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[bookmark: _Toc117908686]Abstract
This is a proposal for the authors project on creating a game based demonstration of variation of colour visibility and general visibility issues faced by users in games and software. This document details the project itself, as well as information on different medical conditions that affect vision, and examples of video games that have some accessibility features to allow players with non perfect eye health a more level playing field. Additionally, this document also covers aims, objects, project design, and the resources and planning necessary for this project.
[bookmark: _Toc117908687]1. Introduction
Often times when games, programs or websites are designed and created, one area that can sometimes be overlooked is colour and general visibility. As the human population of earth grows (of which according to the UN is expected to be 8.5 billion people by 2030[1]), it would be understandable that given genetic diversity, there are going to be more people interacting with technology who have trouble with distinguishing onscreen visuals and/or colours. These can be a range of conditions affecting how much a person can see such as Albinism, which does also cause issues like short/long sightedness, blurred vision, sensitivity to light or nystagmus that causes reduced vision [2]. Other such conditions can include Colour Blindness, which can result in difficulty distinguishing colours due to irregularities in the cone cells of the individual’s retina [3].
The current state of technology available for people who use technology be it for games, websites, or other such media does have some accessibility options and design choices in place, however they are not widely used throughout the industry. Examples of these in video games can include options for UI scaling, Text Scaling, Colourblindness options/filters, changeable Field of View, Contrast options and (while usually more so intended for controller use) Aim Assist. 
Meanwhile, websites and programs can be browsed by people with severe vision problems by programs like screen readers that read out the contents of the screen to the user[4].
Therefore, the overall goal of this particular piece of work is to create a videogame that can be accessed by both typical end users and developers alike in order to gain an improved understanding of the accessibility issues faced by people with varied vision, be it colour, visual quality, or text readability (for example, black on white backgrounds being bad for people with Meares-Irlen Syndrome [5]). As well as showing solutions within the demonstration of things that can be done to be more accessible to a wider audience than those with perfect vision through multiple different methods, and to then gather data and feedback on possible methods.


[bookmark: _Toc117908688]2. Background to the Proposed Research

This project covers a decently large area of visual disabilities that may affect an end user, as such, the research for this project will include both a mix of medical information, information on physical real life solutions, and software solutions that are currently available to users who have different conditions that affect their ability to see key information displayed on screen to them when for example playing a video game, using software or browsing the web.
Even with perfect vision, there are still some differences that can result in variance of colour vision between individuals. For instance, one study has found that within a sample of 60 subjects (all of which had perfect eye health with no colour vision issues, evenly split between male and female), women can see and distinguish more different shades of colour than men, as when shown 22 different colour strips with 2 shade charts of different colours, the correct response rate from women (P < 0.001), while needing less time on identifying the colour (P < 0.01) than their male counterparts. Interestingly, the colours that were most identifiable to women versus men were red (P < 0.001) and green ( p < 0.01) [6]. 
An example of an eye condition that could potentially have negative impact in specifically video games is a condition called Nyctalopia. It results in the inability to see well in dark conditions [7] such as a poorly lit room, or in the night. This could potentially be an issue in videogames that are set in dark areas.
Conditions such as glaucoma which eventually leads to irreversible blindness is a condition that may be appropriate to consider further accessibility support for within games as, by 2040 it is expected to affect 112 million people worldwide [8]. The condition itself over time causes a permanent loss of ganglion cells within the eye, which are key for outputting visual information from the retina [8]. Additionally, some medication that people with Glaucoma take results in the pupil constriction which itself has similar conditions to night blindness, as the pupil is not letting in enough light [7] which could possibly result in difficulties seeing in poorly lit areas in games, or distinguishing important objects within a games world that are poorly lit. Interestingly, a video game has been made in Japan called Meteor Blaster with the intention of acting as an early detection test for Glaucoma, that tests both eyes of the player by making the player focus on the center of the screen, while meteors are on the sides of the screen in the peripheral vision of the player, an area that someone developing glaucoma would struggle to see [9].
One of the more supported visual conditions in video games is Colourblindness, or Colour Vision Deficiency. This is a condition that affects roughly 200 million people worldwide [10]. There are a few different ways of approaching accessibility for colour, such as changing the a process referred to hue rotation [10] which applies an angle to original hue that the user would see, in order to make the visuals more distinguishable for a user with a Colour Vision Deficiency. 
Currently, an example of how more recent games have dealt with issues regarding visibility in First Person Shooters, has been to either add a coloured outline or highlight to other players, or to allow the player to manually change the colour of players themselves within in-game settings. Examples of this can be seen in the following images.

[image: ]
(Figure 1. Screenshot taken from the authors own copy of the game Sector’s Edge[11]. Enemies have a bright green/yellow outline while team mates have a blue outline)
[image: ]
(Figure 2. Screenshot taken from authors own copy of the game Valorant[12] showing the options to highlight enemies with a glow to be easily identifiable to colourblind users)
[image: A video game screen capture
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(Figure 3. Screenshot taken form the authors own copy of the game Valorant[12] showing the protanopia enemy highlight applied, easily identifiable from the background.)
It is also worth mentioning, that for users who struggle to view the UI of a game, an example of a well known game that provides options for UI scaling for an easier UX experience can be the video game Minecraft, of which includes 4 pre-set GUI sizes and an automatic size for higher resolutions. There are also settings for changing in-game chat settings such as text size, text opacity, background opacity, line spacing, the size of the chat box, and even a narrator which is excellent for players who may struggle to read text due to poor visibility. The narrator can narrate everything, the games UI, the chat, or be turned off.
[image: ]
(Figure 4. Screenshot of the GUI scale setting from the authors copy of the game Minecraft.)
[image: ]
(Figure 5. Screenshot of chat settings showing the narrator option within the authors own copy of the game Minecraft.)
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The goal and ultimate aim of this project is to create a game based demonstration in order to both gather data on viability of potential accessibility solutions for the visually impaired, and to also potentially improve the understanding of a need for such features to both regular end users and developers alike (should any developers be found for the sample).
In order to do this, a game is to be designed and then built that will place the player through multiple different game scenarios, and then placed through the same scenarios again with accessibility options given to them.
Therefore, it has been decided that, in order to gather data on this project to determine how viable some of the solutions that will be implemented will be, information on time taken per “round” will be collected within the game anonymously, and then a feedback survey of sorts will be given at the end of the demonstration for members of the sample to anonymously fill out.
Once the data has been collected, it will then be placed appropriately within tables and graphs for easy reading, ideally with breakdowns for each section of the game and how each member of the sample performed in each section for evaluation purposes.



[bookmark: _Toc117908690]4. Project Design
[bookmark: _Toc117908691]4.1 Outline of Project
The project is a game that will be used in order to show different methods of adapting to visual disabilities in games and to gather information on the quality of said methods from the sample playing the game as they play and afterwards as a survey which in turn will then be transformed into graphs and tables for easy readability
[bookmark: _Toc117908692]4.2 Data Collection
The two data collection methods that have been chosen for this project is going to be a survey, and also automatically recording gameplay data of the users session (such as how long it took a user to find an object in a dark room). 
[bookmark: _Toc117908693]4.3 Data Evaluation
As data is going to be gathered both by gathering gameplay data in sessions and by conducting a survey, data will be a mix of both quantitative and qualitative data. However, this mix does mean that, while the project in theory could be repeated pretty easily, there is a chance that data gathered could be different from sample to sample.
[bookmark: _Toc117908694]4.4 Risks & Limitations
As data will be anonymised, and participants will have full control over if they are to participants for the full duration of the study, and afterwards in order to comply with GDPR, there should not be any risk with this study.
[bookmark: _Toc117908695]4.5 Ethical Issues
As some of this project will involve colour filtering for Colourblind users, there is the ethical issue that if a participant does not know that they are colourblind, they might find out from this study, which may become a source of distress for the participant. As such, it might be wise to both ask participants if they are colourblind before their session, inform participants that there will be a test on their colourblindness vision, and that if this may cause distress they are free to (and should) leave the study at any moment.

[bookmark: _Toc117908696]5. Resources & Planning
[bookmark: _Toc117908697]5.1 Resources Required
Materials for further improving on knowledge of C++ and Unreal Engine will be required.
[bookmark: _Toc117908698]5.1.1 Hardware Resources
A computer, mouse, monitor, and potentially internet access will be required for this work.
[bookmark: _Toc117908699]5.1.2 Software Resources
An IDE that supports C++ will be needed. Additionally, Unreal Engine will be used for this project and as such, is also needed too.
[bookmark: _Toc117908700]5.1.3 Other Resources
A sample of individuals to use for gathering data on this project to collect information on the viability of different methods of accessibility for vision. Ideally this should be a mix of regular end users and game/software/website developers alike, though end users only in the event no such developers are available will also still be acceptable.
[bookmark: _Toc117908701]5.2 Planning Chart
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This is a Gantt Chart of the project, which is based on the following table:
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