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[bookmark: _Toc27431774]Introduction
This report will be broken down into two key parts; discussion of a recent trend in game development, and the documentation of creating a game in unity. The discussion will list trends, and pick one for further analysis, with a conclusion on how it’s relevant in the context of the Games Development course. Documentation of the game developed for this module will cover several sections, including requirements, design & implementation, testing & evaluation, in addition to a conclusion highlighting potential future improvements.

[bookmark: _Toc27431775]Application Development Concepts

[bookmark: _Toc27431776]Recent Development Trends
Examples of developments in games development and technology may include the following:
· Virtual reality
· Augmented reality
· 5G
· Game streaming (e.g. Google Stadia)
· Cross-platform gameplay (e.g. Minecraft)
· Artificial intelligence
For this section, the topic of Augmented Reality will be explored.

[bookmark: _Toc27431777]What is Augmented Reality?
Augmented Reality (AR) is a growing tech trend with numerous applications. Unlike Virtual Reality (VR), which creates an environment for the user and displays it through a specialised headset, Augmented Reality uses elements of the users’ real-life environment to interact with a system or software.


[bookmark: _Toc27431778]How is AR Used?
AR is being widely adopted in many fields. In retail, it is possible to view a product in one’s own home before purchase (e.g. a new chair or lamp). In medicine, MRI scans can be used to model a visual diagram on the part of the body which needs to be operated.
In games, one of the more memorable examples of AR in recent times is Pokémon Go. The amount of installations shown by the Google Store [1] further reinforces the impact Pokémon Go has had. When walking around, the player can catch Pokémon in various real-life locations tracked via their smartphone. Once a monster is encountered, the camera on the phone displays the scene in front of them and inserts the monster into the setting. The player may then attempt to physically approach the monster and catch it, although getting too close causes the monster to flee.
[bookmark: _GoBack]ARise [2] is another example of AR, where the game creates a virtual environment fixed to a point in real life (e.g. a table), however the player must rotate around the environment to follow their character. They are also expected to “Solve puzzles using visual cues whilst moving around the world”, such as their character being unable to cross a gap. The goal is for their character to reach the endpoint in each environment with player aid.
The aims of AR involvement in games are widely varied, thus pinpointing the benefits of a given application will yield results not normally found in conventional games media. A case study will be used to analyse the application of AR in Pokémon Go and review the systems’ effects on the user.


[bookmark: _Toc27431779]The Pokémon Go Study
In a study conducted by Philipp A. Rauschnabel, Alexander Rossmann, M. Claudia tom Dieck [3], the systems in place push a “Uses and Gratification Theory” (U&GT) model with AR as a key component.
In section 3.2. the functions of Pokémon Go (referred to as PG henceforth) are broken down and describe how it caters to the U&GT model. Some such examples include:
· (Page 278) Mobile AR games are growing more popular, and the users’ need for enjoyment proliferates popularization of such games.
· (Page 278) The need for walking around and observing surroundings in order to drive user enjoyment opens avenues for the user to break into other communities and industries such as health and fitness, tourism and games.
· (Page 279) A by-product of the need to move includes improved gameplay immersion using the AR system as a result of low-level physical activity yielding a sense of relief after the fact.
· (Page 279) The functions of AR games is essential in having the user achieve a state of ‘flow’ – whereby the user is completely immersed in the game, leading to several beneficial outcomes;
· Consistently achieving flow brings about a more enjoyable experience with AR games.
· Achieving flow brings about the drive for users to continuously return to the game.
· Flow can drive other systems, such as in-app purchases.
· (Page 280) Groups of PG players gather around locations in which they have access to more in-game resources. Meeting likeminded individuals may prompt social interactions and help develop relationships. Positive social experiences drive user enjoyment with AR games.
· (Page 280) Positive experiences with the game amongst the player base drive user satisfaction. The greater the satisfaction, the more socially norm playing PG is, further proliferating installations within the AR game genre from even amongst those who do not play the game.
· (Page 280) With the need to be out and about comes physical risk. Examples include the potential for the users’ phone being stolen while using AR, which may bring down user satisfaction.
· (Page 281) The usage of AR systems, of which involve camera utilization, pose privacy concerns such as data collection on images captured via AR. This may push those concerned with privacy away from games with AR.
The conclusion of this study stated that overall, those that perceived the physical risks of PG as too great were pushed away from playing the game. However, there are several benefits provided by the game, such as improved social and emotional wellbeing.


[bookmark: _Toc27431780]How AR Is Relevant
Inclusion of AR in games can have many impacts on the user experience. The growing popularity of AR show that the positive effects are desirable amongst broad audiences, from many different communities. In the case of PG, AR helps immerse the user in their game, while simultaneously aiding other aspects of everyday life, such as physical and mental wellbeing. Inclusion of this feature is worth investigation for any application, where care in the implementation of AR can boost almost any other system in place.


[bookmark: _Toc27431781]Application Documentation
This section will document the steps of game development using Unity. An outline of requirements will be established, followed by an analysis of the implementation & design of each level. An evaluation section will describe the testing methodology and discuss the results of said testing. A conclusion will highlight the key points of each subsection mentioned above.
[bookmark: _Toc27431782]Requirements
The application developed for this assignment is named “Questing Dragon”. The concept is that you, the player, control a dragon warrior whose goal is to eliminate soldiers who have invaded the warriors’ lands.

[bookmark: _Toc27431783]Rules
Fly across the three different lands, eliminating the soldiers who stand between you and the commander. Move left and right by holding left and right arrow keys. To navigate gaps, fly by holding the up arrow in addition to left or right.
Press left shift to launch a fireball. Soldiers hit by a fireball will be eliminated. The goal of each level is to eliminate the unique soldier on the field – i.e. the MVP, differentiated by their unique sprites relevant to the level you are on.
Be careful to not touch an enemy, otherwise you will see the dragon warrior fail the level. Falling out of the camera boundaries will also register as a fail.
Collect blue embers as you navigate a level and watch as your score increases via the HUD interface. These embers appear randomly in the level, where more occur in later stages.



[bookmark: _Toc27431784]Functional Requirements
The main features needed of the game are as follows:
· Levels
· Minimum of three functioning levels
· Levels can be transitioned between upon win condition met
· Movement
· Left
· Right
· Up (flight)
· Down (gravity)
· Fireballs
· Upon attack prompt, create fireball in front of user
· Fireball travels on its own
· Left
· Right
· Fireball destroys enemies
· Enemies
· Minimum of one MVP per level
· Eliminating MVP acts as a level win condition
· Fail conditions
· Player contacts enemy
· Player falls out of bounds
· Collectibles
· Randomly spawned embers
· Can be picked up
· HUD
· Always visible
· Displays number of embers picked across levels


[bookmark: _Toc27431785]Design & Implementation
The game was made using Unity version 2019.2.11f1.

[bookmark: _Toc27431786]Scripts
· CameraFollow attaches to the player and allows the camera to make the same movements as them.
· CharacterAnimator allows animations for the dragon warrior to play depending on what the player is doing.
· CharacterMove is what allows the user to move, done by applying force in different directions dependent on user input.
· CollectSpawn controls how many collectibles spawn, while instantiating prefabs randomly within the scene.
· Enemy controls which game objects act as an enemy, and if one is destroyed and is the MVP, the next level loads.
· Fireball controls the speed at which an instantiated fireball travels at, in addition to destroying game objects marked as enemies.
· GameManager controls the loading of scenes. If an MVP is killed, or the player contacts an enemy, appropriate scene manipulations are enacted.
· Player controls the animations of the dragon warrior, flips the sprite dependent on left or right movement, as well as instantiates fireballs when prompted.
· PlayerCollect controls the collecting of embers and incrememnting HUD elements.
· UIManager enables HUD elements to be displayed within the camera window.



[bookmark: _Toc27431787]Levels
Level 1 starts the player off at an easy difficulty, with few soldiers and obstacles to deal with.
[image: ]
[bookmark: _Toc27431761]Figure 1 Screenshot of Level 1, starting point
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[bookmark: _Toc27431762]Figure 2 Screenshot of level 1, end point


Level 2 sees the player tackle more vertical challenges and soldiers. More embers are present.
[image: ]
[bookmark: _Toc27431763]Figure 3 Screenshot of level 2, starting point
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[bookmark: _Toc27431764]Figure 4 Screenshot of level 2, end point


Level 3 is the hardest, featuring a significantly darker scene, numerous soldiers, and winding vertical paths to navigate.
[image: ]
[bookmark: _Toc27431765]Figure 5 Screenshot of level 3, starting point
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[bookmark: _Toc27431766]Figure 6 Screenshot of level 3, end point


[bookmark: _Toc27431788]Evaluation
The evaluation section will be broken down into two subsections. The first section, Testing, will be presented as tables, documenting the methodology in testing each of the requirements outlined in the “Functional Requirements” section and detailing the findings of each test. The next section, “Results Analysis” will discuss results in greater detail.


[bookmark: _Toc27431789]Testing
The format is as follows:
	Test Case
	Test Description
	Prerequisites
	Expected Result
	Actual Result
	Status (pass / fail)



	Test Case 1
	The game has at minimum three functioning levels
	N/A
	The user can access and play through at least three levels
	Three levels were designed and can be run via Unity using version 2019.2.11f1
	PASS



	Test Case 2
	Level 1 transitions to the next level upon MVP elimination
	MVP is eliminated
	Upon MVP elimination, the user is taken to the next level
	Eliminating the MVP brings the user to level 2 
	PASS



	Test Case 3
	Level 2 transitions to the next level upon MVP elimination
	MVP is eliminated
	Upon MVP elimination, the user is taken to the next level
	Eliminating the MVP brings the user to level 3
	PASS



	Test Case 4
	Level 3 transitions to the next level upon MVP elimination
	MVP is eliminated
	Upon MVP elimination, the user is taken to the next level
	Eliminating the MVP brings the user back to level 1
	PASS





	Test Case 5
	The player can move left
	Left arrow key pressed
	While holding the left arrow key, the player is moved left
	Holding the left arrow key applies a force to the left of the player, carrying them in that direction
	PASS



	Test Case 6
	The player can move right
	Right arrow key pressed
	While holding the right arrow key, the player is moved right
	Holding the right arrow key applies a force to the right of the player, carrying them in that direction
	PASS



	Test Case 7
	The player can move up
	Up arrow key pressed
	While holding the up-arrow key, the player is moved upwards
	Holding the up-arrow key applies a force in the upwards direction, carrying the player in that direction
	PASS



	Test Case 8
	The player can move down
	The player is not grounded
	While not grounded, gravity pulls the player down
	Holding the up-arrow key to bring the player upwards followed by waiting briefly showed that gravity was acting on the player, bringing them down
	PASS

	Test Case 9
	The player can create fireballs
	Left shift key pressed
	When left shift key is pressed, a fireball is created
	Pressing left shift creates a fireball in front of the player
	PASS



	Test Case 10
	The fireball travels without reliance on player movement
	Left shift key pressed
	When a fireball is created, it travels across the level, independent of the user
	Creating a fireball sees it travelling across the level
	PASS



	Test Case 11
	The fireball can travel left
	Left shift key pressed
	Fireballs can travel left post creation
	Creating a fireball sees it travel to the right
	FAIL



	Test Case 12
	The fireball can travel right
	Left shift key pressed
	Fireballs can travel right post creation
	Creating a fireball sees it travel to the right
	PASS



	Test Case 13
	The fireball destroys enemies upon contact
	Left shift key pressed

Enemy makes contact with fireball
	Creating a fireball which makes contact with an enemy eliminates them
	Enemies are eliminated upon fireball contact
	PASS




	Test Case 14
	There is at least one MVP in level 1
	N/A
	Level 1 has at least one MVP
	Level 1 is populated with multiple enemies, in addition to an MVP
	PASS



	Test Case 15
	Eliminating level 1 MVP triggers the next level transition
	MVP eliminated
	A fireball colliding with the MVP triggers the next level transition
	The next level is loaded upon fireball contact with MVP
	PASS



	Test Case 16
	There is at least one MVP in level 2
	N/A
	Level 2 has at least one MVP
	Level 2 is populated with multiple enemies, in addition to an MVP
	PASS



	Test Case 17
	Eliminating level 2 MVP triggers the next level transition
	MVP eliminated
	A fireball colliding with the MVP triggers the next level transition
	The next level is loaded upon fireball contact with MVP
	PASS



	Test Case 18
	There is at least one MVP in level 3
	N/A
	Level 3 has at least one MVP
	Level 3 is populated with multiple enemies, in addition to an MVP
	PASS





	Test Case 19
	Eliminating level 3 MVP triggers the next level transition
	MVP eliminated
	A fireball colliding with the MVP triggers the next level transition
	The next level is loaded upon fireball contact with MVP
	PASS





	Test Case 20
	Falling out of bounds acts as a fail condition
	Player is out of bounds
	If the player moves outside the level bounds, the fail condition is met
	If the player becomes invisible to the camera, the level is reloaded
	PASS



	Test Case 21
	Making contact with an enemy acts as a fail condition
	Player makes contact with enemy
	If the player sprite makes contact with an enemy sprite, the fail condition is met
	Making contact with an enemy sprite reloads the level
	PASS





	Test Case 22
	Collectible embers are randomly spawned across the map
	N/A
	Upon loading a level, embers are randomly spawned across the map
	Embers are randomly spawned across the levels
	PASS



	Test Case 23
	Embers can be picked up
	Player collides with ember
	Upon collision with an ember, it is destroyed
	Embers are destroyed upon contact
	PASS





	Test Case 24
	The HUD is always visible
	N/A
	The HUD is always visible to the player, regardless of where their character may be
	The camera has a HUD attached to it, enabling the HUD to always be visible due to the camera also being visible
	PASS



	Test Case 25
	Embers picked up are tracked across levels
	At least one ember picked up
	Picked up embers are persistently tracked across levels
	The ember tracker is reset upon a level being loaded
	FAIL




[bookmark: _Toc27431790]Results Analysis
The results yielded from testing show the following:
- The fireballs created by the player cannot travel to the left. This is likely due to an issue in how the transformation of the fireballs’ position was coded, which only takes into account a positive speed vector.
- Embers are not persistently tracked across levels. This may be caused by the scenes loading an entirely new counter for embers when the player completes a level.
Additional future improvements of note as a result of testing include the following:
- Allow fireballs to travel left, in addition to flipping the sprite when travelling left.
- Allow embers to be tracked across levels.
- Embers spawned within the map may spawn inside objects or out of bounds, and cannot be picked up. This presents a conflict with the interest of the game, and can be fixed implementing a check pre-instantiation.
- The movement system uses an applied force mechanic. This means that flight feels more realistic due to momentum being carried, however there are no set terminal velocities, meaning the player can reach unnecessary speeds, in addition to an ‘ice skating’ feel along ground, where a friction system would ease the users’ experience with movement.
- A health system would reduce the difficulty and enhance the experience, as currently the game can be punishing in the sense that only being hit once is a fail, especially considering the fact that the ‘ice skating’ movement can cause a lot of unintentional movements, which may lead to such failure.
- Animation is subpar. The only animated object is the player, which has an idle, walk and flight animation. Inclusion of ember and enemy animations would enhance the overall experience.

[bookmark: _Toc27431791]Conclusion
The game “Questing Dragon” was designed to be a fairly simple platformer with 2d movement, win and loss conditions, enemies that block your path, and a collectibles system. However, testing showed that there are some core functions that do not work, and many quality of life features are lacking. Some solutions were proposed as future improvements to the game.
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