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[bookmark: _Toc1925654496]1. Introduction
Lighting in video games is commonly utilised to enhance and control the presentation and atmosphere of a given environment. Importantly, it also impacts the readability of a given environment. Deliberately darkened environments can be used in level design, especially in the case of horror games, where the resulting reduced visibility can contribute to a tense and uneasy atmosphere. However, this reduction of visible information also introduces gameplay considerations, as players must still be able to navigate and interact with the environment and their surroundings through some means in order to play the game.
[bookmark: _Int_dBCTHqm0]Video games generally implement a variety of approaches to address this, whilst retaining the impact and intention behind these dark low-light environments. Some implementations give the player control over a tool, such as a flashlight or night vision tool, allowing the player control over when and where they can see, without outright removing darkness. Other implementations are controlled by systems, such as a short distance light source placed on the player so they can see short ranges, or an eye adaption system. It is worth noting that some games do not implement any direct assistance, often requiring the player to adapt to progress.
These different approaches can result in different experiences for players, despite all being in response to the same issue. For example, greater visibility might make navigation easier but can hinder the atmosphere that the darkness was meant to create. Conversely, approaches that are more restricted might preserve the intended impact of the atmosphere, whilst making navigation and gameplay harder. The implementations will be compared based on a variety of factors to determine the impacts on navigation, atmosphere, and the player experience.
[bookmark: _Toc1481162118]2. Background to the Proposed Research
[bookmark: _Toc1100824966]2.1 Human Vision and Low-Light Visibility
Human vision and perception change in response to different lighting conditions. In bright environments, cone cells within the eye provide colour perception and fine detail and are concentrated towards the centre of the retina. Rod cells, however, are utilised in low-light levels, being more sensitive to faint light, but providing lower spatial detail as a result, resulting in reduced colour perception and less visibility of fine detail. Rods are primarily concentrated outside the centre of the retina [1]. This adaptation to low-light conditions does not occur instantly, improving gradually when remaining in darkness.
These characteristics give more insight into low-light visibility, showcasing that beyond the brightness of an environment, there are changes in colour perception and visible detail. Furthermore, due to the distribution of cone and rod cells, peripheral vision can be more sensitive to faint light in darker environments. Each of these aspects can influence how players perceive and navigate a game environment, providing a foundation for investigating how different low-light perception implementations could balance the availability of visual information with the intended atmosphere and experience.

[bookmark: _Toc194019546]2.2 Lighting and Atmosphere in Video Games
[bookmark: _Int_2Z4cwyCK]Lighting within video games has both aesthetic and practical purposes. It is used to attract the players’ attention, convey environmental information, and build atmosphere for the player. Kafili [2] discusses how lighting techniques can be used to influence navigation, focus, along with emotional interpretation, displaying that darkness is not the only way to create a sense of unease. Similar research by Ribeiro et al. [3] found that a reduction in audiovisual thematic cohesion could negatively impact the perceived atmosphere of a game environment. However, it was also found that the perceived atmosphere, immersion, and physiological responses do not always align, showcasing the importance of considering differing aspects of player experience separately.
Lighting and sound are also contributors to tension in horror game environments. Graja et al. [4] investigated the impacts of changes in visuals, sounds, and events in-game, finding that changes in lighting could produce notable responses, while also reporting that sound still played a significant role. This would suggest that low-light visibility should not be considered independent of other aspects of the gameplay experience. When lighting implementations and changes are compared, other factors such as audio design need to remain consistent so that the effects from visibility are distinguishable from other sources.

[bookmark: _Toc1412080077]2.3 Darkness and Player Experience
Existing research would suggest that darkness can have an impact on emotions and behaviours of players, though these effects depend on context. Toet et al. [5] conducted investigations into simulated darkness in a virtual environment and found that the night-time condition was rated as less cosy and more tense in comparison to the day-time condition. However, the effects were limited overall, which indicated that darkness may not produce strong responses in every environment.
Research into virtual reality horror games has also identified darkness as a potential source of fear. Zhang et al. [6] explored fear responses and coping strategies in participants via interviews, where participants had described avoiding darker rooms and actively seeking visible illumination. The findings suggest visibility may influence both emotional responses and the way in which players approach and explore their environments. As these findings are from VR experiences, they may not seamlessly translate to conventional flatscreen games.
The evaluation of these experiences also requires consideration of the way in which player responses are measured. Baldini et al. [7] investigated the relationship between participants’ self-reported fear response and physiological indicators, reporting that an association between the subjective fear reports and sympathetic activity was found. In conjunction with the findings that subjective and physiological measurements may not always align [3], this supports the use of self-reported feedback as a means of evaluating player experience and responses, while recognising that it does not capture every aspect of player responses.

[bookmark: _Toc99331451]2.4 Research Gap
The literature provides evidence that lighting, darkness, and audiovisual design can all influence atmosphere, perception, and emotional responses in a game. However, effects have been shown to vary with context and with implementation. Further investigations into differing approaches to low-light visibility compared within a consistent game environment could provide greater insight into their effects on the player experience. This project will implement and compare several low-light visibility approaches in a controlled environment, including restricted visibility, player-controlled lighting tools, and system-controlled solutions. Participant feedback will be collected and analysed to investigate the impacts on visibility, preference, and the overall experience, to provide insight into the potential strengths and limitations of each approach.
[bookmark: _Toc568262679]3. Research Problem statement 
[bookmark: _Int_PtuxySPG]Despite being a common issue in video games, there is limited existing research on the impact that different solutions to low-light visibility have on gameplay and player experience. This project will conduct a small-scale study, comparing 3-4 implementations of low-light visibility and their effects on aspects of gameplay and the player experience.
[bookmark: _Toc1562571462]4. Research Aim & Objectives
Aim:
The project aim is to explore differing implementations of low-light visibility in video games and their impacts on the player experience.
Objectives:
· Analyse existing approaches to low-light visibility in video games and any relevant research into the effects on player experience.
· Design and develop a controlled testing environment featuring multiple implementations of low-light visibility.
· Evaluate the implementations through player testing, collecting feedback via a survey.
· Analyse and evaluate the collected feedback to compare the different implementations and identify any differences in player experience or preference.
[bookmark: _Toc802274075]5. Methodology
[bookmark: _Toc14199601]5.1 Methods 
This project will utilise an interpretivist research philosophy, as the focus is on understanding how players perceive and interpret different implementations. A deductive approach will be followed, as existing research will inform the design and development of the implementations and guide the evaluation of the effects on player experience. Software development and experimental strategies will be used to create a controlled game environment where implementations can be compared. The environmental factors will remain consistent to isolate the effects of the implementations. A mixed-methods approach will be used through questionnaires containing both numerical ratings and open-ended questions to provide insight into participant’s experiences. Quantitative data will be compared using descriptive statistics, while qualitative responses will be analysed to identify any recurring themes or preferences.
[bookmark: _Toc2027329479]5.2 Materials  
In terms of the software requirements for the project, the prototype will use either Unreal Engine 5 or Unity, pending a performance test to keep hardware requirements low. A questionnaire tool will also be needed. For hardware, a PC capable of developing and running the prototype would be needed. Primary data will be collected from 5-10 participants following their own experience of the different implementations. A questionnaire will be used, as it provides a consistent format for collecting feedback, covering visibility, navigation, atmosphere, and other factors of the overall experience. Participants will provide informed consent, with participation voluntary, and all data will be anonymised and securely stored. 
[bookmark: _Toc1831904657]6. Project Plan
Below is a screenshot displaying of an early Gantt chart created for the project utilising Tom’s Planner, with milestones, tasks, and hand-in dates tracked:
[image: ]Figure 1: Initial Gantt chart showing tasks, milestones, and deadlines
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