everyday activity and applying the logic of gaming to it as to maximise the humans reward system. [8]
By tapping into the primal nature of humans and understanding the basic needs you can develop for VR from the ground up as VR development is like real-life. [9][10][11]



PRESENCE
As stated before, the blanket term used for the experience inside of VR is presence. Presence can be broken down into multiple concepts however, the two main ones are perception and immersion.[12][13][14]
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Perception
Perception is the users’ senses determine what is real life and what is fake. For VR to be most enjoyable the VR world has to be as real as possible. This includes physics, sounds and movement.[16]
Immersion
Immersion is the depth that a user’s brain believes that the virtual reality is reality. The ability to see your virtual body responding to your movements, immediately triggers immersion in VR. The deeper the user is immersed the more realistic the experience and therefore, the more enjoyable the experience is.[15]



[bookmark: _Toc102647498]RESEARCH AND DEVELOPMENT METHODOLOGY (5)
[bookmark: _Toc102647499]INTRODUCTION
This chapter covers the methodologies used in the project in order to complete it. Both research and development methodologies have been considered as the research allowed for the development of an appropriate and relevant product. 
[bookmark: _Toc102647500]RESEARCH METHODOLOGY
This section covers the research methodologies used to complete this project. The research onion (figure 3.1) has been used to identify the stages and approach to the research. The research onion is used as it allows the researcher to fully understand the methodology they will be using. The onion is split into five stages: Research Philosophy, Research Approaches, Research Strategies, Time Horizons and Data Collection Methods.
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Description automatically generated]The title was the first thing researched about this project, it was necessary to identify the relevance and suitability of the project. The result of that research is that the virtual reality industry is growing rapidly yearly and the data that this project will collect will be relevant to all the developers of new software for the technology.[bookmark: _Toc102655024]Figure 3.1 The Research Onion [17]
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The research philosophy is overarching ideals and beliefs that the researcher will follow whilst conducting research. These ideals are to be used throughout the entire project. This project will be using positivism as its primary philosophy. This means that the researcher will only consider facts and primary data for their conclusions and analysis of results. In the case of this project, the researcher will collect results from the program that has been created and use that data to from conclusions based upon the research conducted.
[bookmark: _Toc102647502]Research Approaches
The research approach is method in which the researcher will approach the project. The approach that the researcher will be using is deductive. A deductive approach means that the researcher will approach the project from a generic standpoint and using the data collected will refine the generic idea into a specific point. The deductive approach has been followed in order to identify what was to be tested in the program. The data collected could then be used to confirm or reject the hypothesis. Positivism works well with the deductive approach as to confirm or reject a hypothesis a researcher needs to work with facts.
[bookmark: _Toc102647503]Research Strategies
The researcher strategy specifies the way in which a researcher would collect the data needed in order to confirm or reject their hypothesis. There are many methods to do this, not all appearing in the research onion (figure 3.1). The strategy used to collect the data for this project is a piece of software. Embedded in that software is a user experience that ends with the user ranking the different experiences in the order which they preferred them. Comparing this to the strategies on the research onion, it is a combination between survey and experiment. The main factor to the research strategy is the type of data collected. In the case of the software, quantitative data is collected as it is objective as it is collected directly from a user as primary data. No other data is used to form the result of testing in this project. The research conducted on in the literature review is used to analyse and give meaning to the data collected to answer the question posed by the project.
[bookmark: _Toc102647504]Time Horizons
This project uses a cross-sectional time horizon as the data collection is only happening for a brief period of time. This project does not aim to collect data over a period of time and identify changes. This project also has a maximum time span of a few months, this is not viable to collect enough data to track changes in the landscape of the projects area of interest. Therefore, theoretically this project will be answering the question posed for a cross-section of time.
[bookmark: _Toc102647505]Data Collection Methods
This project is using a primary data driven approach, the data collected will be used to accept or reject a hypothesis posed. The project will collect data from any individual who completes the survey in the software. In addition to this, the only data that will be collected is the ranking of the different experiences they had. Therefore, no personal data is collected, and all data is anonymous. This could lead to some bias in the; however, the aim of this project is not to target a specific group and get an overall analysis of the topic, as the virtual reality community is still in its growing stages. Future should be conducted on this topic in the future to identify this.
Secondary data is also used in the form of journal entries, case studies, books, and reputable website, which are used to interpret and give meaning to the results found from the primary research.
[bookmark: _Toc102647506]Conclusion
By following this methodology, the author has created a generalisable scenario. This means that the project should be repeatable, this would allow for more results. The author confirm the statistical significance of the results. Therefore, if this test were repeated, the results could be compared to see if the results generated are generalisable across the VR community or independent to the authors data set.
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Description automatically generated]This project will gather primary data by using a survey embedded in a virtual reality software. To create this software, feature driven development will be used. This development methodology uses an iterative approach that allows the developer to work on a single feature at a time and return to previous features later in development to refine them. (Figure 3.2)[bookmark: _Toc102655025]Figure 3.2 Feature Driven Development Lifecycle [79]


This methodology has been chosen as it excellent for solo-developers as it is agile and can be adjusted based on the progress of the developer. It also allows for the developer to break down the software into it is features and therefore, approachable to time-manage. Due to the iterative and segmented nature of FDD, it becomes easy to identify and fix bugs as the last feature you worked on is likely introducing said bugs.
The big disadvantage of FDD is feature creep. This is the process of a developer growing the scope of the project larger than is feasible to complete. This is due to the agile nature of FDD, the ability to add new feature on top of the original plan, allows for the project to quickly become unfeasible. The iterative nature of FDD also has its flaws as a developer may never be satisfied with the project and continue to iterate until there is no time left.
To avoid this, the developer will set out a feature list at the very beginning of the design and only add features if they are necessary to the minimum viable product for this project. Aiming for the minimum viable product also allows the developer to avoid iterating for too long on the software.
[bookmark: _Toc102647508]Hardware Requirements
The required hardware resources are as follows:
· VR Device
· Computer (Creation of project and development of game)
· Cloud Storage (OneDrive provided by UWTSD/ Google)
The above hardware is all necessary for the completion of this project. As this project is focusing on virtual reality, a VR device is required for development. The Oculus Quest 2 will be used as it allows for testing of both mobile and PC VR development and is accessible to the author. For use with PC VR the Oculus Quest 2 requires an additional cable that does not come with headset.
A modern computer is also required for development and running of VR software, this is due to the power required to run the 3D environments used and then run that on two concurrent displays in the headset.
The cloud storage is necessary for two reasons. The first, UWTSD OneDrive, is necessary for a backup of the project. Google’s storage is required as it will allow for the collection and storage of data that the users submit in the software. This was chosen as it is free and required no SDK in order to function, therefore reducing project dependencies. 
[bookmark: _Toc102647509]Software Requirements
The required software resources are as follows:
· Unity
· OpenXR SDK
· Oculus XR SDK
· XR Interaction Toolkit
· Google Forms
· TeamGannt
· Microsoft Suite
Unity has been chosen as the engine to develop the project in. This is due to the amount of information available about developing in that environment. Unity also has many built in VR SDK’s that allow for easier development and better compatibility across devices. 
OpenXR SDK and Oculus XR SDK are both SDKs that allow for Unity to translate the various input and output methods that different hardware use into a standardised input and output system to make development possible. This means that the author does not have to interpret the raw signals sent by the hardware and interpret them to create the software. These SDKs also provide QoL features that make consistency across VR applications easy to implement. This makes VR more accessible and familiar to end users as movement and interaction techniques can be shared across many applications by different developers.
The XR Interaction toolkit is a Unity Package that works in tandem with the SDKs above. This toolkit takes the data given by the SDKs and creates a standardised framework for development in VR. This toolkit contains various components that aid in development, including interaction systems and player control (hand tracking and headset tracking). These allow for quick deployment of basic player interaction and easy creation of interactable objects.
Google Forms allows for the collection of user data by using simple web requests. For this project, the author will be using this service to store the results from users. This will not be a large part of the total footprint of the project as shall only communicate a single string to be stored on Google’s backend.
Unity version 2021.2.8f1 will be used for the development of this software, all SDKs will be running on the latest version that is compatible with this version of Unity.
TeamGannt and Microsoft Suite are miscellaneous tools that will be used throughout the project to aid in its completion. TeamGannt will be used to block time and time manage the project. The Microsoft Suite is being used to author this report and used to analyse the data collected by the software.
[bookmark: _Toc102647510]Conclusion
With the development and research methodology explained, the project has a structure for the design and development of the software to be conducted. The methodology laid out in this section will allow for clear collection and analysis of data and will allow the author to complete the project.
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This section will explain the design and implementation of software created for this project. Also, an analysis will be conducted on the collected data from the software to determine the statistical significance of the data.
The design section will explain the design decisions made for the software to achieve the objectives laid out at the beginning of this report. The design will also define the minimum viable product via a requirements analysis and the features list for feature driven development.
The implementation section will then show the steps taken to fulfil the design. This will show any difficulties encountered, problems that needed to be solved, and compromises that needed to be made. This section will follow the development of the software that was created in order to collect the data needed for aim and objectives.
The design section will break down the software into its features, the implementation will then show how that design was acted upon. 
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The game that is to be created in this chapter has to fulfil the purpose of completing objective three. To fulfil this objective the game must have certain features. The objective is as follows:
	“To design and develop a game that will allow players to compare different methods of chopping a tree and record which the player prefers.”
To understand what this objective is asking the game to contain, it needs to be broken down into more feasible parts.


First, “compare different methods of chopping a tree,” this statement implies many nuances which the game must contain. The necessary parts are as follows:
· There must be a player character.
· The player character must be able to interact with the environment.
· The players physical movements must translate to the game.
· The player must be able to use an axe.
· There must be a tree for the player to chop.
· The tree must be able to detect collision with the axe.
· The player must be able to swing the axe at the tree.
· The game must be capable of changing how the axe interacts with the tree.
· The player must be able to experience the separate ways that the axe can interact with the tree.
There are many key features needed to create the game so it can fulfil the objective. However, a long unordered list is not an effective piece of design documentation, and it needs to be even larger for the second half of the objective. Therefore, the following is showing the requirements split by their object.
[bookmark: _Toc102647514]Player
· Must be able to read and accept declaration to participate in this report.
· Must be able to see tree and axe.
· Must be able to control player character with physical movements.
· Must be able to use axe on tree.
· Must be able to change between the four interaction methods.
· Must be able to experience different interaction methods.
· Must be able to order and submit list of interaction methods from favourite to least favourite.
The player character is the most important part of the game, this is what allows the player to have their physical movements translated to in game movement. The requirement for the player is the first place to define how many types of interaction methods there are being assessed. Four was chosen as it allows the author to evaluate four broad methods and any more than four and it was likely that the user would have had trouble differentiating properly. This could have caused bad data, so it is more effective to keep the tests to a smaller number. In addition, the test in game is about user enjoyment. This asks to user to interpret how they feel about what they are doing. It is hard to remember how much you enjoyed something, if you have to remember how well you enjoyed eight other things before that. Therefore, asking a player to remember how they felt for four different interaction methods and asking them to compare them rather than give a number rating, you get a much more accurate representation.
The other important feature for the user is that they must accept a declaration before using the program, this is so that their data can be used in this report. Although no personal data is being stored about the users, it is still necessary to inform them about what they are performing in and that whatever result they send in will be used.
[bookmark: _Toc102647515]Axe
· Must have collision.
· Must be attached to player’s hand.
· Must interact with tree in four different ways.
· Must be able to detect when tree and axe collide.
· Must be able to push buttons to change interaction method.
By attaching the axe to the players hand, the chance for the user error of losing the axe is reduce to almost zero. In addition to that, the need for gravity, respawning the axe and many other small features do not need to me created. This helps reduce the workload for the minimum viable product.
The axe will also function as the means for the user to interact with buttons, this way the amount of UI needed is reduced. This will also help the user feel more immersed. 
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· Must have collision.
· Must be accessible to the player.
· Must interact with axe in four different ways.
· Must be able to detect when tree and axe collide.
· Must be able to emit sound.
The tree will where the main changes to the interactions happen. The tree must be able to play sounds as one of the variables being assessed is the effect of sound on enjoyment.
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· Must contain all buttons, axe, player and tree.
· Must have invisible walls so player cannot leave testing area.
· Must have collision so player does not fall out of world.
The world will be the container for everything the player does. The collision with the floor will allow the player to move around the workable area, the invisible walls will stop the player from going out-of-bounds and creating errors.
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· Must be shown to player.
· Must be accepted by player before allowing player to continue.
· Must disappear once accepted.
As stated previously, this is the declaration form that allows the author to use the data in this report. It is important that the player cannot access the world or the testing area before the declaration is accepted.
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· Must be able to be pressed by the axe.
· Must be able to change the interaction between the axe and the tree.
· Must be able to change the interaction between the axe and tree four times.
This button will allow the player to change how the tree and axe interact, this button will loop through all four of the different interaction types. This will allow the user to try the interactions as many times as they want.
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· Must be able to be pressed by axe.
· Must only show up once all interaction modes have been used once.
· Must show report for player to enter choice.
This button will end the testing and allow the user to send their results. To make sure the player does not press it before experiencing all the interaction types at least once, it will not appear until all four have been tried at least once.
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· Must show once end button has been pressed.
· Must allow player to order interaction in favourite to least favourite.
· Must allow player to submit results to Google Form.
· Must close game once results have been submitted.
This form will be where the player enters their favourite to least favourite interaction methods and the data will be sent to a Google Form. The game must close after the results have been sent to show the user that the experience is over. This will also stop accidental additional submissions.
[bookmark: _Toc102647522]Design Details
Using the above as a requirements template, the structure of the game is mostly completed. Each of the items inside the game can be considered a feature and work perfectly for feature driven development. 
By breaking down each of the objects down a complete list of all the required features is achieved. In addition to this, this method allowed for a consistent structure which will be extremely helpful for developing the game. However, there are some details that need to be added as the above is only a structure without any testable content.
The four testable interaction methods are as follows:
1. The Axe passes through the Tree. No collision.
2. The Axe hits the Trees collision and stops.
3. The Axe passes through the Tree and makes a hit sound.
4. The Axe hits the Tree’s collision and stops making a hit noise. 
The test uses three distinct factors to create the diversity. The first factor is no collision, this assesses the player to find if they enjoy and experience closer to real life or like a game. The second factor is having collision, this test in combination with the first test allows the author to determine which is preferred. 
Next, the collision and no collision tests are done again. However, this time there is sound. This shows the author if audio can have an effect on collision vs no collision. This will generate interesting results as some players may prefer collision with audio but no collision without. 
A counter that shows how many times the tree has been hit for this interaction will also be shown as the no collision and no noise test may lead the player thinking the game is not working. 
In addition to this, the name describing the test will be show as well, this will help the player ordering their results at the end of their testing.
[bookmark: _Toc102647523]Reasoning 
The four testable interaction methods are broad in their coverage of what a player should enjoy or dislike. This allows the author to very clearly identify if what was detailed in the literature review is accurate. As stated in the literature review, immersion and realism are two big factors to enjoyment in VR due to them being necessary to experience presence in VR. Therefore, if option four is the most popular that would corroborate the literature. Alternatively, if option one is the most popular, that would indicate that the identified aspects do not truly affect enjoyment in VR. Either way, this report will identify which option offers the greatest user satisfaction which can be discussed in the evaluation.
[bookmark: _Toc102647524]Implementation
As stated in the methodology, Unity version 2021.2.8f1 was used to develop this game. In Unity, a new project as created using the 3D template provided by Unity. This template configures the project slightly to make it be 3D project and creates a sample scene with a camera and light.
To setup the project for VR some setting have to be changed. In project settings, XR plug-in management is the groundwork for all VR in Unity. This allows you to choose the plug-ins that will interpret and standardise the hardware signals into Unity. Open XR and Oculus XR which manage hardware to software translation for both desktop and mobile VR platforms.
The XR Interaction toolkit is added via the package manager, then by using the templates provided the following default XR actions are added to the project: Continuous Move, Continuous Turn, Left Controller, Right Controller, and Snap Turn.
Those actions become pre-sets in the project, which take all the different variables from the hardware which were translated by the SDKs and turn them into single objects inside Unity giving them meaningful functions and names. 
[bookmark: _Toc102647525]Player
The first feature that needed to be developed was the player character. Without this it would be impossible to test and develop the rest of the game as it could not be used.
First, from the XR Interaction toolkit, the XR Interaction Manager and XR Origin are added to the scene. The interaction manager is what interprets and manages the interactions at runtime, this will communicate with all other XR objects to create interactions. The XR Origin is the player, this contains the headset, camera, hands and collisions of the player character. This object will automatically detect the hardware and will create and move the objects in the game based on real life movement. An object called EventSystem is also added, this aids the interaction manager.
[image: Text

Description automatically generated]The next object that needed to be added is a Locomotion System, this object will contain the components used in the game. The Continuous Move and Continuous Turn components are added. At this point the basic player character had been created and could be used to test. Below is the game hierarchy and component view of the locomotion system at this point.[bookmark: _Toc102655026]Figure 4.1 Player Hierarchy
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Description automatically generated] [bookmark: _Toc102655027]Figure 4.2 Locomotion System Components

At this point, the game was tested to determine if the player was working as intended. After loading into the scene, the headset followed head movement, as did the hands. The left thumb stick allowed for movement around the square of the Sample scene and the right thumb stick the player to rotate. All expected parts of the player character were working.
[bookmark: _Toc102647526]Declaration
The first scene that was developed was the Declaration scene as it was the simplest. Making a copy of the sample scene, meant that the setup for the player could be used in the new scene. 
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Description automatically generated]The first object added to the scene was text, this text wall would have the declaration text inside as the user needs to accept it for the author to be able to collect their data. Below is a screenshot of what the user would see when the game was loaded.[bookmark: _Toc102655028]Figure 4.3 Declaration Text


To complete this scene, the player needed to be able to accept the declaration and be moved to the next scene. This feature would be developed and added later, as it was needed for all scenes, so the next feature was then developed.
[bookmark: _Toc102647527]Testing Scenes
The next scenes that needed to be developed were the testing scenes, these four scenes would each have one of the interaction methods that would be tested. The sample scene was copied again to make the first test scene.
To be able to test the interaction methods, the two next features that needed to be developed were the tree and the axe. 
The axe was an object that would be used to hit the tree and interact with the environment. The model used for the axe was from OpenGameArt by staticvoidlol [18] as it was under a CC0 license. This model was then given a box collider and rigid body so it could interact with the world.
The axe was then added to the players hand in the XR Origin however, this was quickly found to be impossible. This project requires the axe have physics so it an interact with the environment. Therefore, it cannot be bound to a hand easily as it is also a physics object. The result makes the axe disappear at high speeds out of the scene. This is a deviation from the design; however, it will not compromise the objective of this software, so the minimum viable product had to be adjusted.
Therefore, the axe was changed to be a grabbable object that the player would have to pick up. The XR Grab Interactable component from the XR interaction toolkit was added to the axe, this allowed the player character to grab the object with the main trigger.
Due to the axe not being bound to the player, it was now possible to lose the axe out of the play area. To solve this, collision barriers were added to the edges of the test area which would stop the axe from falling off the edge.

The next feature for this scene was the tree. The tree model was also gotten from OpenGameArt, this time from TMPxyz [19], this model is also under a CC0 license. The tree needed a few different objects as it would be handling the custom interaction that was being tested. 
The tree has a box collider to detect collision, its collision script and a sound source. To make the axe not constantly collide with the tree an additional collider was used to detect when the axe would leave the tree and allow it to be hit again.
For the first interaction method, the box collider was changed into a trigger. This is a special type of collider that has no collision but can detect when other colliders interact with it, such as entering or leaving. Therefore, when the axe hits the tree, it can pass through. This is the first interaction method completed.
Whilst developing it was identified that it was hard to determine if the tree had been hit or not. So, for the clarity of the user, some floating text showing how many times the tree had been hit was added. Another feature that was added that was not identified in the design was text displaying which test the user is on. As the player is able to loop through the interaction methods, having a name aids the player in figuring out where they are. Additionally, the player will have an easier time identifying which method is which when they choose their favourite.
The second interaction method adds collision to the tree, so when the player hits it with their axe it will stop. Therefore, this collision box is not set as a trigger and has a rigid body. Due to the tree having a rigid body, it was now affected by the physics of the world and when hit by the axe, it flew away. To fix this, the tree was frozen in position by the rigid body constraints. 
The third and fourth interaction methods add sound when the tree is hit. This ability to play sound exists in all scenes however, the AudioSource object is set to mute for this first two. This enables the use of only two scripts which work for all four interaction methods. The sound used for the hit effect is from freesound.org by user micahlg [20] it is licensed under CC0.
[bookmark: _Toc102647528]Buttons
This feature was required in order to facilitate the movement between the scenes and for the user submit their answer. A button is a stretched cube, with a red slightly smaller cube on top with floating text above it describing what it does. The red cube contains the script and controls what the button will do. 
The red cube has a box collider which is set to a trigger, this means it can detect when another collider enters it. When the button detects a collider, it will check to see if it is an axe so it can only be triggered by the user hitting it with the axe.
The button is now copied into the declaration scene with the axe. The button will have the text ”Accept” above it. When this button is pressed, the scene manager will load scene “Test1” which is the scene for the first interaction method.
Each testing scene has two buttons. One is hidden and will take the user to the answer room and the other will take the user to the next room. The next room button shares the same script across all the testing scenes, it uses a switch statement to move to identify which scene is currently loaded and then loads the next scene.



[image: Text

Description automatically generated][bookmark: _Toc102655029]Figure 4.4 Next Room button script

The necessity of this is that the button to the answer room must appear after the user has tried all four interaction methods. Therefore, by using a static variable there is a count that is preserved across scene loads that counts how many times the button has been pressed.
Once the button has been pressed four times, the answer room button will appear on every test scene allowing the player to go to the answer room after trying all the methods as many times as they would like.
[bookmark: _Toc102647529]Data Collection
The final room of the game is the data submission room. This scene contains four buttons each corresponding to one of the interaction methods that the player tested. Also in this room is floating text explaining how to interact with the buttons and submit their results. 
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Description automatically generated]By pressing each button, an integer is sent to the submit button script which adds it to a list and the button will disappear. Once all four buttons are pressed this list will contain the results that the game was created to collect and the final button to submit the results will appear. Pressing that button will convert the list into a string which is ready to be collected by some external storage so it can be viewed at a later date. Below shows the scene as it would look when loaded and after the user has pressed the four buttons.[bookmark: _Toc102655030]Figure 4.5 Final Scene with four buttons
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Description automatically generated][bookmark: _Toc102655031]Figure 4.6 Final Scene with submit button

There needed to be a way to collect and store the results that the user has created. Google Forms is the solution to that, by using that method, the project did not have to include any additional SDKs and can be completed in native Unity.
[image: Graphical user interface, text, application

Description automatically generated]First a form must be created on the Google Form website, this will be data is sent to Google. This form does not require any design considerations as the end-user will not be interacting with this form. Below is an image of the form:[bookmark: _Toc102655032]Figure 4.7 Google Form for Data Collection
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Description automatically generated]Now that the form has been created, the html needs to be investigated to find where to data needs to be sent in order to submit the form via a web request in unity. The two pieces of data needed are the POST URL and the field ID. The first is where google is expecting the form to send data to, therefore, the program can send a POST request there and Google will accept the data. The field ID is what Google looks for inside of the POST request to match each form field to the correct area in storage.[bookmark: _Toc102655033]Figure 4.8 Code to submit results into Google Form

The above screenshot shows how the results are collected by the software. Using the field ID collected from the Google Form, a new form was made by the program and added a field with that ID, the results collected by the software and added to that field. Then that form is POSTed to the POST URL for the Google Form, which then stores the data onto Google’s cloud storage. 
There were two crucial issues encountered whilst developing this part of the program. The first was a memory leak caused by “UnityWebRequest.Post().” This was caused by the method not disposing of itself after performing the operation. Therefore “using(){}” was added around it which disposes of the data correctly once the yield has been performed.
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Description automatically generated]The second error was found when performing some unit testing on the program, the test was trying to push the submit button multiple times. The results of this were that the form was being sent multiple times. This was solved by adding a simple if statement to make sure the coroutine was only triggered once, in addition to this, the application was made to close once the button had been pressed as well for redundancy and it was laid out in the feature list.[bookmark: _Toc102655034]Figure 4.9 Error Two in Data Collection

This above screenshot also shows the list that was used to store the data collected from the buttons.
[bookmark: _Toc102647530]All Scenes
[image: Text

Description automatically generated]This section shows all scenes in their completed state.[bookmark: _Toc102655035]Figure 4.10 Declaration Scene
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Description automatically generated][bookmark: _Toc102655036]Figure 4.11 Test1 Scene
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Description automatically generated][bookmark: _Toc102655037]Figure 4.12 Test2 Scene
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Description automatically generated][bookmark: _Toc102655038]Figure 4.13 Test3 Scene
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Description automatically generated][bookmark: _Toc102655039]Figure 4.14 Test1 Scene with End button
[bookmark: _Toc102655040]Figure 4.15 Test4 Scene
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Description automatically generated][bookmark: _Toc102655041]Figure 4.16 EndRoom Scene

[bookmark: _Toc102647531]Conclusion
This section has shown the how the software was developed and the decisions that had to be made throughout. During the development of this software, there were occasions where the developer had to makes changes that went against the methodology. However, the section has shown the reasoning behind those changes and that the changes would not compromise the objective of the software.
The created software was built into two products. The first is the product compatible with Windows Desktops. To run the game on PC VR devices, it needs to be ran either through Steam and SteamVR or the Oculus Software. The second product is compatible with the android-based mobile Oculus VR devices in the form of a .apk file. This needs to be sideloaded onto the Oculus Quest 1 or Oculus Quest 2.
The Unity Project can also run the VR project however, some functionality will not work, such as the game closing when the final button is pressed. Additionally, the first scene has to be chosen by the user as well. This software intends Declaration Room to be the first scene.
The Unity Project is available in the appendix as well as the two built versions of the software.

[bookmark: _Toc102647532]Analysis
[bookmark: _Toc102647533]Introduction
This section will discuss the data collected from the software developed in the previous section. This software was distributed to people known to the author who were capable of running the software. They were asked to get as many friends and family as were willing to complete the software. Nineteen people completed the game and submitted results. This section will analyse the data to determine if it has statistical significance. 
[bookmark: _Toc102647534]Data Collected
Google Forms added every entry uniquely to the list. Therefore, the first step is to organise the data by removing the duplicates and having a count for each number instead.
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[bookmark: _Toc102655042]Figure 4.17 Raw Data Collected
This data was sorted by getting a list of every possible combination of the numbers 1,2,3, and 4 and using a countif.
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[bookmark: _Toc102655043]Figure 4.18 Collected Data Sorted and Counted
[bookmark: _Toc102655044]Figure 4.19 Collected Data Sorted and Counted Graph


By sorting the data, the amount of people who chose the same order of interaction method can be visualised. From the graph (Figure 4.19), it is possible to see that the result 4321 was submitted double the times as the runner up 4231.
To be able to identify which option is most popular the data must be split and counted for each position.[bookmark: _Toc102655045]Figure 4.20 Count of Votes per Position

This graph shows that distribution of votes across each of the positions. Method one was put into the least favourite position more than any other and method four was not marked as least favourite at all.
[bookmark: _Toc102647535]Data Analysis
To determine the statistical significance of the data, two different analyses were conducted. The first investigates the spread across the favourite position and the second investigates the spread across the least favourite position.
A test for one proportion was used to determine if interaction method four is the favourite interaction method or if the result is due to randomness.
As there are four options, the null hypothesis value is .25. Using the test for one proportion calculator from MedCalc, a significance level can be found. [21] The observed proportion is 58% the sample size is 19 and the null hypothesis value is .25. Entering this in gives a significance level of P=0.0009 meaning that it is statistically significant as it is lower that P=0.05 which means that the null hypothesis is rejected. The 95% confidence interval which indicates if users would choose the same results again is 33.59% to 79.83%. The lower bounds are above 25% which is what would determine if the results were random. Therefore, interaction method four is the user’s favourite interaction method.[bookmark: _Toc102655046]Figure 4.21 Favourite Interaction Method

[bookmark: _Toc102655047]Figure 4.22 Least Favourite Interaction Method

Using the same calculator and null hypothesis value of .25 again the significance can be determined. The observed proportion is 74% and the sample size is 19. The significance level this time is P<0.0001 which is far lower than the significance level of P=0.05 therefore, the null hypothesis is rejected. The 95% confidence interval is 49.13% to 91.05%, showing 49.13% of people likely to take the test again would rank interaction method one as their least favourite interaction method. This means that interaction method four is the user’s least favourite interaction method.
[bookmark: _Toc102647536]Conclusion
The data collected shows that interaction method four is statistically the favourite interaction method and that interaction method one is statistically the least favourite interaction method. Therefore, the objective of this section has been achieved. 
This is the expected result from the literature review, as the higher levels of presence and realism are shown to increase enjoyment inside of VR.

[bookmark: _Toc102647537]EVALUATION
[bookmark: _Toc102647538]CONCLUSION FROM DATA
The statistical significance of the data collected by the software is laid out by the previous section of this report. There was statistical significance found to show which interaction method was the favourite and which interaction method was the least favourite.
This shows that the differences between method one and method four do have an effect on the enjoyment a user has inside of virtual reality. The two factors that are different between these methods are sound and collision. Interaction method one has no collision on the tree and no there was no sound. 
This shows that object collision and sound are key factors to the enjoyment of users in virtual reality. This links back to the research done in the literature review. The research showed that immersion and perception are important for a user to maintain a presence inside of virtual reality. Negatively effecting presence is easiest way to make an end-user have an unpleasant experience in VR.
Immersion is important to be maintained as it is the illusion that VR is real, it is the depth of your subconscious believing that the virtual environment is your real environment. The user’s perception is what needed to be fooled in order to allow immersion. 
Therefore, when two big factors that trick your perception, sound and physicality, are missing. The user ends up having a more negative experience than they could with these present.
[bookmark: _Toc102647539]OBJECTIVES
[bookmark: _Toc102647540]To investigate and identify what is needed to make a VR game enjoyable.
The first objective of this report was to investigate and identify what is needed to make a VR game enjoyable. This objective has definitely been met as it formed the basis of what the different interaction methods would be in the next objective.
As mentioned in the previous section, disrupting presence in VR is the largest contributor to what makes for a negative experience. The main two categories that make up presence are immersion and perception. 

[bookmark: _Toc102647541]To investigate and identify suitable methods of video game interaction for use in a VR environment and create a list of implementable methods.
This second objective was to identify the interaction methods that would be used in development. The purpose of this objective was to be able to observe how different features effect the enjoyment of the user.
This objective was fulfilled by the four interaction methods that were used. No Collision, Collision, No Collision with Sound, and Collision with Sound. These four methods were suitable for this project as they evaluated collision which is linked deeply with immersion and sound which is a staple of perception. The contrast in the VR experience by leaving out these features would identify if the research conducted was correct as both are corner stones of what the research suggests makes VR enjoyable.
[bookmark: _Toc102647542]To design and develop a game that will allow players to compare different methods of chopping a tree and record which the player prefers. 
The third objective was to design and develop a game based on the interaction methods which could also survey the user’s enjoyment of each. This objective was met as the software was developed as was able to implement the methods laid out by the previous objectives. The program was able to collect the data and have it accessible at a later time, by using cloud storage. 
[bookmark: _Toc102647543]To analyse and evaluate the data collected from the game and produce an analysis that shows if there is a statistically significant result.
The fourth objective was to analyse the data and find if there was a statistically significant result. This objective was met with the outcome of finding statistically significant data showing that interaction method four was the favourite and method one was the least favourite.
[bookmark: _Toc102647544]AIM
The aim of this project was as follows:
To understand what type of visual responses leads to the greatest player satisfaction based upon players motion input.
This aim has been met to the level at which this report was expecting to complete. This report was able to take research and verify it using real world primary data, thus finding that the research was correct. In doing this, the research conducted forms the answer to the aim. Additionally, the statically significant result identified from the collected data shows that collision and sound lead to greatest player satisfaction based upon players motion input.
However, the aim can be considered incomplete as every feature has not been evaluated in this report and there may be another feature that leads to greater player satisfaction that what was identified. This is due to the aim not being as defined as it could have been and leads to an open-ended interpretation.
[bookmark: _Toc102647545]CONCLUSION
Overall, this project has produced results that are expected based on the research conducted. In turn, the results gathered by this report have verified the accuracy of the research used. 
If this project was to be completed again, the aim should be defined differently, its open-ended nature leads to difficulty deciding if the aim has been met or not. The objectives should also be adjusted to mention more specific criteria, for example, objective three should state how many interaction methods will be tested.




[bookmark: _Toc102647546]CONCLUSIONS AND RECOMMENDATIONS
[bookmark: _Toc102647547]CONCLUSIONS
In summary, this report has been vastly successful. From the perspective of the author the aim and objective have been completed.
The objectives for this report were evenly distributed and were completed sequentially as this report progressed.
The literature review at the beginning of this report was used to complete two objectives. The first was to find out what makes VR enjoyable, which led to the use of immersion, perception and presence in the report.
The second objective was to identify interaction methods based upon the research. The results of the first objective were utilised here find two factors, collision and sound, which could be tested and made the four interaction methods used later in the project.
The third objective was the development of a game that could test the interaction methods and get the user to rate which they preferred. By using Unity, OpenXR, OculusXR and the XR Interaction Toolkit and VR game was developed, and the data was able to be collected in Google Forms.
The developed game was created following the methodology laid out by this report however, in conclusion it is important to note that changes did gave to be made to the design during the development process which means that more care needed to be placed on the design of the development.
The final objective was to analyse the data collected by the game and find if there was any statistical significance to the results. This was the most successful objective as statistical significance was found and it proved the research by showing that audio and collision make the VR experience more enjoyable. 
Everything above was to solve the aim of the project, to understand what type of visual responses leads to the greatest player satisfaction based upon players motion input.
This has been achieved due to the results from the collected data, the greatest player satisfaction comes from collision and audio in VR. 




[bookmark: _Toc102647548]RECCOMENDATIONS
In the future, the software created in this project should be recreated with more complex versions of interaction methods. This is the next step to advance the concept behind the Aim which was to find the greatest interaction methods. This further development of the interaction methods will allow for the VR industry to thrive. This report has shown that the testing methodology is capable of measuring enjoyment, therefore, the software can now be used to innovate on the interaction systems rather than verify that they are capable.
The big take-away from the project is that the software that was designed is capable of measuring the effectiveness of interaction methods. This allows for future work to use this design to test for success, this in turn will lead to faster adoption of VR due to the increasing number of good experiences available.
As a final recommendation, whilst developing the software for this project, the author discovered that the physics of the VR world had a considerable effect on lessening their own enjoyment in VR. Therefore, one area that may be worth a closer inspection is the way object on object physics is managed in VR.

[bookmark: _Toc102647549]REFLECTION
[bookmark: _Toc102647550]EFFECTIVENESS OF THE PROJECT
On reflection of this project, the aims and objectives were definitely met and academically it is successful. However, I also feel personally accomplished with this project. I do not believe that this project is the best that I could do but I am proud of myself for actually being able to complete it.
I would say that this project has taught me three important things. The first and most important to me is the use of help from others. I used to think that for my individual work that no-one other than the people who is familiar with the marking of the work had anything to say that could help me. However, due to the length of this project, I learnt that talking about your ideas with someone else idly is one of the best ways to be creative. This has made me discuss more of my smaller ideas with other people and has helped define and expand those ideas into something better.
The second important thing is an appreciation for the knowledge that people put so much time into figuring out and writing down. I have read papers not related to my project or schoolwork recently due to this.
Finally, the last important thing is the skills I am lacking. My whole life I have been told that I do not achieve my potential. This has really hit me in the face when completing my final year and this report. The skills required to complete this year were beyond the ones that I had, I needed to try and reach my potential that I had been told I don’t achieve to actually pass. Because of this, I have been able to realise what I need to do that, which is great as I never knew before. Getting proper help for something that has plagued me so long is the greatest thing I have learnt during this project and year.
[bookmark: _Toc102647551]IMPROVEMENT FOR THE FUTURE
For the future, I have lots of things I want to improve on. This project has been the first time I considered and completed a design for what I was going to make before I made it. The doorways that opened has been great and improving my design methodology is a goal for my personal projects of the future.
This project was my first foray into VR games development and I improving that in the future is going to be really fun. The responses that people have when I show them something I have made in VR is great and making better games is going to be easier in the future due to this project.
The biggest improvement for the future is time management, stress has been my great motivator for working on this project. As it turns out, its not that healthy for you, in the future I think being better at time management and activity blocking will have a really substantial change for me for the better.
[bookmark: _Toc102647552]GANNT CHART
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APPENDIX 1
(Appendix 1 is the project files submitted separately)

Interaction Method Submission Count

1234	1243	1324	1342	1423	1432	2134	2143	2314	2341	2413	2431	3124	3142	3214	3241	3412	3421	4123	4132	4213	4231	4312	4321	0	0	0	0	1	0	0	0	0	0	1	2	0	1	0	1	0	2	0	0	2	3	0	6	


Count of votes per position 

1st Place Count	1	2	3	4	1	3	4	11	2nd Place Count	1	2	3	4	1	6	6	6	3rd Place Count	1	2	3	4	3	9	5	2	4th Place Count	1	2	3	4	14	1	4	0	



Favourite Interaction Method

1st Place Count	
1	2	3	4	5.2631578947368418E-2	0.15789473684210525	0.21052631578947367	0.57894736842105265	Interaction Method


Percentage Chosen



Least Favourite Interaction Method

4th Place Count	
1	2	3	4	0.73684210526315785	5.2631578947368418E-2	0.21052631578947367	0	Interaction Method


Percentage Chosen
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This softvv_/are has been developed as part of Daniel Bennett's
BSc Individual Project. By pressing the button with the axe, you
are consenting to the collection of the answer you give at the end

of this program. The only data that will be collected and stored is
a four digit number with no identifiable information collected in
the background. This means that the answer you give is final,
and cannot be removed as it cannot be identified as your answer
once it has been submitted. No data will be collected before you
press the submit button at the end of this software.
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void onTriggernter(collider collider)

{

Scene currentScene = SceneManager.GetActivescene();

if (collider.name == "Axe™)
{
count++;
switch (currentScene.name)
{
case "Test1":
SceneManager. LoadScene("Test2");
break;
case "Test2":
SceneManager. LoadScene("Test3");
break;
case "Test3":
SceneManager. LoadScene("Test4");
break;
case "Testa":
SceneManager. LoadScene("Test1");
break;
defaul t:
break;
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Use your axe to select your favourite to least
favourite methods. Each button will dissapear
after you press it. Once you have pressed all
the buttons a submit button will appear which

will send off your results.

Method 3 Method 4

Method 1 Method 2
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Use your axe to select your favourite to least
favourite methods. Each button will dissapear
after you press it. Once you have pressed all
the buttons a submit button will appear which

will send off your results.
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public void submitResults(string results)

// Start coroutine to submit results|
Startcoroutine(Post(results));

// Creating and sending the POST request with field data.
IEnumerator Post(string inputField)
{
// Google Form POST URL
string URL = "https://docs.google.com/forms/u/@/d/e/1FAIpQLSchzbiGRK_NDW33IFQW6Nu9I81fXWG5ThNOcDfndnHOOUxqAw/formResponse™;

// Creating a form

WaWForm dataCollectionForm = new WwWForm();

// Adding data to form with the correct field that Google Forms will recognise.
dataCollectionForm. AddField("entry.1631537868", inputField);

// Use UnityWebRequest to send the form as a POST request into the POST URL.
using(UnityWebRequest resultssendRequest = UnityWebRequest.Post(URL, dataCollectionForm))
{

// vield the coroutine with the POST request.

yield return resultsSendRequest.SendWebRequest();
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void onTriggerenter(Collider collider)

if (collider.name == "Axe")

{
string answer = *";
for (int x = @ x < results.Count; x+)
{
answer += results[x].Tostring();
}
if (resultsSent = false)
{
submitResul ts(answer);
resultsSent = true;
}
Application. Quit();
¥
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BSc Individual Project. By pressing the button with the axe, you
are consenting to the collection of the answer you give at the end
of this program. The only data that will be collected and stored is
a four digit number with/no identifiable information collected in
the background. This njeans that the answer you give is final,

as it cannot be identified as your answer
itted. No data will be collected before you
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press the submit buttpn at the end of this software. ACCEPL
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Use your axe to select your favourite to least
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