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Abstract:

This report will document the process of designing, imple-
menting and evaluating a Virtual Reality environment of the
Multisensory Experience Laboratory at Aalborg University
Copenhagen, through measuring presence and noting im-
mersive tendencies in participants. The project also acts as a
prototype Hub for future VR experiences at Aalborg University,
coined under the AAUverse umbrella.

Firstly, the thesis introduces the reasoning behind creating a
collective VR hub, based on XR demand increase & with current
AAU app solutions being confusing for students at Aalborg.
The thesis then describes and analyses necessary concepts such
as XR, Virtual Reality, Virtual Environments, the concept of
immersion, and presence. The thesis then covers the design
reasoning, methodology and framework for designing the dig-
ital twin as well as the initial iterations of the AAUverse Hub UI.

The implementation covers scripts, the engine and other factors
necessary to implement and get the hub and virtual environ-
ment running in VR. The thesis then describes the evaluative
methodology used for the initial usability test of the prototype
and the final presence test, as well as the test procedure for both
tests. The findings of the evaluations are then covered, where it
was found that the cumulative system usability score before it-
erative changes amounted to 67.5. Indicating a system okay for
use, but in need of certain improvements. The system was then
iterated upon by feedback provided by participants of the initial
usability test, with a background in relevant technical studies at
AAU engaged in Ul and UX design. The prototype was then de-
cisively tested for presence, to measure if the digital twin gave
participants an amount of presence within the virtual environ-
ment. The null hypothesis unfortunately could not be rejected,
both due to a small test sample and current results indicating
a too low presence reported by test participants of the primary

presence test.

The content of this report is freely available, but publication (with reference) may only be pursued due to agreement with the

author.
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1 Introduction

Ever since the initial research on stereoscopy in the 1800s paved the way for future technology, such as
the conception and creation of the rst Head-Mounted Display by the Harvard professor Ivan Suther-
land in the late 1960s [10], the foundation for technological advancement within the umbrella that
Extended Reality [XR] encompasses has slowly and steadily been making headway to being incorpo-
rated into contemporary technological solutions. The inclusion and facilitation of XR as a medium
increased especially after the beginning of the 21st century [19]. XR has steadily created a role for
itself in concurrent human-computer interaction, as well as pushed the boundaries & possibilities of
interface-design [29]. This is statistically evident, as 66% of UK organizations use Virtual Reality [VR]
[19] and worldwide business-to-consumer revenue from VR Headset sale has grown, roughly tripling
from 3.4 billion USD to 9.9 billion USD from 2020 to 2024 [24].

The increase in availability and development within the eld of XR technology, has caused an increase
in applications, solutions, and experiences tailored for XR and VR. Belonging under a vast umbrella of
use cases, this is seen in software developed for public institutions, corporate contexts, and for private
consumers, which speaks to the acknowledgment that various mediums of XR are becoming more
mainstream. The XR mediums being used in a vast numbers of ways, whether this be VR tour-guiding
[6], facilitating learning & disabilities [12], digitalised corporate onboarding [26], artistically, or for
gaming, each facilitating their own purpose. Notably the UMverse, the inspiration for this thesis [31].

Aalborg University, as a leading university within engineering and technology [5] [28], has a de ni-
tive role in fostering an environment where students both experience and participate in the creation of
such solutions, along with receiving guidance and aid from supervisors and professors to research new
technology and reach new breakthroughs through innovation. This task as a beacon of science and
tech, is visible in a lot of cases - such as Aalborg University having various technological facilities and
laboratories. In some cases, the university is lacking in digitalised tech-driven solutions already found
in other universities, such XR experiences accommodating and engaging students. Roughly 18.000
danish students and 2700 combined international and exchange students walk the halls of Aalborg
University in Aalborg, Esbjerg and Copenhagen [1] [2]. Studies show that new university students,
along with international students, experience depression and anxiety in various forms when starting
at a new place or moving abroad to a different country to study [8] [25]. Universities have various
available information and student guidance when it comes to welcoming students, as does Aalborg
University, but when navigating campus and socializing, students rely heavily on applications such
as AAU Map [3] and AAU Student [4] both of which are daunting and confusing and dont provide
an immersive experience in getting students familiarized with their new campus. AAU Map and AAU
Student are especially daunting for students who missed out on the opportunity to get familiarized
with campus physically or make friends during Aalborg University's yearly Open House. This master
thesis therefore strives to create a foundation and hub for more XR-driven solutions, in an attempt to
make Aalborg University's campus more inviting and make a version of campus able to be virtually
experienced, initially starting with Aalborg University Copenhagen & in collaboration with the Multi-
sensory Experience Lab.

1.1 IRQ | Initial Research Question

Thus de ning how this master thesis wishes to create a more XR-centered prototype and foundation
for students at AAU, an initial less eshed out research question can be asked:

How can an VR application help students get familiarized with and provide an experience of
the Copenhagen Aalborg University campus?
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2 Analysis

Seeing as the UMverse [31], a VR based incentive to foster community and research at University
of Miami, is a predominant inspiration for this thesis, the thesis will start off with Extended Reality
as a foundation for the analysis, building upon its core concept to further explore the technological
requirements and base of XR, branching out to explore the related psychological terms such as immer-
sion and presence, and their impact on the virtual environments found in XR and cyberpsychological
research and how it shapes the nal research question of the thesis.

2.1 XR | Extended Reality

Extended reality [XR] , exists as an umbrella term for immersive technologies, covering over three tech-
nological classi cations of systems and applications: Augmented Reality [AR], Mixed Reality [MR],
and Virtual Reality [VR]. All of them classify certain blends of reality with virtual environments on
the immersion spectrum. The immersion spectrum is visualised inFigure 1, showing where the three
technological categories lie on the spectrum [34].

Each of the categories usually requires varying hardware to ful Il their degree of immersion, with AR
applications typically running on the phone, while VR typically uses Head-mounted Displays, or on
rare occasions enveloping users in physical CAVE systems [34].

Figure 1: XR Umbrella [Source].

The history of XR is incredibly interesting and rich in technological advancement, this thesis however,
will not be covering the historical advancements outside the introductory statement from the previous
section, but a compelling overview of historical XR advancements can be found HERE to garner a
better understanding.

2.1.1 Hardware Components

XR requires certain hardware capable of acting as a mediator between the person and system, while
designed with the degree of immersion of the certain classi cation in mind.

VR almost always uses Head-Mounted Displays, such as the Meta Quest 2, whether capable of being
standalone or tethered to a computer for improved delity. These headsets are capable of enveloping
your vision fully, by blocking out real surroundings through a tight headset, and using stereoscopy to
provide a sense of environments being 3D [34].

In AR cases phones are typically used, as it is widespread personal tech with cameras and necessary
processing capability for required AR capabilities [34]. A light transportable technology, with most
phones including the necessary sensors and cameras to perform tracking.
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For the purpose of this thesis, due to the coordination with the Multisensory Experience Lab at AAU
CPH, VR will be a primary focus due to it being the primary technology for research projects at ME
Lab. The ME Lab also has Meta Quest 2 Headsets available for students to develop on.

2.2 VR | Virtual Reality

Virtual Reality [VR], being the most immersive of the technological classi cations, is de ned as a
broad term for the mediation of reality with fully immersive technology. This can include video, or

other content, and does not in all cases equate to the user interacting with a Virtual Environment, as
de ned in section 2.2.1, which involves agents or environments that change based on user input [7].

Figure 2: A Meta Quest 2 Head-Mounted Display, also commonly referred to as headsets.

As previously stated, VR is typically facilitated through VR headsets or Head-Mounted Displays [HMD],

of which the ones typically used by the MELab are Meta Quest 2s as seen igure 2 . These headsets
take over the users sight, using stereoscopy to create depth and a feeling of dimension, and block out
the real environment around a person.

2.2.1 Virtual Environments

Virtual Environments, or VEs, when compared to VR, have varying de nitions surrounding them.
Early de nitions, such as the de nition given by SR Ellis in 2002, also incorporate the display facet
de ning it as "Head-referenced computer displays that give users the illusion of displacement to an-
other location." [9]. The terminology of VR, AR and Cyberspace were linked or melted together, while
newer de nitions separate the various concepts more and provide more concentrated de nitions. In
2011, Blasovich argues that Virtual Environments should be a term reserved for systems relying on
high- delity tracking and displays to facilitate a simulated perception and interaction with an arti cial
environment while Virtual Reality would be described as any sort of mediated reality [7]. These de -
nitions make the display less of a focus and merely a facilitator and mediator for Virtual Environments
while being the primary factor of Virtual Reality. Blasovich's de nition has become more common and
accepted, as XR has found more footing in research and academia, hence why it will be used as the
de nition for Virtual Environments in this thesis.

This would align with using a Meta Quest 2 as a mediative technology for displaying the VE, and
indicates the requirement of high- delity tracking, and a means of interacting with an arti cial envi-
ronment.
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2.3 Immersion

XR classi es various technology and systems on an immersion scale, but what exactly does immersion
entail and cover as a term?

Immersion, as explored and de ned in academia, exists as a vast intricate network of theories and def-
initions. Some more related, intertwined or explored than others. Various academics, when looking
outside of what in this thesis will be described as virtual immersion, or immersion related to virtuality,
explore and relate immersion to activities or tasks, and even storytelling and narrative transportation.

Figure 3: Presented De nitions of Immersion [18].

Figure 3 provides an overview of the more widespread de nitions of immersion in relation to various
subsections, as presented by various academics. These four general classi cations and the overview
created by Nilsson et al [18] separate theaories into immersion being a property of the system, akin to
immersion being a relevant spectrum of XR and the technology behind, as a perceptual response from
an individual, a response to a narrative or as a response to tasks and challenges.
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This thesis will have a focus on de nitions of immersion as described by Slater, Witmer & Singer, and
Arsenault. This is due to both Slater's and Witmer & Singer's work with immersion and presence
within virtual environments and in relation technology, and their academic work of proposing various
methods of testing presence and immersion. These de nitions all mention a few key aspects, that will
be a focal point of the design of the VR experience:

» High delity of displays & Tracking.
» Envelopment, inclusion & interaction with the virtual environment.

» Envelopment of a multi-sensory representation of a virtual world through high- delity displays.

2.4 Presence

Immersion is often times times correlated to the concept of presence, a term derived from the coined
term of "telepresence" by professor Minsky at MIT in the 80s [17]. Telepresence itself is de ned as
the manipulation of real-world items through remote-access technology, but Presence in relation to
technology started branching away in 1992, as Sheridan released an exploratory paper with three
proposed determinants of presence in an attempt to create a more clear-cut de nition of the subjec-
tive sensation felt during telepresence [20]. The three determinants brought up by Sheridan were:

» Extent of sensory information.
« Control of relation of sensors to environment.

* Ability to modify physical environment.

These determinants, and the initial de nition provided by Sheridan, laid the foundation for later def-
initions such as Slater, Usoh and Steed's de nition published in 1994 [23], and Lombard & Ditton's
de nition from 1997 [15].

Slater, Usoh & Steed expand upon presence, by de ning it as: "The sense of being in a virtual envi-
ronment rather than in the place in which the participant's body is actually located." [23] Lombard
and Ditton, as opposed to Slater, Usoh and Steed's strictly virtual de nition, presented six conceptu-
alizations of presence, relating it to social richness, a sense of virtual environment realism, a sense of
transportation with someone else "present and shared space, a sense of the user being a social actor
with a sense of interactivity & control, a sense of the medium as a social actor, and nally as a sense of
immersion through the senses or the mind. These de nitions are also what cause a parallel between
immersion and presence, but while presence is much more subjective and sensory, immersion relates
more to delity of the system and technology itself.

This subjective feeling in virtual environments is what this thesis will strive to measure, in an attempt
to transport users of the AAUverse into a virtual environment while they receive the experience of
being at an actual location rather than it seeming like a virtual environment.

2.4.1 Place lllusion and Plausibility lllusion

In Slater, Usoh and Steed's conceptualization of presence, Slater later expanded upon their de nition,
publishing a paper introducing Place lllusion [PI] & Plausibility lllusion [Psl] as contributing factors
to presence in virtual environments [22].
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Pl, refers strictly to the strong illusion of "being there", with no external factors such as knowledge or
experience. While Psl related to the plausibility of the illusion of realism that the virtual environment
or experience present. Do the environment or happenings seem real? Are they plausible, or do drag-
ons, and impossible high-tech factor into the experience of the user, defying reality? These are de ned
as important facets of presence, and the immersive experience [22].

Seeing as the focus of the thesis will be the MELab, which is a plausible and realistic setting and
scenario, the focus will be achieving a high enough delity for the intial prototype of AAUverse and
its rst location, for users to achieve the illusion of being physically at the lab.

2.5 SOTA | State Of The Art
2.5.1 University Of Miami | UMVerse

The UMVerse, an XR initiative founded in 2018 by the Virtual Experiences Simulation Lab (VESL) at
University of Miami, and the inspiration for this thesis, has a focus on integrating cutting-edge immer-
sive technologies into MiamiU's curriculum and research [30].

The XR initiative led to the rst class being held entirely in VR in 2020, with immersive content in-
tegrated into 40 courses by 2024. The UMVerse covering over student projects, XR courses such as
Architecture, Art History, Interactive Media and various other courses, and Faculty Training [31]. The
widespread usage of XR and integration of the UMverse being an impressive effort.

The current UMVerse applications vary between mobile and hololens AR and standalone HDM VR, but
due to the future nature of the project being available to students off-site while retaining a sense of
immersion using the most immersive XR technology, it would make sense to focus the thesis on VR as
it is also the standard for MELab projects.

2.5.2 MIT Center For Advanced Virtuality

MITs Center for Advanced Virtuality is another great example of XR and VR incentives at Universities
& in educational settings, facilitating the creation of student projects related to various studies the
students wish to perform ranging from museum experience to xenophobia studies in immersive VR
settings [16].

2.6 Target Group

As introduced in Section 1, and further discussed in Section 2.5.1, there is a clear focus on students
and Aalborg University as a campus. Therefore, it is essential to target students from AAU, and more
speci cally those from AAU CPH due to the physical nature of testing the VR prototype.

It is also vital that participants have not been to or worked at the Multi-sensory Experience Lab, as it
could potentially bias or impact their experience based on previous familiarity.

Testing will therefore require a prerequisite of participants being active AAU students, capable of being
physically present for testing, and having never been to MELab before.

2.7 Hypotheses

Research into the eld of XR, and all related facets, such as VR, Virtual Environments, Immersion
and Presence, as well as a dive into UMverse and MITs Center for Advanced Virtuality, have all been
presented and pave the way for the nal research question to be de ned and hyptheses.



Fall 2023 Medialogy - Aalborg University Copenhagen

2.7.1 FRQ | Final Research Question

With this, we can further de ne the research question, to a nalized version:

How can a VR application, including a virtual environment representative of the Multisensory
Experience Lab at AAU CPH, help students get familiarized with campus and provide them an
experience of being physically present at the real lab when in the virtual variant?

28 HO&H1

As the nal research question has been de ned, we can present two hypotheses to state whether or
not the VR experience and virtual environment provide users a sense of presence when they try the
virtual variant of the Multisensory Experience Lab.

HO: The user experiences too slight, or no sense of presence in the virtual environment replica of
MELab.

H1: The user experiences a large sense of presence in the virtual environment replica of MELab.

3 Design

The design of the AAUverse hub, and the virtual environment replica of the Multisensory Experience
Lab, went through two iterations, based on feedback provided in the initial usability test as mentioned
in section 5.1

3.1 Initial Design

The initial design of the UX, or user experience, takes inspiration from Hillman's Object-Oriented
UX framework and methodology towards design for XR [11]. Hillman's OOUX approach relies on a
framework of four steps:

» Obiject Discovery: ldenti cation of core components within the XR environment.
» Object De nition:  Establishing behaviours and attributes to core components.
* Relationship Establishment: Establishing relationships for inter-object interaction.

« Object Prioritization: Determining hierachy and importance for each object to the UX.

3.1.1 OOUX

One of the rst steps to the OOUX framework, is the identi cation of core components in the envi-

ronment. The most important components in the Multisensory Experience Lab for visiting students,
researchers and outsiders, are de nitively the Razvan 360 sound installation for spatialized sound,
and the Tinitus soundproof room.

Both of these play an important role in the MELab, as mediators of experiences and parts of semester
projects, and are shown in gure 4 , so the categorization of them core components of the environment
within the VE is not unwarranted.
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