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Chapter 1

Introduction

With the recent release of the two mainstream Virtual Reality (VR) headsets -
the Oculus Rift and HTC Vive, VR hardware is now �nally at a point where it is
widely available to the average consumer and is relatively a�ordable. This means
that it is now easier than ever to employ Virtual Reality for various purposes
other than games. One of these purposes are museum installations, as museums
already have a history of using VR or similar technology to present information
to attendees in more interesting and immersive ways. Before, these installations
had to rely on technology that was either very primitive or very clunky, using an
entire room with screens in the walls or using older VR headsets that were really
big and heavy.

We believe that we can use the currently available consumer-grade VR technology
to create an interesting and engaging museum installation. Along with using the
previously mentioned HTC Vive VR headset, we will also attempt to employ the
use of a natural control method in the form of the Leap Motion sensor and a semi-
natural control method in the form of the HTC Vive motion controllers. This
should help make the prototype be accessible to a wide audience. We will attempt
to reach a conclusion on which interaction method might be most suited for a
museum environment.

This report will present the research and investigation that lead to the design of
an initial prototype, followed by an iterative design process that was used to reach
the �nal design and implementation of the prototype. This report will also cover
a number of experiments that were conducted using the mentioned prototype to
compare the di�erent VR interaction methods. The results of these experiments
showed us that there is not a very signi�cant di�erence between the user experience
using the two methods, however the test showed that the participants generally
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found the motion controllers easier to use.

1.1 Motivation

It is an exciting time to work in the Human-Computer Interaction (HCI) and
Game-Based Learning (GBL) �elds. As Medialogy students we get to work with
some of the newest technologies and we have the know-how to work on the cutting
edge.

Tomas and Simonas have been working with Virtual Reality since the �rst Oculus
Rifts headsets was sent out to developers, conducting research in diegetic and non-
diegetic mediation as well as interactive storytelling, all with a focus on learning.
Mads has also been working with physical interaction in VR for measuring physical
engagement, as well working on the feeling of presence of virtual body ownership
using walking-in-place techniques. Simonas has had previous experience with try-
ing to create a learning-based board game for university students. We have been
working with Greve Museum to test out new ways of making museum installations
and how to use VR technology to engage and teach museum guests. The VR mar-
ket is booming and hopefully it will be possible to continue this work after our
studies are over.

The VR developer community still has yet to come to a consensus regarding in-
teractions methods. Some experiences still use traditional means of interaction,
e.g. gamepads or keyboard, while others use more natural interaction methods,
e.g. motion controllers or wearable sensors. This is a huge area of HCI research
and we speci�cally want to look at the uses for di�erent interaction methods for
museum installations.

1.2 Initial Problem Statement

Based on the motivation for working with this project the following problem state-
ment has been formed:

How do di�erent interaction methods perform in Virtual Reality and what would
be the most ideal choice, out of either natural or traditional control methods, for a
VR museum installation?
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Chapter 2

Investigation

2.1 Introduction

This section contains an overview and exploration of subjects that had to be con-
sidered in order to decide on the �nal design of the prototype and the experiment.
This includes a look into some consumer-grade Virtual Reality display and control
devices that had to be considered for the project. Several publicly available VR
museum applications will also be reviewed and analyzed. Next is a short overview
of a collaborative computer game "Keep Talking and Nobody Explodes" which
was a big inspiration for the design of this project. Finally, this section will con-
tain a short overview of certain considerations that had to be taken into account
to make this project be a good �t as a museum installation.

2.2 State of the Art

This section covers di�erent VR hardware and museum installations that exem-
pli�es where the industry is today.

2.2.1 VR Technology

Samsung Gear VR

The Samsung Gear VR is a VR Head Mounted Display (HMD) that uses a smart-
phone as both a display and the hardware to run the VR applications. The headset
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itself is only a shell that contains lenses and an inertial measurement unit. The
phone is inserted into this shell so that the lenses are pointed at the screen. Lo-
cated on the side of the headset are a back button and a touchpad, which allows
the user to perform swiping motions to control the applications in various ways.
The biggest advantage of this kind of interaction method is that it does not rely
on any kind of outside controls and everything the user needs is right there on the
headset. The touchpad allows for a number of di�erent gestures that each control
a di�erent function. The main disadvantage in relation to this project is that the
Gear VR headset has no 3d positional tracking and still relies on phone hardware,
which severely limits the possibilities of an application. Another downside to this
method is that the user might �nd their arm getting tired of holding it up to their
head for an extended period of time.

Figure 2.1: The Samsung Gear VR headset and a smartphone that would be placed
inside of it. (Charara, 2015)

HTC Vive

The HTC Vive is a VR headset that comes with two motion controllers that are
tracked by two \Lighthouse" sensors. This allows for full 3d positional tracking
of both controllers and the headset anywhere in the play area. This means that
the player can freely and physically walk around the tracked area. The controllers
have an analog \trigger" button, a circular trackpad, two side buttons and a menu
button. The controllers can be used to both track the position of the user's hands,
e.g. for grabbing things in a VR environment, as well as be used as a pointer for
menus and similar interfaces. The disadvantages of this method is that it might
be quite cumbersome, as it requires a dedicated play area along with a computer
that is capable of running VR applications and it requires setting up both the
\lighthouse" stations and the controllers. It also has a cable that runs from the
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headset to the computer and this can cause some inconveniences.

Figure 2.2: The HTC Vive HMD being used along with its motion controllers.
(Graham, 2015)

Oculus Rift

The Oculus Rift was the �rst widely available consumer-grade VR HMD. It comes
with a camera that allows for limited positional tracking of the headset. The
current consumer version of the headset includes a traditional Xbox One gamepad
that is used to control most games and applications created for the headset. The
Oculus Touch motion controllers are only going to be available in late 2016. The
gamepad would not be very suitable for the purpose of this project, as only people
with previous gaming experience would be familiar with it, which might not be
a very big portion of the intended audience. It requires a computer capable of
running VR applications and, like the HTC Vive, the Oculus has a cable the runs
from the headset to the computer.
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Figure 2.3: The Oculus Rift headset and the hardware that is included in the
package. (Oculus, 2016)

Leap Motion Sensor

The Leap Motion is a sensor device that uses two infrared (IR) cameras to track the
position of a user's hands and �ngers and use them as inputs. It can optionally be
mounted onto the front of a VR headset and can then track a user's hands as they
move them in front of their head. This allows them to interact with objects in the
virtual environment in a very natural way. This makes it a very accessible method,
since the user does not need to learn how to use any kind of controller and only
needs to use natural hand gestures to perform actions. The main disadvantage
is that even with the \Orion" update, released in February 2016, that massively
improved the accuracy and speed of the hand and �nger tracking, it still is not
perfect. The sensor will still have trouble accurately tracking a user's hands in
situations where part of the hand is occluded by something or when a user is
doing very fast and sudden motions. This can sometimes be very disorienting in
VR. The IR cameras inside the device also have a relatively low �eld of view, so
they are only able to see the user's hands when they are directly in front of their
face. Another disadvantage to this method is also the complete lack of any haptic
feedback, which means that none of the actions the user performs in the virtual
environment can make them feel any weight, friction or motion. This can be o�-
putting when they have to pick up a heavy object or do something like pulling a
lever.
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Figure 2.4: The Leap Motion sensor being used to control a VR demo where the
user is able to interact with objects in front of them using their hands (Forum,
2014).

2.2.2 Existing VR Museum Applications

Gyeongju VR Museum

The Gyeongju VR Museum is a free application for the Samsung Gear VR headset
that showcases the ancient city of Gyeongju in South Korea. The main screen
in this application is an overview map which has small objects representing the
di�erent locations. The user can transport to these locations by looking at the
object and tapping on the touchpad. They are then transported to another small
environment that they can look and move around in. The movement is done by
swiping on the touchpad, which can be very disorienting when swiping too fast,
as it is very sensitive. The actions the user can do in these environments are very
limited. The can interact with a small stand that pops up a window with some
written information on the location or they can interact with some part of the
environment which plays a short animation.
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Figure 2.5: A scene from the Gyeongju VR Museum application. (Base, 2015)

Okyeonjungsa 360 tour

The Okyeonjungsa 360 tour is also a free application for the Samsung Gear VR
headset that showcases the location where an old Korean scholar Ryu Seong-Ryong
lived. The application has two modes { a guided tour mode and a free mode. The
guided tour shows the user multiple 360 degrees photographs that they can look
around in while a narrator talks about the history of that location. After that, the
user is taken to a 3D re-creation of the house and is automatically moved around it
to showcase di�erent details in the environment while a narration gives information
about those details. The movement is automatic and cannot be controlled by the
user. After this section is done, the user can go to a 3D gallery that they can
freely move around in that showcases various paintings of the era. The movement
in this section works in the same way as it does in the Gyeongju VR Museum.

Figure 2.6: The Okyeonjungsa VR Museum application. (VRPill, 2015)
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VRMuseum.nl

VRMuseum is a free Windows application intended to be used with an Oculus
Rift headset. This application contains a virtual art gallery with various paintings
that are downloaded from an open data collection of a gallery in the Netherlands.
This application can be controlled with a mouse and keyboard or with any PC
compatible gamepad and it uses standard computer game controls. The user can
move around, look at the paintings and get more information on them. They can
also transport to three di�erent environments and has a number of menu options,
e.g. only displaying works of a certain artist in the gallery. The headset head
tracking is not used for turning the in-game character and can be very disorienting
for someone who is not used to virtual reality games or applications.

Figure 2.7: The gallery environment of the VR Museum

2.2.3 Keep Talking and Nobody Explodes

Keep Talking and Nobody Explodes is a computer game that heavily relies on
player co-operation. One player is tasked with defusing a bomb that only they
can see through a VR headset or a regular computer screen. Other players are
given a bomb defusal manual that only they can read, however they cannot see
the bomb themselves. The player with the bomb has to verbally describe it and
its various modules to the other player(s), and they have to �nd the correct page
in the manual that describes that module and gives instructions on how it can be
defused. There is a timer that will cause the bomb to explode if it reaches zero
and the bomb will also explode if the player makes too many mistakes. The game
creates an interesting dynamic where all players have to always communicate and
try to �gure out the fastest way to relay information between each other.
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Figure 2.8: Keep Talking and Nobody Explodes being played with a VR headset.
(Buckley, 2015)

2.3 Special considerations for museum installa-
tions

When designing anything for public use it is very important to take any speci�c
circumstances into consideration. Hornecker and Stifter (2006) released a paper
where they talked about their experiences evaluating the Austrian Technical Mu-
seum in Vienna. They observed that people primarily come to museums in groups
and want to be able to interact with installations in these groups.

\Installations with a physical setup that can host a small group, provides visibility
and allows for handing over control or taking on di�erent roles ... proved successful
in supporting group experiences."(Hornecker and Stifter, 2006)

These groups consist of many di�erent combinations; families with small children,
school classes, elderly with their grandchildren etc. Because of this it is important
to make sure that the majority of this population can understand and use the
installation.

People want to have both early success experiences with an installation and the
possibility of being challenged through continued interaction. Hornecker and
Stifter (2006) especially noticed that an installation with an oversized abacus and
a screen that made the user solve di�erent math problems were very popular and
that small groups, 4-5 people, liked solving it together. Group members would
take on di�erent tasks and everybody would express happiness when they solved
the challenge as a group.
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Nathan Shedro�, a proponent of Experience Design, argues that productivity, cre-
ativity and communication are the basic human motivations and allowing the users
to experience these leads to the most engaging interactive experiences (Shedro�,
1999).

Hornecker and Stifter noted in their observations that elderly people mostly avoided
the computer terminals at the museum and preferred the exhibits with physical
items. In contrast to this, children would skip these in search of games or other
digital installations. Appealing to both sensibilities is important.

The points to take away from this are:

� Make usability considerations for all relevant age groups and include as big
a section of the population as possible.

� The installation should be a group activity for small groups, 4-5 people.

� The activity should provide an initial success experience and then several
levels of challenge.

� Design consideration for several age groups - children will normally look for
games and digital exhibits and elderly people will look for physical exhibits.

� Novel input devices with computational augmentation are e�ective at arous-
ing interest in people from all age groups.

� The installations should facilitate creativity, productivity and communica-
tion.

2.3.1 VR considerations

The nature of this speci�c project is virtual reality and not everybody might be
comfortable using an HMD. Acknowledging this, it might be a good idea to let
people interact with the installations in di�erent capacities. This way they can
�nd something to specialize in to help the group. This would further support the
argument for having di�erent roles in the group. After all, barring experimental
VR multiplayer scenarios, only one person would be able to wear the headset at a
time.

Motion Sickness in VR

It is important to remember that when you work with VR it is imperative that
you follow certain rules regarding application stability and user movement. New
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VR applications need to run at 90 frames per second (FPS), otherwise they feel
unresponsive and might cause motion sickness in the user. It is a similar problem
with user movement in the virtual environment. If the movement is unnatural
or unexpected it can disorient the user and cause motion sickness. Virtual head
movements should be kept as close to the user's real world head movements as
possible. This can most notably be accomplished using full motion tracking of the
headset.(UE4)

2.4 Discussion and Conclusion

The HTC Vive headset will be used along with its motion controllers and the Leap
Motion sensor in this project. The headset allows for full natural player movement
in 3D space and the Leap Motion and motion controllers can be made to function
in similar ways. They will provide a good contrast between a very accessible
and natural, but inaccurate method, and a less natural and more traditional, but
accurate method that allows for more precise interaction.

A look into the state of some currently available VR applications revealed that
a lot of them seem to put the visual aspect over interaction. They are often not
much more than a virtual gallery that simply allows you to see things from around
the world without having to go anywhere. This project will try to go in a di�erent
direction and put interaction as the main focus of the application. It will allow
the user to get into the role of someone in a historic setting and hopefully cause
them to become more engaged.

Another point to note is that museum visits are more often a group experience,
so a VR installation should accommodate that. Some inspiration for reaching this
goal comes from the examined "Keep Talking and Nobody Explodes" game. The
application should engage a group of people by making the user with the HMD
the focus point and having the other users help them in the task.
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Chapter 3

Literature review

3.1 Introduction

This chapter is going to have reviews of di�erent books and scienti�c articles rele-
vant to the project. As the project is dealing with di�erent interaction methods for
VR in a museum installation, it is necessary to address game design, as the instal-
lation has game elements. It is also important to take note of previous research into
natural and traditional control schemes. Virtual Body Ownership is also a subject
that will be looked into in order to try to better understand how a user makes a
connection with their virtual avatar in VR. There is a collaboration between the
authors and Greve Museum, who are making di�erent mathematical and physical
education games in collaboration with schools. As the project partially functions
as a math game, it is important to follow guidelines for Game-Based Learning. It
should also be mentioned that, since it is a virtual reality installation, there is still
not any design guide for how to design such an experience. This chapter will go
through various books of Game Design to try to �nd some guidelines that would
help with the design of the application.

3.2 Natural and Traditional control schemes

Previous research has been done in comparing di�erent kinds of natural and tra-
ditional interaction methods in games and virtual reality applications. Nabiyouni
et al. (2015) compared three di�erent virtual reality interaction methods for mov-
ing around in a virtual environment. Those methods were:
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� Natural walking , where the user simply had to walk around the environ-
ment and their position was tracked and represented in the virtual environ-
ment.

� The Virtusphere device , which is a large sphere that is mounted on sup-
ports that let it rotate in any direction as the user walks inside of it.

� Traditional dual analog stick gamepad , where the user has to tilt the
control sticks to control their movement.

These control schemes were respectively classi�ed as natural, semi-natural and non-
natural. In the experiment, the participants were tasked with simply following a
path that was indicated by a line visible in the virtual environment. The speed
and accuracy of their movement was then evaluated and compared, along with
questionnaires about which methods the participants found the easiest, least tiring
and most fun. The results showed that both natural and non-natural control
schemes allowed for signi�cantly higher performance than the semi-natural control
scheme and were reported as being much easier to understand and use. They also
note that the semi-natural interaction method of their choice - the Virtusphere
might have o�ered worse performance because of how cumbersome and complex
it was to use compared to the other two methods.

Another similar test was carried out (McMahan et al., 2010) in which a simi-
lar comparison was made in Mario Kart, a racing game for the Nintendo Wii
game console. The control schemes in this test consisted of two natural and two
non-natural methods. The natural methods both made use of the Wii Remote
controller and used the motions of rotating the entire controller to turn the in-
game vehicle. The only di�erence being that in one case, the remote was inserted
into an accessory that gave it the shape and appearance of a steering wheel. The
non-natural methods made use of two traditional gamepads that were functionally
identical by both using the analog sticks to control the steering of the in-game
vehicle. These were only di�erent in their physical form factors - a Wii Classic
controller and a GameCube controller. Test participants were tasked with playing
a time trial mode, where they were playing alone and trying to get the best lap
time �ve times on two di�erent courses, with the initial run being an introduction
phase. The lap times were compared, along with a post-experiment questionnaire.
The results showed that the non-natural interaction methods allowed for the best
performance, while the natural methods were reported as being the most fun by
the test participants.

The results of both of these experiments seem to show that while non-natural inter-
action methods usually lead to the highest performance in games or applications.
On the other hand, users usually �nd the natural interaction methods more fun
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and easier to understand. This means that developers have to take into account
the type of game or application they are creating and what their target audience
is when choosing the correct interaction method. People who like playing games
might prefer the ones that can provide the best performance, while other users,
like museum attendees might not care much about performance and would prefer
methods that are more natural and easier to understand.

3.3 Virtual Body Ownership

As the focus are an experience in virtual reality, it is prudent to look into the
essence of virtual body ownership. Professor Mel Slater, has been doing research
within this subject. He made a de�nition of immersion and presence in VR in
the paper: "A note on presence" Slater (2003). Here he de�nes presence as the
following:

"Presence is the response to a given level of immersion (and it only really makes
sense when there are two competing systems - one typically the real world, and the
other the technology delivering a given immersive system)."Slater (2003)

He also says that you can immerse a person in a virtual reality environment by
simulating the senses of the human body, with the use of di�erent technology.
Thereby making immersion objectively measurable, whereas presence, is the prod-
uct of the immersion level you can achieve, and thereby a subjective measurement
of the individual participant. Slater (2003)

Based on this, Slater has conducted several experiments measuring presence in
VR, more speci�cally the illusion of virtual body ownership. He has conducted
tests where he, with other scientists, try to understand when a person might feel
this illusion of ownership of a virtual body.

Doing experiments in VR, he found that �rst person perspective was very impor-
tant to a feeling of virtual body ownership. (Slater et al., 2010), (Maselli and
Slater, 2013)

3.4 Aesthetics and Design for Game-Based Learn-
ing

This section is exploring parts of the book \Aesthetics and Design for Game-Based
Learning". It is written by Michele D. Dickey, Professor at Miami university with
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a PhD in Instructional Design and Technology. The book she has written focuses
on aesthetics and their importance for GBL. She argues that since much game-
based learning researchers relies upon science-based methodologies to document
and analyse the data, and the researchers often forget the in
uence that aesthetics
have on the human experience.

"Aesthetics are at the core of the arts and artistic media, yet too often science, as
the prevailing mode of inquiry, misses the impact and in
uence of the aesthetics.
Science-based methodologies provide a means for gathering and analyzing data, but
they do not allow for the designer/ technologist to \get inside" the experience."
(Dickey, 2015, p.5)

As Dickey points out, aesthetics in game-based learning have a big impact on
gameplay (Dickey, 2015, p.5-6) and she has then categorized aesthetics in games
in three categories:

� Aesthetics and Art Design

� Aesthetics and Interactive Design

� Games as Art

Aesthetics and Art Design Dickey describes it as being the format that evokes
emotional responses in the player and then creates an impact on our behavior in
the game.

Aesthetic and Interactive Design It is discussed that the interaction between
the player and the game is also an aesthetic, as it also in
uences the relationships
between the player and the game. As she quotes from Chris Crawford:

\Crawford stresses the importance of a game aesthetic that is process intensive vs.
data intensive because it promotes more organic interaction."(Dickey, 2015, p.7)

Games as Art Dickey addresses this in the book by quoting many other game
researchers who talk about that games incorporate aesthetics from other mediums
such as literature, �lm and/or animation. From these discussions they all conclude
that games are indeed art but in their own unique medium. (Dickey, 2015, p.7)

Educational Implications For educational purposes, Dickey points out that the
player's positioning is important to consider when designing educational games.
Considering the point of view of the player in the game is important as it might
have a great impact on how the player perceive it. Dickey writes in her book:

"The result of this shift creates more engaging experiences for the player (Riddle,
2002). Similarly, with text-based games and the integration of detailed narrative in
graphical games, the perspective (role the player is playing) and the POV (Point of
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View) impact how the player is positioned as either internal or external to the game
space. The use of �rst-person or even second-person POV includes the player in
the game environment. Embodiment, as a function of the roles and the a�ordances
as well as the constraints of the control mechanism, also impacts how a player is
positioned." (Dickey, 2015, p.51)

It is important to understand how aesthetics and the point of view a�ect the player
experience and thereby the teaching of the subject. This also means that the
immersion, which could come from such an experience, requires the suspension of
disbelief. By this you might be able to create a connection between the educational
purpose and the game, and thereby enhancing the learning outcome. (Dickey,
2015, p.51-52)

She also argues that an immersive experience in a �rst person perspective may not
make the player re
ect upon the topic, compared to if the player would see it from
a third person perspective". . . that allow learners to become critical participants
in the construction of knowledge."(Dickey, 2015, p.53)

Dickey has made a guideline for learner positioning in GBL:

"Perspective - 1. Determine the relationship between the learner and the game
space."

� Is it important that the learner be in the environment?

� How will the learner view the game-based environment (god's-eye or ex-
ternal force, �rst-person or third-person)?

Narrative - 2. Determine the role of the learner.

� Is the learner a pre-scripted character, or will learners create their own
character and role?

� How will this role be conveyed to the learner and reinforced?

Embodiment - 3. Consider the types of controls and viewpoint and the learning
goals.

� What are the a�ordances of the avatar?

� What are the a�ordances of the controls?

� What do you want the learner to view and not view?

Immersion - 4. Determine the type of immersive experience that best meets
the needs of the learning goals.
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� Would the goals of learning best be supported by an environment that
is emotionally immersive or re
ective?

(Dickey, 2015, p.53)

Experience Design and Physical Spaces

Dickey also talks about that a focus on the experience as a whole is important to
consider, as it also has an impact on how you learn. She uses the term of experience
as: \often used in relation to creating processes, products and environments that
have an emotional impact on user experiences" (Dickey, 2015, p. 107) Thus if
your emotions are invoked you will maybe become immersed and thereby, your
learning outcome will be greater. She says that many physical places also make
use of experience design, e.g. Museums and Cathedrals, but she also mentions
Virtual Reality and Virtual Worlds could also have some impact on learning. She
says that the big physical places museums have give space to re
ect upon what
you see.(Dickey, 2015, p. 107)

Figure 3.1: Example from T�jhus Museet "Den Fjerne Krig". Left - (farm8),
Right - (NatMus.dk)

She also argues that virtual reality also gives the possibility for the player to have
a similar "big place" where they can re
ect upon what they see. The player can
also interact with the things in the virtual world, which may lead to a better
understanding and learning of the content and context. (Dickey, 2015, p. 112)

Aesthetics and Games

Dickey sees games as art, and says that they also are type of drama. As she writes
\...the aesthetics of game mechanics help inform the design of game-based learning
by looking at the types of mechanics (core and secondary) and how they may foster
di�erent types of artistry of intellectual engagement. \ (Dickey, 2015, p. 126)
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Michele quotes Adams and Dormans who have made a list of �ve types of game
mechanics (core mechanics) and explain that the list gives some good pointers on
how to design interaction for game-based learning. (Dickey, 2015, p. 127 - 128)

� Physics

� Internal Economies

� Progressive

� Tactical

� Social

The most important ones for this project are: Physics, Progressive, and Social
mechanics.

� Physics is how the game objects interact in the game space and how the
player moves in the space.

� Progressive is how the player progresses in the game.

� Social is how the player interacts and/or collaborates with others in the
game.

(Dickey, 2015, p. 127)Educational Implications For educational implementa-
tion of these mechanics Dickey refers to the table from Adams and Dormans which
has the di�erent mechanics ordered in what category they lay under constructivist
learning. She says that the essential part of constructivist learning is that knowl-
edge is constructed and that the one who would learn is not a passive user, but an
active user that takes a part in the learning process. (Dickey, 2015, p. 128)

Figure 3.2: Example of core mechanics and constructive learning.(Dickey, 2015,
p. 129)
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Connoisseurship and Game-based Learning

When it comes to determining if an educational game actually teaches the learner
or player about the subjects, Professor Dickey argues that it requires connoisseur-
ship. A connoisseur is a person who has years of experience and is competent
enough to pass critical judgement. According to Michele Dickey it requires years
of experience to determine if a learner or a player are actually learning from the
created application. She describes a connoisseur of Game-Based Learning as a
person who has been working with teaching for several years and knows multiple
di�erent teaching methods. They also need a great knowledge within media and
its di�erent aesthetical expressions and needs to have a knowledge of how game
design works. This is required to determine if an educational game is having the
outcome of teaching about the subject it covers. (Dickey, 2015, p. 141 - 142)

3.5 Theory of Fun for Game Design

3.5.1 Functionality of the Brain - Learning from patterns

Second review is for the book "Theory of Fun for Game Design" by Raph Koster(Koster,
2013). In this book Koster looks at games as a learning tool. He has been looking
into studies about cognitive science. He states that the brain works as a pattern
recognition machine. As humans, we always look for patterns. He also writes:
\Seeing patterns in how kids learn is evidence of how pattern driven our brains
are." (Koster, 2013, p. 16) He comes with an example of how you can �nd a face
almost anywhere. A notable example is one that made many people think that
there was life on mars. See Figure 3.3.
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Figure 3.3: Example of a pattern in completely random rock formations on the
martian surface ESA (2006). Picture from Wikipedia.

This is referred to as \Chunking" and we do it all the time. Other things we do
as humans a lot are routines. Routines become \chunked" into your brain and
become something you do regularly without thinking about it. (Koster, 2013, p.
18 - 20) In fact, most normal activities we see and do are also "chunked" patterns.
As Raph Koster writes:

\We rarely look at the real world; we instead recognize something we have chunked
and leave it at that. The world could easily be composed of cardboard stand-ins
for real objects as far as our brains are concerned." (Koster, 2013, p. 22)

When you actually begin to think about what you do as a routine, it becomes
rather hard to do it, e.g. morning routines. The opposite of a pattern is noise, but,
according to Koster, noise is just a pattern we have not yet "chunked". (Koster,
2013, p. 22)

From this, the word \Grok" appears and it means that you have learned something
so well that you intuitively know how to do it. E.g. playing guitar or riding a bike.
You do not have to think about how to move your �ngers or move your legs, you
just do it, as if your muscle had memory. What is actually happening is that while
you are practicing something, you store the \Grokking" in the brain in a sort of
library. When you are sleeping your brain begins to process this information and
makes sure that your practice is stored in your memory. Ultimately you practice
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enough that it feels like it has become a routine (Koster, 2013, pp. 28 - 30)

3.5.2 Games as learning tool?

Games also have patterns that can be "grokked". One di�erence between reality
and games is that the stakes are much lower in games (Koster, 2013, p.- 34). From
dodging enemies to learning the controls, it is all a pattern that we practice over
time and in the end, it sometimes becomes a routine of how we play games. We
know where the buttons are on the controller, keyboard or mouse, we know how
the enemies behave, and we know how the game mechanics work. We have learned
from the game how to solve the problems that the game has presented to us, but
that can also become a problem as the player becomes bored. At that point, the
player has mastered the practice. As an example, Koster mentions tic-tac-toe.
A very simple game with simple mechanics that can become boring after several
tries, because you do not learn any new pattern or use those patterns in a new
way.(Koster, 2013, pp. 36 - 38) Your brain need something new to learn;"... with
games, learning is the drug."(Koster, 2013, p. 40).

Koster gives a de�nition of a good game as". . . one that teaches everything it has
to o�er before the player stops playing."(Koster, 2013, p. 46)

His opinion is that games teach aspects of reality through fun; how a person under-
stands one self, understands actions of others and help them use their imagination.

"Fun is just another word for learning." (Koster, 2013, p. 46)

3.6 MDA: A Formal Approach to Game Design
and Game Research

The paper by Hunicke et al. (2004) has made a framework that takes into account
the vision of the game developer and the game user. The picture below de�nes
how the two di�erent groups approaches a game
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Figure 3.4: How a game is seen, objectively.(Hunicke et al., 2004)

In the paper they talk about how sometimes game designers think in mechanics
when creating games. This is an issue that often comes up for the player - they
may not understand what the purpose of the mechanics are. They have showcased
that what the developer has in mind when they create a game is often like this:

Figure 3.5: Game development progression.(Hunicke et al., 2004)

The problem is that the player dos not always understand the system in the same
way. Hunicke et al. (2004) came up with the framework they named "MDA" which
stands for "Mechanics, Dynamics and Aesthetics", see Figure 3.6.

Figure 3.6: MDA(Hunicke et al., 2004)

� Mechanics are the components of the game, how you should play it.

� Dynamics is the way the mechanic reacts to player input etc.

� Aesthetics are how the player perceives the dynamics. (Hunicke et al.,
2004).
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Figure 3.7: The Di�erent Approaches to a Game(Hunicke et al., 2004)

It is important for the game designer to know these points because else they might
fail to make their game fun for the player. This would be if the game designer
thinks mechanics is equal to aesthetics, which is not true. The dynamic needs to be
heavily considered to bridge the gap between mechanics and aesthetics. Therefore,
as Figure 3.7 shows, it is important to note how to approach the game from both
sides when developing. (Hunicke et al., 2004)

3.7 An Architectural Approach to Level Design

In this book, there is a chapter about teaching through visual communication
(Totten, 2014, chapter 4). It has a section titled "Teaching Theories for Game
Levels" which contains three di�erent methods to teach a player the mechanics of
the game. These methods are methods are:

� Operant Conditioning

� The Montessori method

� Constructivism

(Totten, 2014, p. 162)

3.7.1 Operant Conditioning

The operant conditioning is a method that involves changes in the voluntary ac-
tions of the player, either via positive or negative reinforcement or punishment
(Totten, 2014, p. 163). An example of this was a test done on rats that would pull
a lever and if it was within the correct time, it would gain a reward in the form of
some food. If it was the wrong time, it would receive a punishment in the form of
an electrical shock (Totten, 2014, p. 163). This is also a good method to test basic
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game mechanics. Totten talks about the game \Super Meat Boy" where you are
�rst presented with a gap that you need to jump across, but you realize that you
would need enough speed in order to jump far enough. The positive reinforcement
would be that if you do it correctly you will get to the other side. The negative
reinforcement is that if you do not have enough speed, the player dies and you have
to try again. You would then repeat this process until you learn the mechanic.
(Totten, 2014, p. 164)

3.7.2 Montessori Method

This method "emphasizes the senses as a medium for absorbing information that
is then interpreted by the intellect into solutions to practical problems." (Totten,
2014, p. 165). This indicates that the game level should be seen as \prepared
environments of interactive objects for player to utilize" (Totten, 2014, p. 165).
Because the Montessori method is based on that, you would try to solve a prob-
lem with objects or mechanics in games. The player should only learn each skill
individually and not combined, followed by introducing the player to a mix of two
or more of these skills and then continuing on (Totten, 2014, p. 166). Figure 3.8
shows how the designers behind the game "SWARM!" �rst separately introduced
two basic puzzles and then combined them.
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Figure 3.8: Example of the Montessori Method in the game "SWARM!"(Totten,
2014, p. 166)

3.7.3 Constructivism

Constructivist learning is a method used in many educations.

\In many studio classes, students are guided through a design problem by teachers
who oversee but do not directly intervene in a student's design actions. This com-
bination of freedom and feedback make constructivist methods a better individual
descriptor of how players learn in games than either operant conditioning or the
Montessori method alone." (Totten, 2014, p, 167)

Constructivist teaching uses both the Montessori and operant conditioning meth-
ods for problem solving. The main point is that the designer would only create
interactive environments and challenges that the players could then freely experi-
ment in in order to solve the problem. If the player completes the challenges they
gets rewarded for their actions. Punishments and setbacks are also important,
however the should not be too severe, so they can come go back and retry the
challenge.This provides a very practical approach on how to learn new things and
new mechanics. It makes it possible to say there is no right or wrong approach on
how to solve a puzzle in the game. Figure 3.9 illustrates this. (Totten, 2014, pp.
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167 - 168)

Figure 3.9: Model of learning by Kolb and Fry.(Totten, 2014, p. 168)

3.8 Discussion and Conclusion

This chapter has covered di�erent articles and books from various topics related
to this project. (McMahan et al., 2010) and (Nabiyouni et al., 2015) attempted
to compare di�erent interaction methods, respectively focusing on two and three
di�erent methods. The common conclusion was that the traditional interaction
methods were most e�cient and the natural interaction methods were the most
fun, but less e�cient. The experiment from Nabiyouni et al. (2015) also contained
a semi-natural interaction method, which is a concept that might be relevant to
this project. Based on the work of Maselli and Slater (2013) and Slater et al. (2010)
using an HMD instead of a regular monitor gives a higher sense of presence (Slater,
2003). When combining this with the interaction methods, discussed and chosen
in the investigation chapter 2, the motion controller (HTC Vive) can be de�ned
as a semi-natural interaction method, as it serves as an extension of the player's
body in the virtual environment. The Leap Motion would then be a natural
interaction method, as it directly represents the hands of the user. This ties into
the work by Hunicke et al. (2004). The in-game representation of the di�erent
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controls would be the dynamic bridge between mechanics and aesthetics. The
importance of aesthetics should also apply to the rest of the project, as theorized
by Dickey (2015) as it might enhance the player immersion and the potential
learning outcome. If this is true, the way Koster (2013) de�nes games as learning
tools might mean that the amount of fun the player has might also increase if they
are tasked with learning a new pattern of a game mechanic. Such as, if they were
thrown into an experience and allowed to explore the mechanics in an attempt
to solve the given challenge, which is de�ned as constructivist teaching by Totten
(2014).

34 of 91



Group 1080 Master Thesis MED10 AAU-CPH 2016

Chapter 4

Final Problem Statement

For reader's convenience the initial problem statement reads:

How do di�erent interaction methods perform in Virtual Reality and what would
be the most ideal choice out of either natural or traditional control methods for a
VR museum installation?

In order to re�ne the problem statement, the conclusions of the previous chapters
will be used to delimitate into the �nal problem statement.

4.1 Delimitation

After looking into the state of some current Virtual Reality technology, the Leap
Motion sensor and the HTC Vive motion controllers were chosen as the meth-
ods that will be implemented and compared in the �nal prototype, as they are
able to both function in similar ways in the same environment. Based on the
literature review, these two methods can be respectively classi�ed as natural and
semi-natural.

Based on the literature about game-based learning and a review of some of cur-
rently available VR museum applications, it was decided that the prototype will
rely heavily on player interaction in order to engage the player. Most other VR
museum applications only provide a di�erent way of looking at things you would
normally be looking at in a museum and are not capable of fully engaging a player,
because the player only remains an outside observer in the virtual environment.
The learning aspect will also aid in engaging the player, as they will maybe become
interested in learning things.
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From the museum considerations in chapter 2 it was decided that the prototype
will be a group experience that will allow the person wearing the VR headset and
the other people around them to actively take part in the same experience. This
also lead to the conclusion that the user's enjoyment needs to take priority over
how well they perform when playing the prototype. This means that making the
experience as accessible as possible to as big of an audience as possible will be a big
focus. The choice between the di�erent control methods will be decided based on
the users' collective subjective preference, rather than trying to reach an objective
conclusion based on other factors. Finally, the practicality of each control method
in a museum environment will be taken into account.

To encapsulate all the mentioned factors, the Final Problem Statement was formed
as follows:

In a learning based, cooperative virtual reality game, how does the
semi-natural control method of the HTC Vive controllers compare to
the natural control method of the Leap Motion sensor in regards to
user preference, usability and practicality?
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Chapter 5

Methodology

5.1 Introduction

This chapter will go over the methods that will be used to gather data and perform
the experiment.

5.2 Research Methods

According to the �nal problem statement, the experiment should investigate the
users' preference between two di�erent interaction methods as well as the amount
of di�culties they had. These two points fall within the subject of User Experience,
or UX. The �nal point from the FPS, practicality, would need observations of the
prototype in use as well as interviews with industry people with experience in
installation design and maintenance.

5.2.1 Testing User Experience

A tried and true way of getting data on a users experience with a product is to
use questionnaires (Schulze and Kr•omker, 2010)(Lazar et al., 2010). This, along
with interviews with a small number of the users can give an insight into how
people think about and interact with the product. For test participants to give an
informed view of their preferences regarding the interaction methods it is necessary
for them to try both methods. In this case a within-group procedure is necessary.
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5.2.2 Observation

The FPS also mentions practicality as a success criteria for the project. Using
observation it is possible to gather more data on how people interact with the
product and how the product performs in general. From this it might be possible
to make conclusions about the practical aspects of the prototype as well as the
area it should be set up in (Lazar et al., 2010).

5.2.3 Analysis

For data analysis on the Likert-type questions from the questionnaire, Boone and
Boone (2012) says that evaluation should use the median to indicate central ten-
dency. For variability and correlation you should use frequency and Kendall tau B
respectively. Testing for signi�cant di�erence between data should be done with
a Wilcoxon rank-sum test as it is not possible to make the assumption that the
data will be normally distributed. For the rank-sum test the P-value will be set
to 0.05.

5.2.4 Design of Product

Since the product is such a large part of the experiment setup it will need to be
thoroughly tested and relatively bug free. Using an iterative design process will
not only allow for many tests of the stability and usability of the prototype but
can also help improve the design of the experiment itself (Nielsen, 1993).
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Chapter 6

Iterative Design and Testing
Process

6.1 Requirements for Experiment and Prototype

Based upon the Delimitation and Methodology, there are certain requirements
that must be followed in order to achieve an answer to the problem statement.
A number of functional and non-functional requirements for the prototype and
for the test will be set. This section will cover the di�erent requirements, from
a hardware and software perspective, requirements for the prototype design itself
and requirements for the experimental setup.

Functional Requirements

1. Di�erent interaction methods. Since the main experiment is about test-
ing user preference between two di�erent interaction methods, the same pro-
totype needs to be able to function in a similar way with both the HTC Vive
motion controllers and the Leap Motion sensor. This also means designing
for each method to make use of its strengths to ensure the comparison is fair.

2. Sustain a high level of authenticity. Because this is a museum installa-
tion, it needs to �t into the museum environment. This means that all the
objects in the scene and how they function need to be historically accurate
and that will require doing research into those aspects. This also means us-
ing appropriate sound e�ects and environmental details to create a believable
and authentic environment.
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3. World War 1 Theme As this particular installation is going to be made for
Mosede Fort (Greve Museum), it must �t into the speci�c museum theme,
which is Denmark during World War 1.

4. Provide an enjoyable and accessible museum experience. Since the
prototype is intended to be presented in a museum, it has to be both ac-
cessible and enjoyable to a wide audience. If a museum installation is not
enjoyable or too complicated, visitors will not be interested in interacting
with it.

5. Testing in a museum environment As the experiment is meant to chose
the right interaction method for a museum installation, the testing environ-
ment should mirror that in order to get the best results.

Non Functional Requirements

1. Game Engine that can properly utilize the hardware For this proto-
type, it was important to chose the correct game engine to use that would
be able to accommodate all the hardware that is being used - the room-scale
VR setup of the HTC Vive, its motion controls and the Leap Motion sensor.
The two main possibilities for this are Unity 5 and Unreal Engine 4, as they
both have existing plugins that allow the use of the three mentioned pieces
of hardware.

2. 90 Frames Per Second. The VR application needs to run at a minimum of
90 frames per second to minimize the amount of motion sickness a user will
get while wearing the VR headset (UE4). In order to achieve this, the project
will have to be optimized by making sure there are no needlessly detailed
objects or ine�cient code that could negatively a�ect the performance.

3. Compliment the teaching of primary school mathematics. The pro-
totype is meant to teach users real world application of primary school math-
ematics. This will be achieved by having the player that is currently using
the VR headset require information that can only be gathered by having
other users outside of the application do mathematical calculations in order
to achieve the goal of the game - hitting the chosen target with the cannon.

4. Intuitive controls. Because this application is meant to be used in a
museum, it will most likely be used by a large variety of people, which means
the controls need to be very accessible to make sure that any museum visitor
could get the most out of the VR experience. The natural control methods
will help make the controls easy to understand, even to users that have not
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tried VR before.

5. High level of usability. To create the most enjoyable overall experience,
the setup of the installation also needs to be clear and understandable and
not just the application itself. This means that the players outside of VR
that are doing the calculations should also be able to achieve their task
without interruptions or obstacles. This would mean providing them with
easy to read maps, giving them the necessary formulas and easing them into
the experience to make sure they do not get intimidated by having to do a
lot of complicated math right away. Finally, this means creating an easy to
read and understand interface inside the application so the VR player can
get all the required information fast and easy.

6.2 Danish Learning Festival

6.2.1 Test overview

The test was carried out on the 15th and 16th of March 2016 in the Bella Center
convention center in Copenhagen. The testing area was an open booth that anyone
interested could come to and try the prototype themselves or watch other people
trying it. The version of the prototype used in this test only had the motion
controller input implemented and it did not yet contain the natural movement
interaction. All interaction was still done by having the user move the controller
over an interaction point and pulling the trigger to play an animation. In this
version, the only way to change the target that the user would be �ring at was
to reset the entire scene with a button, which introduced some bugs and that
lead to often having to shut down the prototype and start it again. This version
also did not yet have any diegetic feedback, as all the information to the player
was presented via 
oating text locked to the player's view. Since this was an
early test, the experiment questionnaire was not yet created, so it served as a way
to test the basic mechanics of the prototype. The participants only played the
prototype as much as they wanted and then gave verbal feedback if they wanted.
Test participants consisted of both children and adults that were attending the
convention.
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Figure 6.1: Test at the Danish Learning Festival.

Observations

As this test was the �rst live testing of the installation with participants from the
public a lot of observations were made, particularly with regards to usability. It
was also pertinent to look at how people interact with the virtual environment to
further improve on the experience afterwards. Lastly, this test was also a way to
�nd bugs in the software so they could be �xed.

Visibility and a�ordability of the cannons handles was a big problem for the users.
People would often be confused and have to ask the conductors for help and in-
structions on what to do next. The handles and other parts of the cannon they
had to interact with were di�cult to pick out from the rest and the users ended up
trying to interact with non-interactable parts. Another, unanticipated, problem
was the instability of the controllers. During the development period the con-
trollers themselves had always been very stable but in the intense WiFi noise of
the convention hall they kept losing their connection with the PC, causing them
to be very unreliable. This was also a major problem for the users.

Besides the technical side of the installation, the users also needed better expla-
nation of how to do the math and the general procedure for working together.
They would not communicate with the person in the virtual environment and be
generally confused when presented with the map and measuring tools. The VR
users would also have trouble using the controllers. It seemed a lot of people, both
children and adults, had never interacted with similar controllers before and would
even sometimes hold the controllers the wrong way up, using their thumbs on the
trigger.

42 of 91



Group 1080 Master Thesis MED10 AAU-CPH 2016

During the experience many people showed similar patterns in their interaction.
Almost all participants tried to throw things in the virtual environment. The
prototype was not equipped for this and they were usually disappointed. Another
part that confused people was the lack of natural controls on the wheels that steer
the cannon. People would try to turn the wheels but in reality they just had to
press the right or left side of the wheel to turn it in the corresponding direction. It
was di�cult for people to get used to this and it was also di�cult to explain to the
participant. Even then, kids kept coming back to try the installation. Every time
they returned they had brought more of their friends and classmates with them.

During the two days, people mostly came by in groups. Groups of adults or groups
of kids but only very few mixed groups. When asked about their experience people
gave mostly positive feedback even though they might have met massive technical
issues due to the early stage of the prototype. Users who had tried VR before
compared the installation positively to their earlier experiences.

Finally, one observation that permeated the two days was that people do not want
to or are very reluctant to do math. If they agreed to help their friend in VR by
doing the math portion of the experience they would often give up easily or be
utterly confused about how to complete the task.

6.2.2 Conclusion

From the observations it was obvious that the prototype needed a usability over-
haul and several bugs were also found in the software that had to be �xed. Because
of the users general confusion at the math portion of the experience, a way to in-
struct the users in how to use the maps and do the math was also deemed necessary.
Overall the test showed that the prototype, though 
awed at this point, already
made an impression on people and especially children.

6.3 Singularity University Event

6.3.1 Test overview

This test was carried out on the 29th of March in the Dare2mansion creative center
in Copenhagen. The version of the prototype used was the same as used in the
Danish Learning Festival test.
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6.3.2 Observations

At the Singularity University event people came to the installation in their breaks
and while they all seemed very interested, they were in a hurry. As many people
as was possible got to try the prototype but there were many that had to leave
without trying it out. Because of the rushed nature of the circumstance, no e�ort
was made to get participants to use the map to calculate.

Even though there were no children present, the observations match the ones made
at the learning festival. People were impressed with the installation even though
it lacked proper intuitive controls and contained experience breaking bugs.

6.3.3 Conclusion

As this test was held very soon after the last test it was not possible to produce a
new version of the prototype. Because of this the observations made did not give
any new insights.

6.4 Nordic Game Jam

6.4.1 Test overview

This test was carried out on the 9th of April at Aalborg University Copenhagen
campus while the Nordic Game Jam was being held there. The shown build had
both interaction methods - the HTC Vive motion controllers and the Leap Motion
hands. It also had the more natural controls of being able to grab and drag the
levers and valves of the cannon with either control method. Moreover, it had
some of the miscellaneous object interactions implemented that users could play
around with, like the binoculars and the smoking pipe. This version had some of
the diegetic feedback implemented via the dials near the valves that displayed the
angle and rotation values of the cannon, but the target location was still displayed
as 
oating text locked to the user's vision. This test still served as more of a pilot
test of the mechanics and functionality of the prototype and thus participants were
not asked any speci�c questions and just gave any verbal feedback if they wanted
to. Test participants consisted of people participating in the game jam itself, game
jam sta�, as well as some people from the games industry that had given talks or
presentations the day before.
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6.4.2 Observations

Most of the people who tried the prototype did so using the Leap Motion hand
method. Most of the participants were either game developers or just people who
were already interested in games and therefore more familiar with more traditional
control methods, so they found the Leap Motion method a lot more novel. Despite
the fact that the Leap Motion sensor hand tracking is not very precise and caused
a fair amount of di�culties when people were trying to interact with the cannon,
most people still wanted to keep using it, even when o�ered to change to using the
more precise motion controllers.The reception to the introduction of the natural
interaction was very positive and people found it a lot easier to manipulate the
cannon. The introduction of the binocular and the smoking pipe also had a very
positive reaction. People generally found the experience pretty enjoyable and
interesting. When asked about what they thought of the learning aspects of the
project they usually responded saying that it sounded interesting and that they
like the idea of requiring communication between the player in VR and the other
participants.

6.4.3 Conclusion

Both the introduction of the Leap Motion hands and the natural interaction was
a massive step forward in terms of usability and user experience. Giving the
more environmental interaction helped them get more engaged and helped add
variety. This could potentially allow the users to get a better understanding of the
di�erent controls and give them a better understanding of their preference. The
desire of the participants to keep using the Leap Motion no matter what could
mean that the pure novelty e�ect of the Leap Motion might help overcome its
technical limitations.

6.5 Mosede Fort and AAU Demo Day

6.5.1 Test overview

Mosede Fort

This test was carried out on the 26th of April at the Mosede Fort museum. The
version of the prototype used was almost the �nal version and it had almost all of
the functionality of the �nal prototype. The 
oating text was completely phased
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out at this point, as the current target location was now displayed on a physical
blackboard in the VR environment that would also display whether the user has
hit or missed the cannon shots. This version also introduced a built-in way to reset
the prototype scene inside the VR environment via a lever next to the blackboard
that the user could pull. This was the �rst test where the experiment question-
naires were actually used. Before the test, participants were asked to sign a letter
of consent that gave us permission to use data gained from their questionnaire
answers. Participants were asked to try both interaction methods, switching after
performing the required tasks with one and then the other. Which method they
used �rst changed from one participant to the next. After using both methods,
they were asked to �ll in a questionnaire. Addressing the problem of providing in-
structions to the players, this version saw the introduction of the tutorial booklet.
This �rst version had all the steps laid out in text and had the speci�c tasks that
of each role separated into their own paragraphs that were numbered. It also had
images displaying the actions the user has to perform to use the cannon and how
the user should be using the rulers with the map. Test participants consisted of a
group of high-school students and a group of museum employees.

Figure 6.2: Test setup at Mosede Fort.

AAU Demo Day

This test was carried out on the 27th of April at Aalborg University Copenhagen
campus. The version used was the same as in the Mosede Fort test. Test proce-
dure remained mostly the same as the previous test. Test participants were mostly
Medialogy students and a few Medialogy teachers. To test the design of the exper-
iment we tried to have some participant only try one of the interaction methods.
This was to see what impact this would have on the results gathered. After this
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test it was deemed best to have participants try both methods since they needed
to make an informed decision on the matter.

Figure 6.3: Test at AAU Demo Day.

6.5.2 Observations

The high school students at Mosede Fort were in a hurry and they seemed very
disinterested in doing any kind of math. The ones that had time to try the ex-
perience liked it though. After the high school students had left the museum, a
group of employees from the fort came to try. From a professional point of view
they seemed impressed and they commented that this experience is something they
would like to have as part of their exhibits.

The students that tried the prototype at the Demo Day were very interested in
the cooperation part and they liked working together. However, they were still
not too keen on doing math.

The biggest problem that was found during these two tests was the existence of
a bug that made it impossible to hit the targets. This was because all the target
locations were accidentally placed below the ground, just out of reach of the margin
of error.1

After these tests, we found that the tutorial booklet helped the users understanding
of what they're supposed to do. However, some people did not want to read the
entire booklet and would sometimes only look at the �rst page and then not pay
any more attention to it.

1We would like to apologize to our supervisor, Henrik Sch�nau Fog, for inadvertently letting
him believe that he was missing the target.

47 of 91



Group 1080 Master Thesis MED10 AAU-CPH 2016

6.5.3 Conclusion

The new additions to the prototype seemed to work well and the tutorial booklet
was a big help to some of the participants. Through this iterative process the
prototype and experimental design has been re�ned.
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Chapter 7

Experimental Design

7.1 Introduction

This chapter will go over all the design of the �nal version of the prototype and
how it was developed, along with the �nal methods and procedure used for the
�nal experiment.

7.2 Design of the Experiment

This section will go through the type of experiment that will conducted and will
de�ne the variables and hypotheses. It will also explain the design of the experi-
ment based on the methodology chapter.

7.2.1 Design of Study

To �gure out what kind of study is needed for this experiment, the number of
variables and conditions can be determined from the FPS:In a learning based,
cooperative virtual reality game, how does the semi-natural control method of the
HTC Vive controllers compare to the natural control method of the Leap Motion
sensor in regards to user preference, usability and practicality?

From this it can be it can be determined that this is a true experiment, based
upon the fact that the participants are going to be randomly assigned to the
two conditions of the interaction methods. As this experiments focuses on the
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preferred interaction method for a particular installation, this means there is a
single independent variable. This makes this a basic study, with the two conditions
being the HTC Vive Controller and the Leap motion. A within group design was
chosen because it was required to see the preference of each participant. (Lazar
et al., 2010, pp. 42 - 45)

7.2.2 Hypothesis

Based on the design of study theIndependent Variable (IV) can be de�ned as:

� Interaction Methods

{ HTC Vive Controller

{ Leap Motion

The Dependent variables are de�ned as:

� Di�culty Experience

� User Experience

Based upon the de�ned variables, the hypotheses can be stated as followed:

Di�culty Experience Hypothesis

� H0 : There is no di�erence in di�culty experience between the HTC Vive
Controller and the Leap motion

� H1 : There is a di�erence in di�culty experience between the HTC Vive
Controller and the Leap motion

User Experience Hypothesis

� H0 : There is no di�erence in user experience between the HTC Vive Con-
troller and the Leap motion

� H1 : There is a di�erence in user experience between the HTC Vive Con-
troller and the Leap motion
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7.2.3 Test Setup

Figure 7.1: Overview of the test setup: 1. The HTC Vive "Lighthouse" sensors.
2. Test participant using the HMD holding the Vive motion controllers. 3. Test
participant assisting with the map calculations. 4. Test conductors observing and
able to assist if the need arises.

Figure 7.1 displays the basic setup of the hardware and the placement of the
participants and the conductors.

7.2.4 Sampling

For sampling test participants for the experiment, convenience sampling was cho-
sen, as it provides a fast and reliable testing for the product.

7.2.5 Test Procedure

In order to make sure that there is going to be an equal amount of participants try-
ing both interaction methods �rst the participants will be assigned in the following
order:
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Participant 1 Participant 2 Etc.
Condition 1 HTC Vive Leap Motion HTC Vive
Condition 2 Leap Motion HTC Vive Leap Motion

For the testing of the experiment, the test procedure will be the following:

1. Test conductors introduce the participant(s) to the consent form.

2. When a participant has signed the consent form, the test conductors
introduce the participant(s) to the tutorial booklet.

3. Based upon the assigned interaction method, the test conductors, give a
short basic introduction on how to use the device.

4. The test conductors ask the participant with the HMD to interact with
the objects that are placed in the table while the other participant begins
calculating.

5. The participant(s) play with the installation until they have hit the target
and unloaded the cannon.

6. The interaction method is switched and item 4 and 5 are repeated.

7. After the �rst participant has hit the target twice they switch places with
the other participant.

8. Item 3 to 6 are repeated for the other participant.

9. Participant(s) are asked to �ll out the questionnaires.

10. (Optional) If a participant has the time they are asked if they would
agree to a short interview.

7.2.6 Questionnaire

The questionnaire consists of three parts; Demographics, Experimental questions
and Follow-up questions. The experimental questions are going to gather data rel-
evant for the experimental hypotheses while the follow-up questions are gathering
information relevant for later discussion. The demographic part is going to be used
for correlation. For gathering data for the hypothesis, Likert-type questions will
let the user indicate how they feel about certain aspects. To avoid users choosing
a neutral answer and make them take a stance the amount of steps in the Likert
scale will be set to 6; then there will be no middle number. Since participants did
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not necessarily have prior knowledge of the Leap Motion it was referenced as "My
Hands" in the questionnaire to avoid confusion.

Demographics:

D1: Gender (Multiple choice)
D2: Age (Number)
D3: Education (Multiple choice)
D4: Favourite Subject (Check list)

Experiment:

E1: Which Methods did you try out �rst when playing the game? (Multiple choice)
E2: User Experience - Controller (Likert scale, Very Boring to Very Fun, 6 steps)
E3: User Experience - My Hands (Likert scale, Very Boring to Very Fun, 6 steps)
E4: Di�culty Experience - Controllers (Likert scale, Very Hard to Very Easy, 6
steps)
E5: Di�culty Experience - My Hands (Likert scale, Very Hard to Very Easy, 6
steps)
E6: Which of the two methods did you like the most? (Multiple choice)
E7: Based on your answer above, can you please explain why? (Short paragraph)
E8: Do you think the di�erent approaches of playing the game was good enough?(Check
list)

Follow-up:

F1: The overall experience (Likert scale, Very Boring to Very Fun, 6 steps)
F2: Something you would like to try again? (Binary)
F3: Something you would recommend for your friends and/or family? (Binary)
F4: Is this something you would have liked to have had at your primary school?
(Binary)
F5: Did you at any point during the experience get frustrated with the controls
of the game? (Binary)
F6: Based on your answer above, can you please explain why? (Short paragraph)
F7: If there was ONE thing you would like to add or change, what would it be?
(Short paragraph)
F8: Write anything for feedback (Short paragraph)

7.3 Design of Prototype

The prototype is made up of a single scene centered around a World War I Danish
howitzer cannon located in an artillery battery at Mosede Fort. The experience
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involves one player using the VR headset and one or more players watching them
through a monitor that displays an outside view of what the VR player is doing.

Figure 7.2: In-game picture of the prototype.

The VR player is able to interact with various elements of the scene via the di�erent
interaction methods. The VR player's main goal is to correctly load and �re the
cannon. In order to do that, they have follow these steps:

1. Pick up one of the artillery shells lying on the 
oor

2. Load it into the cannon

3. Close the loading mechanism

4. Pull the trigger.

In order to �re the cannon again, the steps are as follows:

1. Pull the release lever

2. Open the mechanism again, which will release the old shell

3. Repeat above steps

The player would be instructed on how to do this by the other players who would
be reading these instructions from a booklet given to them. There are also some
other miscellaneous objects placed around the scene that the user can pick up
and interact with, like a radio or some binoculars that they can use to get the
hang of the basic controls and to pass the time while the other players are doing
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calculations. The VR player has to aim the cannon by rotating the two valves
located on the side of the cannon. They are given feedback on the elevation and
rotation values of the cannon, controlled by the two valves, via two dials located
near the valves. The VR player is told the randomly chosen location of their target
that they would pass on to the other players, and whether the cannon shot hit or
miss when it is �red via a blackboard located in the VR environment. The user
is able to change the language of the text displayed on the blackboard between
Danish and English by using a lever in the environment. The outside players would
be doing measurements and calculations on a map given to them in order to get
the correct cannon elevation and rotation values to relay to the VR player so they
could properly aim the cannon, based on the location of the target that the VR
player gives to them.

Figure 7.3: The map and the measurement tools that the players would have to
use.

When the cannon is �red and either hits once or misses three times, the scene can
be reset by the VR player by pulling a lever in the VR environment.

7.3.1 3D modeling

All 3D modeling was done in 3D Studio Max 2010. Since all objects in the scene
had to be as historically accurate as possible, a large number of reference photos
were used when modeling the objects that were either taken by us at the museum
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