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[bookmark: _Toc133408335]Abstract
The purpose of this project is to create a VR game through incremental development. To achieve this a literature review was conducted on the VR space, and what makes a game good. This information was then used to make decision on how I should design the game and implement features. Within the literature it was found that variety and certain gameplay features influences a game’s success. The results from my survey found that the play testers also valued those aspects of game’s that were found in the literature review. Over all the I was able to deliver a game that mostly covered my objectives, but just fell short of applying my findings to the enemy AI of the game.

[bookmark: _Toc133408336]1. Introduction
The individual project I have undertook is the incremental development of a VR game. I chose this project as VR is a space of interest for me, and its new and unexplored nature means there’s lots of gaps in the VR games market. Its new and unexplored natures is also the same reason this project is an incremental development of a VR game, with the space being unexplored I am unsure of what troubles are to be had when making a game for VR. The incremental development allows me to develop the game feature by feature, which is ideal when development time for typical VR features is not known.
The aim of this project is to develop a VR game. To reach this Aim I will follow these objectives:
· Investigate the current state of the VR space
· Investigate what makes a game good
· Apply my findings to my design philosophy to ensure a fun and engaging game
· Develop the game
· Evaluate the game and the process of making it
In this report I will do a literature review on the current VR space finding out key information for developing a VR game such as target platforms, and popular gameplay trends. I will also be looking into what makes a game good and linking that to the popular trends found in current VR games, and drawing conclusions from that on what I should prioritise for my game.
The report will also contain the planning and documentation of the development of the VR game. The documentation of the development will show the approaches I take to carrying out the development of a feature showing initial and final versions of the feature. 
The report will then be rounded out by my conclusion, and reflections of the individual project.


[bookmark: _Toc133408337]2. Literature Review
To have a successful project is it important to review the current literature of the space that the project resides in.

[bookmark: _Toc133408338]2.1 Growth of the VR Space
VR game market is a good market to enter as the IDC [1] indicate that the VR space is a growing industry, claiming that VR shipments jumped by 241.6% during Q1 of 2022 compared to the previous year.
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Description automatically generated]As shown in the graph the IDC forecast the VR space to grow each year up to 2026. The IDC are a “provider of market intelligence” as stated on the about section of their website [2] meaning that date like this is what the specialise in.
Graph 1: Worldwide VR Headset Forecast
*Graph from IDC [1]

[bookmark: _Toc133408339]2.2 Platform Popularity?
Firstly, I will look into the VR devices and platforms as I need to understand what device and platform my game should be made for as a good game made for an unpopular platform or device won’t have the audience to succeed. 
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Description automatically generated]The IDC [1] claim that Meta have captured 90% of the VR market, and attributes this mostly to the Quest 2. This makes sense as Meta was making a big push capturing VR market with lower prices than the competitors, and after successfully capturing the market they increased the prices more in line with competition as backed up by this blog from trusted reviews [3]. Furthermore steam’s hardware survey [4] backs IDC’s claims as the results show 41.35% of steam users play VR games on steam with a Oculus Quest 2, and 60.79% use a oculus headset.
Graph 2: Steam User VR Headset Usage
*Graph from steam hardware survey [4]
The only concern with the results from the steam hardware survey is that it only contains data from users who play “PC VR” which is a term used to describe people who play games VR games which are run through the computer. This means the survey does not account for people who use devices such as the Oculus Quest 2 without a computer, as a result the number of users using headsets that have the capability to run games standalone are most likely a lot higher than what is shown with this survey. This means that the Oculus Quest 2 most likely a higher percentage of users, this also applies for HTC Vive as well.
Counterpoint [5] covers the weakness I recently pointed out in the previous two sets of data as they tracked shipment share percentage based on AR and VR headsets which does not have the weakness that steam’s dataset did of not including standalone headset users. The results show that in Q4 of 2022 oculus have an 81% market share on shipments, and counterpoint also claim that standalone headsets “remained the dominant form factor, contributing 94% in Q4 2022, as opposed to 91% in Q4 2021.” The claim shows that standalone headsets are very popular over non-standalone headsets, but it does not mean that 91% of VR users are playing VR games standalone, as I myself own an Oculus Quest 2 which is a standalone VR headset but use it to play VR games on my computer.
[bookmark: _Toc133408340]2.3 Trends Among Top VR Games
When making a game its important to look and see what the top games of that category is doing to see what works and what doesn’t. To start off I compiled my own research into   what VR games have the most concurrent players and what genres they come from. I used a website called SteamCharts [6] to collect the data. SteamCharts tracks the active users on a game on the Steam platform, and displays the average concurrent players on the game, for either the last 30 days, or a selected month.
	Game
	Genre
	Avg Player Count (Past 30 Days)

	Bonelab
	Action
	1163.8

	Beat Saber
	Rhythm, Music
	753.6

	Blade and Sorcery
	Action, Swordplay
	661.7

	Pavlov VR
	Action, Shooter
	450.4

	Half-life: Alyx
	Action, Adventure
	438.5


Table 1: Top 5 VR only games based on average player count
*Player Count Data taken from steamcharts [6] as off 20/10/2022
The data from the table shows that four out of the five games in the top five come from the action genre. This may indicate that the action genre makes better use of VR’s mechanics. Playing a game in VR requires more effort from the player in multiple ways, but in return offers higher levels immersion due to the nature of the device, it would make sense that action VR games do well due to the higher levels of immersion that can be offered with VR as the player has to physically take part in the action. All 5 of these games 
In the data I had collected I left out multiplatform games such as VRChat out of the results as that game allows users to play the game without a headset, which means their numbers are a lot higher due to non-VR users. The data collected also has the issue that SteamCharts only collects steam data meaning that users player a game from the Oculus or other platforms are not accounted for. The other issue with the data was that Bonelab was a recent release (29/09/22) at the time of the data being collected (20/10/2022) meaning that whilst the numbers were true, the game had additional factors increasing its average player count.
VRSpace’s top 50 list [7] of top downloaded VR games also showed similar results where 13 out of the top 15 were action games. They data shown is slightly misleading as they use number of steam reviews to estimate the ranking order, as on steam you need to purchase a game to leave a review on it. The data still works though to show “popular” VR games as the order of the ranking is based of review amounts, so the data can still be used to show how action VR games drive more interest around them which alludes to my previous points.
A more recent post from steam itself shows the top VR games of 2022 measure in gross revenue [8]. The games placed in the “platinum” section were the most selling and are listed in a table 2 below.
	Name
	Genre

	Pavlov VR
	Action, Shooter

	Blade and Sorcery
	Action, Swordplay

	SUPERHOT VR
	Action, Shooter

	Zenith: The Last City
	Action, Massive Multiplayer, RPG

	Beat Saber
	Rhythm, Music

	Skyrim VR
	RPG, Adventure

	Half-life: Alyx
	Action, Adventure

	Bonelab
	Action

	Boneworks
	Action, Adventure

	Into the Radius
	Survival

	VTOL VR
	Action, Simulation

	After the Fall
	Action, Adventure


Table 2: Steam’s “Platinum” VR games
As shown in the table out of the top gross revenue VR games 10 out of the 12 were action games.
Whilst the data sets suffer from the issues I listed above of only tracking steam numbers, the data still shows what I’m looking for which is successful VR games and can still be used for the purpose of seeing what the link is between these successful VR games regardless of the issues previously mentioned.

[bookmark: _Toc133408341]2.4 What Makes a Game Good?
The next step is to look into the current literature regarding what makes a game good and bad, and draw links between what is found, and what VR games are currently successful. Doing this will give me a guidance on what I should aim to do to produce an enjoyable game.

Matthew Bond and Russell Beale did a paper titled “what makes a good game? Using reviews to inform design” [9].  In the paper they review the factors of what makes a game good or bad based on review scores, and what factors have higher impact than others. 


	Good Factors
	Bad Factors

	Gameplay
	Poor gameplay

	Environment
	Poor environment

	Storytelling
	Poor storytelling

	User Interaction
	Poor user interaction

	Customisation
	

	Social
	Lack of social

	Variety
	Lack of variety

	Technical
	Technical issues

	Cohesion
	Lack of cohesion

	Maintenance
	

	Price (value for money)
	Price (worthless)

	Franchise
	Failure of Franchise

	Quantity (lots)
	Quantity (little)

	
	Annoyance


Table 3: Good and bad factors in game design
*Table taken from [9, p.419]

Bond and Beale state that:

For game success, 13 core categories were found, and for game failure, 12 categories were found. These give a good intuitive overview of what to aim for in game design [9, p.419].

They later explain how this table shows an overview of what to aim for, and avoid when designing a game, but doesn’t show the importance of each category. They also discuss how each category has an opposite as shown clearly in table 3, bar 3 of the categories. They come to the conclusion that annoyance may not have an opposite due to annoyance being an “cumulative effect of other bad factors, especially high quantities of bad criteria” [9, p.420]. Each category of the table has a sub tree of criteria. A sample of these criteria for “good” is given in the paper and is shown in table 4.

	Category
	Sample Criteria

	Good Gameplay
	Engaging, fair, balanced, progressive, fun, innovative, easy to play, hard to master, objective based, freedom, compelling, dynamic, various possible solutions

	Good Environment
	Impressiveness, eye catching, good lighting, lifelike effects, good sountrack, good sound effects, good music

	Good Storytelling
	Mature, progressive, tense, engrossing, embedded in gameplay

	Good User Interaction
	Fast feedback, customisable, invisible controls, realistic, functional

	Customisable
	Powerful easy personalisation, character modification

	Good Social Interaction
	Multiplayer co-op, multiplayer competition, communication, sharing

	Variety
	Nonlinearity, choice, differences, dynamic combat, varied AI, emergent tactics, varied delivery media

	Good Technical Implementation
	Well-designed camera, unobtrusive adverts, smooth framerate, uniformity, freedom to behave as expected

	Cohesive
	Seamless integration, story related to gameplay, cohesive story, consistent style

	Easily Maintained
	Low hardware requirement, easy to maintain, independent of external software

	Price (value for money)
	Value for money, cost, add on cost, hardware cost

	Prior Franchise
	Franchise, established genre

	Quantity
	Lots of good, not much bad


Table 4: Sample tree content for the “Good game” tree
*Table taken from [9, p.420]

This table’s data contains relevant information to my project as it shows what are the criteria for having each category be considered good based upon reviews. In combination with table 5 game designers can draw conclusions on which sections of a game should be prioritised over others. 

	
	Most importance
	Moderate importance
	Relatively Unimportant

	Feature
	Variety, Cohesion, Social, User Interaction
	Customisability, technical soundness, good story telling, good environment, good gameplay, value for money
	Easy maintenance

	Avoid
	Bad Pricing
	Lack of variety, lack of cohesion, lack of social, lack of customisation, technical issues, bad user interaction, bad gameplay, annoyance
	Lack of customisation, poor storytelling, poor environment, difficult maintenance


Table 5: Simplified summary of key elements in game design
*Table taken from [9, p.421]

Bond and Beale discuss the data in the table stating that:

If a game features an element of most importance, it will overwhelm the effect of moderate and unimportant categories. An example of this in practice is ‘F.E.A.R. 2: Project Origin’, which has storytelling and environment problems, but these are overwhelmed by the excellent variety and cohesion demonstrated, and so receives a decent overall score. 
The four most important factors are variety, cohesion, a good social aspect and good user interaction. The most important thing to avoid is an unreasonable asking price.  
One of the more interesting findings is that a bad environment and bad storytelling do not have a very significant impact on game success [9, p.421].

Their discussion highlights the factor that some factors are weighted more to a positive review than others, which suggests that when designing and developing a game factors that heavily impact a positive experience can be prioritised over negative factors that are relatively unimportant to the overall scoring of the review. This data gives me a clear outline on what people value more when it comes to scoring a game in a review format. It is important to not blindly follow what the data suggests prioritising as Bond and Beale state that “The intention of these results is to provide thought-provoking heuristics for game development. They are in no way facts, and should not be read in that way – they are summaries of human opinion, with the inherent variability that that implies” [9, p.421]. This quote from the paper highlights the flaw with the data, and that is that the data is derived from information found in reviews which means that the information is not factually what is good or not, but what the reviewer found good or not. Despite the weaknesses with the data the data can still be used as broad guidance on what categories should be prioritised when making a game.

A paper by Melissa Federoff on the heuristics and usability guidelines for the creation and evaluation of fun in video games [10] discusses the concept of “fun” in video games. The literature review presents a set of heuristics that are used by game designers to create and evaluate fun games. When defining fun in video games they make lots of links between escapism and finding a game fun. They claim that getting the player immersed in the game is key to this, and this is done through making sure there is a purpose and challenge to the game. In the literature review they found that out of the heuristics identified the majority of them involved game play [10, p.13-p15]. This would suggest that gameplay takes a higher priority according to the literature.

This partially contradicts Bond and Beale’s paper [9] as they did not find good game play to fall underneath the “most importance” section of their results. Though some issues arise as the category “Good gameplay” cover a large area of a game infringing on other categories. An example of this would be the category “Variety” that has a sub category of “varied AI” which arguably falls underneath category good gameplay as unpredictable and varied AI would influence the game’s gameplay to be better. Whilst the two papers slightly contradict each other in this sense they both push for immersive features to be high prioritised. Bond and Beale’s paper pushes for the importance of variety, cohesion, and user interaction and key factors into a game’s success which are factors that heavily influences a players level of immersion. A lot of sub categories of these main categories would greatly increase the players immersion, which is something Federoff considered of value in their literature review [10].

[bookmark: _Toc133408342]2.5 Good UI/UX in Gaming
Knowing what makes a good UX is just as important as knowing what sections of a game should be prioritised as understanding what makes a good UX will help make those prioritised sections feel good to use for the user.
[image: The UX design pyramid with the user needs. Syndicode design]Alex Harbuzinski did a paper titled “Introduction to UX in Game Design”[11], this paper discusses the how vital considering the user’s perspective is when considering the design of a game, and presents UX design principles that are used to make games engaging and enjoyable. They use a UX design pyramid from syndicode [12] to describe general principles that are used in UX that are more general and not only just for gaming.
UX Design Pyramid from Syndicode [12]

Syndicode in their post [12] breaks down this pyramid’s six sections and explains what each one means. Levels one to three are based on objective characteristics, whilst levels four to six are based on subjective characteristics attributed by the user. 

The first level is the functional level of the pyramid. This level is about addressing the users needs in an efficient manner by having the product set up in a way that allows the user to intuitively find the key features of the product.
The second level is the reliable level, this means that the product has to be reliable regardless of what device the user may being using. This level more focuses on UI being compatible with a range of devices that the user would want to use the product on.
The third level is the usability level, this level focusing on using UX principles to make the product easy to use, and that the user never gets lost or confused using the product.
The fourth level is achieved when the user feels the product to be convenient to use, this is usually achieved when the user can find uses for the product, and all barriers that would make the product difficult to use have been dealt with.
The fifth level is the enjoyable level, this level is reached when the user finds enjoyment out of using the product and would go as far to recommend the product to friends. 
The sixth level is the Significant level this is reached when the UX team have minimised the pain points for users to create a smooth experience with limited difficulties the user may face. 

Following the guidelines will greatly help creating a UX that considers the user’s perspective by taking into account the job the product is completing, making sure its reliable at completing that job, and that it is intuitive to use to the user. These guidelines can be used to make the best experience for the user when adding features to a game.

Later on in his paper Harbuzinski [11] stresses the importance of keeping a game “fair” to the player. What he means by this is all information that is vital to the player should be displayed to the player so the player can make decision based on all the information they think they should have. An example of unfair gameplay mechanics would be an attack that kills the player with no indication or warning, this would be an unfair and unavoidable death to the player and will only cause annoyance.

Harbuzinski states that signs and feedbacks can be used to avoid unfair gameplay elements. 
He describes signs as the information you give players to warn them that something is going to happen and that they must react accordingly, and feedback as the response to an action that has just been performed (whether it comes from the player or the game’s system) indicating that it has been a success or a failure.

Harbuzinski gives an example of feedback also being used to create good feeling, as he talks about the gameplay shown in a youtube clip [13] of a game called Batman: Arkham City [14]. 

Harbuzinski says this about the clip: “Firstly, they serve to make the state of the game (combo increment) and NPCs to be both clear and understandable by using visual markers on their heads (one enemy is going to attack, another has been knocked out).

The second function is the feeling of impact during certain actions thanks to various feedbacks (speed trail effect and particles on Batman) as well as the camera which will shake or slow down to amplify certain sensations such as a powerful attack of the player.

These feedbacks are part of what designers call the “game feel” or “juice”.

As you can expect, these choices are not insignificant. As they are a subtle mix of game design (close combat mechanics) and UX design (feelings of strength and speed), they help ensure that the battle remains easily readable despite being surrounded by many enemies.”

This shows how used correctly feedback can create feelings for the player to become more immersed in the game, and in return enjoy the game more.

[bookmark: _Toc133408343]2.6 Literature Review Conclusion
In the literature review I found that the VR space is a growing space, that is going to keep continuing making it a good market to make a game for. When researching headset popularity, I found that Meta had captured the market and that multiple sources point to the Oculus Quest 2 being the most popular VR headset. As a result, I have decided that the target platform for my game will be the Oculus Quest 2. When taking a look into currently successful VR games I found a pattern among my own research and other research done that VR games that fall underneath the action genre tend to be the most popular. This suggest that the action genre makes the most out of the advantages of gaming with a VR headset. When doing further research into what makes a game good the literature suggests that variety, cohesion, social, and user interaction are highly valued features of games, whilst poor environment, and poor storytelling were of least importance and can be covered up by excellence in the prior mentioned areas. Additional literature suggest that gameplay is also another big factor in the success of a game. With these findings on what sections of a game should be prioritised I then investigated what makes a feature “fun” to a player by researching into UX. I found guidelines for creating a UX that would bring satisfaction to the user by making sure what you are making completes its purpose, does it reliably, and is easy to use without much instruction. I also found that for UX in game design it is important that the game feels “fair” to the player, and this is achieved though good use of “signs” and “feedbacks” to feed the player information and give a good sense of user input.


[bookmark: _Toc133408344]3. Methodology
[bookmark: _Toc133408345]Data Collection
To complete my two objectives or investigating the current state of VR games, and what makes games good I will do a literature review on the state of the VR market, and the research on what makes games good. These two objectives are important as understanding both of them can help me deconstruct successful VR games and understand what exactly they are doing well. Looking into the current VR market will give me the knowledge on what trends appear among the top VR games, and having a deeper understand of what makes games good will allow me to further understand why certain trends appear in the top VR games. Having this knowledge will then allow me to firstly rank features in priority of which would benefit the game the most, and secondly allow me to correctly implement these features in a way that the user would enjoy.

I will also conduct a playtest followed by a survey for the game once development is completed. This will allow me to better understand if the research I had completed on what makes a game good aligns with what the results of the survey. For this I need to ask during the survey about different sections of the game, and how the user felt about each section, this would give me a general idea of how the user’s valued each section of the game. Ideally in game development multiple playtests would be ran before development is completed so important decisions can be made early in the game development cycle, but due to the time frame of this project I have decided to have the playtest and survey at the end of development.

When writing the survey, I must ensure I write fair questions that will not lead to biased answers. It is also useful to make good use of close ended questions to ensure I get valid data from certain questions.

[bookmark: _Toc133408346]Resources Required
[bookmark: _Toc133408347]Hardware Resources
For the project I will require:
· Computer (High enough specification to run Unreal Engine)
· VR Headset (Oculus Quest 2)

[bookmark: _Toc133408348]Software Resources
The software I will require to make the game:
· Unreal Engine 5
· Maya
· Blender
I will be using Unreal Engine to develop the game, the decision was between Unreal Engine and Unity. So, I spent some time searching online to see how populated the help forums were for both game engines for help regarding VR games. In the search I found that both contained some helpful materials but I had more experience in using Unreal Engine so I thought it was a good choice to use a software I’m more comfortable with when going into a new game genre like VR. For the art and animation of the game I plan on using free assets and referencing them, but Maya and Blender may need to be used if some adjustments are needed for the assets.
[bookmark: _Toc133408349]4. Design & Implementation
[bookmark: _Toc133408350]4.1 Planning
[bookmark: _Toc133408351]4.1.1 Introductions
In my literature review I found that action games were a common genre across the top VR games, and with the understanding of UX that I had gained I concluded that the action genre made the most out of the VR device, due to its ability for immersion and strong player feedback. For that reason, I have decided to make an action shooter game.

Due to the time frame of the project, I understand that I have to cut back on some feature when comparing what I want to do, with what is already out there in the VR market since I am one person working on this game for a shorter time frame than what game companies usually have. As a result of this I decided to go for a simple survival game mode where the player survives for as long as they can as the base of the game.

[bookmark: _Toc133408352]4.1.2 MoSCoW Feature List
The project is an incremental development of a VR game, due to that I have decided to filter features through a MoSCoW list to clearly plan the weighting of prioritisation of features for the game. MoSCoW list works by filtering things into 4 categories, these categories are “Must Have”, “Should Have”, “Could Have” and “Won’t Have”.

[image: Graphical user interface
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MoSCoW Feature List
*Made using visual paradigm [15]
Must Have
In the “Must Have” section I have listed all the core features that I believe an action game needs. The game needs the player to be able to use a weapon, and fight enemies so that is why all these features are placed within this section of the MoSCoW. Due to the “Must Have” section being the fundamentals of the game, all the features within this section are very basic, and self-explanatory. 

Should Have
The “Should Have” section contains features that are not needed for the game to fulfil its purpose, but would be greatly appreciated in the game, and overall have a great impact on the players enjoyment with the game. The feature “Immersive VR HUD” refers to seamless integration of HUD elements in VR games, newer VR games have started adding important UI elements such as player health onto the players wrist. This method is a more immersive way of adding player HUD than the traditional method of having a floating health bar on the screen, and suits VR more. Hand Animations refer to how when certain buttons are pressed on the controllers the hands in-game will replicate those actions, making for a more immersive experience for the player. I have placed features such as “Immersive HUD” and “Hand Animations” within this category as it is seen commonly seen in top VR games such as “Blade and Sorcery” [16] and “Bonelabs” [17], on top of that my findings from my literature review suggest that immersion is important in games, and as previously said these features improve player immersion. The “Ranged Enemy AI” feature is placed within this section as variety was one of the key areas that made people positively review games, and the player needs more than just one enemy type overwise gameplay can become repetitive, due to lack of challenge and variety. The last feature in the “Should Have” section is the “enemy wave system”, this system would be responsible for spawning enemies in waves, and increasing game difficulty as time went on making the game have more replay value and be more challenging.

[bookmark: _Toc133408353]Could Have
The “Could Have” section is for features that would impact the game positively but simply were not prioritised due to not being as worth while as the features listed in “Should Have”. The “Weapon Sockets” feature refers to the common VR mechanic that allows player to put weapons/items into an item socket commonly located somewhere on the players body. These sockets are typically placed on the player hips, and back and are used as weapon storage. Whilst this feature is very convenient to the player, and the player would appreciate a feature like this, it has lower priority than other features due to it not improving the game main gameplay loop, and more falling under a “quality of life” feature. The second feature of this section is “Additional Weapons”, this feature would give the player the sense choice, and allow the to decide how they want to play the game. I placed the priority of additional weapons lower than the additional AI (“Range Enemy AI”) as I believe different weapons will not affect the general gameplay as much as an additional AI that has a different form of attack that the player has to be aware of.

Won’t Have
The features in this section are features that I value but are simply not plausible in this timeframe and would be considered if there was more time. “Gesture-based Controls” are a great feature for VR games as it gets the player immersed in the combat as they physical cast the attack themselves, Zenith: The Last City [16] is great example of a VR game making full use of gesture-based controls in their combat. “Multiple Levels” and “Player Progression” are both features that are commonplace in most games, but are out of the scope for this game due to time-frame. The final feature listed in the “Won’t Have” section is a “Realistic Weapons System”, this feature is implemented well in the VR game pavlov VR [17]. This feature is the realistic reloading of weapons, where the player has to physically put the mag into the weapon and pull back the weapons slider to execute a weapon reload. The level realism in the reload causes great immersion for the player, but is also the reason why it is out of scope for this project, as to create a system this would take too much time.
[bookmark: _Toc133408354]
4.2 Implementation
[bookmark: _Toc133408355]4.2.1 Player Character
The player character within the project is called “VRPawn” and is a player character blueprint. In this blueprint I setup the controls for the player, and parts of the player hand animations and health UI are used in here.

Player Controls
The default control scheme for VR project in Unreal Engine are the traditional teleport VR movement which is quite outdated, and I think would ruin the immersion I’m trying to build in the game. I implemented what is now the common VR controls of having joystick character movement on the left joystick, and smooth character turning on the right controller. I also adjusted the player movement values to be a lot lower than I would for this game as it is a VR game, and I think the movement felt better when on a lower value.
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The default blueprint comes with the VR grabbing controls already setup, so I used the prebuilt grab controls that come with the VR template in Unreal Engine. 
Player Hands
When figuring out how to setup VR Hands I came across a YouTube guide series that I used to make the hand animations work, these videos was made by Quinn Kuslich [18] [19]. Assets used for the player hands and animations were also given out for free by Quiinn Kulisch [20]. Everything made from this section was made using the previously referenced videos with slight adjustments to better suit my project.

The hand models were added the the VRPawns’s view port and were attached the motion controllers of the corresponding hands. To make the hand animations I first started with making the Enumerators that would hold the hand animation states. The first one being “enum_handanim”, this enumerator contained the five hand animation states open, grip, pointing, thumbs up, and object hold.
The second one made was “enum_objecthold” which contained knife hold, and gun hold animation states.

Then the hand animation blueprint is setup called “BP_HandAnim”, this blueprint will be responsible for vast majority of code to do with the hand animations. To two enumerators are connected to animation blueprint as enumerator variables that can be called. Inside the animation blueprint within the animation graph a state machine is made to handle the different animation states. [image: A screenshot of a computer

Description automatically generated with medium confidence]
Each animation state has their respected animation connected to it except for the object hold state where within the code is grabs the ObjectType enumerator and makes the decision on which animation it is going to use through the blendspace I made of all three type of holding animations I made. As shown by the image all 4 of the empty hand animations can transition between eachother freely. The code setup to transition between one from the other looks like this shown below. [image: A screenshot of a cell phone

Description automatically generated with low confidence]
This is the code for allowing the transition from the open to grip state, as shown it gets the current hand state enumerator variable and decides if the hand state is set to the correct one for the transition. This code is repeated for every transition rule with the only difference being the hand state being changed to the appropiate for what animation state it is transitioning to.

[image: Text

Description automatically generated with medium confidence]Then I added the functionality of switching which state the enumerator is in. This is done through the player character blueprint (“VRPawn”). Then mulitple variables are setup within the VRPawn blueprint to that will be used as references with inside the animation blueprint for the hands (“BP_HandsAnim”). 
[image: A screenshot of a video game

Description automatically generated] “LeftHandAnim” and “RightHandAnim” are setup on the “BeginPlay” event and will be referenced in “BP_HandAnim”. The “Grip”, “Point”, and “Thumb” variables are boolean variables will be referenced in the “BP_HandAnim” to decide what state the hand animation should go into. 
[image: A picture containing text, electronics

Description automatically generated]
Theirs booleans are set to true when the corresponding input action is pressed, and set back to false when they are released. This is code is repeated for each of the input actions. For the “gripanims” the grab action needed to be pressed, for “pointinganims” the bolean is set true when the trigger buttons are pressed, and for “thumbanims” the boolean is set to true when the buttons have pressure on them. The “thumbanims” were a custom input action that was setup in the project settings so project would detect the player resting their thumbs on the controller buttons as an input, this input is what is used to trigger the “thumbanims” left and right variables.

Within the BP_HandAnim event graph the code for switching the enumerators hand states is set up.
[image: ]
This is the overall setup of the code. It starts of by the casting to the player character (“VRPawn”) and getting all the variables previously setup. The code is split into a sequence which means it firstly does the top section then the bottom section. The top and bottom sections are setup the exact same way just the variables attached the top is for the left hand, and the variables attached to the bottom is for the right hand.



[image: A picture containing diagram

Description automatically generated]
If the left hand component is holding onto something the enumerator is set to “ObjectHold”, if not then it moves onto the next branch which determines the the left grip button is being held. If the left grip button is not being held it will set the enumerator the “Open” hand state.
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Description automatically generated]
If the grip is being held but the triggers are not being pressed down then it will set the enumerator to “Pointing”. Then finally if the thumbs buttons are not being pressed then it will return a false on the final branch setting the enumerator to “ThumbsUp”, if this isn’t the  case then the player is pressing the grip, trigggers, and thumbs buttons which means the branch will return a true on the final branch cause the enumerator to be set to “Grip.” This logic is then repeated for the right hand on the bottom half of the code. With this code setup the hand follows animations that reflect the players actual hands in real life.

Final step to completing the hand animations was to setup the socket snapping for the  different type of object hold types. The object hold animations were setup in the previously mentioned blendspace. So I need to add socket snapping so the pistol correctly snaps into the correct position when picked up the hand. So firstly I setup and correctly positioned the hand socket.
[image: A picture containing sky, weapon

Description automatically generated]
The hand socket is adjusted to correctly fit the gun.
[image: A screenshot of a computer

Description automatically generated with medium confidence]
This code is then implanted within the TryGrab function of the grab component. This code gets the grabbed component and moves it to the hands socket that picked up the component. This shown code is connected to the “Pistol” section of the GrabType within the TryGrab function. With this the hand animations were fully functional.

Player Health UI
I wanted immersive UI within the game so I decided that I could make a normal health widget, that would be done the same as normal games, but then instead of attaching the widget to the screen, I would attach it the players hand model.

Firstly I setup the “PlayerHealthBar” widget. Within the widget I placed a progress bar, and binded the percent value to a function I made called getpercent. [image: A screenshot of a computer

Description automatically generated with low confidence]The “getpercent” function is pretty simple. It has 1 variable which is health, which is then divided by 100. This is divided by 100 as the output value needs to be a decimal that represents the health out of a 100 as a fraction.

[image: A screenshot of a computer

Description automatically generated with medium confidence]
On the begin play even with the player character blueprint (“VRPawn”) a reference to the health bar widget is made.
[image: A screenshot of a video game

Description automatically generated with medium confidence]
The “Event Tick” event is then used to keep checking the players health. This health bar widget reference is then used to set the “health” variable within the “getpercent” to the same value as the “Player Health” variable. This mean that the player health is now aligned with the health shown on the progress bar of the widget, and will update every tick. Then the player health is then checked to see if it has hit zero. When the player health hits zero the player actor is destroyed. This is usually a bad approach to player death but I have it setup so when player health reaches zero a second after the level blue print then reloads the level. This creates the effect of the player dying and seeing the objects that were held dropped to the floor signifying death, then the level is reloaded a second later.

Player Character Testing
	Test Number
	Description
	Result
	Further Action Required?

	1.1
	Player moves in the direction that the left joystick is moved in.
	Fail
	Yes. Player camera was moved incorrectly and is now attached to a scene component. This incorrect move was causing the player to be stuck in the floor.

	1.2
	Player moves in the direction that the left joystick is moved in.
	Pass
	No

	2
	Player camera turns along the x axis in the direction the right joystick is pointing.
	Pass
	No

	3
	Player hands play the open animation when not pressing any buttons
	Pass
	No

	4
	Player hands play the pointing animation when only the grip button is pressed (when not near any grabbable objects)
	Pass
	No

	5
	Player hands play the thumbs up animation when both the grip button and trigger button are pressed
	Pass
	No

	6
	Player hands play the grip animation when the grip, trigger, and thumb buttons are pressed
	Pass
	No

	7
	Player hands play the grip animation when grabbing objects under the default grip type
	Pass
	No

	8
	Player hands play the gun hold animation when grabbing the player gun
	Pass
	No

	9
	The player health bar placed on the players wrist updates after the player takes damage
	Pass
	No

	10
	The player actor is destroyed when the player health reaches 0
	Pass
	No

	11
	The world is reloaded 1 second after the player health reaches 0
	Pass
	No




[bookmark: _Toc133408356]4.2.2 Weapon
The weapon and bullet model and animation assets are from the Unreal Engine Marketplace by a user named “Adia Entertainment” [21].

Pistol
The pistol blueprint is setup to have 2 components attached to it in the view port. First the “muzzlelocation” is a scene component that is placed at the end of the gun, and is used within the event graph to know where to spawn the bullets at and at what direction. The second is the “GrabComponentSnap” which is the grab component that allows the weapon to be picked up. Whilst I did make this blueprint I reused the shooting code found within the default gun within the VR template as it is done the exact way I would’ve done it. I made some slight modifications to the blueprint to include a firing cooldown, and include an animation to be played at the end of the firing sequence. So firstly the firing cool down works in a way so that when the player presses the trigger it checks if the weapon is on firing cooldown, if not it will fire enter fire cooldown and do the shooting sequence and play the shooting animation. The shooting animation last 0.3 seconds so a 0.3 seconds delay until the fire cooldown is turned off. The part of the blueprint that taken from the VR Template is the firing sequence which simply takes spawns an actor which I have changed to the bullet I made, and spawns it at the “muzzlelocation” components location and rotation.

Bullet
The bullet simply contains a sphere collision hitbox, static mesh which is the bullet model, and a projectile movement component. The bullet’s projectile movement component was adjusted to more suit the physics of a weapon. I made it not affected by gravity and shoot at a very fact speed. Within the event graph of the bullet I have it setup so on overlap of the sphere collision it will apply damage to the other actor it overlapped with. The damage amount is set by its damage amount variable, which is set to 25. Then finally the actor is destroyed.

Weapon Testing
	Test Number
	Description
	Result
	Further Action Required?

	1.1
	Player pressing the trigger whilst holding the gun causes the weapon to fire a projectile
	Fail
	Yes, the muzzle location was moved further away from the weapon as both the weapon and bullet were colliding on spawn.

	1.2
	Player pressing the trigger whilst holding the gun causes the weapon to fire a projectile
	Pass
	No

	2
	Player pressing the trigger whilst holding the gun causes the gun to play the firing animation
	Pass
	No

	3
	Player pressing the trigger whilst the gun is already on firing cooldown will not fire again until off cooldown
	Pass
	No

	4
	The bullet causes the correct damage to other actors by killing them in appropriate amount of shots (4)
	Pass
	No

	5
	The bullet destroy itself after collision with the environment
	Pass
	No



[bookmark: _Toc133408357]4.2.3 Melee Enemy AI
The character model and animations used for this enemy are from Mixamo [22]. Mixamo is a site that has models and animations available on their site for free that can be used for commercial use. The Melee Enemy is referred to as Parasite within the game files.

Parasite Animations
The animation for the parasite enemy has a simple setup. The state machine has 2 states, “Idle or Walk” and “Attacking”. The “Idle or Walk” state has a blend space inside of it which is affected by the “Parasite Speed” variable. If the character speed is 0 it will do the idle animation, and as the speed increases it will slowly transition to the walking animation. The “Attack” state is transitioned to when the “Attack Animation” variable is set to true, and transitions back to “Idle or Walk” when “Attack Animatation” is set to false. The “Attack” state simply includes the attack animation.[image: Graphical user interface

Description automatically generated]Within the event graph of the animation blueprint the Parasite_AI blueprint is casted to and checks for the character velocity, that velocity is then converted into the parasite speed variable. It also gets the “Attack” variable from the Parasite_AI blueprint and sets the “Attack Animation” current state to that.

Parasite AI
The parasite blueprint name Parasite_AI is responsible for 3 things. Firstly its responsible for the setting enemy alive counter within the wave system to the correcter number. The other two things it is responsible is its own actions, and the dealing damage to the player.
[image: A screenshot of a computer

Description automatically generated with medium confidence]
The AI generates its own movements through an AI MoveTo command that keeps on playing on completion.  This acts as a very basic AI, that keeps the ai following the player on repeat.
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Description automatically generated]
The AI knows when to attack by setting the “Attack” variable to true when the player character overlaps with the colision sphere attached the front of the parasite chracter. On the overlap the blueprint will cast to the VRPawn and grab the “Player Health” variable and adjust by taking the “Player Health” and subtracting it by the “Attack DMG” variable within the parasite blueprint, and set the new “Player Health” value as the result of that equation.

The parasite taking damage was handled by an actor component called “AC_TakeDamge” which was made with the use of YouTube user GDXR’s video [23]. [image: A screenshot of a video game

Description automatically generated with medium confidence]
This actor component handled all the damage numbers as on the event off taking damage it took the damage value and set it to the Damage Taken variable within the component, and in the “Event Begin Play” they link the health variable within the component to the parasite health. With both those variable properly linked it then allows to calculate how much damage the parasite has taken and wether the parasite actor has reached 0 health and needs to be destroyed. If the parasite does reach 0 health and is destroyed, before being destroyed it would taken 1 away from the enemy alive value for the enemy wave system. This actor component was very good to setup as it does not need to be setup again and can be used for any other enemies I add to the game to quickly set up damange and death to the enemy.

Melee Enemy Testing
	Test Number
	Description
	Result
	Further Action Required?

	1
	Parasite moves towards the players location
	Pass
	No

	2
	Parasite begins attack upon reaching player location
	Pass
	No

	3
	Parasite’s attack causes the player to lose the correct amount of health (Health lost should be 25, so player hp should be 75/100)
	Pass
	No

	4
	Parasite should die within 4 shots
	Pass
	No

	5
	Parasite plays the correct animation when stood still (idle) and moving (walk)
	Pass
	No





[bookmark: _Toc133408358]4.2.4 Enemy Wave System
Enemy Wave Spawning System
The enemy spawner blueprint and system was made using the Matt Aspland’s YouTube video [24]. 
Firstly within the game mode blueprint I setup an Enemy Alive variable and that variable is increased by 1 whenever an enemy is spawned into the world, decreased by 1 whenever the enemy is killed, meaning when all enemies are killed it hits 0. When the enemy alive variable hits 0 an event dispatcher is called  that I named “Spawn Next Wave”. 

[image: Graphical user interface

Description automatically generated]
The spawn next wave event is binded to the the spawner inside the spawner blueprint named “BP_Spawner”. When ever that event is called it starts a for loop that loops for the amount of times the enemy spawned variable goes. Within the main body of the loop it spawns the enemy at the spawner’s location. On completion enemy spawned variable is increased so following wave will spawn more enemies creating an incremental difficulty to waves.

Timer
To go with the wave system I made a timer so the player can see how long they survive for. My idea is for the timer to be placed inside the world to be a bit more immersive as I think it would be bad for timer to be a floating piece of HUD in a VR game.

The timer is linked to a door in the game, when this door is opened the timer begins within the doors blueprint and increases every second. [image: Graphical user interface

Description automatically generated]Every time the seconds value reaches 59 instead of increasing the seconds to 60, I set the seconds value back to 0, and increase the minutes value by 1. If the value is not 59, then the seconds value is just increased by 1. This gives me two different variables to feed into the timer widget, one for minutes, and one for seconds.

The timer widget is then setup to have two text boxes, and the text within the text boxes are linked to the function “GetTime” and “GetMinutes” where the text on the widget is determined by these two functions. “GetTime” uses a reference to the door blueprint to get the seconds value, convert it to text, and attaches it to the function. “GetMinutes” does the same but gets the minutes value. These values are then attached to the widget to give the correct time. The widget is the placed on an actor I made called “Timer” and placed within the game world to act as a clock.

Enemy Wave System Testing
	Test Number
	Description
	Result
	Further Action Required?

	1
	Timer should start when the door is opened, not when the world stats
	Pass
	No

	2
	Timer second value should increase by 1 every second
	Pass
	No

	3
	Timer minute value should increase by 1 every 60 seconds, and the second value should be set back to 1
	Pass
	No

	4
	Upon killing all the starter enemies the first wave should spawn
	Pass
	No

	5
	Upon killing the first wave the second wave should have increased in size by 1 for each spawner
	Pass
	No





[bookmark: _Toc133408359]5. Analysis
I gave out surveys for the play testers to complete after half an hour of play testing. To keep anonymity within the survey, the play testers did not complete the survey directly after the playtest. Due to the survey only being able to be done after someone had play test the game it was hard to find a large pool of people to play test meaning the survey pool is small, so the results of the survey are from a small pool of people. Another factor that made the survey pool small was the fact that it takes so many steps to install unofficial games to an Oculus Quest that it would put off people from wanting to play test the game so I had to bring my Oculus Quest to people with the game installed for them to play test. This meant that only people I could meet up with and let them use my Oculus Quest were able to play test the game.

In the survey I ask people what they rate each of the key features, then what their favourite and least favourite feature were. This was done so I can see how good the person thought each feature was versus what features they actually valued the most.

The survey was made by using survey monkey and so were the visuals for analysing the data from the survey [25]. 
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Description automatically generated]The weapon was the highest rated feature of the game with only one person rating it below a three. I think the results of this question make sense as the weapon does its purpose and implements the findings within my literature review about feedback. The weapon contains strong feedback letting the player know they have shot with a loud shooting noise, and an animation containing visual effects. The animation also acts as visual feedback for when  the player can and can’t shoot, as the player cannot shoot again until after the shooting animation has finished.

[image: ]
The rating of the enemy AI in the game also makes sense to me. The reason a low score makes sense to me is I was not able to apply my findings from the literature review to the enemy AI due to running out of development time. What I was unable to apply was a variety of AI, and unpredictability from the AI which were both highly valued feature to a games success.
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Description automatically generated]The UI was well received with only 1 person rating it below a 3. The ratings tell me that it was not a highly valued feature as most people score it a 3. Whilst good UI is found in most of the top VR games the findings in the literature review never suggested that UI was an influential factor to a game’s success, so these results are expected.
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Description automatically generated]When asked about the most enjoyable feature the majority choose the weapon. This makes sense as they previously scored the weapon highly, and the literature review suggested that gameplay was important, and so was user feedback which the weapon play a part in both. The question is followed up with a open ended question to allow the survey participant to explain why they liked this feature. For the answers related to the weapon 6 out of the 8 described how the gun felt to shoot positively. This would suggest to me adding strong weapon feedback to the user when firing the weapon played a big part in why the weapon was well received. 
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Description automatically generated]When asked which feature disappointed them the most the majority choose the Enemy. This makes sense as they previously scored the enemy lowly, and the literature review suggested that enemy being varied and unpredictable was an important factor to a game’s success and as previously mentioned I felt I did not implement that into the enemies in my game. The follow up question asks them why the selected the feature they chose, and
 3/7 answers made reference to not enough enemy types and 2/7 made reference to the enemy being too predictable.


[bookmark: _Toc133408360]6. Evaluation
From the data within the survey results it shows that the play testers valued the weapon and enemy features heavily. This is shown with the consistent choosing of these features in the most enjoyable feature, and most disappointing feature questions of the survey. This backs up what was found in my literature review that these elements of a game strongly influenced its success as the success of correctly implementing the weapon was picked up on as much as the failure of not adding enough variety in the enemy of the game. The weapon was commonly selected as the favourite feature, and when asked why majority of the answers referenced the weapons “feel” which may suggest that what was found in the literature review about feedback for gaming UX were true as these were the principles I followed to make the gun have that feeling. The answers from the survey were as I expected as I believed the weapon felt good to use, whilst the enemy AI was underwhelming due to a lack of variety.

I feel as if I was able to achieve all my object but one. The one objective I feel I did not fully achieve was “applying my findings to my design philosophy to ensure a fun and engaging game.” I feel as I was only able to partially achieve this objective as I applied my findings to the weapon in the game but was unable to fully apply them to the enemy as I ran out of development time. Despite this I do feel I did reach my main aim of making a VR game as the game does work and offers content to the player.



[bookmark: _Toc133408361]7. Conclusion
In the project I was able to conduct a literature review to find the information I needed. Firstly, I looked into the VR space and found out the most popular headset that was the Oculus Quest 2, and made that the target platform for my game. With this in mind I then looked into what makes a game good. I was able to find two different studies that suggested different parts of a game had more influence on a games success than others. The first study claimed that game variety, social, cohesion, and user interaction played the biggest part in a game’s success. The second study loosely backed this by stating gameplay was the biggest factor in a game’s success, this loosely back the first study as certain sub trees of those important elements arguably fall underneath the term gameplay. I applied these findings to the prioritisation method I used which was the MoSCoW method. I used these finding to put more priority in certain features over others. In the literature review I also looked into UX and what makes a good UX in gaming. I found a paper that suggested good use of “signs” and “feedbacks” were responsible for building a good “feel” to a game. I applied my findings to the implementation of the weapon in my game.
The results of survey suggested fell in line with my findings. The parts of the game that were well developed following my findings were received well, and the parts I failed to apply my findings to were not. The results of the survey also loosely back up the findings on which sections of a game is highly influential to a games success as the results show that the users most enjoyable feature was the weapon, and the most disappointed was the enemy Ai which lack in variety. I say loosely back up as the survey was only done by 10 people which is not a large sample size.

[bookmark: _Toc133408362]8. Reflection
Reflecting upon the project I learnt many lessons from the development section of this project. This first mistake I made was underestimating the decision between software choice. I took into account Unreal Engine versus Unity but did not take into account Unreal Engine 5 versus Unreal Engine 4. This mistake costed me a lot of development time as I ran into consistent crashes making a VR game in Unreal Engine 5. When looking on the forums I found that Unreal Engine 5 has a lot of crashing issues when it comes to VR projects and made the decision to switch to Unreal Engine 4. This oversight cost me a lot of development time as Unreal Engine 5 takes a long time to load, and the constant crashes meant I did not make any meaningful progress for the first couple of days of development. These lost days could have been used to implement another enemy type to my game which the results clearly show was needed. The lesson I learnt here was that every decision within a project no matter how small needs to be investigated and have reasoning behind otherwise a mistake can be made and time can be lost.
Undertaking a project in VR also showed to me how poor my testing skills were and allowed for me to fix my bad testing habits. This was instantly showed to me on the first day of working in Unreal Engine 4 where I was implanting the code for character movement on the left joystick. When the code was implemented, the character still did not move and I assumed it was due to Unreal Engine not picking up the controller input. I made this assumption as I knew for certain the part of the code responsible for the character movement was correct. Attaching a simple print statement to the controller joystick input would have showed me that the input was in fact working and the problem lied elsewhere but it took me 30minutes of messing around with the project settings to then decide to do this to individual test to decide which parts are and aren’t working. After this I was quickly able to find out I had made a mistake in the character viewport that was causing the player character to get stuck in the floor. The lesson I learnt here is that I shouldn’t make assumption on what doesn’t work the code and instead use unit testing to test which specific part of the code is causing the problem.
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Description automatically generated with medium confidence]
[bookmark: _Toc133408367]VR Pawn Hand Animation Setup
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[bookmark: _Toc133408368]VR Pawn Player Health Bar Widget Setup
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