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Abstract:

This thesis investigate how guidance
influence players in virtual reality by
researching: How does adding references
to landmarks in a game influence the user
while using Virtual Reality? Experi-
ments were conducted using between-
subjects to see the influence of icons
representing landmarks and a Non-
playable character referencing land-
marks. Participants who were guided
by an non-playable character showed a
tendency for having used shorter time
to catch different types of fish than
participants in other versions. Par-
ticipants without guidance saw sig-
nificantly more events than partici-
pants from other versions. We were
unable to conclude if adding refer-
ences to landmarks had an influence
on players, but there was a tendency
for players who were guided by the
non-playable character to have a bet-
ter grasp at how to complete the objec-
tives.
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Chapter

Introduction

During our seventh semester at Medialogy we collaborated with Ertebglle Ste-
naldercenter to create an indirect augmented reality application to use at the Erte-
bglle Kitchen Midden (Aafeldt et al. 2019). When we found out that they wished

to collaborate on creating a Virtual Reality (VR) experience, we found the oppor-
tunity intriguing. The project was about expanding on a VR experience created by
a Aalborg University Medialogy group, Husted et al. (2018).

1.1 Motivation

While VR is not quite at the point where everyone owns a device, it has nonetheless
shown itself as a medium that is here to stay. It is now used in many different
contexts, such as for video games, rehabilitation, and learning. It has been accepted
widely by museums as a new way to create exhibits and to engage visitors in a
different way.

As worlds represented in video games have grown bigger it has also become
more of a problem for players to nd out what to do and, maybe even more so,
where to go. There is a lot of research that has gone into level design (Totten 2014,
Kremers 2010) and guiding players in general (Liszio & Masuch 2016, Winn et al.
2011), but there is little research into how well this works in a VR environment.
In the same vein, research has looked at how mobile VR solutions might work in
museum settings (Scho eld et al. 2018), but little research has looked into creating
interactive mobile VR solutions.

1.2 Research Question

With a basis in the project created by Husted et al. (2018) we chose to look into how
does different approaches to player guidance in virtual reality change player interaction and
narrative understanding in a virtual environment application used in a museum setting?
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Background Research

VR has become an increasingly popular form of media as it allows for a large
amount of interaction.

This section will look into the state of the art regarding Virtual Reality and
museum exhibitions, narrative techniques, as well as look into previous projects
where the Ertebglle Museum has collaborated with Aalborg University Medialogy
students.

Furthermore this chapter will also look into theory about how players can be
guided in their exploration of a open-world Virtual Reality experience.

2.1 Virtual Reality Technology In Museums

As VR equipment is becoming more accessible it is also more common for muse-
ums, libraries and schools to have experiences revolving around VR and virtual
envrionments (VE). Since the 1980's there has been a rise in use of VR, Augmented
Reality and edutainment in museum settings (Barbieri et al. 2017). However, many
of the VR museum applications work more as virtual museum, for a user to look
at, rather than something the users can actively interact with (Nielsen & Garbaci-
auskas 2016). More and more Danish museums have also incorporated VR to some
of their exhibitions (Fejerskov 2016, Miuller 2016, UtzonCenter 2019, Mikkelsen
2017).

How and for what VR is used differs alot between museums. It can be used
for recreating traditional events (Li et al. 2013), for increasing interaction with the
exhibit itself (Garcia-Cardona et al. 2017, Christou et al. 2006), or for creating a
virtual museum in and of itself (Lepouras et al. 2004).

A large-scale use of VR as an addition to standard exhibitions was performed
at Yorkshire Museum focusing on the recreation of a large viking camp (Scho eld
et al. 2018). The project was developed in collaboration between museum curators,
3d artists, and more. The project was found to be well received even with a limited
amount of interactivity, as the user could only stand in place and look around.
While the other projects presented here have used head-mounted displays (HMD),
the viking project differed as it used mobile phones for rendering the virtual scenes.

Other types of exhibits experiment with various forms of VR, sometimes in
cooperation between various international museums. Carrozzino & Bergamasco
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(2010) present four different exhibitions ranging from fully immersive VR to stereo-
scopic video presentation.

VR has its own disadvantages, many of which have been de ned by Carrozzino
& Bergamasco (2010), with each display type enforcing or alleviating said disad-
vantages. Many of the current generation of HMD make immersive virtual reality
experiences possible as they offer positional tracking of both the head and interac-
tion controllers. On the other hand they require high-end computers to be able to
render the graphics. At the time of writing, Wireless solutions are in their infancy
meaning that they have disadvantages such as latency issues. Therefore, wired
solutions are the commonly used type of devices which has the disadvantage that
the user might end up tangled.

VR solutions using smartphones offer wireless experiences but are limited
graphically and interactively. At the time of writing, few VR solutions using mo-
bile phones allow for spatial positional tracking. Most solutions only allow for
rotational tracking. They are however cheaper and tend to be easier to use as they
require less set-up. Some VR devices are presented hereafter.

(a) The Oculus Rift head mounted display and con-
trollers.

(b) The Google Cardboard glasses
in plastic.

Figure 2.1: This gure shows two VR solutions

Google Cardboard (GC) (see Figure 2.1b) can together with a mobile phone and
applications create VR. When they were introduced, the GC cases were handed out
for free or sold at a very low price. Compared to other VR options, such as Oculus
Rift (see Figure 2.1a), the GC glasses are an easy and inexpensive way of trying
VR (Kesselman 2016). Currently, the price of the GC range from 35 DKK to 450
DKK (GoogleCardboard 2019) where the price of an Oculus Rift is around 3600
DKK (Elgiganten 2019b).

There are many differences between these two versions of VR. The interaction
options for GC is limited with three degrees of freedom (DoF) as the phone is only
able to accurately track rotational changes. For some GC models it is possible to
interact with objects in the virtual world by pressing a button on the glasses that
will then press the screen. With other solutions such as the Oculus Rift, the users

3
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can move around in the virtual world. Both the HMD and the controllers have six
DoF with the controllers allowing the users to interact with virtual objects.

Figure 2.2: The Oculus Go head mounted display and controller (Elgiganten 2019 a).

Another device is the Oculus Go (see Figure 2.2). It is a combination of Oculus
Rift and GC glasses. Oculus Go has an integrated screen and straps to mount the
screen to the head. It is able to track movement with three DoF. The Oculus Go
can also be connected to one controller with three DoF.

2.1.1 Simulator Sickness

One of the drawbacks of VR is that users may end up suffering from what is
known as simulator sickness. Simulator sickness is an overarching term used to
describe many different adverse health effects, including nausea, headache, and
vertigo (Jerald 2016). The Simulator Sickness Questionnaire (SSQ) was created
by Kennedy et al. (1993) as a standardised form of measuring simulator sickness.
The questionnaire is based on a previous questionnaire, the Pensacola Motions
Sickness Questionnaire, and consists of 16 symptoms where the participant tells
how severely they are affected by the symptoms while lling out the form. There
are no standard values expected as outcome but the results can, as an example, be
used to compare older and newer versions of the simulation (Kennedy et al. 1993).
Nonetheless, it is one of the most used measurements for subjective VR sickness
and can prove useful in recognising where the VR application may need more
work, even if the questionnaire is only used after the experience (Jerald 2016).

2.2 Narratives in Media

Using narrative in games is a way of making the player more engaged. Husted et al.
(2018) found that no previous research had looked into which types of narratives
were the most engaging for a VR experience in a museum setting. Therefore, they
chose to look into how the level of narrative agency affected the users engagement
by implementing and comparing a linear and a non-linear narrative, which was
build around the Flying Wedge principle (Laurel 2013).
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Many games and other types of interactive media continue to use narratives
standardized by traditional media such as the hero's journey (Hasan 2014) or based
off of the Hollywood model. These types of traditional story arcs are linear stories.
The reader or the player, in the case of a video game, has no in uence on the story.
The dragon will be defeated with the sword, the hero will fall for the villain's trap,
etc.

Branching narratives, also called interactive or non-linear narratives, present an
opportunity for players to change the course of the story in various ways. Mean-
ing, rather than confronting the dragon it is circumvented by passing through the
mines instead. This is where interactive media excels as it allows for player agency
much better than traditional media does. Ryan (2015) presents various types of
interactivity for games including linear narratives, which is called the vector nar-
rative, and the branching narrative, which is called the tree narrative.

There are many different ways of presenting the narrative in video games. Ip
(2011) presents a list of methods for delivery. The article nds that many modern
games use cutscenes, either interactive or not, to present crucial narrative devel-
opments and backstory to the player. These cutscenes often present no interaction
and the player may therefore be taken out of the experience of the game as it will
feel more like they are watching a movie. This depends of course on the subject
and length of cutscenes.

Both Totten (2014) and Kremers (2010) present a different type of narrative
they call emergent narrative Emergent narrative is the story the player will tell
when they recall playing the game. Both authors argue that this type of narrative
is important, although hard to plan for when using normal narrative methods.
Instead they recommend to look at the mechanics and level design of the game as
this is the place where the emergent narrative is formed.

2.3 Ertebglle Stenaldercenter

ErtebglleStenaldercenter (2019) is a small museum in the northern part of Jutland,
Denmark, and it is part of Vesthimmerland museum. The area is famous for the
discovery of an old kitchen midden and has given name to an entire period of the
stone age. The museum focuses on this period of the stone age and does so by
trying to make experiences for the visitors. The museum is most active around the
summer months where a majority of their activities takes place in the outside areas
around and near the museum. The museum is very "hands on" and they like to
create experiences to convey knowledge in a tangible manner. They have recently
begun expanding into digital tangible experiences.

2.3.1 Collaborations between Ertebglle and Aalborg University

Ertebglle Stenaldercenter has on previous occasions collaborated with students
from Aalborg University (AAU). In recent years they have collaborated on two
different projects from Medialogy. The rst project focused on an app using in-
direct augmented reality to visualise the Ertebglle midden and how including a
game could enhance such an app (Aafeldt et al. 2019).

Husted et al. (2018) collaborated with the museum on a project where they



CHAPTER 2. BACKGROUND RESEARCH

chose to compare two GC games, one with linear narrative and one with non-
linear narrative, to see which version engaged players more. Both narratives were
located on the water at Ertebglle. In the game the player plays as a stone age
person who has to collect food for the rest of the tribe. The player, alongside a
Non-Player Character (NPC), sail around in a canoe to nd and catch sh. The
NPC acts as a, guide telling the player about various events, alerting the player to
the possibility of shing, and warning the player when the game is about to end.
In the version with the linear narrative players had to do tasks in a speci ¢ order.
In the non-linear narrative version the guide would only tell the player what to do
once in the beginning which meant the player was free to decide which tasks they
wanted to do and when.

During the collaboration, Husted et al. (2018) found that the museum had some
requirements for the prototype. Since the museum did not have a large budget to
use on the collaboration, they wanted the solution to be inexpensive. Furthermore,
they wished for a solution that would require minimum help from the staff at the
museum. In the end, the group decided to make a prototype application making
use of the GC platform.

Both of the two projects described in this section were tested with school chil-
dren from the area near the museum. Many of the guests who visit the museum
can be split into two groups, either seniors or school children (Villadsen 2019). The
previous projects therefore chose to focus on children as their target group. How-
ever, Husted et al. (2018) also conducted an additional test with university students
due to issues with the prototype during their rst experiment.

According to Husted et al. (2018) 19 out of 40 of their test participants who
tested with GC experienced simulator sickness or eye strain. If the framerate is too
low, the image stutters which has been known to induce simulator sickness (Lekan
2016, Fernandes & Feiner 2016). Optimising the game created by Husted et al.
(2018) could potentially increase the framerate.

During their tests Husted et al. (2018) received lots of feedback. Some patrtici-
pants had commented that they found it dif cult to gure out where in the game
they could sh. This could indicate that there is a need in this game for a better
navigational system. Some participants also ended up not completing the game,
since they did not understand what they were supposed to do.

Both of their tests were heavily in uenced by technical issues which could have
affected their result. They were unable to conclude how the amount of narrative
agency in VR experiences in a museum setting affect user engagement.

2.4 Guiding players

Moura & El-Nasr (2015) found that navigation of players in games were one of
the most crucial things in game development. The player needs to learn how to
move and nd their way around in games, before they need to learn anything else.
Moura & ElI-Nasr found 21 design patterns and techniques that have previously
been used in other games for aiding navigation in 3D video games.
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Figure 2.4: Four Examples of guiding methods used in known games. The top left image is from
Dragon Age Inquisition, showing quests. The top right image is from Dragon Age Origins showing

a minimap with markers for enemies and activities. The bottom left image is from New Super Mario
Bros showing how collectable items have been used to guide players. The last image is from Shadow
of the Colossus showing a sword that highlights the direction the needs to go by lighting up.

Of the patterns Moura & EI-Nasr (2015) described we found the following list
to be the most relevant features to use in this projects setting.

Mission or goal
The player is given a speci ¢ task to complete (see Figure 2.4 top left for
example).

Environmental object representing paths
Objects are embedded in the environment the player can use to travel, such
as climbable chains or plants.

Markers
Landmarks or other objects stand out such that they capture the players at-
tention.

Direction from characters
An example is a quest giver telling the player where to go to nd the quest
area.

Collectible item indicating path
Items that look the same which can be picked up by the player. They are

7
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usually oating or otherwise moving to make them easy to spot (see Figure
2.4 bottom left for example).

Non-Playable Character that should be followed
A NPC that leads the player to where they need to go.

Arrow
An arrow icon that points in the direction the player need to go.

Compass

A Heads-Up-Display (HUD) element that visualise interesting points or ene-
mies via icons. These are visualised such that the player knows which direc-
tion to travel to nd them (see Figure 2.4 top right for example).

Speci ¢ tool indicating direction
An in-world tool that highlights the direction the player need to go (see Fig-
ure 2.4 bottom right for example).

Signboard
It would be an indicator for which area the player is in. Similar to city sign-
boards in the real world.

Map
A map of the game world or a mini-map which show the nearest surround-
ings.

Moura & El-Nasr (2015) have attempted to generalise design patterns and tech-
niques. They found that some of the designs were more or less suited for speci c
aim of games. If a game had a high amount of exploration they suggest subtle
navigational cues. In general they concluded that a navigational system should t
with the art design of the game as well as the level design.

2.5 Discussion and Conclusion

The prototype created by Husted et al. (2018) in collaboration with Etrtebglle Ste-
naldercenter became the foundation for this project. Considering the museums
requirements of minimal supervision and low cost for a nal product, we looked
into some different hardware solutions. An ideal solution for this product was
GC as Husted et al. (2018) used for their prototype, or Oculus Go which has more
degrees of freedom which could possibly expand on the experience.

Some of the guidance methods mentioned in Section 2.4 seemed more promis-
ing than others to implement in a museum VR experience, when also taking his-
torical accuracy into consideration. Together with the narrative, guidance should
help create an engaging and cohesive VR experience for museum guests.

As Husted et al. (2018) did not nd any signi cant difference in level of en-
gagement between linear or non-linear narrative, we decided to focus this project
on in uencing the players choices and help them navigate the game. One of the
problems the participants in Husted et al. (2018) experiments encountered was that

8
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they found it dif cult to gure out where they needed to go in the game. There-
fore, a guiding method, such as landmarks and NPC guidance, could prove useful.
We decided to utilize their non-linear implementation and add a guiding method
to help the players explore the level.
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Problem Statement

From the background research it was found VR is popular to use in museums.
However, few museums take advantage of the interactivity that VR can provide.
Basing this project on the project previously created by Husted et al. (2018) we
expanded on the guidance of the users in the game. A list of potential guidance
methods were found (see Section 2.4). Therefore, this project chose to investigate
How does adding references to landmarks in a game in uence the user while using VR?

As previously mentioned this project was created in collaboration with Erte-
bglle Stenaldercenter. The museum required the game to maintain historical ac-
curacy, while the solution should be low cost and easy to maintain. Therefore,
the criteria for selecting a feature was that it should be possible to implement in a
diegetic form. Furthermore, the features should be implemented in a historically
accurate way as the game should be used in a museum setting.

10
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Design

This chapter is about the choices made in designing the application based on the
research made in Chapter 2. This will include choices of navigational guidance,
optimisation, and narrative structure.

4.1 Optimisation of Application

The project received from Husted et al. (2018) as mentioned in Section 2.3.1 had
problems with the framerate. Therefore, an early task was to optimise the project
such that the framerate improved.

Render pipeline

Render pipelines are the sequence of calculations that turn a collection of ver-
tices into objects seen on a screen (Wikibooks 2019). A type of render pipeline
called Lightweight Render Pipeline is specic to Unity. It is optimised for tar-
geting "mobile platforms, VR and those that develop games with limited realtime
lighting needs" (Unity 2019). Using this pipeline, all lights will be shaded with
only a single pass, saving time and computing power. While this sounds promis-
ing the Lightweight Render Pipeline did not work as intended instead giving a
black screen when the application was built.

Single-Pass rendering

To optimise the project, we looked into the single-pass and multi-pass rendering
techniques for VR applications. Single-pass rendering works by rendering what
both eyes see at the same time rather than one eye at a time. This means that
the GPU is able to share culling of objects between both eyes lessening the checks
needed to nd objects that can be seen in the scene (UnityTechnologies 2019). The
more passes the render pipeline have to make per frame the more quality it can
render but each pass also takes time which decreases the performance. So if one
pass would take 1/60th of a second then the single-pass would get a framerate of
60 whereas, the multi-pass would get a lower framerate.

11
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Anti-aliasing

Anti-aliasing is an effect which is used to reduced the visibility of jagged edges.
This is done by surrounding the edges with an immediate shade of colour. This
results in objects having a slightly blurred outline depending on the quality of

the algorithm used. This heavily effects the quality of the visuals but can also
be computationally heavy. As the game is to work on mobile phones at a high
framerate we debated to heavily reduce or even remove this effect.

Shaders

Mobile shaders are built-in shaders in Unity with certain limitations compared to
the Standard shaders that Unity uses. The Mobile shaders are optimised for use
on mobile devices as their impact on performance is light compared to that of the
Standard shader. The only option availible for the mobile diffuse shader is for a
texture map and nothing else.

Shadows

Real-time shadows require many calculations, a number which only increases as
the number of objects in the scene increases. One way to solve this issue is to
"bake" the shadows into the light, meaning that the shadows position and size is
pre-calculated. This works well if the light source and shadow-casting objects are
static as they then only have to be calculated when the light is created. This does
not work if using a moving light source, like the one used in the application made
by Husted et al. (2018). A different solution is to simply remove shadows from
objects. This may remove feelings of immersion in many cases, but requires less
computations.

Trees

It was decided to design most of the world with low poly models where possible.
One area that was focused on for reducing the amount of polygons were the trees.

Figure 4.1: Three trees from a pack retrieved from Unity asset store

The trees chosen for this version of the game (see Figure 4.1) consisted of a low
number of polygons in the mesh. This type of design is also called low poly. A

12
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cluster of trees were made in Maya and combined into one model, this way each
island in the game would have a smaller number of models.

Level of Detall

Level of detail (LoD) is a technique which changes the resolution of the object
depending on the distance from the object to the camera. The further the object
is from the camera the fewer details will be rendered by lowering the amount of
vertices in the meshes. At long distances it can even become just images. Incorpo-
rating this can save a lot of rendering computation.

Pivoting the Tree Design

Designing most of the game world based on the low poly design ended up not
working as intended, as the framerate decreased rather than increased. There-
fore, it was decided to look more into the trees that the previous group had used.
We found that one of the free Unity asset packs Husted et al. (2018) used called
free_speedTrees had implemented LoD. Therefore, it was decided to remove all
trees from the scene that did not have LoD implemented and only have the trees
with LoD.

(a) Level of detail of the trees  (b) Level of detail of the trees  (c) Level of detail of the
in rst cutoff. in second cut off. trees in third cutoff.

Figure 4.2: Three different desgrees of LoD of the trees

As can be seen in Figure 4.2 the implemented trees have differing amounts of
detail depending on their distance to the camera. A highly detailed tree might have
all details up close, but when moving away and making the relative size smaller,
the game will not render all the details anymore instead switching to a model with
fewer details.

As the player spends most of the game far away from the trees are mostly
shown with few details.

4.2 Designing Guiding Choices

With a basis in the article by Moura & El-Nasr (2015) the points from the list in
Section 2.4 were discussed as to which would be most applicable to the project.

The rst potential guiding method was to use environmental object represent-
ing paths. In the context of this game it could for example be visible winds or
ocean currents moving in the desired direction.

13
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A way markers could be implemented is to add something that stands out,
such as a large tree, near areas where there would be something for the user to
interact with.

Collectible items would be dif cult to implement in the context of the game as
it would be dif cult to have something to collect on the water.

An NPC that can help the player through voicelines is very similar to what the
initial application had implemented. The narrative could be designed around the
player having to learn how to help the tribe and therefore have a NPC guide the
player around.

Implementing a compass which would point the player in the right direction
of their currently active goal would probably be easy for players to understand,
especially if they have played other games. However, this would not be historically
correct. Having an arrow in the game pointing to the interactive places is in some
ways similar to having a compass, but even less diegetic.

Having a map showing the whole area could give an overview of the entire play
area and what can be interacted with using a HUD. Since it would be historically
incorrect, it was disregarded (Villadsen 2019).

The guiding methods: compass, arrows, and mini-map were found to be too
historically incorrect or too much like a video game, as it would be preferred to not
have a HUD. Thus, these solutions were removed from any further considerations.
In a same vein, the game has no collectible items outside of the tasks which makes
collectable items a poor guidance system.

Beside the points mentioned by Moura & EI-Nasr (2015) movement and light
were also discussed as guiding methods. Since the scene itself is quite still, move-
ment could be added near objects that the player can interact with. Near the tribe
there could be birds ying around, smoke could rise from the other tribe, and the
sh could jump out of the water. Light could also be added to the scene near
objects that the user can interact with. It could prove dif cult to implement in a
diegetic manner. It would risk looking unrealistic and might end up compromising
the immersion (Eliasson 2017).

4.3 Landmarks

It was chosen to focus on creating landmarks in the scene that could help guide the
player without forcing them to follow a speci ¢ path. The aim was to create land-
marks that would motivate the user to explore the interactivity near the landmark
that would not feel out of place in the VE.

It was decided to use different things for each landmark. By having different
landmarks, it would be possible for the NPC to reference these landmarks and
guide the player if the player would get stuck and not know what to do. The
interactive activities the player can do in the game are:

Empty the eeltrap
Fish for cod sh with a shing hook
Fish for eels with an eel iron

Fish for at sh with an eel iron
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