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Abstract:

This thesis presents an application for smartphones developed for
Vesthimmerland museum, where users can navigate through a vir-
tual 3D environment showing a reproduction of the museum build-
ing while collecting information about its structure and its archi-
tect, Per Kirkeby. The application was developed alongside theo-
retical research aimed at studying the usability, intuitiveness and
ease of use associated with different control schemes for naviga-
tion in virtual 3D environments. Previous studies on virtual 3D
navigation reveal that using GUI-buttons for 3D navigation makes
navigation easy to learn by users and allows for precise and con-
trolled movement, but lacks haptic feedback, leaving users uncer-
tain of the input speci�ed and also present a challenge of taking
up screen space. Post-WIMP control techniques do not take up
screen space as they are control techniques integrated into the
environment, but can also imply a steeper learning curve com-
pared to using classical GUI-buttons and thus may require more
time for the user to get a accustomed to. Interactive 3D objects
as a Post-WIMP control technique seems to be a useful solution
to some of the issues present with GUI-buttons, as they do not
take up screen space. However interactive 3D objects should be
implemented and designed with care taken towards making all
objects accessible from at least one reachable position and orien-
tation within the virtual environment. Two control schemes were
implemented; an explorativecontrol scheme that allows continuous
real-time 3D navigation through GUI buttons, and a guidedcontrol
schemes that allowed navigation only between pre-de�ned way-
points. Both control schemes allowed users to change orientation
of the virtual viewpoint into the environment by swiping. The ap-
plication was tested on-site with target users, consisting of gather-
ing demographical information, free-form usage of the application
with both control schemes, answering the System Usability Scale
for each control scheme, and a �nal questionnaire for comparing
experience between control schemes in terms of intuitiveness and
ease of use. Statistical tests on the SUS scores gathered and answers
given to the comparative questionnaire revealed no statistical sig-
ni�cance between the SUS scores for both control schemes and no
favor of any of the control schemes. The swipe rotation was too sen-
sitive for the test-participants to control, and system bugs caused
participants to become confused. Both control schemes had par-
ticipants feeling clueless about the interaction presented in either
control scheme. The explorativecontrol scheme presented controls
that the participants were not accustomed to, and the user interface
for the guidedcontrol scheme was not explained well enough.



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

agreement with the author.







Arkitektur, Design og Mediateknologi
Aalborg Universitet

http://www.aau.dk

Titel:
Per Kirkebys Aars: en
app til udforskning af
Vesthimmerland muse-
ums arkitektur

Tema:
Hvordan styringsmeto-
der på en mobil enhed
påvirker bruger ople-
velse af navigering i
virtuelle miljøer

Projektperiode:
Forårssemestret 2019

Projektgruppe:
MTA191036

Deltager(e):
Giovanni Lombardo
Kaspar Pawlak

Vejleder(e):
Martin Kraus

Oplagstal: 1

Sidetal: 38

A�everingsdato:
28. maj 2019

Abstract:

Dette kandidatspeciale præsentere en applikation til smartphones
udviklet til Vesthimmerland museum, hvor brugere kan navigere
igennem et virtuelt 3D miljø der fremviser en reproduktion af mu-
seumsbygningen imens de samler information om dens struktur og
dens arkitekt, Per Kirkeby. Applikationen blev udviklet sideløben-
de med teoretisk forskning rettet mod at studere usability, intuiti-
veness og ease of use forbundet med forskellige styringsmetoder
til navigering i virtuelle 3D-miljøer. Tidligere studier om virtuel 3D
navigering har vist at bruge GUI-knapper til 3D navigering gør
navigering nemt at lære for brugere og tillader præcis og kontrol-
leret bevægelse, men mangler haptisk feedback, som kan efterlade
brugeren usikker på hvad input er blevet speci�ceret og fremlæg-
ger en udfordring i at de kræver skærmplads. Post-WIMP kontrol
teknikker tager ikke skærmplads siden de er kontrol teknikker der
er integreret ind i miljøet, men kan også indebærer en stejlere læ-
ringskurve sammenlignet med at bruge klassiske GUI-knapper og
kan derfor kræve mere tid for brugeren at blive tilvænnet til. Inter-
aktive 3D objekter som en Post-WIMP kontrol teknik virker til at
være en nyttig løsning til nogle af de problemer der er tilstede med
GUI-knapper, siden de ikke kræver skærmplads. Interaktive 3D ob-
jekter bør dog blive implementeret og designet for at sikre at alle
objekter er tilgængelige fra mindst en opnåelig position og orien-
tering i det virtuelle miljø. To styringsmetoder blev implementeret;
en explorativestyringsmetode der tillader kontinuerlig real-tid 3D
navigering ved brug af GUI-knapper, og en guidedstyringsmetode
der kun tillader navigering imellem forudbestemte punkter. Beg-
ge styringsmetoder tillod brugere at ændre orientering af det vir-
tuelle udsigtspunkt in i miljøet ved at swipe. Applikationen blev
testet on-site, bestående af at indsamle demogra�sk information,
free-form brug af applikationen med begge styringsmetoder, be-
svarelse System Usability Skalaen for hver styringsmetode, og en
sidste spørgeform til sammenligning af oplevelse mellem styrings-
metoder i forhold til intuitiveness og ease of use. Statistiske test
på de indsamlede SUS scorer og svar givet til den komparative
spørgeform viste ingen statistisk signi�kans mellem SUS scores for
begge styringsmetoder og ingen velvilje mod nogen af styringsme-
toderne. Swipe roteringen var for følsom for test-deltagerne at sty-
re, og system bugs forårsagede at deltagere blev forvirrede. Begge
styringsmetoder �k deltagere til at føle sig uvidende omkring in-
teraktionen fremstillet i begge styringsmetoder. Den explorativesty-
ringsmetode fremviste styring som deltagerne ikke var vant til, og
brugergrænse�aden i den guidedestyringsmetode var ikke forklaret
godt nok.



Rapportens indhold er frit tilgængeligt, men offentliggørelse (med kildeangivelse) må kun ske efter aftale med

forfatterne.
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Chapter 1

Introduction

.

In the last two decades, the advancements in three-dimensional graphics and
applications for mobile devices have seen relevant applications in the �eld of Cul-
tural Heritage (CH), in order to study, represent and extend cultural and artistical
artifacts through the use of computer methods and technologies [24] [11]. Such
applications permit an easier spread of knowledge and access to CH through more
innovative and appealing methods for the �nal users [6]. Particular regard has
been given in such technological applications to immersive technologies such as
Augmented, Virtual and Mixed Reality, with research showing that CH, as a do-
main, gains signi�cant bene�t from them as users are able to experience cultural
artifacts in a more appealing way [6].

Our research focuses on CH applications that develop recreations of museums
in virtual three-dimensional environments (virtual museums). The theme of this
thesis, in particular, regards the development of navigation controls for exploring
such 3D environments in a CH context. The product presented here is a recreation
of an existing museum inside a mobile application's virtual environment, accom-
pained by additional knowledge that is shown through information presented with
textual and aural channels. The scope of this thesis is developing two kinds of nav-
igation controls for the application, one where the user can navigate only through
pre-de�ned positions in the environment (called "guided") and one where they can
freely navigate in all positions (called "explorative"). The two navigation controls
are evaluated in terms of the user experience they provide to the museum visitors,
making particular distinction between visitors of different age.

The application developed for this thesis focuses on Vesthimmerlands Museum
in Aars (Denmark) and its building's architecture, designed by Danish artist and
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2 Chapter 1. Introduction

architect Per Kirkeby, rather than its internal content. Because of this, compared
to other virtual museums, it focuses greatly on the virtual environment and the
exploration of it. The content of the virtual museum here developed is the pieces
of information related to the museum itself.

The targeted users include the museum's visitors and also people not physically
present in the museum itself that may still be interested in its content. The category
includes Danish visitors from a wide age range, from young students to elderly
people, which can cause a signi�cantly demanding challenge, since most of the
literature on interactive CH systems focuses on people of young age like students.
While these are usually well accustomed to navigating a virtual environment like
those found in 3D video games, the same may not be certainly said for elderly
visitors that may have limited exposure to applications that make use of navigation
in a virtual environment. The navigation control schemes developed in this thesis
aims at being understandable and easy to use regardless of the users' experience
in using mobile applications or navigating virtual environments.



Chapter 2

Theoretical research

2.1 Virtual museums and mixed reality

A virtual museum is a collection of digital resources within an artistical or cultural
�eld [2]. The advantages of virtual museums include the following:

� Providing a way of showing collections and exhibitions for users who are un-
able to visit a physical museum or a temporary exhibition (in case of virtual
museum that recreate a physical place) [2, 18]

� Overcoming the "guided tour" model (i.e., classical museum tours with a
guide), with elaborations of alternative and more engaging and entertaining
forms of presenting the exhibitions, like games [8]

� Resolution of the contradiction between exhibition and preservation, with the
ability to interact with virtual objects without the risk of causing damage [18]

� Elimination of physical limitations, permitting a virtually in�nite number of
information to be displayed [18]

� The ability of showing intangible CH, as the resources may include draw-
ings, paintings, photographs, recordings, newspaper articles, transcripts of
interviews, video segments, numerical databases, graphs and anything that
can be digitized [2]

Virtual museums are usually developed in the form of websites, applications for
mobile devices or with the help of devices developed speci�cally for the purpose
[2]. As such, they can fall into various grades of Mixed Reality (MR), according to
their relationship with the physical environment [22, 4, 14, 3]. Mixed Reality as a
concept covers a range of immersive technologies of varying nature, but all within
some combination between real and virtual environment. This concept has been

3



4 Chapter 2. Theoretical research

mapped out on a spectrum spanning from the completely real environment to the
completely virtual. The closer the technology tries to represent the real world, the
further towards the real environment the technology will fall, and vice versa the
more that the technology utilizes a virtual environment or objects, the more it will
lean towards virtual reality on the spectrum (see �gure 2.1) [6].

Figure 2.1: The mixed reality continuum

The spectrum covers varying degrees of reality or virtuality incorporated, but all
with varying degrees of presence. However the aim of some experiences that can
be located on the continuum are de�ned below:

� Augmented Reality(AR) enhances the real world by super-imposing virtual
information onto a view of the real world.

� Augmented Virtuality (AV) augments a virtual environment with objects from
the real world.

� Virtual Reality (VR) refers to a computer-generated environment that is sepa-
rate from the real world.

According to these de�nitions, virtual museums, and thus this thesis' project,
fall into the Virtual Reality domain, since they provide a completely virtual en-
vironment. It must be noticed that despite the term being commonly associated
with VR experiences that make use of head-mounted displays, the de�nition here
provided can be applied to any three-dimensional environment created digitally,
such as a 3D video game for PCs or smartphones.

2.2 User Interface

A convention used in this thesis is that an application control technique is
deemed good if it is easy to use for novice users of the application, while also being
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ef�cient to use for the experienced user [7]. Our targeted users include, as stated
in the introduction, both young and elders, the latter of which generally have less
con�dence with modern devices such as mobiles than younger people [13], which
presents a challenge of designing a user interface with control techniques that are
usable by both younger and older users.

2.2.1 WIMP and Post-WIMP paradigms

When using bi-dimensional screens, like the one in a smartphone, it is neces-
sary to translate the user's mental model of navigating a 3D environment into a
2D image by using an appropriate controlling metaphor. In a comparative study
between three different types of controls for navigation, Liang et al. [20] found that
discretized button-basedcontrols for navigating a 3D environment on a touchscreen
device by using virtual buttons based on the Windows, Icons, Menus, Pointer(WIMP)
paradigm, originally developed for 2D interfaces such as desktop computers, is
easy to learn and precise, but feels slow to use and presents the problem of lacking
haptic feedback, which causes the user to not be sure about what button has been
pressed without looking. To overcome this obstacle, Van Dam [7] called for the use

Figure 2.2: The discretized button based controls used by Liang et. al

of Post-WIMP paradigms, de�ned by him as "interfaces containing at least one inter-
action technique not dependant on classical 2D widgets such as menus and icons". Such
techniques, however, can have a steeper learning curve than WIMP-based control
schemes[20].

Jankowski et al. [15] de�ned some system control techniques as classi�able be-
tween WIMP and Post-WIMP, which maintain a traditional user interface metaphor
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while at the same time immersing it into the 3D environment, effectively devel-
oping a hybrid approach. One example of such a technique is having system
commands being issued through interactive 3D objects in the virtual environment
rather than as a 2D GUI element. The advantage of such techniques is combining
the intuitiveness of WIMP paradigms with the natural feeling of the Post-WIMP
ones, however such techniques may suffer from issues like becoming occluded by
other objects in the virtual environment, being visible only with a speci�c cam-
era orientation value, being hard to tell apart from other interactive 3D objects or
being dif�cult to interact with due to size changing with distance to the object.
He also argues that there are three ways in which learnability and intuitiveness of
GUI-elements can be increased: 1) by making the controls clear in intention and
purpose through placement and appearance on the display, 2) by introducing func-
tionality and commands as the user gains more experience with the application or
3) by providing embedded information on any GUI element, providing the user
with information on each command at any point during usage of the application.

2.2.2 Explorative and guided navigation controls

A relevant issue is that developing an effective technique for navigation of 3D en-
vironments involves managing six degrees of freedom (DOF): three for positional
placement (translation) and three for angular placement (rotation) [5]. When it
comes to 3D navigation in a 2D input, one control for changing state is always
required [5] [12]. A critical challenge for developing a 3D navigation system is
therefore establishing the parameters by which the user controls the navigation.
Furthermore, a navigation control may let the user modify arbitrarily such pa-
rameters (explorative navigation controls) or limit them to �xed values (guided
navigation controls), i.e. they may be allowed to freely navigate the 3D space to ac-
quire information presented within the environment, or be restricted to only visit
certain positions within the environment by a strict routing [21, 3, 14, 22, 19].

Several studies have made explorative controls, where the user can navigate
through the environment in every position, such as the navigation controls used
by Liang et. al., that allowed users to freely navigate a 3D environment by trans-
lating and rotating viewpoint [20]. Liang et al. determined that in comparison to
using buttons, using controls that mimicked a virtual joystick for navigating 3D en-
vironment was faster and more natural, but presented to be less immediate to learn
for many. In a comparative study between two control-schemes for navigating a
virtual environment on PDAs, Marsden and Tip [23] also found that using a D pad
for controlling the movement and the device position for the viewpoint orientation
was favorable and less frustrating to users than a control scheme that uses device
tilt for moving position and orientation. One reason they argued was that gesture
based interaction like tilting was modal - the gesture would have different results
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based on whether it was used for moving or rotating view. Users also described
the controls for changing viewpoint in post-use interviews as "more real" and "nat-
ural", however one of the interviewed users also pointed out that users may �nd it
too tiring to control viewpoint by holding the device and turning around to change
viewpoint over a prolonged period, something the authors dubbed the gorilla arm
effect[23]. Kim et al. [17] developed another scheme dubbed the Finger Walking in
Place(FWIP) analogy, allowing users to navigate a 3D environment through trans-
lation and rotation by sliding �ngers on a multi-touch screen [17]. Others have
studied navigation in virtual environments by tracking real-life movement of the
users legs to simulate translation in VR [26, 27].

Two relevant examples of mobile applications for CH that make use of a guided
control are described by Madsen et al. [22] and Jakobsen et al. [14]. In both cases,
users are limited inside the application to be only in a handful of pre-de�ned posi-
tions in the virtual world selectable through an interface menu. Similarly to strict
routing, the navigation in a 3D environment have also been envisioned through
a River analogythat takes the user down a set of prede�ned paths and constantly
keeping the user in motion within the environment, but allowing the user to pos-
sibly control the speed and direction of the travel [10, 9]. Some DOFs may also be
automatically determined by the application itself.

Another important aspect to consider when designing navigation controls within
virtual environments is the need for way�nding in the application. Way�nding
refers to a cognitive process related to the user's navigation of the environment. It
consists of the high-level thinking, planning and decision-making associated with
the user movement through the environment. Involved with this process is the
users' spatial understanding and their task planning, e.g. determining their cur-
rent location, a path to a goal location and the building of a mental map of the
virtual environment. When it comes to virtual worlds, way�nding refers to parts
of the interface that supports the user in their navigation tasks[19]. Some examples
of way�nding techniques that have been applied to navigation in virtual environ-
ments include maps, markers and route trails[16].

Way�nding in virtual worlds can be crucial to the user experience, as a lack of
it can increase the users' levels of frustration and effort, as well as reduce their
performance[16]. However not all 3D navigation applications have use for both
navigation and way�nding. In some applications, a simple and intuitive naviga-
tion technique is all that is needed for a good user experience, however way�nding
techniques or aids can help the user to better navigate a very complex environ-
ment[19, 16].
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2.3 Sub-conclusion

Many different controlling metaphors have been envisioned for navigating 3D en-
vironments on mobile touch devices. Control schemes that utilize classical GUI-
elements like buttons for controlling navigation have been found to be easy to learn
by users, but presents a challenge in terms of taking up the limited screen space
that mobile devices afford, and they have also proved to feel slow in usage and
with a lack of haptic feedback, which causes users to be less con�dent in what
input has been speci�ed to the system.

Post-WIMP techniques may solve some of these issues, but as they are more
likely to be less clear in purpose and usage, they have a steeper learning curve
and will generally require more time for the user to get accustomed to. On the
other hand, since Post-WIMP techniques do not rely on a GUI, they take up less
screen space and thus leaves more space for the user to observe the virtual envi-
ronment and for presenting information to the user like textual descriptions. In
regards to hybrid WIMP/Post-WIMP techniques, interactive 3D objects present a
useful solution to reducing amount of GUI-elements while maintaining the level of
interaction between the user and the 3D environment by integrating the interaction
into the environment, but care should be taken so that at least all interactive 3D
objects are accessible from at least one position and orientation in the navigable 3D
environment.

The more controls that are needed by the user to perform, the steeper the learn-
ing curve will be, and the more time might be needed by the user to get used to the
controls. One way of minimizing this time is by reducing the amount of controls
needed, and one such way is presented through strict-routing navigation controls
like the river analogy presented by Galyean et. al [10], or the points of interest like
control scheme that Jakobsen et. al [14] and Arendttorp et. al [3] use, which only
necessitates for the user to specify a direction, speed, location and/or orientation
in order to navigate the virtual environment.



Chapter 3

Pilot study

3.1 Application

The application is split up into two scenes: one is the main menu from which the
user can load into the second scene, which contains a 3D model of the Vesthimmer-
land Museum building the user would explore or be guided through. Throughout
the virtual environment, nodes of information are placed so that, when the user
walks close enough, the nodes are added as textual information available to the
user in the applications journal system, which can be accessed through a UI-button.
When pressed, a journal page is displayed showing textual information from the
journal entries that the user has found, revolving around the international artist
Per Kirkeby, his background, his artistical achievement in the city Aars, as well as
his work in the expansion of the Vesthimmerland Museum building. The journal
page also features a play and a pause button for playing and stopping any audio
linked to the notebook. As the user interacts with more notebooks, the journal
system is updated with new entries whenever a new notebook is interacted with.
When the journal system is updated, a small text �eld updates the amount of note-
books found out of total notebooks available, showing the user a sense of progress
as they venture through the virtual environment.

The �rst iteration featured the museum building positioned in the middle of
a �at plane, with notebooks scattered around the exterior. The notebooks were
programmed to rotate around the local axes as long as the user interacted with the
notebooks. The environment was navigable using either explorative controls that
allowed users to �y through the environment, or guided controls that restricted
users to only move their position between notebooks. A visual reference of the
journal system with text displayed from a found notebook can be seen in �gure
3.1.

9
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