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[bookmark: _Toc1597408]Introduction:
This report investigates common design principles in the context of games development alongside user experience and user interface design principles. The discussion revolves around the importance of these design principles and how they impact a games development.
An analysis of the design and implementation of a simple procedurally generated maze game is also discussed and reviewed where the individual sections cover in detail how the games design was achieved and the approach that was taken to implement the game.

1. [bookmark: _Toc1597409]Application Development Concepts:

1.1. [bookmark: _Toc1597410]Design Principles:
Game design, or even design in general, is a very abstract term that can easily fall under different perceptions and opinions. The book “Game Design Theory: A New Philosophy for Understanding Games” takes a good stab at defining the attributes of design and discusses them as the fundamental characteristics of recognising a successful design [1]. Whilst this interpretation of design isn’t explicitly aimed towards a specific area of a games design, it can arguably be applied as a principle for what a plan of a design could consist of.
Most sources from research have stated that there isn’t a definitive or concrete method behind game design but they do try to categorize game design into various building blocks that can be considered design principles [2] [3].
A common theme appears when researching design principles for games which shows similarities between the most important aspects to consider when planning to design a game. These aspects often revolved around four main components which were story, mechanics, visuals and technology. As found in “The Art of Game Design: A Book of Lenses” a section aptly named “The Four Basic Elements” explains how a games design can be deconstructed into the above components and gives a quick summary of each of their roles [4].
Referring to previously cited sources, similar constructs can also be found from “Game Design: Theory & Practice” [2] and also “Game Architecture & Design” [3]. Other sources available online also show these similarities in design principles by showcasing very similar definitions that characterize the elements of the design process [5] [6].
Whilst findings show there is no solid foundation for how a game should be designed it is recognized that without any principles in place, coming up with a design for a game would be a difficult task.
Using the design principles found, they can be exercised as guidelines when planning out a strategy for a games design.

1.2. [bookmark: _Toc1597411]Usability:
Usability is an important measurement for computer software, it shows how well a piece of software performs in certain areas from a user perspective [7]. Usability is tested to gauge the practicality of certain aspects in software, these aspects are usually aimed towards the general ease of use the software provides [8].
For games, usability can be slightly more complex than the average computer application. Take for instance a word processing application such as Microsoft Word, when comparing this against a more sophisticated game such as Until Dawn, developed by Supermassive Games [9], where branching storyline and multiple choice is one of the games core mechanics, usability starts to become a lot more intricate and involving.
The context of usability, when applied to games, is one of the most important facets of the development process. Usability is incredibly important for video games as the experience is heightened due to the high level of interactivity that the medium offers.
Games need to feel intuitive to the user, each action that is performed in the game should feel responsive and fluid to achieve the best experience possible [10]. Due to the scope of usability being a lot broader than traditional software e.g. word processors, internet browsers, etc, usability is approached in a more general sense, this can be referred to as “playtesting”.
When going through the process of playtesting there are two elements that are concentrated on with the first being game mechanics. The primary focus when playtesting the game mechanics is to benchmark engagement, without appealing game mechanics the game runs the risk of losing the players attention. The second component when playtesting is to analyse accessibility, this can be done for various aspects of the game where usability is at the biggest risk, e.g., a games user interface [11]. Another well-rounded definition for playtesting can also be found within the book “Game Usability: Advancing the Player Experience” [12].

1.3. [bookmark: _Toc1597412]User Experience:
Usability and user experience are very closely related to the overall experience of a game but do differ in terms of measurement. User experience considers the level of immersion the game offers. High immersion expresses a very conducive user experience and usually leads to positive feedback when evaluating user experience, this is what most games aim for.
Research surrounding how to accomplish such a positive user experience points towards the understanding of “Flow”. This is a term that is used to describe the moment of complete immersion and fixation that an experience can deliver, flow, is a state of mind that when achieved can convey the optimal experience [13].
If applied to games, flow is an extremely powerful tool that can engage in compelling player experiences. This can be practised through multiple streams of a game such as narrative, mechanics, visuals, audio, etc [14]. Frameworks to influence flow do exist and provide a layer of guidance for what elements need to be considered to trigger flow and provide a good player experience [15].
More ludology can be found through research that shares information on how to evaluate the player experience, more specifically a report entitled “The Player Engagement Process – An Exploration of Continuation Desire in Digital Games” from the author “Henrik Schoenau-Fog” [16].


2. [bookmark: _Toc1597413]Requirements:

2.1. [bookmark: _Toc1597414]Concept:
Following the criteria within the assignment brief the software should include:
· Procedurally generated maze layout.
· A minimum of three levels.
· HUD or status bar interface.
· One or more goals/objectives.
· Randomly generated obstacles/collectibles/opponents.
The requirements lead to a concept were the player would need to traverse a randomly generated maze and find the exit, meanwhile, the players health will slowly decrease and to replenish health the player must find and collect health items that are randomly placed across the maze. For an extra challenge the health items are not regenerated, and health is reduced at a quicker rate whilst sprinting.

2.2. [bookmark: _Toc1597415]Game Rules:
The player will spawn within the maze on each level, the objective is to find the exit on each level of the game. The exit consists of a chest, once the player has found the chest by simply walking up close to it, they will automatically be taken to the next level. 
Whilst trying to find the exit the players health is constantly decreasing, as a side objective health items can be found around the maze to replenish health but once they are collected, they aren’t regenerated and are no longer available.
The game consists of three levels and as the player progresses the levels will gradually increase in difficulty with larger mazes and less health items.

3. [bookmark: _Toc1597416]Implementation:
Throughout implementation one important concept was kept at the forefront of development, this was to maintain extendibility. 
This meant that following common programming principles such as DRY (Don’t Repeat Yourself) and SRP (Single Responsibility Principle) [17] ensured that each class was implemented with a sole responsibility in mind and that a class design would eliminate redundant code.
Following these principles allowed for easier design of classes as each component could be used as intended without any worry of duplicate code. Extending classes with further functionality is also maintained as there is low dependency between classes as a positive trade off from integrating SRP into each classes design.


3.1. [bookmark: _Toc1597417]MazeOperations Class:

The MazeOperations class deals with any kind of operations that need to be performed on the maze within the game world. All methods and members are marked as static within this class, this design choice was made with the intention of using the class only for method calls and not requiring an instance of the class to be made, this leads to easy extendibility as there is no reference to an instance of the class anywhere else in code. 


Figure 1.
The class offers two methods of functionality. 
GetRandomRoom takes an array of rooms provided by the maze generator class, the method then chooses a random room within the limits of the room array. The chosen rooms index is stored as the current index to keep track of what room was chosen from the array, this is to eliminate the chances of the same room being picked again then next time the method is called.

public static MGMazeRoom GetRandomRoom(MGMazeRoom[] roomArray)
    {
        MGMazeRoom randomRoom = null;

        // Pick a random room using the limits of the rooms array
        currentIndex = Random.Range(1, roomArray.Length - 1);
        randomRoom = roomArray[currentIndex];

        // Check if the currently selected room was picked previously
        if(currentIndex == previousIndex)
        {
            while (currentIndex == previousIndex)
            {
                // Pick a random room using the limits of the rooms array
                currentIndex = Random.Range(0, roomArray.Length);
            }
        }

        previousIndex = currentIndex;

        return randomRoom;
    }
Figure 2.

GetRoomBounds passes the random room as an argument, this is then manipulated to retrieve the Renderer component from that room in order to get its Bounds. The bounds of the room are then returned from the method.
public static Bounds GetRoomBounds(MGMazeRoom room)
    {
        Renderer = null;

        // Get the rooms renderer component
        renderer = room.GetComponent<Renderer>();

        // Return the bounds of the renderer component
        return renderer.bounds;
    }
Figure 3.

3.2. [bookmark: _Toc1597418]VectorOperations Class:

The VectorOperations class has a very similar implementation as the MazeOperations class. The main goal of the vector operations class is to provide functionality for manipulating vectors, following the programming principles previously discussed the vector class only consists of static members as its intended usage doesn’t depend on an instance of the class in order to provide functionality.


Figure 4.
Whilst the class is brief with only one member, due to the design choices made this leaves the class easily extendable and adding more functionality won’t cause instability of introduce bugs due to high dependency.
GenerateCenterPosition provides a new Vector3 object that is within the bounds of the maze room that is passed to it. This is achieved by passing a rooms bounds into the method and retrieving its centre position relative to the bounds of the room.

public static Vector3 GenerateCenterPosition(Bounds randomRoomBounds)
    {
        Vector3 centerPosition = randomRoomBounds.center;

        // Set centerPosition y coordinate
        centerPosition.y = 0.5f;

        // Print to log the x, y, z values of the random position
        Debug.Log("X position: " + centerPosition.x + ", Y position: " + centerPosition.y + ", Z position: " + centerPosition.z);

        return centerPosition;
    }
Figure 5.
3.3. [bookmark: _Toc1597419][bookmark: _GoBack]SpawnController Class:

The SpawnController class is responsible for spawning objects around the maze. Unlike the previous classes this class is associated with a GameObject that resides in the scene. The class is attached to the game object and provides a way to store prefabs in an array which is then used to pick prefabs from and spawn them across the maze in various positions.


Figure 6.
PositionPrefab is the main method that is called within the classes Start method and all other methods within the class are encapsulated within it. The spawn controllers order of operations is to find a random room and to then retrieve the bounds of that random room. Once the bounds are fetched, they are then used to obtain a centre position which is stored in a Vector3. A game object is then randomly selected from the array of game objects and finally the centre position and chosen game object are passed to the GeneratePrefab method which instantiates the game object using the found centre position.
This approach allowed any number of game objects to be stored in an array and any random room within the maze to be selected for a spawning point.


public void PositionPrefab()
    {
        // Select a random room from the rooms within the maze
        randomRoom = MazeOperations.GetRandomRoom(GameManager.Instance.MazeRooms);

        // Check if the random room has been assigned
        if (randomRoom != null)
        {
            // Get the random rooms axis aligned bounding box
            randomRoomBounds = MazeOperations.GetRoomBounds(randomRoom);

            roomBoundsCheck = true;
        }

        if (roomBoundsCheck == true)
        {
            // Get a random vector3
            centerPosition = VectorOperations.GenerateCenterPosition(randomRoomBounds);

            // Pick a prefab from the array of GameObjects
            Prefab = PickRandomPrefab(GameObjects);

            // Generates the prefab and places it in the maze using the random position
            GeneratePrefab(centerPosition, Prefab);

            roomBoundsCheck = false;
        }
    }
Figure 7.
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