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[bookmark: _Toc243470721]Introduction
Learning a new codebase can be daunting as a new developer; repositories and file structures can change all the time, and code complexity increases as the project evolves [1]. A single function can have ties to other files all over the codebase, and this can quickly become overwhelming when trying to understand what the different methods do by only viewing one file after another [2]. Being able to understand a new codebase quickly is crucial.
As most integrated development environments (IDEs) rely on file-based editing, it can become difficult to visualise how each file interacts with each other and viewing multiple fragments of code all at the same time [3]. This text-based method of viewing a codebase is the most common way a developer will interact with a codebase. However, there are other methods that a developer could use to aid in their understanding and engagement of a codebase [4], [5].
Various new applications and techniques have been developed to visualise codebases and address the limitations of text-based IDEs. 3D visualisations of codebases are still struggling to gain acceptance in many developer workflows. Issues such as navigation and interaction are holding this immersive experience back [6]. Virtual Reality (VR) could be used to overcome this interaction barrier, and some tools have even started using VR to aid in viewing and refactoring large codebases [1], [2]. VR would allow you to step into and view large codebases, as it offers a more natural interactive experience than 2D screens controlled by a mouse and keyboard [7].
[bookmark: _Toc243470722]Background to the Proposed Research 
The city metaphor is widely used in software visualisation: classes are represented as buildings, which are contained within districts representing packages. The number of attributes and methods can represent the buildings' width and height, respectively. Various visualisation tools have used this approach [8]. Moreno-Lumbreras et al. examined the influence of this metaphor. They found an increasing number of publications since 2001 in which researchers used this method to create software visualisation tools. They also identified the use of extended reality as an opportunity for exploration [8]. Figure 1. An example of the City Metaphor [8]

Wettel and Lanza used the city metaphor across a number of papers to help identify areas of design disharmony, such as classes that have too much responsibility, exploration of large systems, and program comprehension [6], [9], [10], [11]. Panas et al. created a tool to visualise large codebases, as well as present an overview to stakeholders and users from different areas of the business [12]. They have used an existing visualisation tool, Vizz3D, to produce their application. The program also collects and displays run-time analysis for visualisation [12]. EvoSpaces is another 3D visualisation tool for exploring software architecture [13], [14]. The software focuses on providing the user with a global view of the system through navigation and interaction with the world. Users can navigate the world by flying over the city or walking through the streets. The buildings can also be entered to view the functions and methods contained within. There is also a relationship view that highlights which classes are connected and how data flows between them [13], [14].
Code Park is a tool that aims to help novice users, such as students, understand codebases in an engaging and intuitive way [4], [15]. Code Park represents each class in the codebase as rooms that the user can enter to view all the code it contains. It also allows the user to click on functions in the code and be taken to the class that defines them [4]. HeapKeep attempts to gamify exploring a codebase by creating a 3D world where the user can navigate it like a game's dungeon. The user is followed by a Large Language Model (LLM) powered non-playable character (NPC) that can answer questions about the code [5]. However, the paper concluded that users found the navigation of the 3D environment frustrating and slow, and preferred using the 2D map representation to visualise and navigate the codebase [5].
The city metaphor has also been used when creating software visualisation tools for VR. CityVR aims to provide users with a more interactive experience when viewing a codebase. It uses a 3D virtual environment and gamification to boost engagement, curiosity, and interest in exploring a codebase [16]. Users were presented with tasks to gauge their comprehension. VR City allows users to view source code and visualise method invocations [17]. It also proposes a new layout algorithm that differs from the traditional nested, street, and graph-based layouts. The new layout algorithm focuses on positioning the buildings with respect to the method coupling [17]. Giannaccari et al. proposed a tool that could not only view codebases but also aid in refactoring within a VR environment [1]. The software aims to improve perception and simplify refactoring by making it feel more organic and engaging. One limitation of the software was that it took too long to build scenes, hindering real-time interaction. Furthermore, a user study was not completed as part of the development process [1].Figure 2. Visualisation of a codebase in VR [1]

Other VR tools took a different approach to visualising codebases. CodeHouse is a tool that visualises a codebase's structure in VR to aid understanding and debugging [2]. Rooms represent modules, and within each room, some objects represent functions connected with lines that represent the relationships between these functions. Objects can be selected to view more detailed information, such as the source code, and debugging is supported by linking a debugger tool [2]. IslandViz is another tool for exploring codebases in VR. It represents each module as a distinct island. These islands are then shown on a virtual table, allowing the user to explore through the use of navigational tasks [18]. Various building types represent different kinds of classes and functions, and the overall layout of the islands can reflect the number of packages the modules need, with minimal requirements resulting in many smaller islands that are spread out [18].
Using VR also has some limitations compared to traditional 3D applications. Fittkau et al. explore the use of gesture-based interaction with a VR environment and evaluate the practicality and use of VR [7]. The gesture interaction was well received; however, some participants in the study experienced motion sickness and were unable to complete all tasks. As well as this, the resolution of the headset made some labels difficult to read [7].
[bookmark: _Toc243470723]Research Problem Statement
I propose creating a VR application to overcome the drawbacks of 2D displays and input devices for viewing large, complex codebases in 3D. This application will take advantage of a VR headset’s ability to display 3D information to a user in a way they naturally perceive. Using a VR headset will also provide a more immersive experience for the user, allowing them to walk around to view data and to impose a sense of scale among the different objects and relationships within the codebase.
[bookmark: _Toc243470724]Research Aim & Objectives
Aim: To design, develop, and evaluate an interactive virtual reality tool to aid comprehension of software codebases.
Objectives:
1. Create a tool that can scan through a codebase and highlight and record information that can be used to create the interactive VR environment.
2. Design and create a VR environment using the Unity game engine that can be navigated using a VR headset.
3. Use the data from objective one to build the interactive environment and visualise the scanned codebase.
4. Obtain user feedback via a questionnaire to evaluate the impact and practicality of this tool.
[bookmark: _Toc243470725]Methodology
[bookmark: _Toc243470726]Methods
An interactive software application will be created first and used to display a codebase. Similar to Fittkau et al. [7] and Bisset et al. [5] a group will be selected to interact with the application and perform basic tasks, such as finding classes and navigating. Afterwards, they will be given an online survey to gather qualitative data about their experience. In-person interviews may also be conducted. This will assess whether the application will effectively improve user engagement when learning new codebases and highlight any issues users may have encountered.
[bookmark: _Toc243470727]Materials
Unity will be the game engine used to create the application, which uses the C# coding language [19]. Unity is the most widely used engine for creating VR applications, and it also provides support for creating them [20]. JetBrains Rider will also be the preferred IDE used, and it offers a free license for student use [21]. A Meta Quest 3S will be the Virtual Reality Headset used to test and display this project [22].
Microsoft Forms is a free tool to create surveys to collect user feedback [23]. Any data collected from users will be anonymised, and personal data will not be collected. It also provides basic metrics and lets you export the response data to Excel.
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The Gantt chart was created using a website called Tom’s Planner [24]. The figures below show some of the key dates and milestones throughout the project.
Figure 3. Project Timeline (1/3)




Figure 4. Project Timeline (2/3)




Figure 5. Project Timeline (3/3)
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