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Abstract

This dissertation looks into using Artificial Intelligent (Al) environment
customisation and recommendation and applying it to Virtual Reality Learn-
ing Environments (VRLESs) to provide a greater understanding of how this
type of Al can be implemented to make VRLEs more enjoyable and per-
sonalised experiences.

Personalisation can provide many benefits in an educational process, and
as such, the study and usage of systems that can automatically adjust
VRLE experiences to meet preferences at an individual level, could con-
tribute towards making future versions of Virtual Learning Environments
(VLEs) more engaging and satisfying places for those using them in edu-
cation.

An important part in achieving the goals of this dissertation is the pro-
duction of a demo that leverages Machine Learning (ML) to change the
features of a VRLE environment, specifically a VR classroom environment,
and align them with individual users’ preferences. This is made possible
through the use of Reinforcement Learning (RL) techniques which involve
taking user feedback for each VR classroom design and converting it to
rewards for an RL agent. The feedback and the current state of the VR
classroom is then used to generate a Learner Profile corresponding to the
individual user that can be used to improve future educational experi-
ences.

In order to evaluate the effectiveness of this demo, two implementations
have been produced, one where there is no form of VRLE customisation,
and one where the customisation is Al agent-based. This allows for a base-
line of data points to compare and contrast with. There is currently a lack
of robust standards on how to gather data points and evaluate metrics
regarding user experiences in VRLES, hence this dissertation borrows and
adapts evaluation strategies from the educational games sector to address
this point.
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1. Introduction

1.1 Motivation

As technology advances, the benefits it can provide to other fields grow with it. One
such example is the use of Virtual Learning Environments (VLEs) in the educational sector.
VLEs are already commonplace amongst many educational institutions but there are many
aspects of them that can be built upon to make them more engaging places [1]. In the
case of VLEs, a boost in engagement would mean students are spending more time in an
educational environment and building a more positive association with education [2]. As
such, making use of Artificial Intelligence (Al) technologies to increase user engagement
in such virtual environments is a case worth looking into. This paper looks into doing so
through making use of Al technologies to personalise these environments and therefore
match the preferences of users on an individual level.

The type of VLEs targeted by this paper are Virtual Reality Learning Environments
(VRLESs). These are VLEs that exist within Virtual Reality (VR) spaces. VR itself is a tech-
nology that has been found to increase user engagement [3], meaning there could be
significant benefits reaped from progressing educational VR technologies. Additionally,
whilst VR is often still considered a niche, it has seen plenty of growth in recent years and
even massive investment from some of the largest technology companies such as Meta
and Apple. This is due to the potential VR technologies have when it comes to playing
an integral role in how people of the future interface with technology. Unfortunately,
despite this growth and investment, there is still a relatively small amount of research on
VRLEs themselves, meaning their potential is still very much untapped, despite all that
they could offer. As such, furthering research and experimentation with Al technologies
in this domain is imperative as it could have a dramatic impact on how engaging and in-
tuitive VRLE environments are once VR technologies become more integral to daily life.



CHAPTER 1. INTRODUCTION

1.2 Proposed Solution

This dissertation looks into the effects that combining Al based customisation and VRLE
systems can have on user engagement. This is achieved through a piece of software that
makes use of Al technologies to customise a VRLE environment to tailor the experience
to students on an individual level. The software is then used to investigate how users
react to different parts of the experience.

The main Al technologies leveraged by this paper in order to solve these problems
are those of Reinforcement Learning (RL) agent-based environment customisation and
Learner Profiling. In this system RL agents make use of student/user feedback to deter-
mine how the virtual environment should be personalised. The users are prompted with
a feedback section at the end of every VRLE session, and the data collected from this
is used to generate the reward value for the RL agent. This allows the RL agent to de-
velop an understanding of the preferences of individual users as they spend more time in
the VRLE, and therefore get better at personalising the VRLE environment for individual
users.

The same user feedback, along with the state of the VRLE and RL agent, is stored and
used to generate Learner Profiles. Each user has a Learner Profile associated with them,
and the contents stored in these are easy to adjust. Learner profiling in this way not only
allows for educators to get a better insight into their students, but also provides data that
can be useful for implementing additional layers of educational content recommendation
in the VRLE setting, which could further boost educational engagement and satisfaction.

The RL agents mainly focus on customisation and alteration of the 3D virtual envi-
ronment itself, meaning a method of representing the state and action space to the agent
needed to be developed. Additionally, several evaluation strategies have been imple-
mented or adapted from other fields with more robust evaluation standards. Both quan-
titative and qualitative results have been deemed valuable in the insight they can provide
for this dissertation and any future work in Al enhanced VRLEs, and as such processes to
collect both have been leveraged.

1.3 Aim and Objectives

The main aim of this project is the development and evaluation of an Al tailored VRLE
classroom that provides insight into how VRLEs can be made more engaging places for
end users through the use of Al agent-based personalisation. To reach this aim, the follow-
ing set of objectives have been defined. To reach this aim, the following set of objectives
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have been defined. They are an important factor in guiding the scope and evaluation of
this paper.

o O1 - Set up a customisable learning environment that is accessible through the use
of VR Technologies.

« O2 - Implement an RL agent that is able to alter the environment to match user
preferences based on user feedback.

« O3 - Generate and fine tune Leaner Profiles that can be employed for educational
content recommendation.

o O4 - Investigate the effects that a VRLE making use of RL agent-based environment
customisation has on a user satisfaction and engagement.

« O5 - Propose recommendations and best practices based on which elements of the
custom VR environments had the greatest effect on the users.

1.4 Summary of Contributions

This dissertation has contributed towards the area of Al in Education in at least four dis-
tinct ways where Al and VRLE technologies intersect. The first major contribution is re-
lated to the software developed in association with this dissertation. It takes the form
of a VRLE classroom where an Al agent is able to change the environment to tailor the
design for individual users. Such an implementation is the first of its kind and promises to
further project the use of Al within the VLE by employing VR.

The software also includes a flexible learner profile system, the second major contri-
bution, where files storing information on each user can be generated. By default the
information gathered relates to user preferences regarding the Al environment customi-
sation and Al agent, however the implementation was designed to be adjustable so that
developers could adjust and fine tune them to account for their datasets and needs. This
dissertation includes a breakdown of how this can be done. The source code for the VRLE
implementation is already being used by other research projects in the same field.

The third contribution is implemented within the VRLE, whereby a system was pro-
posed and implemented, referred to by this dissertation as the CCID system. This is a
methodology for labelling and representing the state space of potential classroom de-
signs to an Al agent. This dissertation leverages this system to represent 256 classrooms,
however with the right adjustments this system can be adapted to support significantly
larger state spaces.
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There is a lack of standardisation regarding evaluation approaches for measuring en-
gagement and satisfaction within the field of VRLE research. Therefore, the fourth contri-
bution relates to the proposal and usage of a more standardised evaluation system based
on research done in the field of educational games. This evaluation system has been doc-
umented in this dissertation to allow for ease of replication and comparison of results by
other studies.

This dissertation brings these four contributions together while investigating the ben-
efits and downsides of Al agent-designed classrooms, and has developed guidelines on
how they can be implemented in the future to boost user engagement and satisfaction
even further.

1.5 Document Structure

The structure of this research paper is broken down as follows:

« The first chapter is a standard overview of the whole project that sets the objectives
of the paper.

« The second chapter is a breakdown of the technologies that are most relevant to
this project, as well as a look into and critique of related works and how they used
these technologies.

« The third chapter describes the methodology used by this paper, describing the
approach taken during development of the VRLE and Al software designed for this
project. Evaluation methodology is also discussed in this chapter.

« The fourth chapter contains a breakdown of the different types of results collected
regarding this dissertation’s software. Each type of results gathered is split into
distinct sections.

« The fifth chapter contains an evaluation of the results of the prior chapter and dis-
cussion of the implications.

« The sixth and final chapter includes any final remarks regarding this dissertation.
The aims and objectives are revisited, with limitations encountered being discussed
to help facilitate future or follow up studies.



2. Background & Literature Overview

2.1 Virtual Reality Learning Environments

2.1.1 VLEs vs VRLEs

VLEs are educational environments that exist in a digital space with the goal of providing
enhancements to the learning experience [2]. They can be used to offer many types of
educational services such as providing access to student resources and assignment pages,
giving recommendations on educational material, and allowing for class discussion both
between students and lecturers. As such VLEs have become a common part of the experi-
ence provided by educational institutions. VRLEs are often looked at as a possible future
iteration of the modern VLE. This is as VRLEs follow the same principals and tend to
provide the same services as more traditional VLEs but apply these to VR environments.

Access to VRLEs is currently more limited than that of traditional VLEs due to the
hardware requirements for accessing such a system. VRLE environments require the use
of a VR headset in order to better track user movement and provide them with a first-
person Three Dimensional (3D) space that they can explore and interact with at a level
that is not traditionally possible.

2.1.2 Strengths and Use-cases of VRLE Systems

Due to their enhanced level of immersion and interaction, VRLEs can also be the best
place to provide educational simulations for fields where hands on work can be especially
beneficial. One example of this [4] allows medical students to practise suturing in a VR
environment which helps beginners improve whilst avoiding the risk that could emerge
from practising in real world scenarios. An additional benefit of this is that the only costs
involved are the initial purchase of the VR setup itself.

VRLEs bring with them the advantages of VR technology which means that they can
provide more immersive experiences and therefore boost student engagement [5]. One
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example of this is allowing students to virtually put themselves in places related to what
they are studying to allow them to better understand what it is they are learning about, or
appreciate it to a degree that would only otherwise only be possible by physically going
to the location [6]. This advantage of VRLEs allows students to virtually visit and interact
with different environments in a way that provides a more realistic and intuitive under-
standing of the space that is not possible through the use of more commonplace VLE
experiences.

2.2 Virtual Reality in Education

2.2.1 Educational Virtual Reality Systems

In recent years, VR technologies have often been experimented with and used to pro-
vide educational experiences [5; 7]. They can provide students with with quick and easy
access to experiences that may otherwise be very difficult or very costly to host other-
wise. A systematic review of VR in education [8] defined four categories of educational
VR applications: training, simulation, distance learning, and limited resource access.

One example of a simulation application [6] is combining VR with Google Earth tech-
nologies in a geography class to allow students to almost instantaneously digitally visit
the locations being discussed in class. This was done as part of a study on student per-
ceptions of VR in the classroom to enhance the learning experience and was carried out
over the course of an entire year to understand the long term student perceptions of the
technology. After the full year of in class VR sessions were complete, students continued
to have a positive perception of VR technologies and were interested in seeing future
implementations of educational VR. Results however did not contain a large distinction
between the VR users and non users, implying in-class VR should not be considered a
replacement for traditional lectures but rather be a tool to enhance them.

Training applications are used to allow users to develop and practice practical skills in
VR environments. Many aviation companies for instance, provide staff with access to VR
aircraft maintenance training [9]. A system like this can allow staff to see and interact with
the different components of an aircraft in a manner that is significantly safer and more
flexible than one that would involve using physical aircraft parts.

VR technologies have also been deployed to enhance online classes. One example of
this is a study [10] which investigated the effects of using VR to host e-commerce classes.
When comparing the performance of students taking these classes through traditional
online learning methods, with those of students who took part in the classes through a
VRLE, it was found that the latter group were able to maintain higher concentration levels,

6
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and scored better when tested on the subject matter. The main downside of VR distance
learning highlighted in this study is that such classes can require longer preparation times
and higher technical knowledge from the educators hosting the classes. With thisin mind,
studies on educational VR applications should not only focus on how the learning expe-
rience can be enhanced, but also how the teaching process can be improved.

Another interesting VR in education application was used as part of a case study on
library system VRLEs. A system [11] was set up to allow users to search for and browse
the contents of ebooks. This would fall under the category of applications that enhance
access to limited resources. Users also had the ability to talk to a library reference expert
who would also log in via a VR headset to offer support. While a novel concept with po-
tential, the paper about this case study mainly included information on how to implement
such a system and how it can be streamlined, and did not include any evaluation metrics
or methods of gauging the value that the system provided to its user base. A point like
this is valuable to address as it can not only show the value of a particular approach but
also provide deeper insight into why it was valuable and how that value can be reapplied
and enhanced further. As such, this dissertation’s evaluation focuses on addressing these
points.

2.2.2 Virtual Reality and Augmented Reality in Education

Augmented Reality (AR) technologies allow digital objects and information to be inserted
into the physical world [12]. AR educational technologies overlap with VR technologies in
that both are attempting to enhance the educational experience and boost user engage-
ment through the use of virtual environments. The main difference between them is that
while VR technologies immerse the user in a completely virtual environment, AR tech-
nologies attempt to bridge the gap between what is virtual and what is real by inserting
virtual elements and enhancements into the the real world environments [13]. One can
visualise this via a diagram like that of Fig. 2.1 in which the spectrum of Mixed Realty (MR)
technologies is a gradient between real world environments and completely virtual en-
vironments, with VR technologies being at one end and AR technologies landing in the
middle.

The most common AR experiences are typically done through the use of a smartphone
where the user can see virtual elements added to the camera feed on their device. AR
implementations however, can also provide more immersive experiences on VR headsets
themselves or specialised versions of VR headsets called VR glasses. These options mean
that the barrier of entry for AR experiences is significantly lower than that of VR.

AR having a lower barrier of entry than VR means that it is preferable in situations
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Completely,
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Augmented
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Figure 2.1: Gradient of Mixed Reality technologies that fall between be-
tween real world and completely virtual environments.

where one can benefit from being able to view a specific virtual object in an unrestricted
three dimensional space rather than a full virtual environment. For instance it can be used
by medical professionals and students in order to navigate a 3D scan of a human skull
[14] in a more detailed manner than would be possible without AR technologies when
preparing for a surgery. Since the focus here is specifically on a single virtual object, that
being the 3D scan, the benefits of using VR technologies over AR ones are outweighed
by the conveniences of AR.

Aside from being used as a tool for professional use, AR can also be used to provide
unique educational experiences, such as displaying virtual recreations of historical build-
ings or artefacts over real world environments [15; 16] or enhance how students can view
and compare animal and plant cells [17].

2.3 Metaverse Technologies
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2.3.1 Overview

The term metaverse originated in the 1990s from a science fiction novel where it was
coined to represent a combination of the words meta and universe. It was used to describe
a 3D digital universe comprised of immersive virtual worlds which users can enter and
interact with through the use of avatars [18]. Whilst the technology to achieve this did not
exist when the concept of the metaverse was conceptualised, in modern times technology
is allowing metaverse experiences to finally be actualised and implemented. In recent
years there has been a significant increase in discussion (Fig. 2.2) and investment into
metaverse technologies from major players in the technology space.

Interest over time Google Trends

Worldwide. Past 5 years. Web Search

Figure 2.2: Google Trends graph showing the increase in searches for the
term "Metaverse" over the last 5 years.

VR technologies have found themselves very closely associated with metaverse tech-
nologies. This is as the advantages of VR align well with what metaverse technology is
trying to accomplish. VR allows for greater immersion in virtual worlds that metaverse
technologies are striving to achieve [19]. Additionally, VR headsets usually come with
some form of body tracking functionality which can be used to enhance user avatars by
allowing for significantly more natural and realistic movements that reflect the real world
actions of the users.

2.3.2 Educational Metaverse Applications

Despite the dramatic increase in interest in metaverse applications, only a small sample
of research done on metaverse technologies has been related to educational applications
[20]. Education is a critical field that needs to keep up with current technologies to fur-

9
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ther advance and optimise learning experiences, and as such more researchers should be
encouraged to invest their time and talents into educational metaverse applications. That
being said, the research already done in the field shows great promise in how metaverse
technologies can revolutionise educational experiences.

One study [21] investigated using metaverse technologies in order to alleviate the
downsides of remote education. Remote learning can often be necessary, but doesn'’t
allow for the same level of student engagement and as a result can often lead to a reduc-
tion in student participation [22]. The study [21] compared students that were learning
through a VR and metaverse remote learning platform with traditional video call remote
learning. Comparisons were made using student retention and knowledge acquisition
tests, and found that in general students scored higher on both when making use of the
VR and metaverse approach. It also confirmed that VR and metaverse based education
helps provide students with a significantly higher feeling of spatial presence when learn-
ing remotely.

Metaverse educational technologies can also often be considered as an evolution of
VR educational technologies. This is as it is not uncommon for concepts from VR educa-
tional technologies to be enhanced and transformed into metaverse technologies. This
can be seen for instance in one paper [23], which broke down how remote lung cancer
surgery training was achieved through metaverse technologies. VR educational technol-
ogy allowed medical students to remotely view and learn about lung cancer surgery via
immersive 360 degree video, and metaverse technologies were leveraged to add in social
elements, allowing for lecturers and other students to meet in virtual classrooms where
they all had shared access to the 360 degree surgery videos. This approach not only
reduced the negative effects associated with remote learning, but was also able to allow
more immersive demonstrations than would be possible in a traditional classroom setting.

2.3.3 Metaverse Platforms

In recent years several platforms have either evolved to incorporate more metaverse-
esque elements or have been designed from the ground up around the concept of meta-
verse technologies. This section gives a brief breakdown and explanation on some of
the more prominent examples, or examples that are particularly relevant to this paper.
A table is available (Tbl. 2.1) that shows a comparison of the platforms’ avatar Level of
Detail (LOD), as well as some information about their capabilities.

« VRChat [24]:

10
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- One of the most well know VR platforms. It acts as VR social media platform
allowing anyone to join public or private virtual worlds where they can talk,
interact, and add each other to their friend lists.

- VRChat is a relatively open platform which allows users to upload their own
3D models to use as avatars or virtual worlds. Unfortunately, whilst being
able to make and import custom avatar models is significantly more control
than what is offered by most other platforms, VRChat does not have a built in
avatar customiser, meaning that the best one can do if they do not know how
or do not want to import their own models is use pre-made avatars that do not
reflect their real world bodies.

- Additionally, whilst it is very popular, VRChat is not as commonly used as other
metaverse platforms for serious applications like education or work related
tasks. Instead, it is mainly used as a platform where one can meet with and
make new friends, as well as share VR experiences with them.

« Axon Park [25]:

- The slogan "Welcome to Your New Virtual Campus" gives a good insight into
the strengths of the Axon park platform. It provides interactive three dimen-
sional VR words in which students and educators can meet to participate in,
host, or design educational activities. They also advertise implementation of
Al technologies in their metaverse worlds.

- Currently users are able to base an avatar off a photo or template. This avatar
acts as the default but developers can also define avatar customisation on a
per virtual world basis, i.e. developers are able to choose if they are going to
provide users with their own avatar customisation and to what LOD.

- Itis arelatively new platform that was started in 2019 and is still being actively
developed. As such, at the moment of writing, it is still not completely open
and requires getting in contact in order for developers to make use of the plat-
form. At this moment they do not have a Software Development Kit (SDK) for
external development available.

« Spatial [26]:

- This platform is dedicated to encouraging people to be creative in collaborative
VR environments. The platform also supports AR environments which allow
users to virtually meet in a real world environment that can include virtual
elements such as virtual screens, notes, or 3D models. Spatial also makes use

11



CHAPTER 2. BACKGROUND & LITERATURE OVERVIEW

of Non-Fungible Token (NFT) technologies. Not only can NFTs be displayed
but they can also be used as tickets required to enter certain virtual worlds,
and even the virtual worlds themselves can also be minted into NFTs, allowing
them to be sold and rented.

- Users are required to create an avatar during the setup of their account and
can make use of templates as a starting point. The options given allow users to
design an avatar that matches their real world appearance. The platform also
allows virtual worlds to be developed via a plugin called Spatial Creator Toolkit
that connects to the Unity game engine. This allows virtual world developers
to include custom quests, avatars, and vehicles in their virtual worlds.

- While being able to develop environments in unity through the Spatial Cre-
ator Toolkit is incredibly handy, it does not mean that spatial world developers
are able to make use of all the tools and features of the unity game engine.
Most notably custom C# scripts and certain types of visual scripting nodes are
not supported, meaning that more unique virtual world features might not be
possible to implement.

« Roblox [27]:

- Despite not being a VR compatible platform, Roblox is often considered a
metaverse platform. It is significantly older than the other platforms discussed
in this section, having been launched in 2004. As a result its feature set can be
considered more mature than most platforms.

- The Roblox platform contains some of the most open and customisable vir-
tual world development options amongst metaverse platforms. Through an
optional free program called Roblox Studio, virtual worlds can be built com-
pletely from scratch using custom assets and code. Developers are even able
to override systems such as the platforms default animations, avatars, and con-
trol inputs. This gives developers the ability to create virtual worlds that are
both highly specialised and distinct.

- Similarly to VRChat however, Roblox is not commonly used for serious appli-
cations. Instead it is mainly used as a metaverse platform where users can
develop and play a variety of different games together within virtual worlds.
Additionally, whilst its virtual world customisation is very open, its avatar cus-
tomisation is significantly more limited; requiring users to use a currency sys-
tem to buy customisation options that would allow their avatars to match their
real life appearances.

12



CHAPTER 2. BACKGROUND & LITERATURE OVERVIEW

« Horizons Worlds [28]:

- Created by Meta, the same company that develops the Quest VR headsets,
Horizons Worlds provides users with free VR worlds where they are able to
meet with friends or new people, attend virtual events, and play some games
together in VR.

- Whilst they provide an avatar customisation system that does allow for a level
of customisation high enough to allow users to create avatars that align with
their real world appearance, the visual quality of the avatars themselves is no-
ticeably less high than what is offered by some of the other platforms men-
tioned such as Spatial. Virtual world development on Horizons Worlds is rela-
tively unique. Users are able to develop the same virtual world simultaneously
whilst remaining in VR, essentially turning the act of creating metaverse expe-
riences into a metaverse experience.

- The ability to develop virtual worlds whilst remaining in VR is used very well.
Users are even able to use a drag and drop system, as well as visual scripting.
This allows for an enjoyable and streamlined virtual world development and
testing experience at the cost of a level of accuracy and fine detailing that is
more achievable through more traditional virtual environment development
tools.
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Built in Avatar| Built in World | Custom Secript
Platform Avatar Example .. . L. .
Customisation | Customisation Execution
Custom
characters can | Can be done Supports a
VrChat be imported | through plugins | custom Visual
from external with unity Scripting system
sources
No current
Robust Can be done support for
Axon Park customisation | through Unreal external
Engine 5 development
Robust Can be done Supports a
Spatial customisation | through plugins | custom Visual
with unity Scripting system
Customisation Robust Supports LUA
Roblox with some Customisation scripts
caveats
Robust Robust Supports a
Horizons Worlds customisation | Customisation | custom Visual
Scripting system

Table 2.1: Table showing a comparison of avatars and some features avail-
able in different Metaverse platforms. Each avatar image is either taken
from official sources or a direct screenshot from usage of the platform.

2.4 Personalised Learning Systems

Personalised Learning systems are systems put in place to optimise learning experiences
in a way where they can adapt and tailor to individual users’ preferred learning environ-
ments, pace and styles [29]. Whilst personalised learning does exist in a more traditional
manner, advances in technology have allowed this to be done through much more ef-
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ficient means. Traditional personalised learning has generally required educators to put
effort specifically into tracking each students progress and tailoring for them. Person-
alised e-learning technologies allow software to automate parts of this process, which
has resulted in increased accessibility for educators to implement personalisation into
the learning process. That is not to say that there are no challenges when developing
personalised e-learning systems however.

2.4.1 Challenges of Personalised Learning Systems

As was identified in one study [30] there are several types of challenges that must be con-
sidered during the development of these systems. These included integration challenges
which define the challenges involved in training or educating students and teachers on
how to make best use of the e-learning systems, as well as providing them with resources
and technical support for when things go wrong. It also defines challenges types such
as "Content-Oriented versus Student-Oriented" which are about dealing with e-learning
technologies causing teachers to be encouraged to focus on providing content for each
week rather than on educating the students, and pedagogical challenges which are about
how e-learning should not just be a way to deliver normal learning content, rather it should
be a way to enhance the learning experience at cognitive, behavioral and physiological
levels. The paper [30] also notes that these systems should try to accommodate for a
variety of learning styles and preferences.

These insights provide valuable information on the common pitfalls that personalised
systems can encounter and have therefore been taken into account in the writing and de-
velopment of the implementations associated with this dissertation. It is important that
these challenges are considered when a general plan for what a personalised learning
system will try to achieve is decided on. This dissertation keeps integration challenges in
mind by ensuring that classroom personalisation is offloaded to an Al agent rather than
onto teachers. Additionally, any inputs required from students to train the Al agent are
kept straight forward. Learner profiling also helps in keeping a focus on student-oriented
teaching since it can keep educators more informed on the likes and needs of the students
when they are planning classes. Furthermore, by leveraging a dynamic and personalised
VRLE, this dissertation is able to tackle pedagogical challenges by focusing on accommo-
dating for more preferences and providing classroom tailoring on an individual level that
would not be possible in a normal learning environment.
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2.4.2 Development of Personalised Learning Systems

Learner profiles and Machine Learning (ML) agents are valuable tools in the development
of these personalised e-learning systems. These tools can be implemented to facilitate
the automation of learning personalisation. Learner Profiling systems are focused around
building a set of data for each individual learner that encompasses information that relates
to their learning experiences such as what educational preferences and goals they have,
what keeps them motivated more, what areas they find more troubling, and so on [31].
This data can be gathered through explicit means such as user surveys, as well as through
observational means such as tracking how much they interact with e-learning systems
and the types of content they access through them. ML agents can then be used to cycle
through and process the data present in the learner profiles in order to optimise for the
settings that need to be enabled in an e-learning environment to best match a particular
student.

2.5 Reinforcement Learning

2.5.1 Overview

One type of ML agent that does not require a large data source ahead of time is a RL
agent. Rather than training on a data set, RL agents are placed directly in the environment
where they are able to perform actions and adapt to it based on a trial and error technique.
Throughout this the agents are looking for what actions and contexts allow it to maximise
the rewards they receive and minimise the penalties. This type of mapping between the
context of the environment and actions that should be taken is referred to as the agent’s
policy [32].

The nature of this strategy applies itself well to areas where specific data on the en-
vironment will be unknown ahead of time. As such, RL agents are advantageous when
it comes to being applied to gaming and robotics. Video games usually already contain
win and lose conditions or score systems that can be directly mapped to the rewards and
penalties of a RL algorithm. This is typically true of both competitive and collaborative
games [33]. Since robotic systems have to deal with real world environments, conditions
will never be identical and so, due to their ability to adapt and use policies to deal with
new scenarios, RL techniques are some of the best systems for handling robotic automa-
tion and path-finding [34]. In both of these scenarios, the environments encountered can
vary and the agent may even need to deal with environments or scenarios that change
dynamically in real time. These advantages of RL systems have lead some studies to re-
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search and apply them to personalised learning where systems may need to dynamically
adapt to learners and educational environments.

2.5.2 Application to Personalised Learning Systems

RL technologies are often applied to personalisation systems such as advertisement and
product recommendations [35]. Such implementations are commonplace as RL is capable
of tailoring recommendations to users, even when data on a particular user is relatively
scarce compared to what is required to effectively use many other Al technologies. This
benefit also appears when dealing with personalised learning systems.

When RL technologies are applied to personalised learning systems they can surpass
what is possible when using simpler optimisation algorithms. An important factor in this
is the dynamic, ever changing nature of educational settings; preferences and abilities can
change dramatically over time and the explorative nature of RL algorithms gives them an
advantage when compared to more static optimisation systems [32]. Additionally, the
number of factors taken into account in personalised learning can be quite large and in-
dividuals may have very different requirements. As such, a system based on RL that is
capable of developing complex policies whilst handling a wide range of scenarios is ideal.

One study [36] ran several RL agents in order to determine which types of RL were
best applicable to recommendation in personalised learning implementations. This study
found that in the context of personalised learning systems, Q-Learning based RL agents
were generally able to develop strategies that out-performed the other agents. Whilst
the use-case in this paper was not identical to what is being done in this dissertation, it
still supports the usage of RL technologies being a viable strategy, and provides useful
foundations on how that can be implemented.

2.5.3 Q-Learning

There are multiple variants of RL technologies. One such variant is Q-Learning, which
makes use of a Quality value (Q-value) to determine what action should be taken next to
maximise positive outcomes. Each state and possible action combination are given their
own Q-value. Therefore when an action needs to be selected, the Q-Learning agent can
see which action has the highest Q-value. If multiple actions are equally viable then the
agent may choose randomly between them [32]. It should also be noted that, generally,
the Q-values are discovered by the agent through trial and error rather than given to the
agent ahead of time. Q-learning allows for RL agents to develop policies and strategies
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Learning Rate Discount Rate

New Q-Value(S,A) = Q(S,A) + a[R(S5,A) + y MazQ' (S',A') - Q(S,A)]
| | | I |

New )-Value Q-Value Reward Max Predicted Reward Q-Value
at current State at next State
and Action and Action

Figure 2.3: Bellman Equation

that lead to better long term rewards, but can often struggle when the number of possible
states i.e. the state space is relatively large.

The Q-Values themselves can be calculated through the use of the Bellman Equation
(Fig. 2.3). This equation is used by Q-Leaning agents to update the Q-values associated
with each state and action pairing as it explores and adapts to its environment [37]. As is
observable in the equation, a default value for the Q-values needs to be initialised ahead
of time by the developer, since getting the new updated Q-value requires making use of
an already defined Q-value.

2.6 Virtual Environment Customisation

When setting up a virtual environment, one can choose to create a static or customisable
environment. A static environment is one where all users encounter the same environ-
ment and no alterations, manual or automatic, can be made. A customisable environment
is the opposite. The environment itself can be changes in a variety of ways depending on
the user or other conditions.

There exists a variety of systems that can be employed to handle customisation of an
environment. One paper [38] proposes an elegant way to categorise these systems into
three main approaches. These are specifically designed to be inclusive of all systems used
to generate custom environments for a three dimensional space for end-users.

The three approaches are pre-programmed, agent-programmed, and user-programmed
approaches. When one is developing a virtual environment with customisation elements,
it is valuable to keep these approaches in mind as they help ensure a level of consistency
in how the customisable elements of the environment are handled. VRLE environments
fall under the definition of a three dimensional virtual environment for end-users, and as
such these strategies remain the main considerations for custom environment generation.
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2.6.1 Pre-Programmed Environment Customisation

Pre-programmed approaches contain rules regarding environment generation that are ex-
plicitly set by the developer of the environment ahead of time, as such they often take
the form of static decision trees [38]. When this approach is taken, the environment cus-
tomisation is completed before the users ever interact with the system, meaning from a
user standpoint the environment is static in form and function. The main advantage of
this approach is that it allows designers to perfectly tune the environment to provide the
exact type of experience that they intend their users to have.

There are unfortunately some notable disadvantages of pre-programmed systems.
Mainly, that because of their static nature, they are very limited when it comes to ac-
counting for user preferences and have no systems in place to automatically align with
new demands over time. Additionally, pre-programmed environments may have an in-
verse effect on user engagement, as users may not feel like anything about their experi-
ence in the environment is unique.

2.6.2 Agent-programmed Environment Customisation

Agent-programmed approaches make use of Al agents to generate the environment based
on policies that are defined by the Al algorithm itself [38]. This is typically done by having
the agent try to optimise for the user based on past trends, behaviours, and preferences.
As such one can consider this a data driven approach to environment customisation. The
policies that define the state of an agent-programmed environment can be dynamically
changed over time by the agents. The goals and limitations of the agents are defined by
the developers ahead of time.

While this approach generally does not allow for developers or users to fine tune the
environment to provide a very specific experience, it comes with a high degree of envi-
ronment flexibility. Through this paradigm, a large variety of users can have environments
that align with their demands, with relatively little input from them or the environment
developers.

2.6.3 User-programmed Environment Customisation

User-programmed is when the users themselves are able to define the rules for the envi-
ronment customisation [38]. One popular method of achieving this is by providing a User
Interface (Ul) that streamlines the rules of the environment into a series of toggles and/or
sliders. This gives users fine control over their environments whilst minimising the barrier
to do so.
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One way of further streamlining this approach is to provide the users with templates
for the environment, with each template being predefined but still modifiable. Templates
help reduce the amount of work a user needs to put in to have a more tailored experience
as users can just tweak the template rather than start everything from scratch. It should
be noted however that even through template systems, the amount of time a user is
required to invest to have an environment that aligns with their specific needs is still
significantly higher than that of agent-programmed environments. This barrier could lead
many users to just select the default settings and not interact with the customisation
elements. Additionally, these systems are static over time, meaning that users will need
to invest more time to keep the environment updated if their needs or demands change.

2.7 Evaluation Criteria

At the time of writing, evaluation of educational VR environments suffers from a lack
of robust systems and standardisation. Since the goals of this paper involve investigating
the effects that Al agents can have on user satisfaction and engagement in VRLE environ-
ments (O4), evaluation methodologies which measure user satisfaction and engagement
values in similar projects have been looked into as a foundation.

2.7.1 Evaluation for VR systems

Evaluation systems for VR systems can take on a variety of forms. These include sur-
veying users about VR experiences, measuring software analytics through video game
industry tools [39], and/or tracking bio-metric data during VR experiences [40]. For this
dissertation surveying users is being chosen as the main source for determining stan-
dardised engagement and satisfaction scores. Externally measuring user satisfaction and
engagement can lead to large variance and subjectivity that can be easier to handle with
surveying the users directly. Additionally, software analytics tools work best in situations
where there are active users on a deployed platform which users can access whenever
they want, which is not the case for this dissertation. Bio-metric tracking is a novel and in-
teresting evaluation method that can be insightful in evaluating VR training systems [40],
but is not ideal for the types of metrics being targeted by this dissertation.

One study that made use of survey evaluation and shares some overlap with this dis-
sertation focused on the evaluation of gamification elements in educational VR spaces
[41]. It involved the implementation of game design techniques into an educational VR
space in order to understand the effect that elements such as high-score systems, achieve-
ments, and timers have on educational VRLE spaces. This study implemented two ver-
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sions of their VR environment, with only one of them making use of the gamification
features they hypothesised would increase motivation.

The study [41] contains significant overlap with this dissertation, with both attempt-
ing to measure the positive effects that specific additional features can have on VRLE
spaces. The main distinguishing factor being that this dissertation is looking into measur-
ing satisfaction and engagement in regards to Al customisation whilst the study measures
motivation in regards to gamification elements. The study made use of a custom made
guestionnaire to measure the user motivation. Having two versions of the VRLE is an
effective evaluation methodology as it allows for the results to isolate the additional fea-
tures to the environment. The main part of this evaluation plan that could be improved is
the nature of the questionnaire itself. Whilst it serves the purpose of the study, it seem-
ingly neither follows, nor is based upon a specific model or standard. Since educational
VR environments are still very lacking when it comes to standardised evaluation systems,
it could be beneficial to take a look into how a similar but more robustly researched field
handles measuring user motivation, engagement, and satisfaction in similar scenarios.

2.7.2 Educational Games Evaluation

Evaluation of educational games shares several similarities with the evaluation of educa-
tional VR experiences. This is not only because there is a technological overlap between
the two but also as they often have similar end goals, that being to increase the satis-
faction and engagement of those being educated. Unfortunately, there is also an overlap
in the lack of standardisation on evaluation methods. Whilst educational games have
more research done on them, it was still noted in a 2017 study [42] that 81% of research
papers on educational games investigated did not follow a specific evaluation model. De-
spite this, educational game evaluation is still significantly more robust then educational
VR evaluation and so taking a look into the most popular evaluation models used by the
remaining 19% of papers can give insight on how advances in evaluation techniques for
educational games can be adapted to VR educational software.

The most popular evaluation model identified was the MEEGA model [43]. This model
was significantly more popular than any other, being used around 60% more frequently
than the second most popular model known as EGameFlow [44]. The MEEGA model
breaks down evaluation into several standardised categories of questions, with each cat-
egory being designed to gauge a specific metric. The metrics are Motivation, User Expe-
rience, and Learning. Users are given questions before and after using the educational
game and are able to answer every question by picking a value on a 5 point scale, and the
results can be compiled into a score for each category and a standardised overall score.
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Since the release of the MEEGA model however, some researchers [45] have pointed out
flaws and proposed a more robust version referred to as MEEGA+.

The MEEGA+ model [45] builds on the MEEGA model to be more comprehensive and
provide a greater level of reliability. It follows the same categorical standardised question
structure as its predecessor but rather than having three categories, provides two main
categories: Player Experience and Usability, that can be broken down into nine and four
sub-categories respectively. These sub-categories can be seen in Fig. 2.4 . They allow for
the same standardised questioning and scoring system as the MEEGA model but provide
a greater level of evaluation information.

This dissertation adapts aspects of the MEEGA+ model and reapplies them to VRLE
applications. In doing so, a more standardised methodology for evaluating VRLEs is de-
veloped. This approach allows for quantitative results to be gathered that can be directly
compared with those of studies leveraging the same evaluation system.

2.8 Summary

This chapter provides a breakdown of the main technologies and research papers related
to this dissertation. It discusses several use cases of these technologies, mainly from
the perspective of applying them to e-learning, as well as references other works to give
insight into how they leveraged these technologies and what was learned that can be
used to best achieve this dissertation’s goals.

The main technologies covered were VLEs and VRLEs, VR and metaverse technolo-
gies, personalised learning systems, RL systems, and virtual environment customisation.
For each of these technologies, research papers that overlap with this dissertation or pro-
vide relevant information on how the technologies can be implemented to align with this
dissertation were reviewed. The relevant takeaways of these papers were taken into ac-
count and the areas where they lacked were discussed and taken note of to be addressed
in this dissertation. The main area which similar papers lacked in was providing robust
result gathering and evaluation methodologies. Consequentially, this chapter also looked
into how educational game applications handle evaluation systems so that this disserta-
tion can adapt them to VRLEs.

Overall, it was noted that whilst there are a variety of research papers on VRLE tech-
nologies, there is a general lack of standardisation when it comes to evaluation and rela-
tively little research on this dissertation’s niche of using Al agents to tailor their designs
to make them more engaging for users. This dissertation therefore aims to help fill the
gap in these areas through leveraging the main insights on what technologies provide the
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best advantages for personalised VRLEs, applying them to Al agent-based environment
customsation, and providing a more robust evaluation and insight gathering system based
on work done in similar, more established fields.
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3. Materials & Methods

3.1 Target Demographic

The target demographic of most VLE and VRLE studies and systems is students and/or
people who were recently in education. This demographic is also applicable to this dis-
sertation. The reason students are the ideal target for these types of studies is that they
are the people who would most benefit from VRLE systems and are also most familiar
with the modern standards and experiences of educational and VLE technologies. The
students targeted by this dissertation are adult students, specifically in the 18 to 23 age
range, who are pursuing studies at a university level or equivalent.

3.2 General Overview

As part of this dissertation, a piece of software has been produced that allows users to put
on a VR headset and access a VRLE classroom. The features and design of this classroom
are dynamically changed by a RL agent that is aiming to personalise the classroom setup
to align with the preferences of each individual user. The software tracks the changes and
states of the classroom environment, the preferences of the users, and debug information
for the RL agent, and compiles them into learner profiles that can then be accessed as
individual files corresponding to each user. This information can be seen in Fig. 3.1, which
is a Data-Flow Diagram (DFD) of the software.

A second version of the software was also produced to provide results for compari-
son with the first version. This alternate version of the software is a more standard VRLE
classroom. This version’s classroom contains no Al agent customisation and so has a com-
pletely static design. This version of the software acts as a baseline during this disserta-
tion’s testing process so that the effects of Al environment customisation on VRLEs can
be isolated more effectively. The DFD for this version can be seen in Fig. 3.2. As can be
seen, this version follows a much simpler structure and lacks all Al related components.
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Figure 3.1: Data Flow Diagram showing a high level overview of this dis-
sertation’s personalised VRLE software implementation.

With these two versions of the software, one of the main metrics being measured is
that of engagement. This dissertation follows the definition of engagement proposed in
a 2014 study [46], which defines engagement as a self reported combination of Focused
Attention, Satisfaction, Aesthetics, and Usability. These sub-metrics can be gathered in a
standardised manner by following the MEEGA+ [45] evaluation model.
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Figure 3.2: Data Flow Diagram showing a high level overview of the more
standard static version of this dissertation’s VRLE software implementa-
tion.

3.3 Software and Versions Used

This section goes over the software used for the development of the VRLE application
related to this dissertation. It defines the exact version of the software used in order
to streamline the process of replicating and building upon the application. The Software
used can be seen in the following table (Tbl. 3.1):

Operating Systems Software Version
Visual Studio 2022 17.0.4
Unity Hub 2.4.5

. Unity Game Engine 2022.1.13.11
Windows 10/11 - -

Unity Oculus XR Plugin 3.0.2
Unity OpenXR Plugin 1.4.2
Oculus App 60.0

Table 3.1: The main software used to develop this dissertation’s VRLE ap-
plication.

27



CHAPTER 3. MATERIALS & METHODS

3.4 VR Platform Selection

The initial plan for this dissertation was to make use of a VR and/or metaverse platform,
such as those specified previously in Fig. 2.1. As such comprehensive research was done
on several of these platforms.

The advantages associated with making use of these platforms include reduced de-
velopment time for this dissertation’s VRLE. This is as they remove the need to manually
set up VR input handling and can also provide pre-built VRLE space that could be directly
enhanced with Al elements. These platforms also come with features such as built in on-
line meeting functionality, that while not necessary to this dissertation, would allow the
VRLE to be closer to one that would be released to the public.

After significant research and discussion with some of the metaverse platform devel-
opers however, it was decided that making use of these platforms would not be a viable
option for this dissertation. As of the time of writing, the goals and development features
of the metaverse platforms did not align well with the goals of this dissertation. Whilst the
platforms looked into all offer a good level of environment customisation whether built
in or through external tools, the scripting capabilities offered are currently too limited in
what they allow for code to be implemented that has Al agents dynamically change an
environment as is required by this dissertation. The exception being the Roblox platform
which could potentially support this as it has the most flexibility and openness when it
comes to scripting, but it is the only one of these metaverse platforms that is not VR
based, and as such is also not a viable option for this dissertation.

As such, out of necessity, the scope of this dissertation had to be expanded to de-
vote more time to set up and implement a VR space for the VRLE at a lower level than
previously expected.

3.5 Setting Up a Virtual Reality Space

3.5.1 Game Engine Selection

Since it was decided that a metaverse platform would not be used for this dissertation’s
VRLE space, the tools required to manually set up the VR space needed to be selected.
Making use of game engines provides significantly more flexibility and avoids the prob-
lems encountered with using metaverse platforms for this dissertation. Due to this, the
options in the game engine space were investigated.

The main contenders in the game engine space are the Unreal Engine, the Unity En-
gine, and the Godot Engine. Out of these, the Unity Engine was chosen. This is as, at
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time of writing, it was observed that the Unity Engine has the most robust VR asset li-
brary and tool-set, as well as the most active development community when it comes to
VR development. Many of the most popular VR games are also made in the Unity engine
such as Beat Saber and SuperHot VR. This level of popularity ensures that significant
documentation and support exists on VR development in Unity.

3.5.2 Implementation

With the engine selected, the virtual space and its VR handling had to be implemented.
To ensure compatibility with as many VR headsets and controllers as possible, as well as
allow for more time to be allocated to other parts of the software, the use of open source
VR templates and Unity plugins that could streamline this process was investigated. The
main goal of this investigation was to find and adapt a system that provides input handling
for multiple types of VR headsets to allow them to work identically when used to visit the
virtual space.

An open source template, specifically the FFOS Unity VR Template [47], was selected.
This template includes a compatibility layer between the unity engine and VR hardware,
providing an easy way to read and standardise motion and button inputs from a variety of
VR headsets and controllers. It also includes hand tracking and basic VR movement han-
dler systems that allow developers to quickly set up either VR analogue stick movement
or VR point to teleport movement. The source code provided in this template is open, ed-
itable, and modular, meaning the main benefits of coding such a system from scratch, i.e.
having flexibility and a finer level of control, are still applicable, whilst the implementation
and debugging time is significantly faster than that of a built from scratch system.

First person analogue stick based movement was selected for the VR space. This
analogue stick based movement is more realistic than teleportation based movement and
therefore can provide a greater immersion level. Teleportation based VR movement tends
to reduce motion sickness when moving, as well as allow users to traverse larger areas
faster. Whilst these are strong benefits, they are not very applicable to a classroom VR
space, since such areas have a relatively small size and do not typically require students
to move around regularly. The first person point of view was selected since it is most
accurate to real life when compared to other VR camera setups.

The main VR headset targeted is the Quest 2 headset. Its portability allows for a
streamlined testing experience since the headset can easily be taken to any location and
requires little setup compared to VR headsets that require external tracking. This Quest
line of headsets is also, at the time of writing, the most popular VR hardware on the mar-
ket, meaning that targeting it could be valuable in the long term. Despite this targeting, the
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Valve Index headset was also used when developing this dissertation, and as expected,
due to the benefits of the VR template [47] mentioned previously, no issues were found
when switching between using a Quest and using a Valve Index.

3.6 Setting Up the Educational Environment

The educational environment that users would interact with in VR was built specifically
for this dissertation and is modelled after a traditional classroom, complete with the usual
layout and furniture associated with one. The assets and 3D models used were either
produced from scratch, or extracted from asset packs purchased on the Unity Asset store.
The default version of this environment can be seen in Fig. 3.3.

Figure 3.3: The default VRLE classroom developed for this dissertation.

This educational environment was also set up with the idea that an Al agent would be
able to make changes to it. The Al agent would have the ability to change the following
environmental features:

o Floor Colour
- The colour of the classroom’s floor.
« Class Decorations

- Themed decorations that can be found around the virtual classroom, mainly
on the desks present.
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« Background Colour
- The colour of the sky in the virtual classroom environment.
« Background Decorations

- Alarge decoration/s present in the sky, in the direction that an educator would
stand.

M Background Decorations

Floor Colour
[ Background Colour

[l Class Decorations

Figure 3.4: The customisable elements of the custom VRLE classroom,
with each type of customisable element being labelled by a different
colour.

The features are labelled visually for reference in Fig. 3.4. Each of these 4 features

has 4 variants, meaning the Al agent customising the environment is dealing with a state
space of 256 possible classroom setups. Fig. 3.6 shows some examples of these classroom

setups and the variety that this system allows for.

3.7 Reinforcement Learning System

3.7.1 Selection of the Al Agent

The main goal of the agent is for it to design and optimise the setup of the virtual class-

room to provide a tailored experience for every student, essentially acting as a recom-
mendation layer for different elements of the virtual classroom. RL agents work well with
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Figure 3.5: The four main VR classroom environments created for this dis-
sertation. Each one is labelled with its corresponding classroom configu-
ration ID. Each one is themed as follows: 1111 is sports themed, 2222 is
educational themed, 3333 is nature themed, and 4444 is art themed.

these types of tailoring and personalisation systems [35] since they can quickly adapt to
unique users even when information is not known about the specific user ahead of time.
Another benefit of using RL technologies is that they can be set up to maintain a degree
of exploration even when they have already found viable strategies. This is advantageous
when dealing with student personalisation systems since it can keep things fresh and ad-
just to the dynamic nature of student preferences [32]. Additionally, RL is scalable and
allows for generalisation. Educational personalisation is very complex, and this disserta-
tion only covers a small fraction of the possible factors that can be taken into account.
Leveraging RL technologies here could then provide better reference for future work.
These advantages led to RL agents being selected for this dissertation’s implementation.

There are however multiple types of RL that can be implemented into an agent for this
task. Fortunately, a recent study [36] provided a comparison of several types of RL agents
and their applicability to recommendation systems in the field of personalised learning.
This recent study recommended the use of Q-Learning based RL agents when implement-
ing educational customisation systems due to their performance when adapting and cre-
ating long term customisation strategies, even when the agent’s starting state is initially
random and no information on the learner being targeted is known in advance. Whilst the
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Figure 3.6: Some examples of the classrooms that can be generated in
this dissertation’s software through choosing and combining different ele-
ments of the four handcrafted classrooms in Fig. 3.5.

study was focused on educational content recommendation, as opposed to educational
environment customisation, the advantages of Q-Learning systems are still applicable to
to the latter.

There are of course some downsides to Q-Learning agents. Some of the main disad-
vantages being slowdown in convergence when dealing with relatively large state spaces,
and an inability to handle continuous state spaces where states and/or actions are not
discretely defined. These disadvantages however should not cause any significant hin-
drance to this dissertation’s software implementation since a discrete environment with
a state space that is limited to a size of 256 states is being used.

Due to Q-Learning being well suited for the scenario, it was chosen as the driving
force behind the Al agent that handles environment tailoring and customisation in this
dissertation’s dynamic VRLE software. With it selected the finer details on how the agent
would interact with the system needed to be decided on.

3.7.2 Representation of the Environment
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3.7.2.1 Creating the CCID System

In order to have the Al agent tailor the VRLE environment to match individual students,
a methodology for how the Al agent would be able to represent and interface with the
student and the environment needed to be developed. In regards to the environment,
this was achieved through having the agent traverse a state space where each position
in the space is a unigue classroom variant. Naturally, the positions closest to each other
represented classrooms with similar features. The actions available to the Al agent would
allow it to traverse this space, one classroom variant at a time.

Due to the classroom variants having 4 editable features, and those features hav-
ing 4 options each, each classroom variant can be defined by a 4 by 1 array as follows
[feature_1, feature_2, feature_3, feature_4]. For example, [2,3,1,4] would be a classroom
where the floor colour (feature_1) is the second of four possible colours, the class deco-
rations (feature_2) is the third of four possible options, the background colour (feature_3)
is the first of four possible colours, and the background decorations (feature_4) are the
forth of four possible options.

The 4 digits of this array can simply be stored as a four digit integer referred to in this
dissertation as a Classroom Configuration ldentifier (CCID). For instance, the aforemen-
tioned [2,3,1,4] classroom can simply be defined by the CCID 2314. At a source code
level, the system stores the current classroom definition as an integer first and fills an
array values based on it. This is simply done so that depending on context the array val-
ues or the integer can be called directly rather than regularly casting one into another.
This configuration number system can be seen with visual examples of the classrooms in
Fig. 3.6, where the numbers on the top left of each classroom represent their correlating
CCIDs.

Whilst limited to a size of 4 features in this dissertation’s implementation, the CCID
system could be reapplied to any number of editable classroom features through simply
increasing the size of the array or integer storing the CCID. Additionally, the number of
variants per feature could be increased by changing the numerical base for each feature.
For instance, with 4 features and a base of 4, as is the case with this dissertation’s VRLE,
the maximum CCID is [4,4,4,4] or 4444, whilst a VRLE with 6 features and 12 variants
would have a maximum CCID of [12,12,12,12,12,12] or 121212121212.

With this method of representing individual classroom designs selected, the Al agent
still needs a way to traverse from one possible design to the next. RL systems are usually
given a set of actions that they can perform within a given environment. In this case the
individual actions need to be able to allow the agent to go from one classroom variant to
another closely related one.
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3.7.2.2 Representing the Environment and Action Space

Since the classrooms can be represented by a 4 by 1 array just as coordinates for a Four
Dimensional (4D) space can, then all the classrooms can be defined by a 4D space where
each position in the 4D space is a classroom. In this scenario the Al agent would have ac-
tions which allow it to move 1 step in any direction of the 4D space. Whilst this method
is the easiest to implement since the arrays representing a classroom do not have to be
altered in any way to represent a 4D space, it is not ideal for this dissertations implemen-
tation.

The reward system for the agent has a dependency on user inputs (More information
in Section 3.7.3). Because of this, any systems that can reduce the environment and/or
action space complexity would also result in less user inputs required before the agent
is able to develop an idea of that particular user’s classroom preferences. With this in
mind, reducing the dimensions of the 4D environment would be beneficial to the User
Experience (UX) of any students making use of the software.

Since the environment is discrete and has straightforward bounds on the number of
possible states, dimensionality reduction can be applied by mapping each possible 4D
coordinate to a position in a lower dimensionality space. This can be seen in Thl. 3.2
where the 256 possible CCIDs are mapped to different positions in a Two Dimensional
(2D) table. This table was manually handcrafted by this dissertation’s main researcher,
with each CCID in the table being positioned so that it is surrounded by similar looking
classroom environments. The CCIDss of the four original distinctly themed classrooms are
placed as far away from each other as possible and elements from a themed classroom
are progressively introduced as a position in the table approaches the position of the
correlating distinctly themed classrooms. By leveraging this table, the agent can traverse
a 2D environment where its coordinates in the 2D space directly correlate to a position
on the table.

Reducing from a 4D representation to 2D representation was chosen as 2D reduces
the complexity of the environment significantly when compared to 3D and 4D. Addi-
tionally, a 2D environment still allows the 4 main VRLE classrooms from Fig. 3.5 to be
equidistant from each other. This would no longer be possible if the dimensionality was
further reduced to One Dimensional (1D), and as such doing so would actually be counter
productive as it would significantly increase the number of actions the agent would need
to take to get to some classroom types, and thus also significantly increase the number
of inputs the user needs to make before the agent starts developing working strategies.

Due to the dimensionality reduction, the action space required for the agent simply
needs to provide a list of actions that can traverse all positions of a discrete 2D space. As
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1191 | 2111 | 1211 | 1121 | 1112 | 1212 | 1221 | 1122 | 2211 | 2112 | 2121 | 2221 | 2212 | 2122 | 1222 | 2222
S111 | 4111 | 4211 | 4121 | 4112 | 4212 | 4221 | 2411 | 1322 | 3112 | 3121 | 3221 | 3212 | 3122 | 3222 | 4222
1311 | 4311 | 1411 | 1223 | 1123 | 1412 | 1421 | 1422 | 2311 | 2312 | 2321 | 2214 | 2114 | 2322 | 3422 | 2422
1131 | 4131 | 1321 | 1141 | 1231 | 1242 | 1241 | 1142 | 2231 | 2132 | 2131 | 2142 | 2232 | 2342 | 3242 | 2242
1113 | 4113 | 1413 | 1312 | 1114 | 1214 | 1224 | 1124 | 2213 | 2113 | 2123 | 2223 | 2421 | 2324 | 3224 | 2224
1313 | 1213 | 1431 | 1341 | 1314 | 1414 | 1243 | 1423 | 2314 | 2134 | 2323 | 2423 | 2432 | 2412 | 2124 | 2424
1331 | 3114 | 1132 | 1143 | 1232 | 1342 | 1441 | 1234 | 2143 | 2332 | 2431 | 2141 | 2234 | 2241 | 4223 | 2442
1133 | 3411 | 1433 | 3141 | 1134 | 1432 | 1324 | 1144 | 2233 | 2413 | 2341 | 2243 | 4232 | 2344 | 4322 | 2244
3311 | 1233 | 3211 | 1323 | 3312 | 3214 | 3142 | 3322 | 4411 | 4231 | 4123 | 4421 | 2414 | 4122 | 2144 | 4422
3113 | 1332 | 3314 | 3321 | 3414 | 3124 | 3223 | 3412 | 4321 | 4114 | 4213 | 4323 | 4412 | 4423 | 2441 | 4224
3131 | 3431 | 3143 | 3123 | 3132 | 3232 | 3421 | 3241 | 4132 | 4312 | 4141 | 4241 | 4214 | 4234 | 4342 | 4242
3331 | 2331 | 3231 | 3134 | 3332 | 3432 | 3442 | 3342 | 4431 | 4331 | 4341 | 4441 | 4243 | 4142 | 1442 | 4442
3313 | 2313 | 3213 | 3323 | 3413 | 3424 | 3423 | 3324 | 4413 | 4314 | 4313 | 4324 | 4414 | 4124 | 1424 | 4424
3133 | 2133 | 3233 | 3441 | 3341 | 3234 | 3243 | 3244 | 4133 | 4134 | 4143 | 4432 | 4332 | 4144 | 1244 | 4244
1333 | 2333 | 2433 | 2343 | 2334 | 2434 | 2443 | 4233 | 3144 | 1334 | 1343 | 1443 | 1434 | 1344 | 1444 | 2444
3333 | 4333 | 3433 | 3343 | 3334 | 3434 | 3443 | 3344 | 4433 | 4334 | 4343 | 4443 | 4434 | 4344 | 3444 | 4444 |

Table 3.2: Two dimensional table where each position in the table repre-
sents a possible VRLE classroom variant.

such, the actions are simply as follows: Move Up, Move Down, Move Left, Move Right.

Fig. 3.2 shows the finalised table that the RL agent uses to understand the environ-
ment it is traversing. This interactivity is also shown in Fig. 3.1 where this table is stored
in the "Customisation Mappings" component. The coloured gradients on Fig. 3.2 show a
visual approximation of how far a VRLE classroom variant is to the agent from one of the
four main designs shown in Fig. 3.5.

It should be noted that this table is not always perfect due to the distortion that can
happen when reducing a 4D environment to a 2D mapping. The main issue caused by the
distortion is that on occasion, some classrooms that are equally different are not an equal
number of steps away from the agent. This issue however is significantly reduced as the
number of actions that the agent takes within an episode is increased. Additionally, the
mapping table itself was handcrafted to account for these distortions and minimise them
as much as possible. In conclusion, the benefits of mapping the representation of the
environment from 4D to 2D significantly outweigh the negatives when it comes to this
dissertation’s implementation and as such this is the system used in the finalised software.

3.7.3 User Input and Reward System

The RL agent used in this dissertation is specifically a Q-Learning agent, therefore the
Bellman Equation (Fig. 2.3) was used as the Q-function. With this system in place, the
agent associates a Q-value with every state and action combination that it encounters,
and uses that information to determine its future actions. Since in this case the agent
needs to adapt to real people’s preferences, the rewards used to help define a Q-value
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need to be based, at least to some degree, on the thoughts of the individual people.

To provide a link between user sentiment and Q-values in this implementation, a user
input system was built into the VRLE that allows for users to submit a 1 to 5 rating for
every classroom that the RL agent sets up. These ratings are then converted into reward
values used to generate corresponding Q-value. Specifically, ratings of 1 and 2 represent
negative rewards of -1 and -0.5 respectively, a rating of 3 represents a neutral reward
value of O, and ratings of 4 and 5 represent positive reward values of 0.5 and 1 respec-
tively.

Figure 3.7: Hand tracking system.

Two user input methods for these ratings have been set up. The first being a simple
keyboard input method, where when being within one of the VR classrooms a score of 1
to 5 can be submitted by pressing the corresponding number on a keyboard. The second
input method however is in the VRLE itself; users can see a set of buttons on the desk they
are positioned at when they first enter the VRLE. These buttons are labelled 1 through 5
and as hand tracking was set up for this environment (shown in Fig. 3.7), they are able to
simply push one of the buttons to submit a rating. This submission system can be seen in
Fig. 3.8 and Fig. 3.9.

Naturally, steps had to be taken to prevent confusion and exploits in regards to the
VR rating system. The main steps taken are as follows:

« Only allow one button to be pressed at the same time. Users can press a button with
each hand or even two buttons with a single hand. When this is done accidentally,
it can lead to errors.
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Figure 3.8: Buttons in the VR classroom that can be clicked to submit a 1
to 5 rating of the current classroom’s design.

Space the buttons well and ensure the size is reasonable given the scale of the VR
hands. This can prevent users from accidentally pressing the wrong buttons.

Highlight which button is being pressed. A lack of clarity in this regard can cause
confusion especially during situations mentioned in the first point. For this imple-
mentation the button being pressed is highlighted in green as seen in Fig. 3.9.

Ensure that the button cannot be pressed rapidly by accident. A hand shaking a bit
when pressing the button, whether caused by a tracking error or because the user
was actually shaking, should not be considered as multiple inputs.

Send the rating once the user has released the button as opposed to when they
initially press down on it. This reduces accidental inputs and gives the user more
time to understand that they have pressed the button they intended to select.

Another factor to consider is the subjectivity of the scores. When dealingwitha1to 5

rating system, different participants may have different ideas on how positive or negative

each score is and how the classrooms should be rated. To negate this effect a rubric can

be leveraged to standardise the way classrooms are scored. The rubric proposed by this
dissertation can be seen in Thl. 3.3.

The agent considers each classroom design it sets up for each user as a step in an

episode, and so this system can be set up for a real educational course through having
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Figure 3.9: A user submitting a rating of the classroom. The rating button
flashes in green to indicate to the user that the score has been submitted.

each student submit a single rating at the end of every lecture in the VRLE. Initially the
agent will start being very experimental with the classroom designs, however, with each
passing lecture the agent will start to gain an understanding of each student’s preferences
and so lean more into designs which they prefer. As one can imagine, a system like this
requiring some degree of user input every episode, does not have the luxury of being able
to wait hundreds or thousands of episodes before progress is seen. Therefore intentional
parameter tuning is necessary.

3.7.4 Parameter Selection

Many of the parameters used for the RL agent in this dissertation’s implementation were
manually picked and fine-tuned specifically for this use case. The following table (Table
3.4) shows more specific information on the parameters used for the RL agent:

3.8 Learner Profiles

3.8.1 Implementation and User Classification

This dissertation makes use of a Learner Profiling system in its implementation for two
main reasons:
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Factors Very Negative Negative Neutral Positive Very Positive
(Score of 1) (Score of 2) (Score of 3) (Score of 4) (Score of 5)
Aesthetics Unattractive and Some visually Moderately Visually Highly attractive
uninviting appealing attractive design attractive and and appealing
elements but appealing design design
overall
unattractive
Immersion Feels very flat Feels Moderate High level of Very Immersive
and unrealistic disconnected immersion immersion
from reality
Environmental Objects are Some objects are Some objects Most objects All objects
Decorations poorly designed well designed, contribute contribute contribute
and placed but many are positively to the positively to the positively to the
poorly placed or design design. design of the
designed environment
Cohesiveness Environment is | Some parts of the | Decorations are Good sense of Great sense of
chaotic and environment moderately unity and theme theme and unity
mismatched match, but it cohesive. There consistency
feels disjointed is sense of unity

Table 3.3: Rubric for standardising participant scoring of VR classroom de-

signs.
Parameter Value Explanation
Defines the number of times the agent can take an action within an episode.
Steps Per Episode 16 | The value selected allows for the agent to traverse to any possible position in the state space
when starting from the a position close to the middle of its environment.
Defines the rate at which the Q-values are updated based on the results of current actions.
Learning Rate 0.5 The value selected allows the Q-values to change fast enough that the user can see
results relatively quickly whilst the agent still works effectively.
Discount Rate 0.98 Defines how much the agent will prioritise longer term rewards.
’ Allows the agent to balance future rewards with the more immediate rewards.
Starting Epsilon 1 Defines the probability that.the agent. will experiment I?y selecting a random action.
This value will go down over time.
Minimum Epsilon 01 Deﬁnes.the minimum value that t.he epsi[on can reac.h .
Allows for a small but still useful amount of experimentation once this value is reached
. Defines the number of steps taken for the starting epsilon to reach its minimum value.
Annealing Steps 200 X
The value selected allows the agent to experiment

Table 3.4: Table showing the parameters used for the RL agent.

« Storing user information learned within the VRLE that can then be used to fine tune
further educational experiences and content.

« Providing an additional layer for Al agent action history storing and debugging.

The current setup is relatively straightforward, leveraging C#'s System.lO namespace,
Comma-Separated Values (CSV) files are generated and populated directly from within
the Unity Engine that the VRLE environment is running on. Whenever a new user starts
running the program, a new Learner Profile CSV is created. Each new CSV file is also
labelled numerically, with the highest number being the newest Learner Profile.
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The CSVs are updated regularly whilst the VRLE software is in use, with the CCID
and the user rating of the current classroom design being stored. Because the classroom
designs themselves are made up of themed elements as seen in Fig. 3.5 and the CCIDs
show how much of each theme is present within a given classroom design, information on
a user’s sentiment towards each of the themes can be easily derived. This means not only
that the Learner Profiles store information on how users can be classified based on the
themes they prefer, but also on the themes they are least inclined to or lukewarm on. This
type of system can provide great value for educators in understanding the students they
are teaching, both on an individual level and, if the data from multiple Learner Profiles is
accumulated and compared, on whole classrooms of students.

Aside from student related information, traditionally associated with Learner Profiles,
this dissertation’s implementation also stores tracking and debugging information related
to the Al agent that customises the classrooms to meet individual student’s preferences.

Learner profiles are designed to be easy to add onto to tweak what i being saved to
them and how frequently it is updated

3.8.2 Debugging Information

The learner profiles are enhanced with logs on status and debug information from the RL
agent. This is done to allow for a greater level of transparency when either analysing the
results of the agent, fine tuning parameters, or trying to debug issues.

Since the CCIDs of every classroom customised by the agent are stored along with
the user rating, then not only is the history of all the actions taken by the agent stored by
default, but the list is already sequential, meaning that information on the status of the
RL agent at any time can be added with minimal changes to the structure of the CSV file.

The agent logs its current status into a given learner profile CSV at the end of every
episode. This information contains an array of the current Q-table and Q-Values it has
developed. It also contains values such as the reward value associated with each step
and episode, as well as the current epsilon which defines the probability that the agent
will experiment and pick a random action. This information, combined with being able
to derive any action taken by the agent at any step, provides a valuable tool for those
developing a system similar to this, or those trying to understand what is happening under
the hood of such a system.

The debug functionality specified can be easily disabled or enhanced based on the
need. Keeping the learner profiling system adjustable is important since there is notable
room to build upon. Additionally, different developers and educators may have different
requirements on what needs to be logged.
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3.8.3 Adding onto the Learner Profiles

The logging system for the learner profiles is based on the well documented System.lO
C# namespace. As such the logging mechanisms are kept simple and readable to those
who may be interested in modifying the existing learner profiles.

To disable any of the currently logged information, developers can simply comment
out any of the following code snippets (Fig. 3.10 and Fig. 3.11) with no repercussions:

ing (StreamWriter writer = new StreamWriter(fileName, true))

writer.WriteLine("Step: " + getCurrentState() + ", " + reward);

Figure 3.10: Learner Profile Logging - CCID and User Rating Value.

1g (StreamWriter writer = new StreamWriter(fileName, true))

writer.WriteLine("Episode End: " + getCurrentState() + ", Total Reward:" + currentEpisodeReward + ", Epsilon: " + e);

writer.WriteLine("Avg. Q-Values: " + "[" + string.Join(", ", GetAverageQValuePerState()) + "1");

Figure 3.11: Learner Profile Logging - Al Agent related information.

To add any new parameters or information to the logging system, developers can sim-
ply make use of the same format as the code snippets and switch out the parameters for
other values. If the information they are adding is static, for instance a student’s name, it
is ideal to put the logging for this after the filename for the current learner profile is gen-
erated in the Start() function of the script (See Fig. F.1 for more information). On the other
hand, dynamic information should be logged either within the Step cycle of the script (as
is the case with the CCID logging; see Fig. 3.10), or within the Episode cycle (as is the
case with the Q-Table logging; see Fig. 3.11). Whether a dynamic value is logged within
the Step cycle or Episode cycle should be dependent on how often the value changes and
the level of precision required in monitoring those changes.

Separating the learner profile loggers into Start, Step, and Episode categories in this
way allows for developers to better control how much precision they want when tracking
student and Al agent information. It also means the learner profiles generated can be
significantly more well organised, with all static details specified in the first few lines,
followed by a timeline of the dynamic ones. Naturally, this results in less clutter since
values that are not changing are only included once, and values that do not change often
can be included less often than those that are more dynamic.

The effort put into ensuring the learner profiles are easy to understand and adjust
has already proven useful as, at the time of writing, another study being done intends on
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making use of this dissertation’s VRLE software. This study specifically intends on adding
additional parameters to the learner profiling system so that it aligns with their student
classification data-set.

3.8.4 Ethical Considerations

When storing user data, it is important to keep best practices and ethical considerations in
mind. Whilst this dissertation’s learner profiling system does not store data points that in-
clude very sensitive information about participants, this still applies. Irrespective of what
user data is stored, good standards should be followed. Additionally, future projects that
reference or build upon this dissertation may include systems which store more sensitive
data.

Learner profiles generated by this dissertation’s implementation are stored in CSV
files, with a new file being generated for each unique participant. The files themselves
are anonymised so that no information is present that could be used to identify an in-
dividual person in a scenario where an unauthorised party gains access to the files. A
means to allow participants to request the deletion of their data should they wish to be
excluded from the study is still required. As such, each file was labelled with a participant
identifier number. Participants were given their number along with an information sheet
(Available in Appendix D) and consent form (Available in Appendix E). Should a partic-
ipant have wanted their data removed from the study, they simply needed to give the
main researcher the relevant participant identifier number and their file would have been
deleted. Only the main researcher had access to the files, and they were stored in one
place to be easy to delete once no longer needed.

Naturally, aside from those related to data collection, there are other ethical consider-
ations that were taken when developing this dissertation’s implementation, mainly relat-
ing to the VRLE itself. Since the VRLE contains objects and colours that are dynamically
adjusted, it was important to ensure that adjustments do not happen at a rapid enough
rate to cause any disorientation or trigger any photosensitive epilepsy. Some options were
also put in place to enhance accessibility and reduce motion sickness; mainly, aside from
only allowing participants to traverse and look around the VRLE through head tracking,
they were also given the option to use controller inputs.

3.9 Evaluation Methodology
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3.9.1 User Sampling

Since the objectives for this dissertation are centered around how Al customisation in
VRLESs affects users, gathering participants is required for the testing and evaluation. As
specified in 3.1, the demographic being targeted is University students. Since there are
no additional specific criteria required for participants of this study, and the research in-
cludes focus on gauging metrics such as engagement and user satisfaction, a convenience
sampling approach to user sampling was taken.

In convenience sampling, the participants are selected simply if they are easy to get a
hold of and willing to participate, irrespective of the demographical proportions of other
users participating. For this study, a subsection of the students taught by this disserta-
tion’s supervisor were reached out to via an email. They were given a breakdown of the
objectives and benefits of this study, as well as an explanation of what would be required
of them if they chose to participate.

Whilst initially it was planned to have 15 to 30 people participate in this study, it was
decided that this range be changed to 5 to 10 participants. This was done to make it feasi-
ble to include more qualitative result gathering through researcher observation and focus
group sessions. Getting these results not only leads to significantly more time invested in
planning and evaluation from a researcher point of view, but also requires a larger time
investment from each participant, meaning the amount of students willing to participate
would be notably lower. The reduction in potential participants however is worth it, since
the results collected from each student using this system will be significantly more tar-
geted, informative and relevant to the goals of this dissertation.

3.9.2 Quantitative Evaluation Scores

The MEEGA+ [45] model’s dimensions can be combined together to determine scores for
a variety of factors. One of these, specifically engagement, is one of the main factors this
dissertation is examining. The MEEGA+ model defines engagement as a combination of
the following dimensions defined in Fig. 2.4: Focused Attention, Satisfaction, Aesthetics,
and Usability. This definition of engagement aligns with the definition proposed by a study
on engagement in digital environments [46]. As such, in order to measure an engagement
score for comparison between the VRLE and the Al Agent customised VRLE, users are
requested to answer questions based on the MEEGA+ models standards on measuring
these dimensions.

The standardised questions of the MEEGA+ [45] model have only been modified
where necessary to maintain the integrity of the dimensions it measures. The MEEGA+
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model was specifically designed as a standardised questionnaire model for evaluating ed-
ucational games. There is however significant overlap between educational games and
VRLE systems, and as such the main changes being made for this dissertation involve
modifying the language used in the questionnaire sections to refer to VRLE related termi-
nology, as opposed to educational game terminology. Additionally, only questions which
were relevant to the the dimensions needed by this dissertation have been included.

3.9.3 Qualitative Result Gathering
3.9.3.1 Researcher’s Observations

The testing setup itself was designed to help streamline the researcher observation pro-
cess whilst study participants were making use of the VRLE.

o The VRLE environment itself was being run from within the Unity editor as opposed
to the exported executable file. This provides more flexibility during observation,
since it allows for observation of not only a first person view of what the participant
is seeing in VR, but also third person view adjustable by the observer.

« Through the use of a linking cable, the VRLE software could not only be executed
on the laptop the observer was making use of, but the learner profile data, including
the debug information for the RL agent, could be viewed in real time by the observer
to allow them a better understanding of what was happening in the moment.

« The observer made use of two devices during the testing period. The first was the
laptop mentioned previously that was dedicated to viewing the participant in the
VR classroom, as well as viewing the learner profiles and RL agent status, and the
second was dedicated to note taking. Whilst making use of two devices for these
actions is not a necessity since note taking could be done on the first device as well,
having a separate device means that notes can be easily taken without interrupting
observation or requiring the observer to constantly context switch.

« It was ensured during setup that the observer would be seated in a position where
they were physically able to see the participants when they were making use of the
software. This helped the observer correlate the movements of the participant in
the real world to what was happening in the VRLE, as well as allowed them to take
note of any comments made by the participants during usage of the VRLE.
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3.9.3.2 Participant Focus Group

A focus group was held a couple of weeks after the process of bringing in participants
to use the VRLE had concluded. This focus group leaned towards a free-form session
where all participants who took part in the study could voice and discuss any opinions or
thoughts on their experience taking part, as well as on the idea of VRLEs that make use
of the concepts and technologies explored in this dissertation.

This dissertation’s researcher was also present at the focus group session in order to
ensure that the session stayed on track and prompt the participants, whether it be to get
them to discuss a point further, or in case a point was reached where all participants were
remaining silent. The prompts used by the researcher were prepared ahead of time and
can be found in Appendix I.

3.10 Summary

This chapter explores how the more practical parts of this dissertation were set up and
implemented. It includes a breakdown of the software developed, explanations of why
certain choices were taken, as well instructions on how to replicate or build upon it.

The chapter starts by explaining the dissertation’s participant target demographic, fol-
lowed by an overview of the VRLEs developed, along with information on the software
and hardware technologies that were leveraged during development. An in depth break-
down is given for how the VR input handling and environments were implemented, fol-
lowed by a similar breakdown for the RL technologies used to make the software’s Al
agent and the systems put in place to allow the agent to drive the environment person-
lisation. The learner profiling system is also broken down and instructions on how to
effectively modify and build upon them is given.

The final part of this chapter discusses the evaluation methodologies adapted and
developed to achieve the goals of this dissertation whilst maintaining standardised sys-
tems that can be easily replicated for comparison and contrast. The evaluation systems
for this dissertation are split into a quantitative system which has been adapted and re-
worked based on research and standards in educational games evaluation, and qualitative
systems that include a researcher observation setup and a participant focus group.
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4.1 Overview

Once the customisable VR classroom was developed for this dissertation (in line with
01) and enhanced through the use of an RL agent that could manage the customisation
(02), participants needed to be brought in to evaluate the effects of this system (O3) and
study how it could be practically implemented in real world scenarios (O5). A total of 9
participants took part in this study. This was within the target 5 to 10 range discussed
previously in chapter 3.9.1. These participants were requested to do the following:

o Try out the default VRLE that did not make use of any Al functionality.

« Fill in a questionnaire on VR usage which is mainly based on the MEEGA+ [45]
model’s engagement related dimensions.

« Try out the Al enhanced VRLE that makes use of an RL agent to customise the VR
classroom environment.

« Fill out a second questionnaire that is also based on the MEEGA+ [45] model’s en-
gagement related dimensions.

« Take part in a focus group session with the other participants.

Whilst participants were making use of this dissertation’s VRLE software, two other
systems were in place to gather as much research data as possible. The first simply being
this dissertation’s main researcher having access to a video feed of what each participant
was seeing in VR as well as corresponding live debug information. Having these, as well
as positioning the main researcher in the same room as the participants, allows for the
researcher to take note of participant actions and reactions that would not be captured in
the result gathering process otherwise. The second process for gathering research data
whilst participants were making use of the VRLE is the generation of learner profiles for
each participant. These learner profiles are tuned to allow for the collection of user data
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that can be used in educational content recommendation for each individual (in line with
04). However, when the learner profiles are aggregated and compared together, they can
allow for unique insights on user preferences regarding different parts of this dissertation’s
software implementation.

4.2 Demographics

Upon opening the first questionnaire, participants were prompted with some basic ques-
tions which are designed to gather information on participant demographics, as well as
information on how familiar the participants were with VR and VRLE technologies. The
results were as follows:

« All participants were within the 18 to 25 age range.

« Six participants identified as males whilst three participants identified as female (Fig.
4.1).

« Participant VR usage can be seen in Fig. 4.2. It shows that the majority of partici-
pants had used VR once or twice.

« Participant familiarity with VLE technologies varied greatly. Specifics are shown in
Fig. 4.3.

These results generally fall in line with what was expected, with the majority of the
participants having had some experience with VR technologies without being frequent
users of them. The overall VLE familiarity, at an average of 2.44 out of 5, was lower than
expected when considering that all participants were university students. There may be
multiple reasons for this, for instance students might only be familiar with a couple of
VLEs, or feel that they do not leverage many VLE features that they have access to, and
so believe there are many areas of VLEs that they are not familiar with.

48



CHAPTER 4. RESULTS & DISCUSSION

What is your gender?
9 responses

@ Male
@ Female
@ Prefer not to say

Figure 4.1: Participant Gender demographics

How often do you use Virtual Reality (not including this study)?
9 responses

@ Multiple times a week

@ Once every few weeks

@ Once every few months

@ | have tried it once or twice

@ | had never used Virtual Reality

Figure 4.2: Participant VR usage

How familiar are you with using a VLE (Virtual Learning Environment)?
9 responses

3

3 (33.3%)

2(22.2%)

0 (Dl%)

1 2 3 4 5

Figure 4.3: Participant VLE familiarity on a 1 to 5 scale
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4.3 Engagement Scores

4.3.1 Standard VRLE Classroom

This section goes over the data, results and insights gathered from the first questionnaire
given to participants after they had made use of this dissertation’s default VRLE class-
room. This questionnaire collects data on the dimensions of the MEEGA+ [45] model
that relate to measuring engagement. As such, the following dimensions were collected:
Focused Attention, Satisfaction, Aesthetics, and Usability. The individual questions asked
and responses to those questions can be seen in Appendix G. The average scores for each
dimension can be seen in the following diagram (Tbl. 4.1):

Dimension Question Scores Question Averages Dimension
Average

2,3.3,3,34,44.5 3.44

Aesthetics 3.50
333344444 3.56
5,5,5,5,4,.4,4.3,3 4.22

Learnability 5,3,5,5,5,5,5,5,5 5.00 4.52
344445555 4.33
2,2,234,445,5 3.44

) ) 123334455 3.33 )

Satisfaction 222333455 3.22 333
2,2,3,3,3,44,4,5 3.33
333444455 3.89

Fun - 3.61
1,223.3455,5 3.33
2,2,3344555 3.67

Focused Attention 1,1,2,2,2,34,4,5 2.67 3.33
123444555 3.67

. 4.4.55,555,5,5 4.78 .

Operability 335555555 456 .67

Engagement Score | 3.83

Table 4.1: Default VRLE Participant Engagement Results

The maximum score each question in the MEEGA+ model can reach is a 5, as such the
guestion averages, dimension averages, and engagement score in the table (Tbl. 4.1) are
also on a 1 to 5 scale, with a higher number always being better. Each question’s average
score has an equal weighting on its own dimension, whilst each dimension has an equal
weighting on the final engagement score. This means that dimensions which require more
guestions to measure do not have a larger effect on the final engagement score.
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The results in (Thl. 4.1) show that aesthetic, user satisfaction, and focused attention
scores were notably lower than learnability and operability scores. This could imply that
even though the vast majority of participants reported that they have only used VR at
most a couple of times (Fig. 4.2), the novelty of VR technology simultaneously did not
cause a significant barrier of entry for the participants nor significantly inflate the aes-
thetic, user satisfaction, and focused attention dimensions.

4.3.2 Personalised VRLE Classroom

This section covers the data, results and insights gathered from the second questionnaire,
which was given to participants after they had made use of this dissertation’s Al tailored
VRLE classroom and follows the same format as the first when it comes to measuring
engagement related dimensions. The following figure (Tbl. 4.2) shows the average scores
for each engagement related dimension collected from the second questionnaire:

Dimension
Dimension Question Scores Question Averages Average
] 3,3,4,4,4.4,44.4 3.78
Aesthetics 344444455 411 3.94
1,2.34,5,5,5,5,5 3.89
Learnability 445555555 4.78 4.41
4,4.4.4,55555 4.56
2,2,4.4,.4.4.55,5 3.89
. . 2,2,3,3,3.4,4,4,5 3.33
Satisfaction 33.34.44555 4.00 351
2,2,4.4.4.5,5,5,5 4.00
3,4,4,5,55,55,5 4.56 L
Fun 224555555 1.22 139
2,3,4,4,4,5,5,5,5 4.11
Focused Attention 2,2.3,3,5,5,5,5,5 3.89 4.04
1,4.4,4,4,555,5 4.11
4,5,5.5.5,5,5,5,5 4.89
Operability ——— 4.78
3,4,5,5,5,5,5,5,5 4.67
| Engagement Score | 4.23

Table 4.2: Al agent tailored VRLE Participant Engagement Results

Similarly to the results of the first questionnaire (Fig. 4.1), the operability and learn-
ability dimensions had higher average scores than the aesthetic, user satisfaction, and
focused attention dimensions. The differences between the dimension average scores in
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the second questionnaire however, are smaller on average than those in the first, whilst
the actual values are higher. A more detailed breakdown of the differences and similarities
between the two versions of the VRLE can be found in chapter 5.1.

4.4 Effectiveness of Customisable Elements

As discussed previously, the personalised VRLE classroom has four types of customisable
elements that can be customised by an Al agent. These elements are the floor colour, class
decorations, background colour, and background decorations. In order to understand
which of these elements had the greatest effects on users (O5), the participants of this
study were asked to give each element a 1 to 5 score based on how significant a role
they played in their opinions of the VRLE classrooms customised by the Al agent. The
following diagram (Fig. 4.4) shows the results:

Ratings Submitted by Participants

N N2 3 EN4 EES
Number of
Participants
4
2
0
Classroom and Desk Floor Colour Scenery and Background Sky Colour
Decorations Decorations
Avg Rating: 3.78 Avg Rating: 2.44 Avg Rating: 4.33 Avg Rating: 3.33
Standard Deviation: 0.97 Standard Deviation: 1.27 Standard Deviation: 0.71 Standard Deviation: 1.32

Figure 4.4: Participant 1 to 5 ratings for how important each customisable
factor the Al agent could change in the VRLE.

As can be seen in the diagram (Fig. 4.4), the customisable feature considered to be
decorations had a greater impact on participants, as opposed to the colours of the en-
vironment. The scenery and background related decorations specifically were the most
significant customisable features to the participants by a notable margin. Additionally,
these features had the lowest standard deviation, implying that these are the most im-
portant and consistent features from those the Al agent could adjust when it comes to
how participants score the classroom designs.

The floor colour on the other hand was considered the least important, scoring signif-
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icantly lower than sky colour, and even being the only feature which not a single partic-
ipant ranked a 5 in importance. This shows that when developing Al tailored VRLE sys-
tems like this dissertation'’s, this environmental feature is the safest to deprioritise when
it comes to selecting what an Al agent can customise. The second safest to deprioritise
is the sky colour since it had the second lowest average rating. However, it should be
noted that sky colour had the highest standard deviation in participant ratings, implying
that whilst some participants found it ineffective, others ranked it highly on importance.

4.5 Learner Profile Analysis

The following python script (Fig. 4.5) was developed in order to efficiently parse through
the learner profile results relating to CCIDs and the ratings that participants gave for each
VR classroom. This script loops through each CCID encountered by a participant and finds
the correlating rating that the participant gave for that classroom design. It then takes the
individual digits making up the CCIDs and stores the average rating for each digit. Since
each digit in a CCID is associated with one of the four main themed classrooms shown in
Fig. 3.5, the average ratings returned by the python script represent user sentiment on
the themed classrooms that the Al can mix and match from to customise classrooms.

Participant Number (,)f Theme 1 Score | Theme 2 Score | Theme 3 Score | Theme 4 Score
scores submitted
1 95 -0.189 -0.214 -0.050 -0.189
2 150 -0.116 -0.015 0.091 0.020
3 264 -0.349 -0.162 -0.062 -0.040
4 97 -0.076 0.183 -0.097 0.065
5 102 -0.167 -0.329 -0.429 -0.536
6 48 -0.510 -0.750 -0.531 -0.407
7 74 0.220 0.200 0.304 0.136
8 92 -0.112 -0.011 0.170 -0.043
9 91 -0.181 -0.119 -0.509 -0.148
| Average: | 113 | 0ae4 | 0135 | 0124 | 0127 |

Table 4.3: Results generated from the participant learner profile data that
relates to CCIDs and classroom ratings.

The results gathered using the python script are presented in Tbl. 4.3. This table shows
anonymous information gathered from the learner profiles generated for each participant
who took part in the study, as well as averaged out information. The "Number of scores
submitted" column of the table refers to the number of 1 to 5 ratings that each participant
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calculateAverageThemeScore(input_text):

themeDict = defaultdict( : {'total': @, 'count"':

steps = input_text.strip().split('\n")

for step in steps:

CCID, rewardVal = map(float, step.replace("Step: ", "").split(", "))

for digit in str(int(CCID)):
themeDict[digit][ 'total'] += rewardVal
themeDict[digit]['count'] += 1

averages = {}

for digit, total in themeDict.items():
count = total[ 'count’]
total_value = total['total']

if count > @:
averages[digit] = total_value / count
else:

averages[digit] = e

return averages

Figure 4.5: Python function used to extract average user sentiment scores
for each classroom theme.

gave to the Al agent. The theme scores have a range of -1 to 1 with -1 being completely
negative and 1 being completely positive. With this in mind it can be noted that the
classroom theme with the best user sentiment is Theme 3, i.e. the nature theme, followed
by the art theme, the educational theme, and the sports theme in that order.

4.6 Researcher’'s Observations

This section goes over some notes and takeaways made by the main researcher whilst
observing participants making use of this dissertation’s VRLE software.

» Those participants who were unfamiliar with VR technologies would often acci-
dentally submit scores they did not intend to submit, especially when first orienting
themselves or trying to get familiar with hand tracking. Participants were presented
with the default VRLE prior to the one with the Al and Ul to avoid this exact sce-
nario. Despite this precaution, it was noted that those very unfamiliar with the
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technology often needed a minute or two to reorient themselves in a VR space,
even if they had been in one a few minutes prior. One way to prevent users from
accidentally interacting with the Ul whilst they are reorienting themselves would be
to have the Ul in these types of systems only become intractable once a user has
been in the VR space for a certain amount of time.

Participants often stuck to extreme values when rating the work of the Al agent,
they would for instance vote for the minimum and maximum scores and mention
out-loud that it was based on a single feature that they particularly liked or partic-
ularly disliked rather than the classroom as a whole. As such, there could be value
in the implementation of a system that can identify and adjust weightings for more
extreme scores.

There were occasions where the Al agent would suggest the same classroom design
to participants twice consecutively even if the score it had been given was a 3 out of
5 or lower. Whilst not a common occurrence, it still caused some confusion or frus-
tration on a few instances. Hard-coding the system to prevent this exact scenario
would be ideal.

Those unfamiliar with VR sometimes required some guidance on how to interact
with Ul in VR. Multiple participants attempted to keep their hands static whilst
moving their entire bodies into a Ul button. In scenarios like this, they were in-
formed by the researcher observing them that they could keep their body static
and reach out with their hands as if pressing a button in the real world. These sit-
uations show that it may be beneficial to provide participants who are not familiar
with VR technologies with visual demonstrations of how they can interact with the
VR environment.

Participants were told to aim to submit at least 30 classroom ratings to the Al agent,
however they were free to use the software for as long as they wanted. The aver-
age participant surpassed expectations by a wide margin and interacted with the
classroom customisation Al for a significant time period. This is reflected in Tbl.
4.3 where it can be seen the average participant submitted 113 scores, with only
a single participant submitting under 50 scores. This implies that participants were
finding satisfaction in the process of rating the classrooms and seeing how the sys-
tem adapts to those ratings.

Whilst using the software some participants noted that they were changing their
opinions over time, i.e. starting to like some classroom elements they had previ-
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ously disregarded or vise versa. Situations like this could cause some frustration
for students using a VRLE of this nature since if they start liking a feature they had
previously disliked, it would be significantly harder to get the Al agent to notice
due to it simultaneously recommending that feature less, whilst also requiring more
interactions with that feature to counteract the negative association. One way of
handling a situation like this in future implementations could be to have the values
of the agent’s Q-table move towards neutral if not updated over a long enough time
period.

The observations noted show that it is important to focus on further improving learn-
ability for VRLEs and reducing the chances of user error occurring. Additionally, when
developing software similar to this dissertation’s, one should take into account and im-
plement systems to mitigate psychological factors that could affect the user experience
being targeted.

4.7 Participant Focus Group

The focus group session was transcribed so that it could be analysed more effectively.

The transcript was imported into the qualitative data analysis software Nvivo [48] where

a thematic coding process was done. This involved manually marking and labelling the

statements made by the participants in the focus group session. The labels were itera-

tively abstracted and grouped together until the general themes emerged. This was done

to understand the main trends and points being made during the focus group session.
This system led to the emergence of three main themes as follows:

« Focus and Engagement

This was the most commonly occurring theme and aligns well with this disserta-
tion’s aim. Participants felt that VRLEs in general could help eliminate distractions
and improve focus. They also mentioned how the Al agent customisation created
a feeling of engagement as they became invested in seeing how the environment
would change and adapt to them. It was mentioned that a system like this disserta-
tion’s can resonate well and grab one’s attention by keeping things dynamic. They
also found satisfaction in seeing if they could get the Al agent to produce certain
results. One participant also mentioned how they believed a system like this would
create a better learning environment than the one size fits all approach that is cur-
rently the norm. Another participant noted that they believed a tailored approach
like this could also help people with certain conditions or tendencies to feel more
accommodated for.
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« Future Possibilities

Generally participants found that there was significant potential in the ways that
future Al customised VRLE classrooms could be implemented and the feature sets
that could be added. Participants mentioned that they would be interested in seeing
both an increase in the variety of features that can be changed by the Al agent in
the VRLE, as well as an increase in the factors that the Al agent could account for.
For instance, one participant mentioned that they think features based on a variety
of educational fields could be added and that the subject of the class being held
within a VRLE at a given time could have a weighting on the Al agent’s choices.

« Online Classes
Participants noted that they felt like this technology could enhance the experience
of online classes. They noted how it is easier to end up fidgeting, multitasking or
losing focus in online classes, and that making use of VRLE technologies reduces
the opportunities to do so. These findings align with the pre-existing studies dis-
cussed earlier in this dissertation (2.3.2) which looked into how metaverse and VRLE
technologies can negate the undesirable effects of remote learning.

4.8 Summary

This chapter includes all the raw results generated as a result of the quantitative and
qualitative result gathering methodologies developed in the previous chapters. It starts
with an overview of what was requested of participants who took part in the study, as well
as information on the number, demographics and familiarity with relevant technologies
of those participants. The participants found all fell within this dissertation’s targeted
demographics.

The raw quantitative results collected through engagement measuring models adapted
from the field of educational games [45; 46] were then shown. Two tables were created
as a result of this, one that shows the engagement related dimensions and scores of the
default VRLE classroom, and the other showing the same information for the peronalised
Al enhanced VRLE classroom. The main takeaway being that, inline with expectations, the
majority of engagement related dimensions saw positive changes from the Al enhance-
ments added to the VRLE.

Additionally, the quantitative results were used to show the level of impact that the
different customisable elements of the Al enhanced VRLE had on the participants. The
learner profiles were used to get similar results for the themes that the elements making
up the classrooms could be selected from. A python script was used to analyse the learner
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profiles and extract user sentiment for each theme. This showed an overview of which of
what varients of the environmental elements were preferred by participants.

The qualitative results gained from the researcher observation system and the focus
group session were also discussed. These show a combination of practical notes and
advice that can be applied to future studies or Al enhanced VRLE applications, as well
as the results of the thematic coding process done on the transcript of the focus group
session, which showed the main themes and points brought up by participants during the
focus group session.
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5.1 Comparison of Default and Al Enhanced VRLE

This section contrasts the data, results and insights gathered from the first questionnaire
with those from the second. The first questionnaire was given to participants after they
had made use of this dissertation’s default VRLE classroom. This default VRLE environ-
ment (can be seen in Fig. 3.3) was designed to act as a ground truth to be used to compare
with the Al customisation based counterpart. The questionnaire focuses on gathering
information regarding user satisfaction and engagement and is based on how these are
measured in the MEEGA+ model [45]. The second questionnaire was given to participants
after they had made use of this dissertation’s VRLE enhanced with Al customisation, and
measured the exact same values.

Table Thl. 5.1 provides a good insight into the differences between the results of the
two questionnaires. The Delta column of the table shows how each dimension measured
changed between the first and the second questionnaire. Green coloured cells denote a
positive change once the Al agent was introduced, whilst red denoted a negative change.
As such, it is immediately apparent that the Al agent customisation that this dissertation
is centered around exploring has much more of a positive effect than a negative one. The
only dimension that was affected negatively was Learnability which is not surprising when
one considers that the Al enhanced VRLE requires users to perform additional steps when
compared to the default VRLE.

The Fun and Focused Attention dimensions saw the greatest boosts in value from
the Al enhancements to the VRLE. This aligns with how participants who took part in
the study often spent significantly longer in the Al enhanced VRLE and, as discussed
previously, interacted with the Al systems significantly more than they were required to
do. The dynamic nature of Al agent-based VR classroom generation seems to have kept
the environment feeling fresh and produced an experience where participants found joy
in seeing the classroom become more tailored to them over time.

The Aesthetics, Satisfaction, and Operability dimensions also saw benefit from the Al
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Default VRLE AT Enhanced VRLE
Dimension Question Averages | Dimension Average | Question Averages | Dimension Average Delta
. 3.44 3.78
Aesthetics 3.50 3.94 0.44
3.56 4.11
4.22 3.89
Learnability 5.00 4.52 4.78 441 -0.11
4.33 4.56
3.44 3.89
Satisfacti 333 3.33 333 3.81 0.47
Satistact .3: 3. L
atisfaction 392 1.00
3.33 4.00
3.89 4.56
Fun 3.61 4.39 0.78
3.33 4.22
3.67 4.11
Focused Attention 2.67 3.33 3.89 4.04 0.70
3.67 4.11
- 4.78 4.89
Operability 4.67 4.78 0.11
4.56 4.67
| Engagement Score | 3.83 | Engagement Score | 4.23 | 0.40

Table 5.1: Table showing a comparison of the participant engagement and
satisfaction data between the default VRLE and the Al enhanced VRLE.

enhancements to the VRLE, albeit not to the same degree as the Fun and Focused At-
tention dimensions. The increase in the Aesthetics dimension is expected due to the Al
enhancements leading to more tailored and varied visuals for the VR classroom. The in-
crease in the Satisfaction dimension implies that users found the feature set of this VRLE
more interesting, satisfying and recommendable to others than the feature set of a more
standard VRLE. The only dimension that did not fall in line with expectations was the
Operability dimension since it was presumed that this would see a slight decrease along
with the Learnability dimension, as opposed to the slight increase seen. The main differ-
ence between the Learnability and Operability dimensions in the MEEGA+ [45] model is
that the Learnability dimension focuses on measuring how easy it is for users to under-
stand what is needed from them to use the features of the software, whilst Operability
focuses on evaluating the difficulty involved in controlling the software. As such, these
results indicate that the addition of this dissertation’s Al environment customisation made
participants feel like they required more investment to understand what was happening,
however, the addition of the VR buttons required to interact with the Al agent did not
dissuade the participants.

The Engagement Score is an evenly weighted accumulated score based on the dimen-
sions measured. As such, it saw an increase of 0.4 when the Al agent customisation was
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introduced. This puts the final Engagement Score of the Al enhanced VRLE at a 4.23 out
of 5. This increase falls in line with the hypothesis that making use of Al environment
customisation would allow for a more tailored, satisfying and engaging VR classroom ex-
perience.

5.2 Expectations Vs Realities

This section covers some situations encountered during this dissertation’s methodology,
testing, and evaluation that were not expected to cause issue either because they were
not accounted for or as precautions were in place but needed to be stronger. These are
points that future studies in this field can take into account to streamline their research.

« Several steps were taken to prevent users from pressing the wrong buttons in the
VR environment and submitting the wrong scores to the Al agent. The buttons
were made large and spaced out, the colliders of the hand and the buttons were
simplified to to prevent double inputs, only a single button could be pressed at a
given time, and the button being pressed would turn green to indicate that it was
active. There were however still multiple instances noted where participants would
press the wrong button by accident. This was often due to them losing track of their
non dominant hand in the VR space and not realising they were pressing another
part of the Ul with it, or because they would press the wrong button whilst moving
towards the intended button. Whilst this is not a massive detriment since these
mistakes often happen when participants are still getting used to the VRLE and so
restarting the software and the Al aren’t detrimental, it can still cause unnecessary
issues and therefore steps should be taken to negate it. Possible solutions include
only having VR buttons activate after they have been held down for a few seconds
rather than instantly, and/or require the user to be able to manually toggle which
hand can interact with the VR Ul at any given time.

« During the researcher observation process, it was noted that some participants
would say they changed their mind on a particular customisation feature and so
would start voting differently when encountering it. Whist this is not a massive is-
sue in regards to affecting the performance of the Al agent, it could cause some
frustration with users since the Al agent would require more time to change an as-
sociation with one of these customisation features when compared to one it has no
associations made with. This scenario was not accounted for during the develop-
ment of the software and as such no system was implemented to help with it. As
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mentioned previously, this could be negated in future implementations by allowing
the Al agent’s Q-values that have not been updated after a specific time period to
trend towards being neutral.

« The results of the Learner Profile Analysis showed that, on average, participant sen-
timent regarding all 4 themes that the Al agent was mixing and matching from when
selecting features for the custom VR classrooms, was negative. This could simply
be an indication that participants vote a more extreme score when they dislike a
particular element then when they like one. If this is the case, it could be beneficial
to give any positive reward values passed to the Al agent a higher weighting than
negative reward values.

5.3 Overall Evaluation Discussion

The results gathered from this dissertation align well with what was expected. Overall,
those who participated saw higher levels of satisfaction and engagement when using a
VRLE that was tailored to them using an RL based Al agent. On average, participants
struggled slightly more to learn how to make use of the tailored Al enhanced VRLE but
all other measurements taken showed that the Al enhancements were beneficial to the
user experience.

The feedback participants gave to the Al agent so that it could tailor the VRLE ac-
cordingly also provided an extra layer of insight. This feedback was stored as part of the
Learner Profiles and the analysis on them (Fig. 4.5) allowed for an overview of sentiment
regarding classroom themes that the Al agent could reference while tailoring the VRLE.
The results showed that the the nature themed classroom elements were associated with
the greatest participant sentiment, followed by the art elements, the educational ele-
ments, and the sports elements. This ranking can be used by similar or follow up studies
to understand what themes and environment specifics to prioritise and which to build on
or improve.

Investigating which elements of the Al tailored VRLE had the greatest effect on the
participants and making recommendations on best practices (O5) could provide invalu-
able information for streamlining and improving research and implementations of future
Al tailored VRLE. To achieve this, as part of the second questionnaire given to participants
after they had finished using this dissertation’s Al enhanced VRLE software, participants
were asked to rank the different types of customisble features used in the Al enhanced
VRLE. A ranking (Fig. 4.4) was then created based on these results that provides insight
into which features of VR classrooms had the most impact. Additionally, due to the rigor-
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ous researcher observation process taken during participant usage of the default and Al
enhanced VRLEs, a list of takeaways and recommendations was created (Fig. 4.6) that can
be a valuable asset in future research where Al customisation meets VRLE technologies.
Additionally, the focus group allowed for more light to be shed into these areas as well
as for more qualitative data to be gathered that added more context to the quantitative
results.

The implementation and these corresponding results align with the main aim of this
dissertation, i.e. to provide insight into on how Al agent-based personalisation can in-
crease engagement levels. Multiple types of insights, based on both quantitative and
qualitative results, have been found that support this aim, and each of this dissertation’s
objectives have been met.

5.4 Summary

This chapter follows up on the previous through evaluation and analysis of the results
gathered from this dissertation. It includes a comparison of the engagement related di-
mensions between the default VRLE classroom and the Al enhanced one, with the de-
fault acting as the baseline to gauge the effects that the Al enhancements had on the
participants. It was noted that all dimensions except for the Learnability dimension saw a
positive change when Al agent-based customisation was introduced.

Also included in this chapter is a section on which expectations were not met through-
out this dissertation’s implementation, testing, and evaluation. This refers specifically to
situations where unexpected issues arose. These were noted to allow for documentation
to exist to help future studies avoid the same pitfalls. The final section of this chapter
looks at all the result types, both quantitative and qualitative, gathered from the previous
chapter from a more holistic viewpoint. The implications of the different result types and
how they relate to one another, as well as to objectives of this dissertation, were dis-
cussed. It was deemed that the insights and results gathered align with the aim and goals
of this dissertation.
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6. Conclusions

6.1 Reuvisiting the Aims and Objectives

The aim and objectives of this dissertation have been met. The aim itself was to research
and provide insight into how VRLEs can be made more engaging for end users through
the use of Al agent-based personalisation. The first objective (O1) set out to achieve this
was the setting up of a customisable learning environment that is accessible through VR
technologies. This was achieved through making use of the Unity game engine to design
four differently themed VR classrooms made up of several elements and colours that can
be mixed and matched with each other through changing a code referred to as a CCID.
VR technologies were implemented through the use of an open source VR template [47]
that allowed for support of multiple VR headsets and control styles.

The second objective (02) was to implement an RL agent with the ability to alter the
VR classroom environment to match the preferences of individual users based on their
feedback. This objective was achieved through a Q-Learning based Al agent that was able
to interface with the CCID system to both map the state space of possible classrooms to a
traversable two dimensional environment with the Al agent’s position in the environment
defining how the current VR classroom is designed.

The third objective (O3) was to generate and fine tune learner profiles that can be
used for educational content recommendation. This system was designed to gather and
store information on each user who interacted with the Al enhanced VRLE. It was de-
signed to be modular and flexible to allow it to be easily adjusted by developers to meet
a variety of different needs. The data gathered in these profiles was also used to gain a
deeper understanding of participant sentiment regarding the classroom themes that the
Al agent could mix and match features from. This acts as an example of how a system like
this can be used practically for understanding and enhancing educational experiences.
Additionally, the learner profiles were enhanced to store Al agent action history and as-
sociated debugging information. This served as a valuable asset for fine tuning the agent
and investigating issues.
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The fourth objective (O4) was to investigate the effects that RL agent-based environ-
ment customisation in a VRLE has on user satisfaction and engagement. Due to the lack
of standardisation in educational VR environments on gathering these metrics, standards
and models from educational video games were investigated and adapted by this disser-
tation. This allowed for user satisfaction and engagement scores to be collected in a way
that both aligns with research in other fields and allows for easy replication and compar-
ison by future studies. With this established, and two VRLE software implementations
created, one being a standard VRLE classroom, and the other having RL agent-based en-
vironment customisation, this objective was reached.

The fifth and final objective (O5) was to propose recommendations and best practices
for similar implementations based on which elements of the customised VR environments
had the greatest effects on the participants. Two approaches were taken to tackle this
and provide insight from different perspectives. The first was making use of the learner
profiles generated when participants were making use of this dissertation’s software to
gain an understanding of user sentiment for the different themes that the customisable
environmental elements followed. This allowed for an understanding of which themes
worked better or worse for the VRLE. The second approach involved directly asking users
to rate the importance of different categories of the environmental features adjusted by
the Al agent. This provided insight into what should be prioritised within implementa-
tions similar to this dissertation’s based on what participants actually noticed and felt.
Additionally, researcher observations noted whilst participants were making use of this
dissertation’s software, as well as insights from this dissertation’s focus group session,
provided additional recommendations and best practices that can be followed.

6.2 Critique and Limitations

Despite the aim and objectives of this dissertation being reached, there are still areas
where limitations were hit and therefore improvements can still be made. The initial im-
plementation plan for this dissertation’s software involved making use of a metaverse
platform to host the VRLEs on. This however was not feasible as after research on and
discussion with the metaverse platform holders, it was deemed that the requirements of
this dissertation did not align with the feature sets and level of control currently available.
As such this dissertation’s VRLEs were developed within a game engine and metaverse
enhancements such as online functionality and allowing all students to be within the same
VRLE were not included.

Another part of the initial plan for this dissertation involved the addition of a third
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VRLE type to compare and contrast with the default VRLE and the Al designed VRLE that
were implemented. This third VRLE would have allowed the human user access to the
same options that the Al agent has within the VRLE, therefore allowing them to manually
select how the environment is customised. This would have allowed for a more in-depth
analysis of the value and ideal use cases of Al agent-based VRLE customisation and meant
that more of the 3D environment customisation types defined previously [38] would have
been compared.

Alimitation of the current Al agent implementation is that the number of customisable
VRLE features and options for each feature could be significantly increased. The current
implementation gives the Al agent the ability to change 4 features, each with 4 variations.
Whilst this does lead to a total of 256 possible unique VRLE designs, at an individual
feature level the number of options could be considered quite limited. One participant
specifically noted that they felt the number of colours available for the sky colour feature
could have been larger as they did not like any of the options available. Allowing for more
options per feature would remedy issues like this and increase the appeal for a greater
number of users. Additionally, increasing the number of feature categories would allow
for a finer level of tailoring to the users of the VRLE, since currently some features contain
options that could be broken down into finer categories.

It was noted that the testing experience for this dissertation’s VRLEs could be stream-
lined by including surveys in the VR environment itself as opposed to this dissertation’s
approach of having participants remove the VR headset and fill out the questionnaires
on their phones after they are done using a particular VRLE. Having the questionnaires
included in the VRLEs was actually considered for this dissertation and a toolkit [49] was
found that could facilitate this. This was left out of this dissertation’s implementation due
to it making use of different systems to handle inputs from the VR hardware. Addition-
ally, the toolkit could have introduced dependencies which would have gone against the
choice made in this dissertation to maximise compatibility with as large of a variety of VR
hardware as possible.

Whilst these limitations were the result of intentional choices made to either min-
imise scope creep, enhance other higher priority factors, or minimise factors that could
convolute the testing and result gathering process, there are still ways in which, especially
with the hindsight gained from this dissertation, future research and implementations can
address these limitations whilst minimising the downsides associated with tackling them.
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6.3 Future Work

This dissertation is only a step towards understanding the ideal ways to leverage Al agent
customisation to create more engaging VRLEs. There are still many ways that future re-
search can build upon this dissertation. This section covers some ways that this can be
done. The first way that future work can build on this dissertation is by implementing
and investigating the effects of adding metaverse features to Al agent enhanced VRLEs.
This could take the form of having multiple users exist within the same VR classroom and
be able to interact with each other, whilst each seeing different decorations and content
depending on their learner profiles and targeted Al customisation. A future study along
these lines could also take the engagement and satisfaction results relating to the two
VRLEs developed for this dissertation and compare engagement and user satisfaction to
versions built with metaverse features.

Future implementations similar to this dissertation’s VRLE should focus on increas-
ing customisation options available to the Al agent whilst still retaining the relatively
quick convergence times associated with this dissertation. This dissertation’s Al agent can
present users with 256 possible classroom designs. Whilst this is a substantial amount, it
implies that the four customisable features can only have four variants each which may
not be enough to design classrooms that maximise engagement and satisfaction for some
people. With the current Q-Learning approach, increasing the scope of the classroom
customisation directly correlates with increasing the amount of VR classrooms that users
have to rate before the Al agent develops a good understanding of their classroom pref-
erences. As such future research could investigate how different RL technologies such
as Deep Q-Networks (DQNs), or even other types of ML technologies altogether, being
used to drive the Al agent customisation, could affect end users. The CCID system de-
veloped in this dissertation can even be altered as described previously (3.7.2) to handle
expanded customisation options.

Another way that future research can gain more insights on Al enhanced VRLE tech-
nologies is to make use of the systems developed for this dissertation over the course of a
longer time period. Such research could even host real classes over a semester held within
the different VRLEs. This would explore longer term effects and impressions created by
Al agent customisation in VRLEs.

As of the time of writing, some research is already being done by another party that is
planning to leverage the VRLE software and insights from this dissertation to investigate
educational content recommendation systems in VRLEs.
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6.4 Final Remarks

This dissertation set out to explore how making use of Al personalisation technologies
can make VRLEs more engaging places for education. Whilst the scope of the project
has grown and shifted over time, this always remained constant and many insights on the
topic were gained. As a result, this dissertation not only showed that Al agent designed
VRLESs can boost satisfaction and engagement, but also developed and documented tech-
niques for Al enhanced VRLE development, showed how engagement evaluations from
more established fields can be adapted to VRLE research, and shed insight into what can
be done for these technologies to be pushed even further. Al tailored VRLEs may be
relatively newer and unestablished technologies but great potential has been shown.
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A. Media Content

The USB drive attached included with the physical version of this dissertation is com-
prised of two main parts as follows:

« A PDF copy of this dissertation

« A folder containing the source code and executable files developed for this disser-
tation

For information on how to make use of the latter component please refer to the in-
stallation instructions in Appendix B and the user manual in Appendix C.
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B. Installation Instructions

This section briefly goes over the requirements needed to get the software associated
with this dissertation running. The process is as follows:

« Connect your VR headset of choice to the device that will be running the applica-
tion. Ensure that the corresponding VR headset software is installed, for instance
making use of a Quest headset will require the Oculus app be installed on your pc,
whilst the Index headset will require steamVR is installed.

« Download the application from the associated git repository or google drive link:

- https://github.com/polple/Personalised_VRLE

- https://drive.google.com/drive/folders/
1d6EKUYK6X5L7-ga—-607UZHuR41mvzI2]1?usp=sharing

« Extract the contents of the downloaded compressed file

« Import the project into the Unity engine to modify it, run in Unity, or to make your
own builds.

o Run the "VRLE_Al.exe" file in the "Personalised_VRLE/Builds" folder to run the Al
enhanced VRLE, or run the "VRLE_Plain.exe" file at the same location to run the
default classroom VRLE.
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C. User Manual

« Connect your VR headset of choice to the device that will be running the applica-
tion. Ensure that the corresponding VR headset software is installed, for instance
making use of a Quest headset will require the Oculus app be installed on your pc,
whilst the Index headset will require steamVR is installed.

o Run the "VRLE_Al.exe" file in the "Personalised_VRLE/Builds" folder to run the Al
enhanced VRLE, or run the "VRLE_Plain.exe" file at the same location to run the
default classroom VRLE.

« If you are running the VRLEs from within the Unity editor then you first need to
open the project in Unity and then select "VRLE" in the "Scenes" folder to load the
Al enhanced VRLE classroom, or "VRLE_Plain" to load the default one. Press the

start button in the Unity editor.
o Put on your VR headset and controllers.

« You can move around by either walking around physically if you have enough space,
or by using the analogue stick on the left hand controller.

« If you are in the Al enhanced VRLE, you will be able to see 5 buttons on the desk
closest to where you were when you put on the headset. These buttons are labelled
1, 2, 3, 4, and 5. Physically reach out and press one of these buttons in order to
submit the number on the button pressed as a rating of how much you like the
design of the VR classroom you are in.

« After the score is submitted, an animation will play and the Al agent will redesign
the classroom taking your previous feedback into account.
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D. Volunteer Information Sheet
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Information Sheet — 27/12/23

Title of research project:

A Personalised Virtual Reality Learning Environment

Purpose of the research study:

This study is on investigating the usage of Al customization to enhance Virtual Reality Learning
Environments. Two pieces of software have been produced; a standard VR classroom, and
one where an Al agent attempts to modify and redesign the classroom based on each
individual user. With a comparison of the experience of using these, the study aims to
understand the effects that Al customization can have on engagement and satisfaction in VR
learning spaces, as well as form ideas on what steps can be taken in the future to continue to
evolve the field.

Research team:

Lead Researcher: Supervisor: Co-Supervisor:

Paul Psaila Prof Matthew Montebello X

What will be required from you during the experiment/study:

e You will need to install and try out the first version of the Virtual Reality Learning
Environment (VRLE) software associated with the project.

e  You will need to answer the questions from the first survey.

e You will need to install and try out the second version of the Virtual Reality Learning
Environment (VRLE) software associated with the project.

e  You will then need to answer the questions in the second survey.

e Afocus group session will then be held to discuss the VRLE application.

Time required

20-30 minutes

Risks and benefits

There are no known risks associated with this particular research

Confidentiality and participation

Your name and other personal information will not be published in the research results nor
know to any third parties. Your test scores and personal opinions will be published, but they
will in no way be associated with your identity. You will be given a unique ID value by the lead
researcher to input at the start of the first and second survey

Participation in this study is voluntary and does not in any way impact your final
course/certification results. There is no remuneration for the study.

How to withdraw from the study

Kindly note that you are free to exit this study at any time. If you choose to do so, kindly
inform the lead researcher in person or via e-mail

If you have any questions about this study, please contact:

paul.psaila.19@um.edu.mt

Figure D.1: Volunteer Information Sheet




E. Volunteer Consent Form
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Consent Form —27/12/23

Title of research project:

A Personalised Virtual Reality Learning Environment

Research team:

Lead Researcher: Supervisor: Co-Supervisor:

Paul Psaila Prof Matthew Montebello

X

Participant identification number for this study:

Kindly tick ( N ) the boxes to confirm you consent to participating in this study:

1

I confirm that | have read and understand the
information sheet dated 27/2/23 explaining the research
project and | have had the opportunity to ask questions
about the project.

I understand that my participation is voluntary and that |
am free to withdraw it any time without giving any
reason and without there being any negative
consequences. Furthermore, should | not wish to answer

any particular question or questions, | am free to decline.

Contact number of lead researcher is +36579238677

| agree for the data collected from me to be used in
future research.

| agree to take part in the above research project.

Signatures

Paul Psaila

Name of participant

Name of lead researcher

27/2/23

Signature Date Signature

Date

Figure E.1: Volunteer Consent Form




F. Al Agent and Learner Profile
Startup Code

O

profileNum = PlayerPrefs.GetInt("profileCount", @);
profileNum++;
PlayerPrefs.SetInt("profileCount”, profileNum);
PlayerPrefs.Save();

subfolder = "LearnerProfiles";

if (!Directory.Exists(subfolder))
{
Directory.CreateDirectory(subfolder);

}

fileName = Path.Combine(subfolder, "learner_Profile_" + profileNum.ToString() + ".txt");

lastState = getCurrentStateNumber();

QTableInit(stateSpaceSize, actionSpaceSize);

SendState(getCurrentStateNumber(), ©, episodeIsDone);

Figure F.1: Al Agent and Learner Profile Startup Code
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G. Standard VRLE Questionnaire
Questions and Results

The contents of this appendix show the questions given to measure engagement and
responses of those who participated in this dissertation’s software testing after they had
made use of the default VRLE environment.

80



Aesthetics Questions and Scores:

The design of the VRLE is attractive/ looks nice

9 responses

4 (44.4%)

3 (33.3%)

1 (11.1%) 1 (11.1%)
0(?%)

1

The text fonts and colours are used well and are consistent
9 responses

6
5 (55.6%)
4
4 (44.4%)
2
0 (0%) 0 (0%) 0 (0%)
o | | |
1 2 5
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Learnability Questions and Scores:

I needed to learn a few things before | was able to use this VRLE
9 responses

4 (44.4%)

3 (33.3%)

2 (22.2%)

0 (0%) 0 (0%)
0 I |
4 5
Learning to use the VRLE was easy for me
9 responses
10.0
9 (100%)
7.5
5.0
2.5
0 (0%) 0 (0%) 0 (0%) 0 (0%)
0.0 | | I I
1 2 3 4 5

| think that most people would learn to use a VRLE like this very quickly
9 responses

4
4 (44.4%)
3
2
1
0 (0%) 0 (0%)
o | |
1 2
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Satisfaction Questions and Scores:

A VLE like this would give me a satisfying feeling

9 responses

3 (33.3%) 3 (33.3%)

1(11.1%)

0 (?%)

1

There is satisfying personal effort in using a VRLE like this

9 responses

3 (33.3%)

2 (22.2%)

1(11.1%) 1(11.1%)
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2 (22.2%)

2 (22.2%)




| feel satisfied with the features a VRLE like this has

9 responses

3 (33.3%) 3 (33.3%)

2 (22.2%)

1(11.1%)

0 (?%)

1

| would recommend using a VRLE with these elements to others
9 responses

3 (33.3%) 3 (33.3%)

2 (22.2%)

1(11.1%)

0 (?%)

1
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Fun Questions and Scores:

I had fun with the VRLE system

9 responses

4 (44.4%)
3
3 (33.3%)
2
1
0 (0%) 0 (0%)

o | |

1 2

Something happened using the VRLE which made me smile
9 responses

2 (22.2%) 2 (22.2%)

1(11.1%) 1(11.1%)
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Focused Attention Questions and Scores:

There was something interesting at the beginning of the using the VRLE that captured my attention
9 responses

2 (22.2%) 2 (22.2%) 2 (22.2%)

0 (?%)

1

| was so involved in using the VRLE that | lost track of time
9 responses

3 (33.3%)

2 (22.2%) 2 (22.2%)

1(11.1%) 1(11.1%)

| forgot about my immediate surroundings while using this VRLE
9 responses

3 (33.3%)

1(11.1%) 1(11.1%) 1(11.1%)
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Operability Questions and Scores:

| think this VRLE is easy to use

9 responses

8
7 (77.8%)
6
4
2 2 (22.2%)
0 (0%) 0 (0%) 0 (0%)
0 I I l
1 2 3 4 5
The way the VRLE worked is clear and easy to understand
9 responses
8
7 (77.8%)
6
4
2 2 (22.2%)
0(0%) 0 (0%) 0 (0%)
0 I I l
1 2 3 4 5
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H. Standard VRLE Questionnaire
Questions and Results

The contents of this appendix show the questions given to measure engagement and
responses of those who participated in this dissertation’s software testing after they had
made use of the Al enhanced VRLE environment.
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Aesthetics Questions and Scores:

The design of the VRLE is attractive/ looks nice

9 responses

8
7 (77.8%)

6
4
2 2 (22.2%)

0(0%) 0 (0%) 0 (0%)
o | | |

1 2 5

The text fonts and colours are used well and are consistent
9 responses

6 (66.7%)

2 (22.2%)

0 (tl)%) 0 (0%) 1(11.1%)

1 2
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Learnability Questions and Scores:

I needed to learn a few things before | was able to use this VRLE
9 responses

5 (55.6%)

1 (11.1%) 1 (11.1%) 1 (11.1%) 1 (11.1%)

Learning to use the VRLE was easy for me
9 responses

8
7 (77.8%)

6

4

2 2 (22.2%)

0(0%) 0 (0%) 0 (0%)
o | | |
1 2 3 4 5

| think that most people would learn to use a VRLE like this very quickly
9 responses

6
5 (55.6%)
4
4 (44.4%)
2
0 (0%) 0 (0%) 0 (0%)
o | | |
1 2 3
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Satisfaction Questions and Scores:

A VLE like this would give me a satisfying feeling

9 responses

4

4 (44.4%)
3
2
2 (22.2%)
1
0 (0%) 0 (0%)

0 | |

1 2 3

There is satisfying personal effort in using a VRLE like this

9 responses

3
3 (33.3%) 3 (33.3%)

2 (22.2%)
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| feel satisfied with the features a VRLE like this has

9 responses

3
3 (33.3%) 3 (33.3%)
2
1
0 (0%) 0 (0%)
o | |
1 2

| would recommend using a VRLE with these elements to others
9 responses

4
3
3 (33.3%)
2
2 (22.2%)
1
0 (0%) 0 (0%)
o | |
1 2 3
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Fun Questions and Scores:

I had fun with the VRLE system

9 responses

6

6 (66.7%)
4
2 2 (22.2%)
0 (0%) 0 (0%) 1(11.1%)
0 | |
1 2 3 4 5

Something happened using the VRLE which made me smile
9 responses

6
6 (66.7%)
4
2 2 (22.2%)
0 (0%) 0 (0%) 1(11.1%)
0 | |
1 2 3 4 5
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Focused Attention Questions and Scores:

There was something interesting at the beginning of the using the VRLE that captured my attention
9 responses

4
3
3 (33.3%)
2
1
1 (11.1%) 1 (11.1%)
0 (0%)

0 |

1 2 3 4 5

| was so involved in using the VRLE that | lost track of time
9 responses

6
4
2
2 (22.2%) 2 (22.2%)
0 (0%) 0(0%)
0 | |
1 4 5

| forgot about my immediate surroundings while using this VRLE
9 responses

4 (44.4%)

1
m o i
o | |

1 2 3
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Operability Questions and Scores:

| think this VRLE is easy to use

9 responses

8
8 (88.9%)

6

4

2

0 (?%) 0 (?%) 0 (‘f%) 1(11.1%)
0
1 2 3 4

The way the VRLE worked is clear and easy to understand
9 responses

8
7 (77.8%)
6
4
2
0 (?%) 0 (DI%) 1 (11.1%) 1(11.1%)
0
1 2 3 4 5
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l. Focus Group Session Prompts

The contents of this appendix show the prompts used by the main researcher during the
focus group session. These prompts were to be used to guide the focus group session
rather than be strict guidelines to follow, since the session was intended to follow a free-
form nature to allow participants to drive the conversation.
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Any Feedback on the experience?

e Advantages of such a system

e Disadvantages of such a system

How do you think this type of technology could be improved?

How would you contrast and compare yvour experience in the standard vs Al

designed VRLE?

Were there any specific features of the Al-designed VR classroom that enhanced

or detracted from the experience?

Did you find the Al's customising of the VR classroom in real time based on your
feedback effective?

What type of follow up research do you think should be done in in relation to Al
customised VRLEs?

Any final thoughts or comments about this dissertation’s VRLE experience or

the concept of Al environment customisation in education?
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