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Abstract

Virtual reality is adopted in many areas such as the military, education, health care,
and preservation of cultural heritage. This thesis will further explore the possibility
of cultural heritage preservation in virtual reality by reconstructing the environment
of the old and defunct cinema in Gothenburg named Flamman. The aim is to pro-
vide a proof-of-concept experience, in which a user can get the feeling that they are
located in the actual cinema. To achieve this, a focus on good interaction design
and a pleasant user experience is of high priority, as not to introduce common issues
in virtual reality applications such as motion sickness. Tools such as Blender and
Unity are utilized to implement these goals. To further ensure that the created
application fulfills these main goals, user tests are conducted in which the test par-
ticipants can express their experience. The results from these tests indicate that
the application o[erk a satisfying experience, and the feeling of being in a cinema
is present. Ultimately, all of the goals were met by the implemented features. Not
only is it possible to watch a movie, but users can also share the experience together
by using the multiplayer functionality.

Keywords: Virtual Reality, User Experience, Cultural Heritage Preservation, Soft-
ware Development, Game Design






Sammandrag

Virtual reality har flertalet anvandningsomraden dar det till exempel anvands inom
det militéara, utbildning, sjukvard och &ven for att bevara kulturarv. Denna upp-
sats kommer fortsétta att undersoka de moéjligheter for kulturarv som virtual reality
erbjuder. Detta kommer att genomféras med en rekonstruktion av den gamla och
nedstédngda biografen Flamman i Goteborg. Malet ar att skapa en prototypapp-
likation som kan aterskapa kéanslan av att befinna sig i denna foérgangna biograf.
For att uppna detta kravs ett stort fokus pa god interaktionsdesign samt behaglig
anvandarupplevelse, annars finns risken att applikationen kan astadkomma aksjuka
for anvandaren. Verktyg sdsom Blender och Unity anvands fér att implementera
dessa huvudmal. For att ytterligare forsakra sig om att den skapade applikatio-
nen uppfyller dessa mal kommer anvandartester att genomforas, dar deltagarna kan
uttrycka asikter om sin upplevelse. Resultat fran dessa tester indikerar att applika-
tionen levererar en bra upplevelse och att kénslan av att vara i en biograf aterskapas.
Genom de implementerade funktionerna uppfylls alla mal. Férutom méjligheten att
se film kan dven anvandare dela denna upplevelse tillsammans, genom att anvianda
multiplayerfunktionen.
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1

Introduction

The concept ofVirtual Reality (VR) dates back to 1935 and was introduced to the
world in a science ction story written by the author Stanley G. Weinbaum[1]. In the
story, Weinbaum wrote about a pair of glasses that, when used, enables a person's
senses to transport to di erent worlds while the body remains grounded on earth.
While this story only foreshadowed VR, it acted as an inspiration for scientists to
keep working towards making this a possibility. The progression of VR technology
has led to it being used in many elds such as education, military, health care, and
as this paper will demonstrate cultural heritage preservation [2].

The building Flamman opened in 1935 in central Gothenburg and was used as a
cinema until 1982 [3]. In 2006, Flamman was listed as a historical building and
has since been used as a community center. For this project, Flamman was chosen
because of two reasons. The rst reason is that the building is still intact, making

it easier to get any references needed, such as pictures and blueprints. The second
reason is Flamman's architectural value, as it is considered one of the rst modernist
buildings in Gothenburg [4]. This thesis will present a reconstruction of Flamman

in VR and preserve its cultural heritage. By doing so, both present and future
generations will be able to experience Flamman as it once was, a cinema.

1.1 Purpose

This project was created with two main purposes in mind. Firstly, to create a proof-
of-concept application of the building Flamman in VR and preserving its cultural
heritage. Secondly, to ensure a pleasablser Experience(UX) by creating a believ-
able and immersive experience. Cultural heritage and the preservation of old and
forgotten environments is important, especially as cultural aspects and tradition are
at risk of disappearing [5]. By giving people the opportunity to visit a place of
historical value, they can feel connected to the specic time and take part in an
enriching experience.

1.2 Delimitations

The exterior and the surrounding area around Flamman will not be implemented,
as the work is solely focused on the experience inside the building itself. Therefore,
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only the interior of Flamman is created. However, only the most relevant parts of
the model are available through the experience, meaning it is not possible to go into
the bathroom and storage facilities of Flamman.

The graphical delity of the experience was decided not to be photo-realistic to allow
high frame rates when the user is inside the virtual application but realistic enough
to deliver an immersive experience.

1.3 Goals

To achieve the purpose of cultural heritage, the project aimed to reach the following
goals, which are based on the requirements in the project description [4]:

To be able to watch a movie within the virtual cinema.

N

To be able to interact with other users in the virtual cinema.

N

To be able to experience the reconstructed environment in VR.
To achieve the stated goals, epics were created that can be seen in Appendix C.

Cultural heritage and the preservation of old and forgotten environments is an im-
portant part of understanding cultural values, and this project aims to create an
experience that closely resembles Flamman's original cinema experience. There
were various reasons why the project members chose this project. Having interests
in game development and movies were the main part, but also for acquiring new
knowledge about the di erent tools used for creating this application.

1.4 Thesis outline

This report is divided into eight sections: Introduction, Theory, Methods, Results,
Discussion, Conclusion, Further Developments, and Related Work. In the Introduc-
tion, the background, purpose, and scope of this project will be presented, along
with the goals. Theory will include essential information about VR and cultural
heritage preservation, together with a discussion of the ethical and social aspects of
these two concepts. Theory will also cover the various tools, practices, and processes
used in this project to give the reader the knowledge needed to understand how these
methods were applied in the project, which is mentioned in the following section,
Methods. After Methods, the project's result is presented, followed by a discussion
of this result in Discussion. Conclusion will contain a summary of how the result
and discussion is connected to the goals for this project. Further Development will
include suggestions for how the project could be developed further.
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Theory

This part of the thesis elaborates on the theory that is applied throughout the whole
project. For clarity and structural purposes, this chapter is divided into di erent
sections.

2.1 Virtual Reality

Virtual reality is a simulated experience created by a computer to allow a person to
explore and interact with a 3D environment [6]. To achieve the simulated experience,
you need two components: a head-mounted display and a form of input. With these
two components, the person will be isolated from the real world and immersed
within the 3D environment, perform actions and become a part of the virtual world.
Throughout the 1900s, scientists experimented with sense-stimulation inventions
and head-mounted displays. Among those inventions are there two that stand out:
the Sensorama [7], and The Sword of Damocles [1].

Sensorama, created by the American cinematographer Morton Heilig in 1962, was
an immersive and multi-sensory device that simulated ride-based experiences such as
riding a motorbike and driving go-karts. To make the experience immersive, Heilig
used special sounds, winds, and vibrations. In 1968, computer scientist Ivan Suther-
land invented the rst head-mounted display and called it the Sword of Damocles.
Though progress during the 1900s was made, it was not until the 1970s when VR
became a reality as technology had advanced enough to produce devices to support
the virtual settings [8].

VR was getting increasingly popular during the 1980s as VR headsets were devel-
oped and appeared in popular culture, such as movies and books [9]. However, at
the beginning of the 1990s, VR decreased in popularity as VR headsets were too
expensive and the technology was not advanced enough to produce immersive ex-
periences. It was not until early 2010 when Oculus released the rst commercial
headsets that VR's popularity once again increased since the technology became
obtainable [10]. Both tethered and standalone headsets exist. VR technologies
have developed enough to be utilized in more than just entertainment applications
and have expanded to areas like military, education, architecture, health care, and
heritage preservation.
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2.1.1 What is a Good VR Experience

To understand what makes a good VR experience, two key aspects of virtual reality
must be understood,immersion and presence

According to Mel Slater, author of the paper "Immersion and the illusion of presence
in virtual reality”, immersion is an objective measurement of what the technology
delivers [11]. An example of how to increase the immersion of a movie is to increase
the size of the screen or the number of surrounding speakers.

Presence is a phenomenon that describes the state of feeling present inside a virtual
world [11]. The larger the presence, the barrier between the real world and the
virtual world is more abstract. Presence is the subjective measurement of the human
reaction to the experience.

The quality of the virtual experience rises with immersion and presence and is
thereby essential to VR [11]. Therefore, achieving both of them is important for a
good VR experience. As the technology of the VR headsets is set by the manufac-
turers, little can be done to improve immersion, such as increasing the screen size
mentioned earlier. Presence, however, the subjective reaction to the experience, is
possible to be improved.

There exists a list of requirements for VR headset displays to achieve a pleasant user
experience, of which every point has to be met [12]. The most important points of
the list are a wide eld of view of 110 degrees diagonally or more, a high resolution
of the display, low latency, precise tracking, and a high frame. The list is mainly
targeted towards the hardware developers of VR headsets and cannot be changed by
software such as the display resolution. However, it is important that the software
developers design experiences that allow the hardware to utilize its full potential.

Frame rate is the number of new individual rendered frames of a time span, which
is measured in frames per second (FPS) [13]. A high frame rate will make the
experience feel smoother, more responsive, and more immersive. A game running at
a lower FPS than 75 is likely to induce disorientation, nausea, and motion sickness,
with the risk and e ect increasing with lower FPS.

The resolution is correlated to the frame rate since an increasing resolution increases
rendering time, therefore impacting the frame rate [13]. Since a high frame rate and
resolution are crucial for immersion and presence, the graphical delity has to be
adjusted with lower quality textures. Furthermore, simpler lighting and shadows
and lower polygon models also help reduce graphical delity.

Another way to improve a VR experience is to make the user feel comfortable and
safe while in a virtual world. To have a safe experience, it is important to not expose
the user to distress. For example, it has been shown that VR can induce vertigo by
exposing the users to a virtual scene high up in the air [14]. Similarly, too small
spaces should be avoided to not a ect people with claustrophobia. Furthermore,
having a large or complex layout is not ideal either, as the user can get lost. This
can be mitigated with simple map layouts and through audio and visual aids such

4
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as noises to direct the user's gaze or lamps showing the direction of the exit [15].
These aids are not only to help the user navigate but also to magnify the user's
immersion.

2.1.2 Motion Sickness and Other VR Problems

Motion sickness is an issue that occurs to some users when using VR headsets[16].
To minimize the problem, some things have to be considered when developing a
VR application. The problem of motion sickness stems from the fact that one
can move around in a scene and experience a di erence between body and sight.
This is comparable with the dizziness some humans experience when traveling by
vehicle. The eyes see one thing while the body feels another, and these mixed
signals are confusing the brain. As we brie y mentioned in subsection 2.1.1, motion
sickness is bad for the overall VR experience. However, a low FPS is not the only
way to induce such a feeling, as well as a high amount of FPS is not the only
way to combat that feeling. In the paperHow to Deal with Motion Sickness in
Virtual Reality written by Bruno et al. they provide a list of things to do to avoid
motion sickness, as well as a list of things to do to induce motion sickness [16]. The
recommendations always include corresponding responses to user input, including
a frame of reference and treating the camera as eyes rather than a camera. This
means that the possible movement and interaction should be as realistic as possible
and maintain the immersion from start to end. Things to avoid include motion
acceleration of the character and momentarily taking away control from the user's
view, which is disorienting and induce motion sickness.

Avoidance of motion sickness is closely tied together with what is considered to be
a good VR experience, as previously written about in subsection 2.1.1.

2.1.3 Interaction Design and UX in VR

When using VR applications, the user will be required to be more actively involved
than they would be using a conventional application [17]. In the VR environment,
users will also have a great deal of freedom to control their movements and interac-
tions. Therefore, ensuring the user's safety and making them feel comfortable will
lead to good interaction, which is essential for having a good VR experience.

In a VR application there are often menus involved and therefore, all menus should
be created with a good user experience in mind, and the interaction in the application
should be as seamless as possible [18]. Therefore the best practice is to make menus
in a VR game in 3D for the best usability. The focus does not have to switch between

a 2D menu and the 3D environment. For example, a 2D HUD permanently attached

to the screen may cause eyestrain and compromise the user experience through a
loss of presence while also making the user more prone to motion sickness.



2. Theory

2.2 Cultural Heritage Preservation

Cultural heritage can be described as the legacy left by previous generations and
is a collection of sites, objects, and traditions that brings together the history and
the values of di erent cultures worldwide [19]. Cultural heritage consists of both
tangible artifacts and intangible attributes. Tangible heritage can include physical
items such as archaeological sites, buildings, books, games, clothing, and art. The
pyramids in Egypt, the Colosseum in Rome, and Da Vinci's painting Mona Lisa are
some examples [20][21][22]. Intangible heritage refers to abstract attributes such as
languages, traditions, rituals, music, knowledge, and skills. Examples of intangible
heritage are the practice of Chinese acupuncture or the Mexican festivity, day of the
dead [23][24].

This is where virtual reality can play a role in not only preserving the culture but
also immersing the user in the culture to interact with it [25]. Although the use of
VR is more recognized in the entertainment eld, in recent years, it has been used for
cultural purposes and has become a tool for reconstructing historical environments
that have either been destroyed or to preserve them without any e ects on the
original object [26][27]. This way of utilizing VR makes cultural heritage digitally
accessible for educational and entertainment purposes [28].

2.2.1 Cultural Heritage Preservation in VR

VR brings other aspects to cultural heritage than just reconstruction, which an
ordinary physical 3D model cannot recreate [25]. For example, VR allows for hy-
pothetical virtual reconstructions of the past, leading to a deeper understanding of
the object's history and why it has its appearance today.

What makes VR such a good candidate for cultural heritage compared to a digitized
3D model is its ability to provide the primary visible object and provide the user
with the environment and the atmosphere that is desired for the object [25]. Since
VR can create a connection between concrete data such as archaeological remains,
and the atmosphere, it can more realistically reproduce the wanted scene in an
immersive and more elaborate experience for the user.

2.3 Ethical and Social Aspects

As previously stated in Section 1, the use of VR extends to many elds. For example,
VR applications can be helpful tools in elds outside of the entertainment industry
[2]. The use of VR for educational purposes has shown to be a helpful tool for
students learning, and engagement [2]. Some further examples include high-tech
training in the medical and military elds, where people can be exposed to stressful
and hostile situations without compromising their safety or be a danger to others
[29]. It has also shown an impact on cultural heritage preservation by not only
preserving historical sites digitally but also making them more accessible [30]. This,
in turn, provides the knowledge needed to understand cultural values.
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Like any technology, VR applications raise questions regarding the social impact
they can have on individuals [31]. Though there is research suggesting that VR can
help with social isolation by letting users explore di erent real-world simulations,
other scientists suggest otherwise. An overuse of VR could lead to addiction, self-
isolation, and dissociation from the real world. Such an overuse could cause a strain
on the individual's mental health and the relationships they have around them.
Due to the high immersion of VR, experiencing intense emotions could have lasting
e ects on the user, especially if the content is deemed violent [31].

2.4 Hardware

For developing and testing a VR application, adequate VR equipment is needed.
Furthermore, to ensure that the application is usable by a wide variety of users, it

needs to be developed with the consideration of di erent brands of VR hardware.

Speci ¢ implementations are sometimes needed due to the brands varying in func-
tionality. Two of the most common types of equipment brands are HTC and Oculus.

Both brands of equipment are commonly used by users on popular platforms like
Steam[32].

24.1 HTC VIVE

The HTC Vive is a virtual reality headset created by HTC and Valve as their partner
[33]. The headset was initially announced in 2015 and released in 2016. In order to
be able to walk around freely, two base stations are needed, placed on opposite sides
of the room the tracking the positioning of the user. By combining the headset with
two wireless handheld controllers, the user can interact within the VR environment.

2.4.2 Oculus RIft S

A direct competitor to the HTC Vive is the Oculus Rift S. The Rift headset, which

is currently developed and manufactured by Facebook inc [34], is unlike the HTC

Vive. The Oculus Rift S does not require base stations and is only tracked from the
headset. The Oculus Rift uses ve cameras on the head-mounted display to track
the surroundings and an accelerometer, combined with advanced software to predict
the path most likely taken. The Oculus Rift also can be combined with two wireless

handheld controllers, which are tracked similarly to the headset. Instead of having

cameras, the controllers have infrared LEDs.

2.5 Software

Many di erent kinds of software were used throughout the project. This section
aims to provide the underlying theory behind each software.
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2.5.1 Unity

Unity Real-time development platfornis a game engine that can be used to develop
games and graphical applications across multiple platforms [35]. Unity has, among a
lot of other things, built-in support for developing applications in VR. Furthermore,
Unity provides an extensive library of features that simplify the design of various
assets that are included in the application, such as adding video players and menus,
and also VR libraries such as SteamVR, Section 2.5.6. In addition to this, the Unity
engine makes it possible for the developer to create their own features using @
programming language. Generally, a well-known engine like Unity has extensive,
easy-to-understand documentation, and its community provides multiple sorts of
guides and examples that might resolve issues that occur during the development
phase.

Unity di ers from other real-time development platforms such asUnreal Engine

in the sense that it is considered to be more beginner-friendly. Unreal Engine is
typically used when better graphical performance is an important feature of an
application [36]. Another di erence is that Unity scripting is done in C#, while
scripting for Unreal Engine is done in C++ [37]. This further elaborates on Unity's
beginner-friendly environment since C# is considered to be an easier language to
learn and use [38]. However, both these development platforms are capable of pro-
ducing high-end graphics, and they both provide support for animation, terrain
editing, VR, and more. The choice of the game engine for this project is argued for
in 3.3.1.

In Unity, every object is called aGameObject[39]. A GameObject can not do
anything by itself until properties are added to it. Di erent properties could include

a script, a collider, or a material. These properties add to the functionality of the
GameObject. A GameObiject that is supposed to be a character, for example, needs
to have di erent components in order for it to function as a character. By itself, it is
only an empty container. However, when the di erent properties have been added,
the GameObiject is a character.

Scenes are the main way of working with the project in Unity [40]. Scenes are the
workspace that contains all of the objects as well as how they interact with each
other. It is possible to switch between scenes to categorize which GameObijects to
load when, within the application. For instance, a menu scene could be used to
show the user the main menu with di erent settings and the choice to play or exit
the application. Following this scene, the main scene could be loaded when the user
chooses to play from the main menu. The main scene, in this case, would contain
the heart of the application and can focus on gameplay and mechanics, while the
menu scene would contain all of the logic for the menu system.

The tools and features that Unity already houses are commonly used when develop-
ing an application. They are often used to implement physics, customize interaction
between objects, and in the case of VR, improve immersion, presence, and perfor-
mance.
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2.5.2 Unity Technologies Used

In Unity, there exist di erent light properties that can be utilized. Some examples
of properties are Point lights, Spot lights, and Directional lights [41].

In Unity's manual, where they describe types of light [41], they describe that a Point
light sends out light equally in all directions, where the light diminishes the further
away from the source it gets. Furthermore, they describe that a Spot light works
similarly to a Point light, but it sends out light at an angle, in a cone shape. The
Directional light is described as sending out light in a direction only as if it was
coming from a sun in nitely far away.

"Shadows add a degree of depth and realism to a Scene because they bring out
the scale and position of objects that might otherwise look at" [42]. Shadows is a
feature that can be turned on for speci c light sources, enabling the light source to
cast shadows. If a light has shadows turned o, the light will pass through material
and walls, henceforth being called akght bleed Similarly, a GameObject has to
have the option to cast shadows enabled to create shadows, and the GameObject
that will receive the shadows has to have the option to receive them enabled as well.
A GameObject can cast shadows onto itself, however for this to work, both the
option to cast and receive shadows need to be enabled [42]. For shadows to exist,
there must be a light source with shadows enabled, a GameObject to cast shadows,
and a GameObiject to receive them. If any of the three are omitted, a shadow will
not show.

All of the calculations for lights in Unity are done in real-time, utilizing hardware
performance [43]. Baking lights into a lightmap is an option for the Unity engine
to perform the calculations for the lights in the editor, meaning the calculations are
done in advance [43]. Baked Lights are useful for lighting things that will not change
at runtime, and reduce the shading cost at runtime as well as reduce the rendering
cost of shadows.

The limitations of baking a lightmap of the Unity scene is that the property of
the light cannot be changed at runtime and that dynamic game objects do not
receive lights [43]. A third limitation is that a baked lightmap does not contribute
to specular lighting, meaning there are no bright spots on shiny objects.

"Occlusion culling is a process that prevents Unity from performing rendering calcu-
lations for GameObjects that are completely hidden from view (occluded) by other
GameObijects" [44]. This means that objects set to occludees are not rendered as
they are hidden from view behind an object set to occluder, improving performance.
An example of how occlusion culling works can be seen in Figure 2.1.



2. Theory

Figure 2.1: Occlusion culling in Unity. What the player see is to the left, and
what the Unity engine renders to the right

2.5.3 3D Modeling

When modeling the di erent objects for the VR application, there are some things

to consider. Since there is a great focus on performance, the meshes and textures
should have as little impact on the performance as possible, without con icting with
the quality and the immersion of the application.

One thing to consider is the scale of the assets that are being modeled [45]. It is
often useful for designers and artists to use realistic measurements when modeling
assets for an application, but in VR, that becomes even more important to preserve
immersion and a positive user experience. A VR experience does not always have
to be realistic, but it is important that it is at least believable and that textures,
meshes, and objects that the user can interact with are sized in a reasonable manner.
The scaling and positioning are perhaps the most important for objects that users
can grab, such as door handles and weapons. Objects that represent things that
users interact within everyday life, such as light switches, cutlery, chairs, doors, also
need to be realistic in regards to size and positioning in the application space [45].

In the case of 3D modeling for VR, there are two major things used to add detail to
a scene: geometry and textures [45]. While adding more geometry always will look
more realistic, it is not the most optimized way. The polycount in each frame has
to be lower for a VR application compared to a regular desktop application. This
means that at some point in the modeling process, geometry has to be substituted
by textures to approximate the assets. This might, in the end, appear less realistic,
but it is a necessary step in order to achieve a good user experience [45].

Sketchupis a 3D modeling software for a wide range of drawing applications such
as architectural, interior design, landscape architecture, civil and mechanical engi-
neering, Im and video game design [46]. Despite its many applications, Sketchup
is mostly used within the area of architectural design. Sketchup is not designed to
be used with animations, and there is no support for this in the software [47]. Thus,
modeling video game characters and other interactable objects might prove to be
easier done in another 3D modeling software.

10
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When modeling assets for games, a commonly used softwarBlender. Blender is a
free and open-source 3D-modeling software that includes tools appropriate for many
di erent aspects of 3D modeling, such as rigging, modeling, animation, rendering,
and so on [48]. The fact that Blender is free is partly the reason why Blender
is a popular option when choosing software for 3D modeling, and such, Blender
is a popular software amongst freelancers and smaller studios. Since Blender is an
established program and widespread, there are many tutorials on the Internet, which
makes Blender a software that is easy to learn and to use [49].

2.5.4 Blender Technologies Used

Duplicate Linked is a tool included in Blender, which allows the use of several du-
plicates of the same object, but only needing to load one [50]. Through duplicate
linked objects, every duplicate object has linked all its data to the original object,
meaning only data for one object has to load.

2.5.5 Assets

In Unity, there is built-in support for using assets, either by importing them manu-
ally or by downloading them from the Unity asset store [51]. An asset is something
that someone has created and is sharing with the public, either for free or for a fee.
An asset can be anything from a model, a texture, or modules that solve di er-
ent things, like a framework for setting up a server for the application or ways to
communicate.

SteamVRis a plugin that makes it possible for the application to communicate with
the SteamVR application [52]. Furthermore, it contains prefabs and scripts that
make it possible to set up and interact with a VR environment.

UniGLTF is a plugin that makes it possible to import and export GLTF 2.0 les in
Unity, to get the correct materials [53].

The Sketchfabasset makes it possible to import and export models directly from the
Sketchfab website, as well as importing GLTF les in Unity [54]. This is, in essence,
similar to the UniGLTF plugin.

Github for Unity is an extension that integrates GitHub directly into Unity, making
it possible to communicate with GitHub without leaving Unity [55].

2.5.6 SteamVR

SteamVR is a software product developed by Valve [56]. It supports a variety of VR
headsets and is needed in order for some headsets to work. SteamVR works as a
bridge between the VR hardware and the applications that use it. This allows stan-
dardized interaction with di erent VR applications. To develop with the SteamVR
application, the SteamVR framework needs to be used. By using SteamVR, any
game or application could be run on any headset that is supported, rather than

11
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separately having to develop for each headset. Thus, making it easier for both the
consumers as any supported headset could be used, as well as for the developer.

SteamVR also has a feature that allows for the developer to assign actions to di erent
buttons of the controller, giving control over how the user can interact with di erent
things within the application [57]. The way that it works is that actions de ned are
mapped within the SteamVR application, and then these can make a call to the
code.

2.5.7 Mirror

Mirror is an API that handles networking, and it makes it possible to connect
di erent players to the same session, making it possible for the players to watch the
same video in the same room [58]. Mirror was created by a few Unity users when
Unity's native networking functionality was discontinued. Therefore, Mirror's core

is almost identical to the deprecated Unity networking core.

To establish a connection, a user starts the application containing Mirror as the
host, thereby opening a connection on their machine [58]. Other users can then
connect to the host without running any di erent code or application. The reason
behind keeping the host and client functionality within one project is to achieve a
signi cant gain in productivity for the users.

2.5.8 \Version Control

Git is a widely used and very popular type of version control system [59]. Git is
designed as a linear work ow in the form of a timeline with di erent branches. The
timeline consists of di erent commits of work made by users and can be branched
out of at any point, e ectively copying the project's current state while allowing for
further changes without changing the original timeline. At any point, the di erent
branches can be merged back with the original timeline or any other branch to
synchronize the work that has been done on the di erent timelines.

Many di erent development platforms support the git version control system, the
most popular one being GitHub [60]. Github allows entire teams to work together on
projects by hosting workspaces on their cloud servers. This allows teams to use git to
collaborate on di erent projects or code bases while uploading the project to Github.
Github also features di erent tools for teams to customize their work ows to better

t their speci ¢ needs, such as pull requests. Pull requests allow team members to
submit a request with their recent changes to a branch which other team members
can comment, approve or request changes on. This allows for smoother review of
the code within the project and better collaboration between team members.

To ensure that there is always a consistent, working version of a project, teams tend
to never directly commit their work to a master branch [61]. By doing this, there is
always a stable and working build of the project ready to be deployed at any time.

12
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2.6 Agile Development

Agile software development is a modern and popular collection of methods for project

management [62]. It stems from a group of software methodologies that revolve
around iterative development. This means that projects are developed continuously

and after release instead of the contrary, focusing on one big release date to work
towards.

The development phases in an agile work ow are referred to aprints [63]. A sprint

de nes a time frame in which the development takes place. A sprint may vary in
length from project to project but is commonly between one to four weeks and is
usually thereafter xed for the rest of the project. The rst day of a sprint is where
sprint planning should take place, in which work is moved from a product backlog

to a sprint backlog This work is often expressed as tasks formed afteruser story,
which follows a speci ¢ format to ensure that all parties involved in the project have
the same vision. These user stories are supposed to be created or at least revised
by the stakeholders to quality assure the project [63].

When the tasks for a sprint have been laid out, the tasks are supposed to be esti-
mated by the team members to quantify their respective e ort needed to be com-
pleted. There are several methods to accomplish this, and one method to help with
estimations is to estimate each task with points following the Fibonacci sequence
[64]. This sequence ts great since the numbers are more easily distinguishable than
just following a sequence of a subset of the natural numbers.

To organize the user stories and tasks for a project, a scrum board is often used [65].
The scrum board allows for a good structure as well as an overview of the current
state of the project. A typical example of a scrum board would be Trello [66]. Trello
allows its users to structure their projects in the form of a board that contains several
lists of cards. Each user story and task is represented by an individual card. When a
task changes its status from one state to another, this can be represented by moving
the corresponding card between di erent lists.

2.7 User Tests

User tests allow developers to get feedback from users who have never previously
used or seen the application and therefore provide insight into problems that the
developers have become blind to [67]. The users participating in the test should
preferably be a part of the target audience for the application. This allows the test
results to result in changes in the application that would be of great bene t for the
end-users [68].

A technique that could be applied to user tests isThink-Aloud, where the test
participant expresses their thoughts out loud while conducting the tests [69]. There
are several bene ts of this method. It is cheap and easy to learn, meaning that
no extra equipment is needed, nor does the user have to adapt to new technology
that might disrupt the testing. It is also a exible technique that can be applied to

13



2. Theory

all stages in the design process, from early paper prototypes to fully implemented
systems. However, it might be an unnatural situation for the test user since most
people do not talk loudly to themselves during the day. There is also a risk of
ltered statements, where the user does not communicate some experiences because
they want to appear smart or do not want to annoy the moderators with too many
comments on what they experience as faulty behavior in the application [69].

Before or during the test, the test user is usually told to perform specic actions
within the application [68]. The test's purpose is often to see if the test user gets
confused or lost in the application, if they can complete the tasks they are asked to
complete, or to detect potential bugs. These test sessions can also be moderated,
where the test user or the moderator can ask questions during the test to further
detect software/design issues.

2.7.1 Avoiding Ethical Issues

To avoid ethical issues, a project should have a user-focused approach from the
beginning and throughout the project [70]. By doing thorough research with stake-
holders, fewer mistakes can occur and thus, minimize ethical issues. When a design
has certain issues, the users would be the most a ected by them. Therefore, it is
also important to conduct research studies with expert users, end users, and have
users participate with the designed product. When involving users, the standard
protocol is to get their informed consent since their data is being gathered and used
[70].

Additional ways to avoid ethical issues are discussed in sections 3.1 and 3.4, devel-
opers can make use of agile software development and conduct user tests to ensure
a good user experience [70]. Conducting user tests towards the end of the design
process informs the developers if they succeeded with avoiding certain issues, but
the essential part to avoid the issues is doing good research beforehand. By getting
the user's consent and involving the users in the design stages, the process becomes
more interactive, which increases the chances of making a better and usable product
[70].
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Methods

This chapter will present the methods used in this project. It includes how the user
tests were performed, which hardware, software, assets, and tools were utilized. The
practices applied during the development are also presented here.

3.1 Agile Development

In this project, an agile approach was used, and the project was developed in sprints.
The length of each sprint was decided to be exactly one week long, and each Tuesday,
a new sprint was started with a sprint planning session. The work was followed up
on each Friday, where a mid-sprint meeting took place. In these meetings, the
sprint was discussed amongst the team and the project supervisor, who acted as the
stakeholder.

3.1.1 Scrum Board

To support the agile work ow, a Scrum Board was used. The Scrum Board was
hosted on Trello and contained all of the user stories and tasks in the current sprint,
as well as the archived tasks of the already completed sprints. This is shown in
Appendix C.2.

Epics had a designated number ranging from zero to four. User stories were de ned
with the corresponding epic's number, followed by another number to uniquely iden-
tify it. Thereafter, tasks were formulated based on the user stories, and they yet
again received an additional number.

Each task was given a number in the Fibonacci sequence to determine the estimated
e ort, which corresponded to a color in the Scrum Board. A reasonable total e ort
for each sprint was concluded to be around 60, meaning an e ort of 10 per person
in general. Depending on this total number, the week's tasks were set, as well as
which task the group members were assigned to.

15



3. Methods

3.2 Hardware

The group had the opportunity to borrow two VR headsets for testing, namely an
Oculus Rift S and an HTC Vive. The borrowed headsets were passed around the
group members each sprint to allow di erent members to work on VR tasks that
required a headset to test. Additionally, this allowed di erent members to be testers
for the pull requests in the GitHub repository that required VR headsets to be fully
tested.

3.3 Software

This section will present thorough explanations on the utilization of the di erent
software mentioned in the chapter Theory.

3.3.1 Unity

Unity was the chosen game engine for this project. Unity allowed the project mem-
bers to simultaneously work on the project within the same scene but in di erent
git branches.

3.3.2 Mirror

The Mirror asset within Unity allowed the implementation of network functionality
into the project. When implementing Mirror, we exposed a simple network-object
representing the player to the other people connected to the network while main-
taining the more advanced mechanics and logic locally.

3.3.3 SteamVR

The implementation of SteamVR in Unity proved to be more di cult than expected,

as it was found that getting both headsets that were used for testing to work was
di cult. A beta version of SteamVR was released during development which solved
the problems that existed, and the Unity version that was used was updated. With
the added features from the plugin, the development with SteamVR became a more
positive experience. For example, the SteamVR feature for key bindings was used
to implement tailored customization for the di erent types of VR equipment.

3.3.4 \ersion Control

Git was used as version control for this project with the help of GitHub. The

git structure of the project revolved around two main branches, Master and Dev.
The Master branch was intended as a kind of production branch, where no active
development would be made, and instead, it would always be the latest stable build.
The Dev branch, on the other hand, was the main branch for development during
the sprints. For each task in the sprint, a new branch was created from Dev. When
the task was completed and everything was committed to the speci ¢ branch for
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the task, the task would be merged with the Dev branch after it was tested by the
designated testers. At the end of the sprint, when all of the task-speci ¢ branches
were merged with the Dev branch, the Dev branch would be merged with the Master
branch to update the branch with the latest stable build.

3.3.5 3D Modeling

The group began with modeling smaller objects such as speci ¢ furniture and objects
to interact with. To then implement the work on an actual model of the building, a
basic, placeholder model of Flamman was created with the software SketchUp. This
software was chosen due to its ease of use and ability to quickly create models. This
placeholder model of Flamman can be seen in Figure 3.1 below.

Figure 3.1: The model of Flamman done through SketchUp

Due to the SketchUp model only being a temporary placeholder, a new model had to
be created. This new model was decided to be created in Blender, and the workload
was divided amongst three group members. The rst person would make the lobby
and stairs, and the second person would make the cinema saloon and the hallway
next to it. The third person would create all of the furniture, intractable objects,
and other smaller models to be placed inside Flamman.

The cinema chairs in the new model were placed utilizing the tool Duplicate Linked.
This tool made it possible to place all of the chairs in the saloon with the data linking
back to a single chair. Since only two types of chairs were needed, one to start a
row and one to end it, 458 chairs could be placed while only having the need to load
data for two.

At rst, when the members modeled di erent things, there was no need for le
collaboration. When all three members were nished, the les were sent as a .zip
le to one user, who then had to import the les and combine them into one project
le. Unfortunately, when the models were put together as one model, the le size
became too large to send between the members through GitHub. The solution for
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the large le size was accomplished by dividing the textures and the Blender le,
making it several les rather than one. Furthermore, some of the texture les were
quite large, and they had to be compressed to comply with the GitHub le size
limit.

After importing the new 3D model into Unity, all that was needed was to move the
features from the placeholder model to the new model, and move the location of
GameObijects into their new position.

Everything was created by the group except one thing, the model of the tree in the
lobby. The model of the tree was instead downloaded for free through the online 3D
model trading website cgtrader [71].

3.4 User Tests

The user tests in this project were outlined to test the entire application in two
di erent states. The rst state was a prototype of what the nal application would
look like, and tests performed on this state were intended to give rough feedback on
the usability and intuition of the application. The second state was closer to a nal
product, and the tests here were intended to give feedback that allowed for nal
xes for any minor issues in the implemented features.

The user tests were conducted by two group members, where one was the acting
supervisor for the test, and the other member was documenting the test. The group
contacted persons with access to their own VR equipment. The user then conducted
the test on their computer with screen sharing on for the test conductors to study
their behavior. These tests were designed to test the main functionality of the
application, as well as testing the overall intuition and UX. All of the user tests
were performed with the think-aloud method while performing the tasks given.

After each state of user testing, the results were compiled into a document detailing
the problematic tasks, what the problem was, and the solution for it. To each task,
the number of people who had problems with it was also added. These problems
were divided into three categories, functionality, interaction design, and aesthetics.
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User Tests

To get input from the end users and to minimize bias, user tests were conducted.
This was the basis for the last sprints as there were details important to the user
experience of the application. The results from the user tests provided construc-
tive information to develop the application further. The tests were conducted in
two di erent sessions, with one week apart, allowing for a full sprint of tasks to be
completed in between each session. The sprints connected to the user tests con-
tained tasks completely based upon the user feedback received from the tests, as
this pointed out many parts of the project that needed to be improved.

The results from the evaluations can be seen in their entirety in Appendix A.

4.1 First Evaluation

In the rst series of user tests, the results were unanimous and could be summarized
into four main points. The points that most people had problems with were con-
verted into tasks and had the highest priority in the next sprint. The points were
mostly focused on functionality and user experience. The points with the highest
priority were the following:

N

Start a movie - There were unclear instructions, as well as a lack of feedback
if the movie was chosen or not.

Movements- How to move, as well as changing between di erent movement
types, were unclear. Also, moving around seemed to be clunkier than expected.

Interacting with objects- Not being able to interact with door handles or move
the movie rolls around.

Navigation - Not clear where the door to the projector room was, and there
were no instructions on how to use the application.

4.2 Second Evaluation

In the second series of user tests, the results were not as unanimous as in the rst
series of user tests but were generally more focused on aesthetics. The points can
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be summarized into three main points. The points that most people had problems
with were again converted into tasks and had the highest priority in the next sprint.
The points with the highest priority were the following:

Interacting with objects - There were some bugs regarding occlusion culling
that made some interactable object to disappear when moving them, as well
as the door in the cinema room not being interactable.

Manual - It was hard to read the text in the picture describing the key bindings.

Lights - The lighting in Flamman was not realistic.

4.3 Changes Made and Conclusions from the User
Tests

The rst evaluation resulted in some drastic changes to the usability of the project.
The main focus was on the instructions that the user receives when the application
starts, since this is what a lot of the feedback was focused on. To respond to this,
a tutorial-board was added in the lobby of Flamman to show the user how the
application is supposed to be used. The second aspect of usability was the ability
to interact with objects in the environment. To address this, functionality to lift
particular objects was added, speci cally to the movie rolls in the projector room
and the plants in the lobby. Furthermore, the functionality to reach and grab the
door handles was added instead of pressing a button on the controller. Another
aspect that was added was the possibility to move in any direction as opposed to
only in the direction of that the user is looking in.

The second evaluation resulted in changes that were centered around the instructions
of the controls, bugs, and the lighting in Flamman. The scale of the player model
was changed to be more realistic, and the door model was changed so that the door
handles were placed at a lower level. The instructions for the controller mapping
were moved to the wall to be easier for the users to read. Barriers were also added
in front of the doors that are not interactable, as not to confuse the users.

In total, there were four di erent testers that could give feedback on what should
be done or changed. By asking the testers to do basic tasks, the observers were
able to note what was hard to understand. Furthermore, by asking the tester what
they thought about the environment and the experience, changes could be made to
lighting, shading, and modeling, among others. Thus having the ability to nalize
the application in a more user-friendly way.
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