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Abstract

With the technological advances of recent years, Extended Reality (XR) (Virtual

Reality (VR), Augmented Reality (AR) and Mixed Reality (MR)) hardware costs have

decreased, making XR applications accessible to a wide range of users. The number of

applications that emerge for XR devices has been rapidly increasing, with cutting-edge

features being developed both in the virtual and physical realms, that create unique

immersive experiences. There is still a great amount of research being done on how

such technologies can assist in the creation of educational processes in various fields,

such as educational flight simulators, by reducing the cost and risk of use of physical

world analogues. This thesis focuses on VR and explores the way various types of User

Interfaces (UIs) and AudioVisual (AV) effects impact User Experience (UX) in such

applications, while also investigating if social educational games enriched with fantasy

elements can increase user engagement and presence in the virtual world to ultimately

enhance UX even further. This thesis presents the design, implementation and evaluation

of an educational collaboration VR game of the Role Playing Game (RPG) genre, where

users can create their own stories collaboratively and play them to achieve desired tasks.

Diegetic, non-diegetic, spatial and meta UIs are employed alongside AV effects used for

immersion and narrative purposes, while the design of the application aims to provide

the users with the means to create virtual worlds, where they can learn, bond with each

other and have fun by playing different roles.



Περίληψη

Με τις τεχνολογικές εξελίξεις των τελευταίων ετών, το κόστος εξαρτημάτων της Ε-

κτεταμένης Πραγματικότητας (Εικονική Πραγματικότητα, Επαυξημένη Πραγματικότητα και

Μικτή Πραγματικότητα) έχει μειωθεί, καθιστώντας τις εφαρμογές Εκτεταμένης Πραγματι-

κότητας πιο προσιτές σε ευρύτερο φάσμα χρηστών. Η έρευνα συνεχίζεται για το πώς αυτές

οι τεχνολογίες μπορούν να βοηθήσουν στη δημιουργία συνεργατικών διαδικασιών σε διάφο-

ρα πεδία, όπως οι προσομοιωτές πτήσης, μειώνοντας το κόστος και τον κίνδυνο χρήσης

των αναλόγων τους στον φυσικό κόσμο. Αυτή η διπλωματική εργασία επικεντρώνεται στην

εικονική πραγματικότητα και εξερευνά τον τρόπο με τον οποίο οι διεπαφές χρηστών και

τα οπτικοακουστικά εφέ που ενσωματώνονται στο εικονικό περιβάλλον επηρεάζουν την ε-

μπειρία χρήστη σε συνεργατικές εφαρμογές. Παράλληλα διερευνά εάν τα σοβαρά παιχνίδια

εμπλουτισμένα με στοιχεία παιχνιδιών ρόλων μπορούν να αυξήσουν τη συμμετοχή των χρη-

στών και την παρουσία στον εικονικό κόσμο για να βελτιώσουν τελικά ακόμα περισσότερο

την εμπειρία χρήστη. Η παρούσα διπλωματική εργασία παρουσιάζει το σχεδιασμό, την υλο-

ποίηση και την αξιολόγηση ενός συνεργατικού παιχνιδιού ρόλων εικονικής πραγματικότητας

όπου οι χρήστες, μέσω του διαδικτύου, μπορούν να δημιουργούν συνεργατικά εικονικούς

κόσμους και να παίζουν σε αυτούς παιχνίδια με εκπαιδευτικό περιεχόμενο. Ο σχεδιασμός

της εφαρμογής αποσκοπεί στο να παρέχει στους χρήστες τα εργαλεία για να δημιουργήσουν

εικονικούς κόσμους, όπως εργαλεία μορφοποίησης εδάφους, σχεδιασμού δασών, ποταμών,

λιμνών και οικιστικών περιοχών, χρήση μουσικό-ακουστικών ζωνών καθώς και χαρακτήρων

τεχνητής νοημοσύνης. Ο σκοπός της διπλωματικής εργασίας είναι να εξεταστεί το πως

ο συνδυασμός των παραπάνω στοιχείων μπορεί να διαμορφώσει συνεργατικές εκπαιδευτικά

και όχι μόνο παιχνίδια τα οποία αρμόζουν στο μέσο της εικονικής πραγματικότητας ώστε

οι χρήστες να μπορούν να μάθουν, να δεθούν μεταξύ τους και να διασκεδάσουν παίζοντας

διαφορετικούς ρόλους.
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Chapter 1

Introduction

1.1 Brief Description

Collaboration applications, conventional or Mixed Reality (MR), have been used for many

years to allow people to receive assistance on IT issues they may be facing or to simply

connect and collaborate on tasks they wish to accomplish or even to get together and get

to know each other.

This thesis aims to investigate how VR can evolve in a tool that can be used for a

plethora of collaboration scenarios, where users either aim to educate themselves on a

specific matter, co-exist and communicate in order to improve their interpersonal and

empathetic skills or any other possible thing that can be accomplished through collabo-

ration. Since VR technology is still fairly new for the more conventional technology user

like mobile and pc user, physical issues arise like motion sickness and user disorientation.

There is a need of research on how to adapt aspects of applications like UIs and AV

effects in order to become more suitable for VR use to combat these complications [1].

Furthermore, one intriguing aspect of VR collaboration is exploring the development

of meaningful educational tools that can amplify learning [3]. This thesis investigates how

to combine these tools with gamification techniques to not only improve user enjoyment

and engagement, but also to enhance the learning process itself.

The end product is a virtual environment made in Unity3D that immerses the VR

user in the ”home world” when the application is launched. The VR integration is done

with the use of the XR Interaction Toolkit Unity plugin which provides a framework that

makes 3D and UI interactions available from Unity input events. The core of this system
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1. INTRODUCTION

Figure 1.1: The virtual–real engagement and ubiquitous computing continuum [2].

is a set of base Interactor and Interactable components, and an Interaction Manager

that ties these two types of components together. Inside this home world the player

can navigate and find three doors, each one having a specific functionality. One door

transports the player to the creator scene (creator mode), one transports them to the

play scene (play mode) and one quits the application.

The creator scene is synchronized on the network so that many players can join and

play together. Inside this scene there is only a 200x200 unit terrain present when players

enter and each player can use a palette which is a diegetic user interface that provides

tools for collaborative virtual world building like terrain manipulation, creation of forests,
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1.1 Brief Description

Figure 1.2: The home world of the developed platform

rivers, lakes and oceans and object, NPC (non player character) and spatial soundtrack

and audio effects placement and editing in the world. The terrain manipulation is made

by changing the terrain’s heightmap and alphamap arrays which hold the information on

how the terrain should be represented inside the virtual world. Other objects, NPCs and

sound areas are added by the users on the terrain by instantiating the desired assets at

corresponding position in the virtual world.

The users have to enter creator mode and collaborate in order to create a world they

have imagined or one that is a simulation of places of our real world, where they will

have to play a storyline. The synchronization over the network is achieved through the

use of the Normcore networking solution by Normal which is a library that consists of

layers of APIs that implement a server client network architecture functionality.

When the desired world is created, it can be saved on the pc’s local files by serial-
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1. INTRODUCTION

izing information of the characteristics of the world in files of JSON(JavaScript Object

Notation) format. The users can then load the world in play mode which is done by de-

serializing these files and importing the acquired information in the virtual environment.

Figure 1.3: The player (Top) and game master (Bottom) view in a play mode session

In play mode there are two roles that can be given to users, Game Master and player,

as shown in Figure 1.3. The first user to load the world in play mode gets the Game Master

role which serves as the administrator of the world and is responsible to guide the player

through it, narrate the story to the player and apply changes to the world depending on

the player’s actions. The users inside the game can communicate verbally thanks to voice

chat that is implemented in Normcore. The Game Master can use specific tools in play

mode besides the palette that is available to players in creator mode, in order to change

the course of the game and to narrate the story to the player. These tools include an
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item spawner that allows the game master to provide the player with essential items for

completing quests and an audio mixer that can be used to fine tune SFX transitions and

optimize vocal narration.

The player role impersonates the wizard who has magical powers and must complete

quests in order to complete the game. In the process of playing the game, the player can

interact with objects, such as doors and the crafting bench, which allows them to craft

usable items like health potions and bombs, that can prove useful for the quests.

Furthermore, the player can use spells that are implemented by using particle systems

with colliders to engage in combat with enemies and gain levels and new skills after

defeating them. The enemies use simple and nested state machines to achieve behaviours

of varying complexity and can also apply condition effects like wound, poison and blind to

the player that were implemented by creating custom shaders in order to create engaging

encounters.

1.2 Purpose of the Thesis

This thesis explains the process of design and development that was followed in order to

develop a platform that gives users the tools to create collaborative worlds in VR while

taking into consideration the various types of UIs, like diegetic, non-diegetic, spatial

and meta, and AV effects like vignetting, chromatic aberration and blur that can be

used to immerse users in the virtual world. More specifically, this thesis investigates

how the combination of various types of UIs can be used together to build a concise UI

suitable for VR. Another key area of exploration concerns the creation of collaborative

activities specifically tailored for VR users. These activities should be both engaging and

meaningful, and should allow for the application of VR in a wide variety of educational

contexts. This could encompass anything from realistic fishing simulations to immersive

therapy and wellness sessions. The research will investigate the potential for incorporating

fantastical elements into this content to further increase user motivation and enjoyment.

Finally, emphasis is given on how VFX (visual effects) impact user experience and

an attempt is made to determine the optimal intensity of VFX in order to be able to

calibrate stress perception to the desired levels.
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1.3 Methodology

The development process began with a comprehensive exploration of user UI types com-

monly used in games. We aimed to identify the most suitable options and determine how

they could be effectively combined. This ensured each feature would be presented using

the UI type best suited to its function.

Figure 1.4: Diegetic (left) and spatial (right) UI in the VR game Half-Life: Alyx

Next, we investigated the potential of VR games for educational purposes. ”Serious

games,” a specific genre designed for learning, were considered. We explored how to

integrate fantastical elements into these games to enhance user engagement and gamifi-

cation’s overall impact on the UX.

VFX are a common element in games and interactive applications. However, their

application in VR poses unique challenges. VR navigation can be taxing, especially for

new users, even without VFX. Therefore, we focused on researching how VFX could be

implemented without further hindering navigation and interaction within the VR world.

These details will be further explored in later chapters.

Following the research phase, we created a basic starting area to welcome users upon

application launch. The primary focus then shifted to designing the features for both

”play mode” and the ”world creator” tool. This tool needed to be robust for optimal

application performance while remaining user-friendly.

First, the essential tools and their corresponding UI were implemented for offline

use in the world creator. Next, we modified the tool for online collaboration, allowing

multiple users to participate.

With the world creator complete, the development of the playable level commenced.

This included all necessary features for play mode, such as combat mechanics, leveling
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1.4 Structure of the Thesis

systems, AI (artificial intelligence) systems, and the tools specifically designed for the

Game Master role.

Finally, upon application completion, a thorough evaluation phase was conducted to

draw conclusions and identify areas for improvement.

1.4 Structure of the Thesis

In the following chapters as well as in this one, the whole thesis is presented in full detail.

Chapter 1 introduces a brief description of the thesis purpose and functionality. It

presents the current state of Virtual Reality, the reasons that led to this thesis subject

and the methodology followed from research done to full implementation.

Chapter 2 presents the research made on Virtual Reality medium, while explaining

the terminologies of Virtual Reality. It starts with the research made on the state of the

art consumer Head Mounted Displays and Game Engines. Then, the research done on

UI types, educational games and VFX are analyzed, mentioning state of the art research.

Next, an overview of design patters used in programming are discussed and the ones used

in this thesis are summarized and the available networking solutions are mentioned and

the chosen solution is explained in more detail.

Chapter 3 analyzes the general requirements of the thesis which accrued from research

and the desired UX of the result application is presented. The use case scenarios of each

game mode is then explained and all decisions behind the design choices made are clarified

along with the use of the specific educational elements that were used.

Chapter 4 refers to the user and describes what the UX should feel like, dividing into

three sections. The first section is dedicated to the general gameplay and the game flow.

It describes what the user’s capabilities are and how the users are expected to act inside

the game in order to experience it as intended. Up next, the UI of the game is presented

and explains all the ways the user can interact with the virtual environment and how

he can use the interface to navigate, select and adjust the tools provided, offering some

extent of personalization. The two first sections both expand on aforementioned matters

for creator mode and play mode separately. The third and last section of chapter 4

analyzes the level design process, focusing on storyline, user drive and approach options

and alternatives.

Chapter 5, the most extensive chapter, describes in detail the technical implementa-

tion of the VR application. The introduction describes what packages and dependencies
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were used and what setting were selected for the smoothest possible development process.

In the beginning it focuses on the way the world creator is implemented, the featured

actions and the corresponding UI. Then the conversion of the world creator to an on-

line collaboration tool is explained thoroughly. The character system implementation is

detailed, the wizard class and the character stats. To complete this chapter, the imple-

mentation of play mode is broken down into 4 sections. The first two sections detail the

implementation of the Game Master and player user archetypes, then the general game-

play features are analyzed and finally the combat system implementation is explained in

depth along with the programmed AI enemies.

Chapter 6 presents the results of the developed application. It displays the assessment

of the project from both amateurs and experienced participants and the evaluation from

professionals. The chapter ends with suggestions and notes for future work.
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Chapter 2

Background

2.1 Introduction

Virtual reality environments offer users entirely new and unexplored experiences com-

pared to traditional games. In particular, collaborative and social virtual realities are

being studied on and developed, targeting not only a more immersive and realistic UX

but also new ways for users to interact both with each other and the virtual environment.

Also, in the past few years, the number of virtual reality users has been rapidly growing

due to the ongoing research on virtual reality and the decrease of cost of HDMs (Head

Mounted Displays) and related hardware.

Thanks to the constant research on VR a wide range of hardware and software solu-

tions is available to developers. From HDMs offering more and more features, to software

being developed to aid specific features for VR environments and even [4] haptic gloves

and [5] omnidirectional treadmills to simulate real life movement and touch. However,

many popular social VR platforms stick to more conventional design techniques without

utilizing state of the art tools such as full body tracking or immersive user interfaces.

Since social VR environments are still relatively young and a large percentage of VR

is used for entertainment, this suggestion will discuss the design and development of a

VR game with collaborative educational elements, with the purpose of enhancing UX

in a way that fits the nature of the medium while combining various elements that will

make it unique, offering a completely new experience to the end user.
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2. BACKGROUND

Figure 2.1: Left: Oculus Rift S HDM, Middle: Haptic gloves, Right: VR Treadmill (The

haptic gloves image is under the copyright of HaptX Inc.

2.2 Hardware

With the rapid ongoing progress of technology, the power and performance of processors,

memory and networks have been growing exponentially, giving regular users the ability

to own very powerful machines capable of running extremely demanding apps, like CAD

(Computer-aided design), neural network trainers, video editors and AAA games in UHD

(Ultra High Definition) resolutions with ray tracing technologies for realistic light and

reflection rendering and dynamic resolution upscaling for improved performance. An

expected result of such technological advances is the development of extremely capable

VR hardware such as PC and standalone HDMs and haptic gloves.

Regarding HDMs, the differentiation between PC and standalone means that PC VR

requires a PC in order to be used while standalone VR has all the necessary hardware

integrated (Soc (System-on-Chip), memory and storage).

Recently, the release of Apple vision pro, Meta quest pro and Meta quest 3 introduced

a new generation of XR experiences that will be seen in the years to come. Various other

HDM manufacturers offer different types of VR like the Valve Index, HTC Vive and

Pimax 8K which have common features as well as distinc ones.

In this thesis, the Oculus Rift S and Meta Quest 2 will be used. The Rift S is a PC

VR and while the Quest 2 belongs in the stand alone VR category, it can be used like a

PC VR with the use of Quest Link / Air Link which allows the user to connect it to a
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PC. These HDMs will be used since they are/were more easily available and affordable.

The desktop PC that will be used has an Intel i9 10900K CPU, an NVIDIA RTX 3070

GPU and 32 GBs of RAM memory.

2.3 Software

2.3.1 Brief Description

In game development, the software used to develop games is called a game engine. Game

engines are software development environments designed with the purpose of providing

specific features required in game development like asset management or rendering tools

while maintaining ease of use and personalization options for developers. For example, in

many cases custom tools are build for the most popular game engines depending of the

needs of the game being developed to make the development process as smooth as possible

while modern-day AAA game development studios such as Bethesda Game Studios and

Blizzard Entertainment often have their own in-house, proprietary game engines.

Some of the most popular game engines are Unreal Engine, Unity3D, Godot, Roblox

and CryEngine with the vast majority of VR applications developed Unity3D and Unreal

Engine. Game engines use programming languages in order to operate while they also

use programming languages for scripting.

2.3.2 Unreal Engine

Unreal Engine (UE), initially released on 1998, is a complete suite of game development

tools made with C++, powering hundreds of games, simulations and visualizations. It

is one of the most advanced engines to date due to delivering top quality visuals while

providing its users with a large variety of tools to work with, even more so with the

recent release of Unreal Engine 5 which features an optimized render pipeline, resulting

in visually stunning graphics like never seen before. Because of its capabilities, efficient

design, C++ and Visual Scripting and ease of use it is well-appreciated engine from

hobbyists to development studios. Developers can also port their projects to mobile

devices, both Android and iOS. Finally, UE also has a marketplace, similar to Unity

providing art assets, models, sounds, environments, code snippets, and other features

that others could purchase, along with tutorials and other guides.
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2.3.3 Unity3D

Unity, since 2005, is an extremely flexible and powerful Game Engine made with C++

that affords a huge number of advantages over other game engines available in the market

today, long supporting 2D and 3D graphics. Unity offers a visual workflow with drag-

and-drop capabilities and supports scripting, with a very popular programming language,

C#. With emphasis on portability Unity provides toolsets for sophisticated user-friendly

experience with each release and it offers cross-platform support for 27 different platforms

while taking advantage of graphics APIs specific to the system architecture, including

Direct3D, OpenGL, Vulkan, Metal, and several others. Unity also comes with an inte-

grated physics engine (nVidia’s PhysX) and an Asset Store, an online storefront where

content creators and developers can upload content to be bought and sold.

In this thesis, Unity was selected for a number of reasons, after considering the ad-

vantages and disadvantages of each engine. First of all Unity uses C# as its scripting

language which is a high-level language in comparison to Unreal’s C++ scripting which

is a low-level language meaning that C# automatically uses some features like garbage

collection where the developer using C++ would have to manually program such a fea-

ture. Furthermore, Unity has managed over the years to create a very strong community,

which proved to be very helpful during the thesis. People all over the world are connected

through Unity’s official forum or other mediums. Finally, the Asset Store helped to focus

on the thesis, while having AAA assets inside the project.

2.4 Previous Research

2.4.1 Collaboration in XR environments

Remote collaboration is proving to be a highly beneficial solution in cases where an effec-

tive collaboration environment between physically remote collaborators is required like in

industrial, medical and educational domains. In this research field, there are many sub-

jects of scientific interest, for example, how should the design of different collaboration

scenarios be approached so that efficient and versatile collaboration systems are devel-

oped. Such scenarios typically involve symmetric or asymmetric collaboration, meaning

that users either have identical abilities and available information on the collaboration

task or one user with professional role must guide another user towards completing a

specific task. There are many possibilities with the use of VR, AR and VR and AR
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collaboration each with its own advantages and disadvantages based on specific needs, so

methods have been proposed for ”classifying XR collaborative applications based on the

virtual-real engagement and ubiquitous computing continuum” along with XR collabora-

tion systems that enable effective reproducible cooperation [2].

Figure 2.2: The XR concept [2]

The use of AR allows the user to display virtual objects in the real world while the use

of VR lets the user immerse the virtual world to interact with the virtual object creating

a combination that allows users to visually share the virtual object and modify it [6].

Extensive research has been done in how different mediums can be combined in collab-

oration to achieve tasks. A virtual and augmented reality system was developed with the

purpose of combining interaction types and visualization cues, such as eye gaze interac-

tions, hand gestures as both input and visualization cues and field of view (FOV) sharing

across users [7]. Further research on XR collaboration was made in order to investigate

the use of a wider range of devices such as smartphones/tablets and desktop PCs, giving

emphasis on system architecture, interactions and platform specific challenges [8].

A MR platform has been developed for connecting spatially separated laboratory

environments in VR and AR with the purpose of creating remote collaboration in di-

dactical scenarios. The starting point for the development of the Mixed Reality learning

environment are two independent, spatially separated laboratory environments. While

the first laboratory at the Hochschule fur Technik in Stuttgart (HFT) offers an Radio-

frequency identification (RFID) measurement cabinet where students learn the basics of

RFID-technology by performing measurements under controlled conditions. The second
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Figure 2.3: Multi-device XR framework: a) VR, b) Smartphone, c) Desktop PC, d) AR

[8]

laboratory in Parma provides an industry standard conveyor belt setup where students

are able to work on real life problems and experience the difference sensor noise can make

in an uncontrolled environment. [9].

Another way that researchers have used to bring together collaborators in a local/re-

mote user scenario is using 360 video panoramas inside a 3D reconstructed scene to share

the local scene to the remote user. With 360 live video sharing the local scene can

successfully be represented in a virtual world by correctly transferring the 3D position

information and user avatars to increase spatial coexistence awareness [10].

More specifically, training in XR can offer valuable safety in real-life tasks that can

often become life threatening for trainees. It is important to identify the beneficial fac-

tors of training risky tasks in XR environments as it can become a standard of training

for in similar cases, be it in industrial or civil context. For this reason, a collaboration

system was developed for the training of explosive ordnance disposal where a profes-

sional instructor can teach the trainee focusing on the functionality of this ordnance, its

component designations, and implications after detonation [11].
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Figure 2.4: Training methods for civilian explosive ordnance disposal training: Real-

Training (left), VR-Training (center), MR-Training (right) [11]

Besides the aforementioned collaboration cases, XR has been studied on used benefi-

cially for cultural heritage, tourist sites and museums and explore how Augmented Reality

and Collaborative Augmented Reality, as technologies, can be used to feasibly and po-

tentially improve the visitors’ experience, or even create a sense of a shared experience

even if people are not necessarily sharing the same physical space [12].

Finally, a most important aspect of the research of collaboration in XR environments

is understanding group interactions and personal experiences. Research has been done in

order to to provide an objective and non-invasive way to evaluate human behavior and

cognitive states in virtual reality and acquire data on the physiological states the users

go through when collaborating in virtual environments using physiological sensors [13].

2.4.2 UI Types

As mentioned in [1], there are four categories of user interfaces in games:

Non-diegetic

”Non-diegetic UI is typically used for menu elements, map overlays or other elements

that provides the player with information that is not part of the game world, nor as a

part of the game story.”

Diegetic
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Figure 2.5: Types of interfaces [1]

”Diegetic UI is interface elements that are both part of the game world, but also ties

in with the game story. This means that the element is not only visible to the player, but

also to the player character in-game and other characters present within the game world.”

Spatial

”Spatial UI differs from diegetic UI in that it is not visible to any characters in-game,

but only to the player viewing the game through a display. That means that the interface

element is still a part of the game world and can move around in the world independently

of the camera viewport, but it is not interactable or visible by anyone within the game

world”

Meta

”Meta UI is not present within the game world per se but is provided to the user

through the game story. The player receives the information from something or someone

within the game world, e.g. through verbal or written story line, but the information is

not visible to anyone else within the game world.”

Figure 2.6: Left: Diegetic, Middle: Non-diegetic, Right: Spatial [1]
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2.4.3 Educational Games and Gamification

In [3], a swarm of robots is used as a representation of a network with the purpose of

educating the user on the properties of networks and possible interactions between them

and the user. This kind of representation can be applied to a plethora of topics such as

the connection of modules that create a bigger system or a sequence of actions that can

be performed on an item to increase its quality, for example forging a sword.

As shown in [14], social VR users indicated that the most important factor to im-

mersiveness is full body tracking. With full body tracking users can interact with non

verbal cues such as gestures and also using facial expression trackers such as the VIVE fa-

cial tracker can enhance communication through facial expressions like in the real world.

Also, users repeatedly mentioned that they enjoy mundane everyday activities in new

ways and ”activities for mental self-improvement”. Last but not least, ”immersive cul-

tural appreciation and educational activities, helped users better understand each other

and value diversity”, which can promote anti-racism education.

In [15], fantasy elements were used in an educational game to consider their effect in

the player’s presence in the world and their general experience.

Figure 2.7: Fantasy element used in the game [15]

The addition of several and different fantasy elements is considered to expand research

on such designs and their final effect on the game.

Fotis Bampaniotis 17 2024



2. BACKGROUND

2.4.4 VFX

In [16], the use of visual effects was studied regarding the increase of stress perception of

the user. Six visual effects were used which can be seen below:

Figure 2.8: No FX (1), Vignetting (2), Grain (3), Chromatic aberration (4), Color grading

(5), Blur (6) [16]

In this study, participants reported significant higher stress with the use of VFX, how-

ever there was variety on the feedback of how the addition of VFX impacts the overall

experience. It is assumed that stress is generally difficult to induce in context of video

games or VR experiences, especially, as in our case, when players have a high game ex-

pertise and are probably used to comparable visual effects. However, it is mentioned that

these effects could be used alone to better determine their impact on the UX.

In this thesis, it will be attempted to expand the research on the fields of collaboration,

gamification, UIs and AV effects in the space of virtual environments to determine how

new technologies can be used in order to create meaningful collaboration experiences that

have educational value while also taking advantage of the wide range of possible scenarios

the medium can offer.
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2.5 Design Patterns

2.5.1 Design Pattern Types

Design patterns are basically defined as reusable solutions to the common problems that

arise during software design and development. They are general templates or best prac-

tices that guide developers in creating well-structured, maintainable, and efficient code.

Basically, there are several types of design patterns that are commonly used in software

development. These patterns can be categorized into three main groups: creational,

structural and behavioural design patterns [17].

Figure 2.9: Design Pattern Types

2.5.2 Creational Design Patterns

Creational design patterns abstract the instantiation process. They help make a system

independent of how its objects are created, composed, and represented. A class creational

pattern uses inheritance to vary the class that’s instantiated, whereas an object creational

pattern will delegate instantiation to another object. Creational patterns give a lot of

flexibility in what gets created, who creates it, how it gets created, and, when.

There are two recurring themes in these patterns:
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• They all encapsulate knowledge about which concrete class the system uses.

• They hide how instances of these classes are created and put together.

Figure 2.10: Creational Design Patterns

2.5.3 Structural Design Patterns

Structural Design Patterns are concerned with how classes and objects are composed to

form larger structures. Structural class patterns use inheritance to compose interfaces or

implementations. Consider how multiple inheritances mix two or more classes into one.

The result is a class that combines the properties of its parent classes.

There are two recurring themes in these patterns:

• This pattern is particularly useful for making independently developed class li-

braries work together.

• Structural Design Patterns describe ways to compose objects to realize new func-

tionality. The added flexibility of object composition comes from the ability to

change the composition at run-time, which is impossible with static class composi-

tion.
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Figure 2.11: Structural Design Patterns

2.5.4 Behavioral Design Patterns

Behavioral Patterns are concerned with algorithms and the assignment of responsibilities

between objects. Behavioral patterns describe not just patterns of objects or classes but

also the patterns of communication between them. These patterns characterize complex

control flow that’s difficult to follow at run-time.

There are three recurring themes in these patterns:

• Behavioral class patterns use inheritance to distribute behavior between classes.

• Behavioral object patterns use object composition rather than inheritance.

• Behavioral object patterns are concerned with encapsulating behavior in an object

and delegating requests to it.

2.5.5 Design Patterns in Game Development

More specifically, many design patterns are regularly used in game development, among

which are the singleton, observer, state, factory and command patterns.

The Singleton Design pattern is one of the simplest design patterns. It ensures a class

only has one instance, and provides a global point of access to it.

The Singleton Design Pattern is used when:
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Figure 2.12: Behavioral Design Patterns

• There must be exactly one instance of a class and it must be accessible to clients

from a well-known access point.

• When the sole instance should be extensible by subclassing and clients should be

able to use an extended instance without modifying

The Factory Method pattern is used to create objects without specifying the exact

class of object that will be created. This pattern is useful when you need to decouple the

creation of an object from its implementation. A factory pattern is one of the core design

principles to create an object, allowing clients to create objects of a library(explained

below) in a way such that it doesn’t have a tight coupling with the class hierarchy of the

library.

The Observer Design Pattern defines a one-to-many dependency between objects so

that when one object (the subject) changes state, all its dependents (observers) are

notified and updated automatically. It primarily deals with the interaction and com-

munication between objects, specifically focusing on how objects behave in response to

changes in the state of other objects.

The observer pattern:

• is concerned with defining a mechanism for a group of objects to interact based

on changes in the state of one object (the subject). The observers’ behavior is

triggered by changes in the subject’s state.
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• encapsulates the behavior of the dependent objects (observers) and allows for a

clean separation between the subject and its observers. This separation promotes

a more modular and maintainable design.

• promotes loose coupling between the subject and its observers. The subject doesn’t

need to know the concrete classes of its observers, and observers can be added or

removed without affecting the subject.

• has the primary mechanism of notification of observers when a change occurs. This

notification mechanism facilitates the dynamic and coordinated behavior of multiple

objects in response to changes in the subject.

The Command Design Pattern turns a request into a stand-alone object, allowing

parameterization of clients with different requests, queuing of requests, and support for

undoable operations(action or a series of actions that can be reversed or undone in a

system).

The command pattern:

• encapsulates a request as an object, allowing for the separation of sender and re-

ceiver.

• uses commands that can be parameterized, meaning you can create different com-

mands with different parameters without changing the invoker(responsible for ini-

tiating command execution).

• decouples the sender (client or invoker) from the receiver (object performing the

operation), providing flexibility and extensibility.

• supports undoable(action or a series of actions that can be reversed or undone in a

system) operations by storing the state or reverse commands.

The State design pattern allows an object to alter its behavior when its internal state

changes. It achieves this by encapsulating the object’s behavior within different state

objects, and the object itself dynamically switches between these state objects depending

on its current state.

The components of a state pattern are:
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• Context - the class that contains the object whose behavior changes based on its

internal state. It maintains a reference to the current state object that represents

the current state of the Context. The Context provides an interface for clients to

interact with and typically delegates state-specific behavior to the current state

object.

• State Interface or Base Class - defines a common interface for all concrete state

classes. This interface typically declares methods that represent the state-specific

behavior that the Context can exhibit. It allows the Context to interact with state

objects without knowing their concrete types.

• Concrete States - implement the State interface or extend the base class. Each

concrete state class encapsulates the behavior associated with a specific state of the

Context. These classes define how the Context behaves when it is in their respective

states.

In this thesis, some of the design patterns that are mentioned above will be used to

make the application development more efficient, the code easier to read and understand

and the final software more easily extendable.

2.6 Networking

In order to connect users from across the world, networking features need to be imple-

mented. Implementing networking for games can be a very complex process depending

on the needs of each game so there are several networking solutions that offer networking

functionality for games, which is necessary for developers that dont work in large teams

and want to save time. There are a many networking solutions [18], each having its pros

and cons, depending on the type of game to be developed. Unity technologies offer their

own networking solution, Netcode for Gameobjects, which is still under development [19].

There are also many third-party network solution providers among which are MLAPI,

DarkRift 2, Photon PUN, Photon Quantum 2, Mirror and Normcore.

2.6.1 Network Types

There are mainly two possible network architectures: peer-to-peer and client-server. A

peer-to-peer network is a decentralized network where each device, or peer, can act as
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both a client and a server. This means that peers can directly connect and exchange data

without relying on a central authority or intermediary. Peer-to-peer networks are easy to

set up, require minimal hardware and software, and allow users to control their own data

and resources. However, they also have some drawbacks, such as limited performance,

reliability, and security. Peer-to-peer networks are vulnerable to attacks, malware, and

data loss, and depend on the availability and capacity of the peers. Peer-to-peer networks

are suitable for small-scale, temporary, or informal applications, such as file sharing,

gaming, or messaging.

A client-server network is a centralized network where one or more devices, or servers,

provide services and resources to other devices, or clients. This means that clients request

and receive data from servers, which handle the processing and storage. Client-server

networks are more efficient, reliable, and secure than peer-to-peer networks, as they can

handle large amounts of data, distribute the workload, and implement security measures.

However, they also have some disadvantages, such as higher cost, complexity, and main-

tenance. Client-server networks require specialized hardware and software, and depend

on the functionality and availability of the servers. Client-server networks are suitable for

large-scale, permanent, or formal applications, such as web hosting, email, or database

management.

2.6.2 Protocols

There are two protocols considered when developing a game, TCP and UDP. UDP is as

close to plain IP as possible, and is all about sending ”datagrams” (packets) of limited

size, where each packet can be lost. There are no guarantees on delivering every packet,

and it is a responsibility of the application layer to track lost packets and to recover

from losses. In addition, with UDP it is quite easy to overload receiver, sending it more

information than it can process (this is known as ”lack of flow control”) [20].

TCP is quite opposite to UDP. It provides streaming (not datagrams), it doesn’t

restrict the size of each send, it does provide ”reliable stream”, and it provides ”flow con-

trol” (so if receiver is lagging behind the sender, sender will know about it and next send()

will be blocked). Very roughly and extremely briefly, TCP implements it by keeping a

send buffer and a receive buffer on each side of connection, sending acknowledgements

(ACKs) to the other side when data is received, automated retransmitting ”behind the

scenes” when ACK is not received for a certain time, and (to support ”flow control”)
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sending information and keeping track on how much space there is on the opposite side

of the channel.

In this thesis, a server - client network architecture will be used since it is the most

fitting type of network for applications where many users enter the same virtual space

to participate in activities. This network type will ensure that the server has authority

over the state of the game and will keep security risks at a minimum.
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Chapter 3

Requirements Analysis

3.1 Introduction

The success of any software application hinges on well-defined requirements that capture

user needs and translate them into technical specifications. This chapter establishes

the foundational requirements for the XR collaboration platform designed to facilitate

educational experiences. These requirements are meticulously derived from several key

sources:

• Understanding User Needs: The primary driver for these requirements is a

thorough understanding of user needs in the educational context. This involves

considering the needs of both educators and learners. Educators require tools that

allow them to design engaging and immersive learning experiences, while learners

need an intuitive and accessible platform that fosters collaboration and knowledge

acquisition.

• Analysis of Existing Solutions: An in-depth analysis of existing educational

VR applications and platforms unveils valuable insights. Strengths and weaknesses

of current solutions are identified, informing the development of a platform that

addresses existing gaps and offers distinct advantages for educational purposes.

• Focus on Educational Principles: Sound educational principles are woven into

the fabric of these requirements. This ensures the platform aligns with established

learning methodologies and promotes effective knowledge transfer.
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• Implementation Considerations: While user needs and educational princi-

ples are paramount, the requirements also acknowledge practical considerations re-

lated to the implementation process. Technical feasibility and resource constraints

are taken into account to ensure the developed platform is achievable within the

project’s scope.

By carefully considering these various sources, this chapter establishes a compre-

hensive set of requirements that forms the bedrock of the XR collaboration platform’s

design and development. These requirements lay the groundwork for a user-centric and

educationally-focused application capable of supporting a diverse range of immersive

learning experiences.

3.2 Requirement Extraction

3.2.1 Collaboration Space and Tools

The platform should provide a flexible and well-equipped collaboration space to support

various educational activities. The core functionality involves a shared virtual environ-

ment where multiple users can interact with each other, the environment itself, and

collaborative tools. In previous research [?] [9], collaboration environments have been

developed for training in very specific scenarios. In this thesis, we aim to provide the

user with the ability to create a wide range of educational scenarios by including assets

related to many fields of education.

Also, a suite of world building tools is essential. This includes terrain sculpting

and painting tools, object placement and manipulation functionalities as well as audio

emitting areas and non playable characters. The goal is to empower users to create diverse

educational environments, from historical simulations to scientific models. Users should

be able to manipulate objects within the virtual world collaboratively. This could involve

jointly building structures, dissecting virtual models, or manipulating objects within a

simulated experiment. In contrast with [6], where collaborators couldn’t manipulate an

object simultaneously, in this thesis features of simultaneous manipulation should be

implemented to examine its effects on collaboration perception.

Finally, effective communication is crucial for collaboration. The platform should

offer a combination of communication tools, including spatial and non-spatial audio for

localized conversations and speech visualization.
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3.2.2 User Interfaces and User Experience

Regarding the UI, its design should prioritize ease of use, clarity, and immersion. Instead

of implementing the more conventional UIs that are being used in desktop, mobile and

AR applications [8], the UI elements should be designed specifically for VR interaction

with clear visual cues and appropriately sized buttons and menus. This ensures users

can easily access functionalities without breaking immersion.

The UI should adapt to the current context and user activity. For instance, when

a user selects a specific object in world building mode, the UI might display relevant

manipulation options. Also, a well-designed tutorial system should be integrated to

guide new users through the platform’s functionalities and introduce them to basic world

building and collaboration concepts.

Finally, regarding user input, in collaboration research there has been a difficulty to

implement needed features with the limited inputs of motion controllers [21]. In this

thesis we aim to implement the input and interaction systems in a way that the desired

functionalities can be satisfied with the available buttons on the controllers that are going

to be used.

3.2.3 Engaging Play Mode and Role-Based Activities

While the core purpose remains collaborative learning, this section introduces a ”play

mode” that incorporates role-playing and gamification elements to enhance engagement

and cater to different learning styles.

The goal is to implement a distinct ”play mode” where users embark on educational

adventures within the collaboratively built virtual environments. A designated user can

assume the Game Master role. The Game Master utilizes a separate interface to manage

the play mode experience, including narration and world editing tools.

Players participate in the play mode assuming their assigned roles. Their objectives

are aligned with the learning goals of the scenario. Players work together to overcome

challenges presented by the Game Master or designed within the scenario. This could

involve manipulating objects within the environment, sharing information, and making

collective decisions. Players may need to gather information dispersed within the virtual

environment through interactive objects, multimedia elements, or clues provided by the

GM. They then analyze this information to achieve the scenario’s learning objectives.

Finally, following play mode, the game master and players can lead a debriefing session
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to solidify learning and encourage reflection. This could involve discussing decisions

made during the playthrough, analyzing the information gathered, and connecting the

experience to broader learning objectives.

By incorporating these requirements, the application transcends static world building

and embraces engaging play modes that leverage role-playing and gamification elements

to motivate students and enhance knowledge retention.
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Chapter 4

User Experience and Interaction

The game is separated into three main scenes, the starting scene, the creator scene and

the play scene. Each scene has its own purpose and corresponding functionality.

4.1 Starting Scene

When the player launches the game he is immersed in the starting scene which serves as a

home or main menu area. Inside the game the user can use the left controller joystick to

move and the left controller joystick to look while the triggers are used for user interface

elements such as buttons. When navigating in the starting area the player can find the

doors that will transfer them to either the creator scene, the play scene or exit the game.

When the create world door is approached, a user interface will be displayed with a

prompt to the player about creating a world.

When the player is in front of the load world door a user interface will be displayed

asking the player what the desired world to be loaded is based on all created worlds that

are in the user’s files. After a world is selected the game will load the selected world in

the play scene so that the players can play the story.

Exiting the game requires a bit of further exploration. After the exit game wall is

found the player has to follow the path to the exit game door where a user interface will

be displayed asking the player if they want to exit the game.
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Figure 4.1: Left: Create World Door, Right: Load World Door

Figure 4.2: Left: Exit Game wall, Right: Exit Game door

4.2 World Creator

4.2.1 Gameplay

The purpose of the world creator is for one or more players to use the available tools and

build a world of their liking in a collaborative manner. When entering the create world

scene the tutorial interface shows up explaining how creator mode works to the player. In

the world creator the player can move up and down in space by using the right controller

joystick. In the scene only a blank terrain is visible to the player on which actions can be

applied that form and give colour to the terrain while objects can also be placed on it.

The objects that are used can be edited by using the object editor interface that shows

up when a summoned object is activated.

Fotis Bampaniotis 32 2024



4.2 World Creator

Figure 4.3: World Creator Use Case Diagram

4.2.2 Actions

In world creator mode the player has a tool palette which is essentially a user interface

where they can switch between tool actions for terrain manipulation and object place-

ment. When the player holds the left controller grab button the tool palette will be

showed. In the outer area of the palette all the selectors for the various tools are placed.

These selectors can be activated with the right controller trigger button. There are also

settings that are used globally by the terrain tool brush while some actions also have

their own specific settings and extra selectors, which can be selected again by using the

right controller trigger.

The terrain tool brush settings are:

• Brush size: affects the area size of actions on the terrain

• Brush strength: affects the intensity of actions on the terrain

• Height: sets the height for the set heights action

• Tree density: sets the desired tree density for painting trees on the terrain
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• Circular brush: toggles between rectangular and circular brush shape

The available actions of the world creator are:

Raise/Lower Terrain

As the name suggests this action raises or lowers the terrain. If the raise/lower toggle

of the raise/lower action is set to true the action will raise the terrain, otherwise the

terrain will be lowered.

Figure 4.4: Raise/Lower Terrain

Flatten Terrain

The flatten terrain action sets the heights of the terrain to the lowest point for area

equal to the specified brush size.

Set Terrain Heights

The set heights action raises or lowers the terrain height to the specified height slider

value.

Smooth Terrain

The smooth terrain action smooths terrain heights in area depending on the brush size.

Stamp Heights

The stamp heights action, when selected, will display four 2D heightmaps that are

available for ”printing” on the terrain, the slope, canyon, hill, erosion and cracked earth
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heightmaps. When the action is triggered on the terrain the selected heightmap will be

printed with size equal to the brush size.

Figure 4.5: Stamp Heights

Paint Texture

The paint texture action allows the player to plaint the terrain given the 4 available

textures: grass, sand, black sand and pebbles. The painetd area will have size equal to

the brush size.

Figure 4.6: Paint Texture

Paint Holes

The paint holes action creates holes on the terrain when the hole toggle is set to true,
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while when the toggle is set to false, existing holes can be turned to terrain again.

Figure 4.7: Paint Holes

Add Water

When the add water action is selected, water cubes, spheres, boxes and capsules will

appear, each shape having three different available shaders. After selecting one of these

available objects the player can then place them on the terrain.

Figure 4.8: Add Water

Add Trees

The add trees action when selected will display four tree types, bare, small, medium

and tall, that the player can select to place on the terrain. For the add trees action there
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are the remove trees and the mass paint/remove trees toggles. When the mass paint

remove trees toggle is set to true trees, will be added in an area determined by the brush

size, otherwise a single tree will be placed at the point of activation. The remove trees

toggle, when set to true will enable tree removal in an area determined by brush size

when the mass paint/remove trees is set to true or removal of a single tree at position

close to action activation.

Figure 4.9: Add Trees

Add Objects

The add object action when selected will display several object selectors for the avail-

able objects along with two buttons for navigating the available object pages, the previous

and next page buttons. The player can place an object on the terrain after selecting the

corresponding object selector and using the right controller trigger on the desired terrain

point.

Add SFX

The add SFX action when selected will display several SFX selectors for all available

SFX. The player can place an SFX object on the terrain after selecting the corresponding

SFX selector and using the right controller trigger on the desired terrain point. The SFX

renderer active toggle will show the mesh of the SFX object box on all clients when set to

true, while when set to false the mesh renderers of SFX objects will stop being displayed.

Add NPCs
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Figure 4.10: Add Object(From left to right: Page 1, page 2, page 3, page 4)

Figure 4.11: Add SFX

The add NPC action when selected will display two available NPCs, the ghoul and

the shade. The ghoul NPC is a simple enemy while the shade NPC has a more complex

behaviour. The player can place an NPC on the terrain after selecting the corresponding

NPC selector and using the right controller trigger on the desired terrain point. The en-

emy agents active toggle will enable the navigation mesh agents on enemies on all clients

when set to true, while when set to false the navigation mesh agents will be disabled for

all enemies on all clients.

4.2.3 Object Editor

After any water, object, SFX or NPC is placed on the terrain, the player can use any

controller trigger button while targeting that object to open the object editor interface

and activate the object editor or close it and deactivate the editor if it was previously
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Figure 4.12: Add NPC

activated. There are four options given: move, rotate, scale and delete.

• Move: hold a grab button while aiming at the object to move it around

• Rotate: hold grab with a selected object to rotate it according to the controller’s

rotation

• Scale: hold both grab buttons while aiming at an object and bring the controllers

close to scale down or move the controllers away from each other to scale up

• Delete: show the delete interface prompting the player if they really wish to delete

the object

4.2.4 World Saving

When the world is shaped according to the players’ desire, each player can press the save

button located on the left side of the palette to save the world locally in their file system

so that the created world can be available for loading in the play scene. Once every player

has saved the world they can hold the left controller secondary (Y) button to quit the

world creator scene.
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Figure 4.13: Left: Object Editor Interface, Right: Delete object option

4.3 Play Mode

After a world is created and saved the player can return to the starting scene and load

the world in play mode. When a player enters play mode they are assigned one of two

roles, game master or player. The first player to connect in play mode gets the game

master role while any other players that connect after that get the player role.

4.3.1 Game Master

The game master should ideally have participated in the world creation process so that

they know what the purpose of that specific world is and have knowledge about how to

guide the player in the game and help them complete the desired challenge. This can be

achieved by the game master narrating the environment and any information relevant to

the task to the player and applying gameplay mechanics to the world depending on the

player’s actions. The means that allow the game master to act in that way are the use

of the terrain tool, the item spawner and the audio mixer.
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Figure 4.14: Left: Save World canvas, Right: Quit Button

Terrain Tool

The terrain tool provides the same functionality as in the world creator mode and

allows the game master to manipulate the world in real time while the player is playing

the game. They can change the terrain heights, textures and holes and add trees, water

and objects if they decide that should be the outcome of actions of the player as the

game progresses.

Item Spawner

The item spawner allows the game master to give the player crucial items for pro-

gressing the game further when certain conditions are met, for example when the player

defeats a certain enemy or solves a puzzle.

Audio Mixer

The audio mixer lets the game master fine tune the voice and SFX channels of the

master audio. By using the audio mixer the game master can optimize the volume of the

voice chat and SFX objects independently, allowing for audio transitions and narration

style changes.
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Figure 4.15: Game Master Use Case Diagram

4.3.2 Player

When the player connects in the play room the play mode tutorial will be displayed

explaining to the player the ways to navigate and act in the game under the guidance of

the game master.

Character

Since this is a role playing collaboration game, the player plays the role of a character

who possesses magical powers. The character is of the wizard class, has a health amount

and five core attributes and a character level equal to one when the game starts.

The five core attributes are:

• Constitution: represents the character’s physical resilience and is equal to 3

• Strength: represents the character’s physical strength and is equal to 2

• Intellect: represents the character’s magical prowess and is equal to 4

• Stamina: represents the character’s endurance and is equal to 2
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Figure 4.16: Left: Game master action selection interface, Right: Audio mixer interface

• Talent: represents the character’s ability to successfully complete tasks that demand

precision in detail and is equal to 3

Combat

When navigating the world, the player may encounter enemies who will try to attack.

The player can engage in combat with their wizard skills, the fireball projectile attack

at character level one and the call lighting AOE (Area of Effect) at character level two.

The fireball can be thrown by holding the right controller trigger while moving the right

controller forward. The level attribute can increase when the character reaches certain

amounts of experience, which is gained from defeating enemies in combat. At character

level two, by holding both grab buttons, a green circle will appear if they aim at the

terrain with their head’s forward direction. If an enemy is inside that area then the

circle’s color will turn red. Finally, if the player lowers their hands while aiming, the call

lightning spell will be cast and enemies inside the area will be damaged.

When the player takes damage their health is reduced depending on the enemy’s at-

tack strength and possible visual effects are displayed on the player’s vision.

There are three possible visual effects that can be applied in combat:

• Wounded effect: the player’s peripheral vision is filled with a red colored animation
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Figure 4.17: Player Use Case Diagram

for a short amount of time after taking damage or continuously if the player’s

current health is below 30% of their maximum health

• Blinded: the player’s vision is blurred for a short amount of time after receiving

the blinded condition from an enemy attack

• Poisoned: the player’s peripheral vision is filled with a green colored animation for

a short amount of time after receiving the poisoned condition from an enemy attack

Figure 4.18: Left: Wounded effect, Middle: Blinded, Right: Poisoned
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Inventory

The character also possesses an inventory which can hold items that can be used in

the game for various reasons. Items can be obtained from the game master or by using

the crafting bench.

Figure 4.19: Left: Character inventory interface, Right: Crafting bench

4.4 Level Design

In order to fully demonstrate play mode in action, a level has been designed with focus on

the intended collaborative aspect of the application and the utilization of the character

system. Also, the level is designed with non linearity of gameplay in mind, so that the

player can complete the story in different ways depending on their play style. The level

is divided in four areas, each one having their own encounter and goal, while the story is

inspired from traditional role-playing games.

4.4.1 Story

When the player enters the world, they find themselves in a forest south of an abandoned

village. The village has become abandoned since powerful evil magic has come to the

land, bringing plague and terror to its inhabitants. North of the village lie dwarven

remnants of old times, said to hold valuable materials and treasures. East of the village

there is the graveyard where the villagers used to pay respects to their deceased loved

ones; however, at recent times the dead have awakened and roam the land, terrorizing

and killing innocents in their path. The hill to the northeast has completely fallen to
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darkness, beneath the black clouds, where the source of this evil rests; the powerful

necromancer that raised the dead and brought plagues, lives in the old castle on the hill.

4.4.2 Purpose

The purpose of this level is for the player to navigate the world with the guidance of the

game master and make their way to the northeastern part of the map where the final

boss is, with the goal of defeating it. This can be achieved by following two different

approaches. The first approach is for the player to first head to the graveyard and find

the two undead enemies where they must defeat them. After defeating the two enemies,

the player will be awarded with a key that opens the door to the castle where they must

go to next. After reaching the castle, the player must enter and face the boss in combat

and defeat it in order to restore peace in the land.

The alternative approach is for the player to head north and find the dwarven rem-

nants, where they will find the crafting bench. When the crafting bench is activated, the

crafting interface will appear and the player will be able to craft a health potion and a

bomb. The bomb can be used at the castle doors to destroy them so that the player can

then face the final boss and defeat it to complete the game.

The difference between the two approaches is that by following the first approach

and killing the two undead enemies, the player will earn a character level and unlock the

second skill which will in turn help them to beat the final boss more easily. In contrast,

by going with the second approach the player will not have to face the first two enemies

but beating the final boss will be harder since the player will have only one spell in their

arsenal.

The purpose of the game master is to narrate the story to the player and help them

navigate the world, giving them the necessary information so that they can choose which

approach to follow. Furthermore, besides narration, the game master also has the re-

sponsibility of applying simple game mechanics such as dropping the castle door key for

the player to pick up after the first two enemies are defeated.

4.4.3 Encounters

Ghoul
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The first two enemies the player will encounter are very simple enemies that just

chase and attack. Once the player is inside the enemy’s range of detection or the enemy

is damaged by the player, the enemy will begin chasing the player and try to attack if

they reach close enough. The ghoul has only one melee attack which deals a small amount

of damage and is easy to defeat.

Nightshade

The second enemy is more complicated and when defeated the player wins the game.

When the player is close enough, the enemy will start moving, executing one of three

attack patterns or a backward movement. The three possible attack patterns are based

on two basic attacks, one projectile and one AOE attack. The projectile attack will apply

the blind condition to the player when hit while the AOE attack will apply the poison

condition. The first attack pattern first uses a backward movement and the projectile

attack follows, the second pattern starts with the enemy running left for a short amount

of time and if the player is visible to it the projectile attack is cast, and then the same

sequence is repeated three more times with the enemy running right and left. For the

third attack pattern the enemy floats upward for a short time and then casts the AOE

attack and floats down again.

Fotis Bampaniotis 47 2024



4. USER EXPERIENCE AND INTERACTION

Fotis Bampaniotis 48 2024



Chapter 5

Implementation

5.1 Introduction

For the implementation process, the first step was to install the Unity editor version

2022.3.13f1 and create a new project using the 3D URP template offered in Unity Hub.

Also the Addressables package is imported which is necessary for asset management.

5.1.1 XR Setup

Then the XR Interaction Toolkit was imported from the package manager and the fol-

lowing settings were set up in the project settings:

• In the XR Plug-in Management tab the OpenXR plug-in provider was enabled

• In the OpenXR tab under XR Plug-in Management, render mode was set to Multi-

pass and the Valve Index and Oculus Touch Controller profiles were added.

5.1.2 Networking

The networking of this thesis is implemented using the Normcore third party networking

solution by Normal. Normcore consists of a series of layers, each one built on the layer

below, providing abstraction that makes implementing networking easier for a plethora

of features [22].

The layers that Normcore consists of are :

• Realtime: This is the API that bridges the Unity scene to Normcore’s datastore.
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• Room + Datastore API: The Room + Datastore API manages the connection to a

room server and the synchronization of raw state in the application. It is unaware

of the Unity scene or any Unity objects.

• Transport: The lowest level is our transport API. It is responsible for getting

messages between point A and point B.

Figure 5.1: Normcore Architecture

Rooms in Normcore are used to separate groups of players. They’re most commonly

used to host a single match for a game or a persistent space for a productivity app.

Players who join the same room name will be automatically connected to the same room.

All state is synchronized using the room’s datastore. If an object is moved in the world,

its position changes in the datastore. The datastore will automatically detect any changes

and notify all clients connected to the room so they can update their world to match.

Normcore uses an MVC (Model, View, Controller) based architecture in order to help

establish a clear separation of concerns for what handles the networking code.

The datastore holds a collection of RealtimeModel objects and ensures that they’re

kept in sync between clients. In Unity, each GameObject represents the visual state of
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your app, so we consider it to be the View. And finally, the RealtimeComponent scripts

act as the controller.

Figure 5.2: Model/View/Controller Architecture

The Realtime API is the layer that will be used for synchronizing states in the game.

The Realtime API is the API that Normcore uses for all real-time synchronization in

Unity. It’s the layer that synchronizes all objects in the Unity scene to the Normcore

datastore [23].

The lower-level Room + Datastore API manages the connection to the room server

and the datastore. Realtime is a layer built on top of that. Realtime manages the Room

+ Datastore API and makes it easier to synchronize the state of the scene with the

datastore.

Normcore uses realtime components to synchronize objects in a scene. It includes a

few pre-built components and also includes a rich API for creating custom data synchro-

nization scripts.

5.1.3 Pre Scene and XR Origin

When the application launches the pre scene is loaded which contains all the game objects

that need to stay persistent during all scene loading and unloading, even for the starting

scene. This is done in order to ensure that objects such as the XR Origin are not

instantiated more than once after returning to the starting scene from the create or play

scenes. All objects in this scene that need to stay persistent between scenes are called

with the DontDestroyOnLoad function.
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Figure 5.3: Pre Scene Hierarchy

The event system is used to listen to events for handling logic during runtime and the

XR Interaction Manager manages interactions between the XR player and the virtual

environment.

The Game Manager object has the Game Manager, Game Addressables Manager and

Load World scripts attached to it. The GameManager script implements the singleton

design pattern and its purpose is to hold variables that need to be easily accessible in any

script. Also in the GameManager script, any worlds that have been created and saved in

creator mode are read to be ready for loading.

The GameAddressablesManager script is responsible for loading and instantiating

addressable assets that are grouped in categories and are accessed from the script by

using asset references.

The GameAddressablesManager script also implements functions that return asset

game objects to other scripts when specific assets are selected in UIs in the game.

The LoadWorld script implements the logic for loading created worlds when entering

play mode and a detailed explanation will be presented in the corresponding section.

The RealtimeRoom game object has the Realtime script attached to it which im-

plements the Realtime API functionality, the Realtime Avatar Manager script which

manages avatars that use realtime components and the CustomRealtimePrefabLoadDel-

egate script which implements functions for loading addressable assets that use realtime

components.

Experience Manager is a game object that has the ExperienceManager script attached

to it which listens to player experience related events in play mode and invokes the related

event delegates.
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Figure 5.4: Left: Addressables Groups, Right: Game Addressables Manager Asset Load-

ing

The XR Origin game object is essentially the XR player. It is the parent of the XR

camera and left and right hand controllers and has attached scripts that manage player

input, movement and rigidbody.

The XR Origin movement uses Unity’s new input system which uses input actions as

the mediator between the user’s controller’s actions and the actions that are executed in

the game. The PlayerMovement script listens to changes of the left and right controller

joysticks and applies movement and rotation depending on the offset from the joysticks’

axis’ start. The left controller joystick controls the movement of the XR Origin while the

right controller joystick controls the rotation.
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Figure 5.5: Game Addressables Manager Asset Instantiation

5.1.4 Starting Area

The starting scene was first created by adding a terrain. A starting terrain data asset

was created that was used in the StartingTerrain script to initialize the terrain correctly

upon program start.

The starting scene contains three door game objects, two are for entering creator and

play mode and the other one is for exiting the application.

The world creator door is a parent object that has three children, two door objects and

a UI canvas. The door has a box collider and a WorldCreatorDoor script responsible for

detecting players in front of the door and enabling the UI canvas. After the UI is enabled,

when the player presses the create button, the script loads the Create scene, unloads the

Fotis Bampaniotis 54 2024



5.2 World Creator

Figure 5.6: The action map used in creator mode

Figure 5.7: Starting Terrain Script

starting scene and connects to the realtime room with room name ”CreatorRoom”.

The load world door behaves similarly with the world creator door with the difference

that the UI prompts the user to select the world to be loaded followed by a list of buttons,

each with the name of a created world. When the user selects a world, the play scene is

loaded, the starting scene unloaded and the realtime room ”PlayRoom” is called to be

connected to.

5.2 World Creator

In the creator scene, when loaded, the terrain’s CreatorTerrain script will create and

initialize the terrain data with the desired settings. The terrain also has an XR Simple

Interactable component that allows the player to interact with it. After the Realtime

component of the Realtime Room game object connects to the Create Room, the Realtime

Avatar Manager will instantiate the player avatar. The player avatar is controlled by the

XR Origin and it holds all the scripts that implement the terrain tool’s functionality.
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Figure 5.8: World Creator Door Script (Door shown in Figure 4.1)

Furthermore, when the creator scene is entered, the tutorial manager component is

enabled which enables the tutorial interface. The tutorial manager script implements the

functions for navigating the tutorial interface pages, enabling or disabling the show next

and previous info buttons and the close tutorial function which disables the interface.

The architecture of the terrain tool has been built around the Terrain Tool Manager

Network component which manages functionality of all the components related to the

terrain tool.

5.2.1 Components

TerrainToolManagerNetwork

The terrain tool manager network holds references for all other terrain tool compo-

nents and variables necessary for the various tools to work correctly and it also has a

TerrainModificationAction enumeration field that indicates the currently selected terrain

tool. In its update function it handles the display of the quit room UI and the tool’s UI
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Figure 5.9: Left: VR Player Game Object Hierarchy, Right: Realtime Avatar Manager

Component

in play mode and if the player avatar is owned locally by the client it allows the execu-

tion of the LocalUpdate function which handles the routing of the terrain tool’s actions.

In the local update the palette UI is showed if the player holds the left controller grab

button. Each frame a ray is cast from the right controller’s position towards the forward

direction.

If the raycast hits an object with a Terrain component attached to it, then if the

trigger button is pressed that same frame, the currently selected modification action is

executed. Some modification actions can be executed once for each trigger press while

others can be executed several times per frame when the trigger button is being held.

The add trees, water, object, sfx and npc actions execute once for each trigger press to

avoid duplicate instantiations and improve performance. The raise/lower terrain, flatten

terrain, set terrain heights, smooth terrain heights, paint texture and paint holes actions

will be executed for each 0.05 seconds that pass in each frame. This ensures that the

functionality of these actions is smooth and continuous without the user having to use

the trigger consecutively.

If the raycast hits an object with an ObjectEditor component attached to it and the

trigger button is pressed, if the source of the trigger is a creator player or the Game

Master in play mode, then the ObjectEditor UI for that object is activated if it was

deactivated and vice versa and the object enters or exits edit mode accordingly. When

an object enters edit mode, if the move edit action is active, the track position attribute

of the XR Grab Interactable component is set to true while when the object exits edit

mode, the same attribute is set to false.

The Terrain Tool Manager Network also implements functions for retrieving terrain

data such as heightmaps and size which are useful for action executions and functions for

setting indexing variables in the Terrain Tool Brush Network component.
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Finally, the component implements crucial functions for creating model instances of

realtime components that are needed for synchronizing action executions across clients.

TerrainToolBrushNetwork

The Terrain Tool Brush Network component holds information needed for all actions

such as the world position of the raycast hit mentioned in the previous component, brush

position on the terrain, brush size, the actual brush size that can be used when taking

into consideration terrain edges and all other action variables that can be changed by

the user for the various tool actions. In this component’s variables, selected asset indices

are also saved along with their corresponding asset references, for example a water game

object and its index in the water references list that will be used by the add water tool.

The functions implemented in this component take care of initializing variables such

as brush size and shape to the desired values and translating world position to terrain

position and calculating action brush safe size.

Figure 5.10: Terrain Tool Brush Network Script Functions

TerrainToolUINetwork

The terrain tool UI network script implements all the functions needed for the UI

elements like buttons, toggles and sliders for showing and hiding UI canvases and setting

variable values across all of the terrain tool functions. It also implements the functions

that set the various assets for the terrain tools in the terrain tool brush manager.
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TerrainToolAddressablesManagerNetwork

The Terrain Tool Addressables Manager Network script implements the functions

that set the indices of the selected asset references in the terrain tool brush manager

network.

TerrainToolNetwork and HeightmapSync

The terrain tool network and heightmap sync scripts implement the functionality of

actions related to the terrain heightmap. First of all, the heightmap sync script is de-

rived from the RealtimeModel class HeightmapSyncModel which holds the RealtimeAr-

ray RealtimeProperty of type HeightmapActionModel. The HeightmapActionModel is a

RealtimeModel class containing all the necessary (Realtime)Properties for synchronizing

heightmap actions across all clients.

Figure 5.11: Left: Heightmap Action Model, Right: Heightmap Sync Model

When a player executes a heightmap related action the terrain tool manager network

will create a heightmap action model with the desired property values and add it to the

HeightmapSyncModel actions RealtimeArray.

When an action model is added to the RealtimeArray all clients are notified and the

HeightmapActionAdded function in the HeightmapSync script is called. A new terrain
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Figure 5.12: Create Action Brush

Figure 5.13: Left: Register Heightmap Action, Right: Create Heightmap Action Model

tool brush network component is created and all the variable values from the action

model are passed to the corresponding ones in the new tool brush component. Also a

new terrain tool network component is added to the game object, both new creations

taking place so that the existing component’s variables are not changed.

After the new brush is created the appropriate action function in the new terrain tool

network component is called. The terrain heightmap is actually a two dimensional float

array with dimensions equal to the terrain heightmap resolution of the terrain data. Each

cell’s float value represents the actual height of the terrain at that point.

In the terrain tool network script the RaiseLowerTerrain function locates the heightmap

area that should be affected considering the brush position and size and all float values

in that area in the array are increased or decreased by the amount of the brush strength,

depending on the raise/lower boolean variable value. The flatten terrain function sets
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all heights in the brush area to zero, the set terrain heights function sets the heights

according to the brush height variable value. The smooth heights function applies a

Gaussian filter with a kernel size of 5 inside the brush area and the stamp heights reads

the height values of a texture heightmap the user selected and add them to the brush

area multiplied by brush strength. After an action is executed, the created terrain brush

and terrain tool network components are destroyed.

TerrainToolMeshNetwork and SplatmapSync

The terrain tool mesh network and splatmap sync scripts implement the functionality

of actions related to the terrain splatmap(alphamap texture) and hole map. Similar to

the previous set of scripts, the splatmap sync script is derived from the RealtimeMo-

del class SplatmapSyncModel which holds the RealtimeArray RealtimeProperty of type

SplatmapActionModel. The SplatmapActionModel is a RealtimeModel class containing

all the necessary (Realtime)Properties for synchronizing splatmap and hole map actions

across all clients.

Figure 5.14: Left: Splatmap Action Model, Right: Splatmap Sync Model

When a player executes a splatmap or hole map related action the terrain tool manager

network will create a splatmap action model with the desired property values and add it

to the SplatmapSyncModel actions RealtimeArray.

When an action model is added to the RealtimeArray all clients are notified and the

SplatmapActionAdded function in the SplatmapSync script is called. Again, new terrain

tool brush network and terrain tool mesh network components are created and initialized.
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Figure 5.15: Left: Register Splatmap Action, Right: Create Splatmap Action Model

Figure 5.16: Splatmap Action Added function

The terrain splatmap is a three dimensional float array with the first two dimensions

being the width and height of the array and the third dimension being the number of

terrain texture layers on the terrain. The hole map is two dimensional boolean array

with each cell representing if the corresponding point of the terrain is terrain or hole.

In the terrain tool mesh network script the PaintTexture function sets the mixing

weight of each splatmap at each x,y coordinate to the A component value of the selected

texture pixel(a pixel has the RGBA(red, green, blue and alpha) properties with the a

component representing the transparency). The PaintHoles function sets the hole map

value at each point of the brush area to true or false depending on the terrain tool brush’s

isSurface variable value.

TerrainDetailToolNetwork, DetailSync and TerrainToolFirebase
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The terrain detail tool network and detail sync scripts implement the functionality

of actions related to trees and details. The detail sync script is derived from the Real-

timeModel class DetailSyncModel which holds the RealtimeArray RealtimeProperty of

type DetailActionModel. The DetailActionModel is a RealtimeModel class containing

all the necessary (Realtime)Properties for synchronizing detail related actions across all

clients.

Figure 5.17: Left: Detail Action Model, Right: Detail Sync Model

When a player executes a detail action, a paint or remove details function from the

terrain detail tool network script is executed to calculate the amount of details to in-

stantiate in the appropriate area. For the AddDetail and MassPaintDetails functions,

TreeInfo objects are created and added in a list. For the RemoveDetail and MassRe-

moveDetails, a TreeBounds object is created for storing the upper and lower bounds of

terrain coordinates to remove details from. After the TreeInfo list or the TreeBounds

object is completed, it is sent for serialization in the Terrain Tool Firebase script.

For the Terrain Tool Firebase script to work, a Google Firebase project has been set

up so that the Firebase storage can be used. For the serialization process the NewtonSoft

Json package in Unity has been used which offers out of the box serialization and deseri-

alization and many other useful features. In the Serialize and Upload TreeInstances and

Serialize and Upload TreeBounds functions, after serialization is completed, the serialized

objects are save to the user’s local files and uploaded to the Firebase storage.

Back to the Add/Remove Details functions, after the serialization and upload of the

corresponding files, a detail action model is created and added to the DetailSyncModel’s
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Figure 5.18: Left: Tree Bounds class, Right: Tree Info class

actions RealtimeArray Realtime Property and all other clients are notified.

Again, new terrain brush and terrain detail tool objects are created. In the Remove

Details Networked function, all trees inside the TreeBounds are removed and in the Paint

Details Networked function a tree is instantiated for each TreeInfo object in the TreeInfos

list. After an action is completed the created terrain brush and terrain detail tool objects

are destroyed.

TerrainWaterToolNetwork

The terrain water tool network implements the function called from the terrain tool

manager network that instantiates water objects. For the water objects shader the simple

water shader URP asset has been used from the Unity asset store [24].

TerrainObjectToolNetwork

The terrain object tool network implements the function called from the terrain tool

manager network that instantiates object objects.

TerrainSfxToolNetwork and SfxRendererSync

The terrain sfx tool network implements the function called from the terrain tool

manager network that instantiates sfx objects. The SfxRendererSync is derived from the

RealtimeModel class SfxRendererModel which holds the boolean RealtimeProperty ren-

dererActive. When a user changes the terrain tool sfx renderers active setting all clients

will be notified and enable or disable all sfx objects’ MeshRenderer component to match
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Figure 5.19: Serialization and Upload to Firebase storage

the SfxRendererModel’s rendererActive boolean value.

TerrainNpcToolNetwork and EnemyAgentSync

The terrain npc tool network implements the function called from the terrain tool

manager network that instantiates npc objects. The EnemyAgentSync is derived from

the RealtimeModel class EnemyAgentModel which holds the boolean RealtimeProperty

agentActive. When a user changes the terrain tool enemy agent active setting all clients

will be notified and enable or disable all npc objects’ NavMeshAgent component to match

the EnemyAgentModel’s agentActive boolean value.

SaveWorld

The SaveWorld script implements the function that saves a created world in the user’s

local files. First, a check is made to see if a folder named ”Worlds” exists in the user’s

application folder and if it doesn’t, one is created. Then a folder named as the selected
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Figure 5.20: Execute Detail Action on notified clients

world name is created inside the worlds folder.

For the actual saving, the terrain heightmap, alphamap, terrain layers and hole map

as well as all instantiated details and water, object, sfx, and npc objects are serialized

in Json files using the JsonConvert.SerializeObject() function. Finally, the serialized files

are saved inside the folder with the selected world name.

Quit Room

The quit room components disconnects the player from the current realtime room and

loads the starting scene. When the starting scene is loaded the creator scene is unloaded.

Fotis Bampaniotis 66 2024



5.2 World Creator

Figure 5.21: Spawn Water function (for objects shown in Figure 4.8)

Figure 5.22: Add function calls for realtime assets

5.2.2 Object Editor

In creator mode, instantiated objects with an XR Grab Interactable component attached

to them can be edited by activating the object editor. When an object enters edit mode,

if the move edit action is selected, the XR Grab Interactable component’s trackPosition

attribute is set to false and the trackPosition to true. Also its collider’s isTrigger property

is set to false so that it can be grabbed and moved.

When the edit mode changes to rotate, the interactable’s trackRotation is set to true

and if the grab button of the right controller is being hold, the object’s rotation will align

with the rotation of the right controller.

When the scale edit mode is activated both trackPosition and trackRotation of the

object’s interactable component are set to false. The scale mode utilizes a scaling boolean

property which is initially false. When initiating scaling by holding both controllers’ grab

buttons, the scaling boolean property will be set to true and the distance between the two

controllers will be saved in the startingScalingDistance property. While scaling, meaning

for each frame that both grab buttons are held down, the scale factor of the object is
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Figure 5.23: Spawn Object function (for objects shown in Figure 4.10)

Figure 5.24: Helper classes for serializing objects, Left: Layer Partial Class, Middle:

Detail Partial Class, Right: Object Partial Class

calculated by subtracting the starting scaling distance from the current distance between

the two controllers. Then, the scale factor is added to the local scale of the object after

ensuring that the sum is greater than zero.

For the scale action, the scale balancer component is implemented, which manages

the scale of the edit interface so that it is not scaled while scaling the object.

Each time a move, rotate or scale action is initiated, the Object Editor component’s

occupy function is called. If the state of the object is free and not occupied, ownership

of the realtime components of the object is requested and the occupied state is applied.

While in occupied state the ownership of the realtime components can not be requested.

After a move, rotate or scale action is completed, the object’s state is set to free and

realtime component ownerships are cleared.

The final edit action available is delete object. When the delete action is selected, a

prompt will be given to the player asking if they are sure to delete the object. If they

choose yes the object is deleted otherwise the move, rotate, scale and delete options are

displayed again.
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Figure 5.25: Scale balancer (for the interface shown in Figure 4.13)

5.2.3 User Interface

Palette Action Selectors

The terrain tool interface consists of objects for selecting the desired terrain tool mod-

ification action. Each action selector object has an XR Simple Interactable component

along with a script responsible for changing the active modification action, its visibility

and enabling possible asset selectors.

Palette Asset Selectors

When an action that can select from a range of assets to use, such as the paint

texture action, has been selected the corresponding asset selectors will be displayed on

the user interface. Each asset selector object has an XR Simple Interactable component

and an asset selector script. In the interactable component’s activate event, the select

asset function is set as a listener with the corresponding asset index in that asset’s asset

references dictionary.
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Figure 5.26: Paint Texture Selector (for selecting the action shown in Figure 4.6)

5.3 Character and Combat Systems

The character and combat systems implemented are interdependent and provide basic

role playing functionality to the game. The character system consists of three main

components, the character, the experience manager and the inventory. The combat

system consists of the wizard class, five spell components and the enemy npc behaviour

components.

5.3.1 Character

The character component has all the properties needed for the implemented gameplay

mechanics to function, like character class, max and current health, experience, level,

stats, active conditions, etc. It also implements the IDamageReceiver and IConditionRe-
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Figure 5.27: Texture Asset Selector (for selecting the texture objects shown in Figure

4.6)

ceiver interfaces.

Receive Damage

The receive damage function implements the ReceiveDamage funtion of the IDam-

ageReceiver interface and takes a damage integer and a source transform as its parame-

ters. This function decreases the character’s current health by the amount of damage if

the difference is greater than zero, otherwise it sets it to zero. Additionally, the wound

condition is activated for a second if the component is owned by the local realtime client.

Receive Condition

The ReceiveCondition function takes a condition type and a float type parameter and

starts the ActivateCondition co-routine if the component is owned by the local realtime

client.
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Figure 5.28: Texture Asset Activate Event

Activate Condition

The ActivateCondition function takes a condition type and a float type parameter

and activates a condition for a specified duration depending on the input parameters.

The implementation of the conditions as full screen effects has been achieved by adding

renderer features to the universal renderer data of the universal render pipeline.

When a condition is activated the corresponding renderer feature is activated for the

specified duration.For the wounded and poisoned conditions, the FadeFx co-routine is

started after the effect’s duration ends. The wound and poison full screen conditions are

implemented with the use of shader graphs. For the implementation of the full screen

blind condition the Fast Mobile Post Processing unity asset from the asset store has been

used which offers various effects.

Figure 5.29: Full Screen Damage Condition Shader Graph (shown in Figure 4.18)

Fade Fx

In the Fade Fx co-routine, the effect’s intensity variable is decreased gradually for
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Figure 5.30: Full Screen Poison Condition Shader Graph (shown in Figure 4.18)

half a second in that effect’s shader graph before it is disabled.

Get Experience

When the character component is enabled the Get Experience function is subscribed

as the experience manager’s GainExp event. This function is invoked when the GainExp

event is fired in the Add Experience function of the experience manager component. The

Get Experience function has a gainedExperience integer parameter which is added to the

character’s experience.

Level Up

If the experience gained by the character is equal or greater than the character’s cur-

rent level experience cap, the character’s level is increased and the experience cap for

the new level is doubled by the previous experience cap. Furthermore, the character’s

inventory capacity and max health increase.

Inventory

The character inventory is implemented by a list of strings in the Inventory compo-

nent. The component is responsible for initializing the capacity and adding a few items

at start and in the update function the inventory interface canvas is enabled if the left

controller’s primary button is pressed. The inventory interface includes buttons for each

item present in the inventory list.
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Figure 5.31: Full Screen Blind Asset Settings (shown in Figure 4.18)

Furthermore, the component implements the functions for using the health potion and

bomb items. The health potion item simply increases the character’s current health by

10 while when the bomb item button is pressed, the waiting for position boolean property

is set to true, a message to the player is enabled asking them to select the instantiation

position of the item and if the right controller trigger is pressed, the item is instantiated.

5.3.2 Combat Components

Wizard Spells

The wizard class implements the logic for casting the two available player spells. In the

start of the component’s update function a check is made to ensure that the component

is owned by the local client so that remote clients’ actions will be blocked.

The Fireball function is implemented and called in the update method. In the fireball

function if the right trigger button is being held and the fireball is not on cooldown,
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Figure 5.32: Left: Add Experience Function, Right: Get Experience Function

the controller’s device velocity will be read. If the dot product between the device’s

velocity and forward direction vector is greater that .1, the fireball game object will be

instantiated at the controller’s position and its cooldown will be activated.

The fireball game object has the fireball component attached to it which implements

the IDamageApplier interface. In its start function the terminate co-routine is called

which destroys the game object after 4 + character level seconds. In the update function

the fireball game object is moved forward and if the objects collides an enemy, the apply

damage function is called which in turn calls the enemy’s receive damage function with

the fireball’s damage and owner properties as its parameters.

In the update function, if the character’s level is greater than one, the TargetAoe

function will be called which is the targeting mechanic for the call lightning spell. If both

grip buttons are being held and the spell is not on cooldown, a ray will be cast from the

player’s head in the forward direction and the aoe area indicator will be instantiated at

the raycast’s hit point.

The aoe area indicator game object has the call lightning component attached to it

which inherits the AoeSpell class and implements the IDamageApplier interface. The aoe

spell class implements the on trigger enter and exit functions which detect enemies that

are inside the area and changes the area color from green to red and vice versa on enter

and exit. In the call lightning script the targeting mechanic is executed for every frame

that the grab buttons are held down. While the player is targeting the are is moved to

the raycast’s hit point if the hit distance is less than or equal to 10 from the ray origin.

Finally, the velocity of the controllers are read and if the dot product between the velocity

of each controller and its down direction is greater than 0.4 the spell is cast.

When the spell is cast, the call lightning particle game object is instantiated and if

any enemies are inside of its aoe area the apply damage function is called which in turn

calls each enemy’s receive damage function with the call lightning’s damage and owner
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properties as its parameters.

5.3.3 Enemies

Both enemies implemented in the game consist of components that define their behaviour

and components that synchronize their state across all clients. An enemy component

has been implemented, that both enemy base classes components inherit from. Also a

scriptable game object has been created for each enemy to save the necessary stats that

are accessed in play mode.

The enemy component hold properties that are common for all enemies, such as max

and current health, enemy type, agent, animator and more. The component implements

the IDamageReceiver interface and in its update function a check is made on its health to

determine if the enemy should be dead or not. If the enemy’s health is zero or lower the

death function is called which disables the collider and rigidbody components and calls

the Experience Manager’s Add Experience function which notifies all event listeners.

The receive damage function updates the enemy’s health via the corresponding syn-

chronization component of each enemy and changes any idle states if needed. Addition-

ally, an EnemyUI component is implemented which handles the health update on the

enemy’s user interface.

Ghoul

The ghoul base class that inherits from the enemy class is responsible for enabling

the behaviour and UI components in play mode.

The GhoulSync realtime component is derived from the GhoulModel RealtimeModel

component which has three RealtimeProperty fields, one for the target, one for the health

and one for the state. Each of these realtime properties has a didChangeEvent which is

very useful for notifying clients of value changes.

In the GhoulSync component there are implemented functions for setting the model’s

properties values as well as functions for handling value changes when the didChangeEvent

of a property is fired. The UpdateGhoulHealth function is called when the HealthDid-

Change event is fired and sets the health variable value of the ghoul’s local component to

be equal to the model’s health value. The UpdateGhoulState and UpdateGhoulTarget

functions synchronize the ghoul’s state and target to match the ones of the model.
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The behaviour of the ghoul enemy is simple, having two active states, an idle one

and the death state. In the idle state a Physics.OverlapSphere function is used to detect

players in a 10 unit radius and if a target is detected, the model’s target property is set

and the state is changed to Chase.

In the chase state the animator walk state is enabled and the ghoul is moved towards

the target and if the distance between them is less than or equal to two, the state is

changed to Attack if it is not on cooldown. In the Attack state the distance between the

ghoul and the target is checked again and if it is less than or equal to two, the animator

attack state is enabled.

In the animator’s attack state there are two events added, one in the middle and one

in the end. The middle event calls the attack function which checks the distance again

and if the check passes the attack is set on cooldown and the receive damage function on

the target is called. The end event sets the ghoul state back to chase.

Finally, if the ghoul’s health is zero or less, the death state is entered, the animator

death state is enabled and the behaviour component is disabled.

Boss Enemy

The necromancer is the boss enemy and its base class that inherits from the enemy

class is responsible for enabling the behaviour and UI components in play mode. The

necromancer’s synchronization components follow the exact same architecture as the

ghoul ones with the minor difference that instead of a state property the Necromancer-

Model has a transition property.

Figure 5.33: Necromancer Model

The necromancer’s behaviour is more complicated with its states consisting of patterns
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with common elements so it is implemented with nested state machines. The state

machine implementation that is used is taken from the web [25].

The NecromancerBehaviour component has properties related to the necromancer

base class, animator, states, transitions and it implements the master state machine. In

the start method the state machine object is created along with the state objects needed,

the possible transitions from each state with the desired transition conditions are declared

and the starting state of the state machine is set to idle.

Figure 5.34: Left: State Machine Initialization, Right: State Machine Transition Condi-

tions

In the NecromancerBehaviour the SetTransition function can only be call by the owner

of the necromancer’s realtime component. It takes the available states to transition to
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into consideration and comes up with a random transition between them.

All states implement the IState interface which has the Tick, OnEnter and OnExit

functions. The idle state enables the idle animation on enter and casts the Physics.OverlapSphere

function with a radius of 15 units in the Tick function. If a player is detected, the target

is set and the SetTransition function is called.

The states that implement a nested state machine are the attack1, attack2 and at-

tackAoe states. The attack1 state first enters the backwalk state and the projectile attack

state after that. The attack2 state executes a loop starting from the run state and tran-

sitioning into the projectile attack state four times. When the forth loop is completed,

the SetTransition function is called. The Aoe1 state enters the float state and after the

enemy floats upwards, the Aoe attack state is entered. When the Aoe attack state is

exited, the float state is entered once more and the enemy floats downwards before the

SetTransition function is called.

The float state on enter disables the enemy agent component and enables the float

animation. Based on the iteration property which is incremented on enter, the gravity of

the enemy is disabled, the kinematic rigidbody property enabled and a high position is

selected to move to if it is the first iteration, or a low position is selected if it is the second.

In the tick method the enemy moves to the selected position and when the movement is

completed, if it is the second iteration, the SetTransition method is called. On exit the

agent and gravity are enabled again, the kinematic property is disabled and the iteration

is set to 0.

When entering the backwalk state, the backwalk animation is enabled, the agent

enabled and the agent set destination is called with a position to the back of the enemy.

In the tick method if the time passed in this state is more than a second and if the state

was activated in the master state machine, the SetTransition function is called.

When entering the run state the run animation and the agent are enabled and the set

destination method is called to the left or right. In the tick method if the attack2 state

machine is active, the enemy runs for 1.5 seconds if the target is in sight or for 3 seconds

if it isn’t and then the SetTransition function is called.

When entering the projectile attack state, the projectile attack animation is enabled

and the agent is stopped. The projectile attack animation has two events added to it,

one in the middle and one in the end. The middle event calls the Fire Projectile function

in the necromancer behaviour component which instantiates the projectile particle game

object and increments the attack2count variable if the realtime is owned locally. If the
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attack1 state is active the cooldown is enabled otherwise the fire projectile is called four

times after the cooldown is enabled and the SetTransition function called. The end event

signals that the projectile animation attack is over so that any transitions in the nested

state machine can take place.

When entering the aoe attack state the aoe attack animation is enabled which also

has two events added to it, one in the middle and one in the end. The middle event calls

the Cast Aoe function of the necromancer behaviour component which instantiates the

aoe attack particle game object if the realtime is owned locally.

The projectile attack game object has the NectoricTouch component attached to it

which moves it in the forward direction in the update method. Upon collision with the

player the apply damage function is called which calls the receive damage function of

the character and the apply condition function. The apply condition function calls the

receive condition function of the character with the blind condition and a duration of 2

as its parameters.

The aoe attack game object has the PoisonBath component attached to it which starts

the self destruct co-routine at start, hence destroying it after four seconds. In the update

method the DealDamage function is called every second which calls the apply damage

for any players that are colliding with it. The apply damage function calls the receive

damage function of the character and the apply condition function. The apply condition

function calls the receive condition function of the character with the poison condition

and a duration of 3 as its parameters.

Figure 5.35: Left: Attack1 State Machine Diagram, Middle: Attack2 State Machine

Diagram, Right:AttackAoe State Machine Diagram
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Figure 5.36: Necromancer State Machine Diagram

5.4 Play Mode

When entering play mode, the play scene is loaded, then the starting scene is unloaded.

Then the connection request to the realtime room named ”PlayRoom” is made and the

OnConnectedToPlayRoom function is subscribed as a listener to the realtime didCon-

nectToRoom event.

5.4.1 World Loading

When the client connects to the play room successfully the OnConnectedToPlayRoom

is executed and the avatarCreated event of the realtime avatar manager component is

subscribed to with the AvatarCreated function implemented. Subsequently, the created

world folder in the user’s application files is accessed. Then the heightmap, terrainLayers,

alphamap, holes and details json files are deserialized into appropriate object types and

used to replicate the terrain data and instantiated details of the created world.

The next frame after the OnConnectedToPlayRoom is done, the player avatar is

created and is assigned a role based on its realitime client ID. If the avatar’s ID is
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zero(if it is the first avatar created in the room), the Game Master role is assigned to

it and the game master components that are attached to it are enabled. If the avatar

is owned locally the XR Origin’s rigidbody use gravity property is set to false and the

LoadRealtimeObjects function is called. The LoadRealtimeObjects function reads the

water, object, sfx and enemy files in the created world folder and instantiates them in

the realtime room if they are not already present. Finally, after the objects have been

instantiated, the terrain’s nav mesh surface is baked.

If the created avatar’s realtime ID in greater than zero, the Player role is given to it,

the character and inventory components are enabled and the play mode tutorial interface

is enabled.

5.4.2 Game Master

The game master component implements the functions for selecting the different game

master actions. In the update function the game master action select canvas is enabled

if the left controller primary button is held down.

Figure 5.37: Left: Game Master objects in avatar hierarchy, Right: Game Master action

selections code (for UI shown in Figure 4.16)

In the Game Master item spawner component, after the ”Door Key” item has been
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selected in the spawn item interface, the wait for spawn position variable is set to true.

In the update method if the wait for position is true, a ray is cast when the trigger button

is pressed and the item is instantiated at the raycast hit point.

The Game Master audio mixer gives the game master the ability to mix the voice

and music channels of the master audio of all clients. The game master audio mixer

component inherits from the Realtime component of type Mixer Volume Model which is

a Realtime Model class with the voice and music volume float realtime properties.

Figure 5.38: Left: Mixer Volume Realtime Model, Right: Game Master audio mixer

component methods (for UI shown in Figure 4.16)

The Game Master audio mixer implements the functions for setting the model’s music

and voice volume properties. Furthermore, it implements the functions that handle the

value changes of the model’s properties when the didChange event is fired. In order to be

able to change the master mixer channel’s volumes from script, a float parameter needs

to be created for each of the channels that is then exposed from the Unity editor.

5.4.3 Gameplay

A few more components have been built to implement the extra gameplay mechanics

that are needed.

Audio Emitter

The audio emitter component is attached to the sfx objects and contains an audio
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Figure 5.39: Audio mixer with exposed parameters

source property which is the reference to the audio source component that handles audio

play back. The audio source component has an audio clip property which is the actual

audio file played to the selected output channel which is the music channel for all sfx

objects.

The audio emitter script implements the on trigger enter and exit functions start and

stop audio playback when the player enters or exits that object’s trigger collider. The

audio tracks used as audio clips for the sfx objects are composed by Quest Master [26].

Crafting Bench

The crafting bench game object offers crafting features with the attached craft-

ing bench component attached to it that is implemented. In the update function the

Physics.OverlapSphere method is called and if there is a player in range two items needed

for crafting are added to the character’s inventory the first time and the open crafting

interface is enabled. If the player activates the object the crafting interface is enabled,

displaying a crafting panel for each item that is available for crafting. The item crafting

panel is instantiated with an ingredient panel for each ingredient needed to craft that

item and a result item panel which indicates the craft result.

Bomb
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Figure 5.40: The audio emitter and audio source components attached to the sfx object

(for objects shown in Figure 4.11)

The bomb object is used to destroy door objects and the bomb component imple-

ments this functionality. When the bomb object is instantiated, the explode co-routine is

started and after five seconds, any door objects that are nearby are destroyed. When the

bomb explodes, the explosion particle system is instantiated and the bomb game object

is destroyed.

Doors

There are three types of doors that are implemented, left opening, right opening and

double doors with the three corresponding components functioning in a similar way. A

boolean property named open along with closed and open rotation properties exist in

each component. When the object is activated the open property is changed and the

door starts rotating towards the desired rotation until it reaches it.

The double doors however can only be opened if the player has acquired the door key

from the Game Master.
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Figure 5.41: Craftable item interface panel (shown in Figure 4.19)

Figure 5.42: Crafting implementation (shown in Figure 4.19)
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Figure 5.43: Bomb implementation

Figure 5.44: Door rotation
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Chapter 6

Conclusion

6.1 Summary

This thesis aimed to investigate the potential educational value of XR collaboration ap-

plications and the effect of the addition of fantasy and gamification elements to such

applications, while also using audio visual effects and intuitive user interfaces to increase

immersion and user engagement. The developed platform offers users a medium to col-

laborate in order to create virtual worlds and play stories inspired from traditional RPGs.

6.2 Evaluation

For the evaluation process a level was designed using the application’s world creator

where two users can connect and play an asymmetrical collaborative game. Five sessions

of evaluation took place, each one testing both creator and play modes and, after each

evaluation session, the players were given a questionnaire to fill out. The questionnaire

contained questions from the Nasa task load index and the system usability scale, while

also containing some questions that are more specific to the research subjects of the

thesis.

6.2.1 Advantages

Based on the answered questionnaires the following advantages of the application were

found:
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• Most users mentioned they liked the system and its ease of use and would like to

use it frequently.

• Most users thought that using this system can have educational value and men-

tioned that using the system made them feel that they and other collaborators

could better understand each other.

• Most users thought that the user interfaces implemented and addition of audiovisual

effects helped increase the feeling of immersion.

• A few users strongly felt that the addition of game and fantasy elements helped

increase presence and task engagement

• A few users reported that the use of visual effects increased stress perception during

gameplay.

• No users felt that the task was very mentally or physically demanding.

• Most users achieved high performance with medium to low effort and very low

frustration.

6.2.2 Disadvantages

Based on the answered questionnaires the following disadvantages of the application were

found:

• A few users mentioned that the system might not be very easy to use and felt they

might need technical assistance to use it however were confident, while using the

system, after assistance was provided.

• One user mentioned that they needed to learn a lot of things, before using the

system and two other neither agreed or disagreed.

• One users was not sure if the system could have potential educational value.

• A few users were unsure if the addition of game and fantasy elements helped increase

presence and task engagement and also that the use of audio visual effects helped

increase immersion.
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• One user felt that the task was above average mentally and physically demanding.

• One user could not successfully complete the challenge due to motion sickness.

6.3 Future Work

The developed XR collaboration platform represents a promising foundation for fostering

immersive and engaging collaborative experiences. However, there’s significant potential

to expand its capabilities and functionalities. This section outlines several key areas for

future development.

6.3.1 Expanding Content Creation Tools and Assets

• Advanced World Building Tools: Currently, the platform focuses on creating

virtual worlds inspired by RPGs. Future iterations could introduce advanced terrain

sculpting tools, allowing users to build intricate landscapes, including mountains,

rivers, and caves. Additionally, features for constructing and manipulating diverse

assets like furniture, buildings, and vegetation would enable users to create a wider

variety of environments.

• Improved Asset Creation Workflow: Integrating tools for 3D modeling and

texture creation directly within the platform would empower users to design and

personalize their creations. This would alleviate reliance on external tools and

streamline the content creation process.

• Community Asset Library: Developing a community-driven asset library would

allow users to share and reuse pre-built assets, such as characters, environments,

and props. This would offer a vast pool of content, reducing development time and

fostering collaboration.

6.3.2 Enhanced Collaborative Features

• Advanced Communication Tools: Expanding communication beyond basic

voice chat would foster richer collaboration. Features, such as spatial audio for

localized conversations, text chat bubbles, and embodied gestures, like pointing

and waving, would enhance user interaction and understanding.
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• Role-Based Functionality: Implementing role-based permissions could be ben-

eficial for scenarios like educational training or simulations. This would allow des-

ignating roles like facilitator, observer, and participant, leading to more structured

and focused collaboration experiences.

• Object Co-Manipulation: Currently, users can create and interact with ob-

jects independently. The ability to co-manipulate objects, such as collaboratively

building structures or solving puzzles, would significantly enhance the collaborative

aspect of the platform.

6.3.3 Immersion and Presence Enhancements

• Multimodal Feedback: Integrating additional sensory feedback mechanisms could

further enhance user immersion. Haptic gloves could provide tactile sensations,

while interacting with virtual objects and directional wind effects could add a layer

of realism to movement through virtual environments.

• Enhanced Avatar Fidelity: While the current platform utilizes basic avatars, im-

plementing features, like facial expressions, full-body tracking, and eye gaze track-

ing, could significantly enhance the user’s sense of presence and embodiment within

the virtual world. This would create a more natural and engaging social experience.

6.3.4 Exploration of AI Integration

• Intelligent Assistants: Introducing a user-friendly AI assistant could guide new

users through the platform’s functionalities and offer context-sensitive suggestions

for content creation or collaboration tasks. This could significantly improve the

learning curve and overall user experience.

• Procedural Content Generation: Integrating procedural content generation

techniques could enable the platform to dynamically generate environments, ob-

jects, or even narrative elements, based on user input or collaboration goals. This

would offer users nearly limitless possibilities for creative exploration.
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6.3.5 Scalability and Accessibility Considerations

• Multi-Platform Support: Currently, the platform might be limited to specific

hardware configurations. Expanding support to a wider range of devices, like mobile

VR headsets or standalone VR devices, could increase accessibility and expand the

user base.

• Scalable Collaboration: While the current prototype focuses on small-scale

collaboration, future iterations could explore mechanisms to accommodate larger

groups of users within the same virtual environment. This would require efficient

network optimization and resource management to ensure a smooth and lag-free

experience.

6.3.6 Educational Applications and Research

• Curricular Integration: Collaborating with educators could develop specific

learning modules and activities tailored to different subjects and age groups.

• Research in Collaboration and Learning: This platform could serve as a

valuable tool for researchers to study the effectiveness of immersive collaborative

learning environments. Experiments could investigate factors, like user engagement,

knowledge retention, and collaboration dynamics, within a VR setting.

By focusing on these future work areas, the collaborative VR platform developed within

this thesis has the potential to evolve into a powerful and versatile tool for immersive

learning, training and creative collaboration.
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