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[bookmark: _Toc85292594]Introduction
Immersion is a very desirable trait in video games and is quite well achieved across the board. However, this is magnified exponentially when experienced in virtual reality, especially with 6 degrees of freedom. Whilst game design itself can provide immersive factors to a game, there are intrinsic traits that come with a virtual reality game that I wish to focus on researching. This research would help further advance general game design knowledge as well as specialist knowledge with game design for virtual reality. This paper will also study some near future and in development advances for virtual reality technology that would enhance immersive experiences. 
[bookmark: _Toc85292595]Aims & Objectives
Regarding the factors that make a virtual reality video game immersive, there are a few notable ones such as stable framerate, a comfortable head mounted device, and a well-paced game experience. As a baseline these factors provide a decently immersive experience, however, the game experience itself can heavily sway the immersion either way. 
For example, games such as Puppet Fever [1] which have the player interacting and communicating with another person as a local social experience don’t try and immerse the player as much as realism purely online social games like VR Chat [2] or PokerStars VR [3]. However, these online social games are a different type and level of immersion that games like Half-Life: Alyx [4] bring to the table with their solo game experience and realistic physics engine.
By firstly making case studies of these games’ differences and similarities, a checklist of features that make these games immersive can be created to either discover more potential case studies as well as topics for further research into papers on VR immersion. To review these games’ immersive capabilities the research would involve playing the games if the resources are available. In the case that the game or hardware is unavailable the research would be through reliable gameplay videos and long form reviews from others who have experienced the games.
Secondly the research proposes studying the flow state proposed by Csikszentmihalyi and Nakamura, which is a state where “an individual operates at full capacity” [5] and is incredibly engaged in the subject matter. The research will focus on games like Beat Saber [6] for an example of entering a flow state within a virtual reality game. As displayed in fig.1 there is a fine line between the anxiety of a task too difficult or the boredom of a task being too easy which is the ideal state of play.[image: Diagram  Description automatically generated with medium confidence]
[bookmark: _Toc85292536]Figure 1 (Flow model adapted from Csikszentmihalyi)


The final research segment would be to study immersion itself as a general topic, understanding what makes certain games in general more immersive than others. Some topics to be researched here would be procedural generated worlds vs handcrafted settings, design philosophies, and audio design. Whilst these may not immediately relate to the project as a whole, they would improve the understanding of immersion as a whole, and therefore immersion in virtual reality games.
By further researching this topic I essentially wish to develop a checklist for building extremely immersive experiences as well as provide a variety of strong and clear examples with different levels of immersion. 

[bookmark: _Toc85292596]Background to the Proposed Research
In recent years virtual reality video games have become more prevalent as the technology of virtual reality headsets grow more commercially available for the general consumer. With the introduction of virtual reality, video games’ level of immersion has drastically increased simply due to advances in screen fidelity [7] and visual isolation. 
Whilst there was some early attempt at physical video game immersion by blocking out vision as the Virtual Boy console by Nintendo did, having a lack of motion tracking and therefore 0 degrees of freedom made it constrain the user too much and was rather uncomfortable. Development of virtual reality later led to using 3 degrees of freedom where there were 3 axis of movement in yaw, pitch, and roll of the device on the user’s head. Whilst this was good for standing still and viewing 3D media such as videos or 3D environments, it was difficult to feel immersed as your virtual camera would not actually move relative to your head, only rotate.
Finally virtual reality technology, using depth tracking within a given space, developed 6 degrees of freedom where in addition to 3 rotational axis of movement, the player could also move their virtual camera along the X, Y, and Z axis in a 3D space, as seen in the second illustration in Fig 2. This meant that the player could, for example, crouch without using an input from a controller and their view in-game would follow rather than staying at a set height, setting a new level of in-game immersion.[image: Diagram  Description automatically generated]
[bookmark: _Toc85292537]Figure 2 (Illustrating the axis of 3 and 6 degrees of freedom)


It also should be noted that within the community of VR users there are many complaints and many praises of current VR experiences. An example of a constant complaint, which directly affects immersion and will always be an unavoidable issue until the technology is more stable, is low latency and fluctuating framerate in VR games. On the other hand, once such issues have been overcome people have shared anecdotes on how they’ve spent hours upon hours in particularly immersive games like The Elder Scrolls V: Skyrim VR [8] to the point of missing out on things in real life. 
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