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ABSTRACT 
 
Background: In recent years, research in the field of Augmented Reality (AR) in cultural heritage has 
been rapidly expanding, due to the advancement of technology and availability of cheaper “off the shelf” 
hardware. It is, amongst other things, being used as a means to increase availability and regain the 
public’s interest in cultural heritage. 
Objectives: This study compares marker-based and marker-less AR in perceived usability and perceived 
performance through a user study.   
Methods: With the use of the software Unity3D and Vuforia, two AR applications were implemented. 
Both applications display a model of an 18th-century Swedish warship, based on a wooden ship model, 
each using one of the two AR methods. The digital model was remade in Autodesk Maya, to suit the 
needs of an AR application used on mobile devices. The applications were evaluated in a user study 
with 14 participants. Each participant was asked to perform a simple task of walking around the 
displayed ship and then answering a questionnaire on usability. This process was done for both 
applications, followed by a post-experiment questionnaire on perceived performance where the two 
methods were compared.   
Results: The result of the study showed that both applications were perceived as usable and well 
performing. The result of the usability questionnaire showed that the applications were considered 
usable, with an average of 90.5 points for marker-based AR and 86.8 points for marker-less AR on a 0-
100 point scale. Regarding performance, the marker-based method was perceived as better performing. 
Conclusions: The participants felt that with just a few instructions, the applications were easy to use, 
even though 50% of them had no previous experience in using AR, that it could enhance a museum 
exhibition. Possible further development of the app would be to complete the ship-model by adding 
more details that are currently missing.  

 

Keywords: Augmented Reality, Marker-Less AR, Marker-Based AR, Cultural Heritage, Subjective 
Evaluation 



iv 
 

ACKNOWLEDGEMENTS 
 
We would first like to thank our supervisors, Dr Veronica Sundstedt and Dr Valeria Garro for being a 
great support throughout the project, giving us much-needed feedback and answering all of our many 
questions.  
We would also like to thank Sven-Erik Hellbratt and Ola Hallqvist from VHFK (Varvshistoriska 
Föreningen i Karlskrona) for the endless encouragement and help, and for providing us with all the 
access and time we needed on Lindholmen. A big thank you to VHFK as well, for the opportunity to 
collaborate and the inspiration that lead to this thesis.   
Finally, we would like to thank Interspectral AB, Norrköping, for creating the original ship model that 
was remade in this project. 

  



v 
 

CONTENTS 
Abstract .................................................................................................................................................. iii 

Acknowledgements ................................................................................................................................ iv 

1 Introduction ..................................................................................................................................... 1 

1.1 Background ............................................................................................................................. 1 

1.1.1 Augmented Reality ................................................................................................................. 2 

1.1.2 System Usability Scale .................................................................................................... 2 

1.2 Aim and Research Questions................................................................................................... 3 

1.3 Limitations............................................................................................................................... 3 

2 Related Work ................................................................................................................................... 4 

3 Method............................................................................................................................................. 6 

3.1 Ship Remodelling .................................................................................................................... 6 

3.1.1 Reference Model ............................................................................................................. 6 

3.1.2 Redrawing The Topology ................................................................................................ 7 

3.2 AR Application ........................................................................................................................ 8 

3.2.1 Software ........................................................................................................................... 8 

3.2.2 Marker-Based AR ............................................................................................................ 8 

3.2.3 Marker-Less AR .............................................................................................................. 9 

3.2.4 Final Application ........................................................................................................... 10 

3.3 User Study ............................................................................................................................. 11 

3.3.1 Ethical Evaluation ......................................................................................................... 11 

3.3.2 Usability Questionnaire ................................................................................................. 12 

3.3.3 Performance Questionnaire ........................................................................................... 12 

3.3.4 Experiment Procedure ................................................................................................... 13 

4 Results ........................................................................................................................................... 14 

4.1 Usability Results .................................................................................................................... 14 

4.2 Perceived Performance Results ............................................................................................. 15 

5 Analysis and Discussion ................................................................................................................ 18 

6 Conclusions and Future Work ....................................................................................................... 21 

REFERENCES ........................................................................................................................................ 22 

Appendix A ........................................................................................................................................... 24 

SUS Questionnaire ............................................................................................................................ 24 

Appendix B ........................................................................................................................................... 27 

Questionnaire on Perceived Performance ......................................................................................... 27 



1 
 

1 INTRODUCTION 
This chapter introduces the project, explains the collaboration in which it was done and the purpose of 
it. It also includes the research questions and the limitations set for the project. 

1.1 BACKGROUND 

In recent years it has become more common for museums to use modern technology in their exhibitions. 
Augmented Reality (AR), amongst other things, are being used to increase interest in cultural heritage. 
This area of research has been rapidly expanding in the last few years, due to the advancement of 
technology and the availability of cheaper consumer devices. Museums are increasing the focus on 
entertaining the visitors aside from the traditional ways of mainly gathering, storing, preserving, and 
displaying artefacts (Costa & Guerra, 2018). By using AR in exhibits, they are trying to get the visitors 
more involved in the exhibition, rather than just being passive viewers. In this way, the enjoyment and 
educational value of the experience is increased (De Paolis, De Luca, & D’Errico, 2018). For example, 
in children raised entertainment and immersion generally leads to a better learning experience (De 
Paolis, De Luca, & D’Errico, 2018). A study has been made by Barbieri et. al. (Barbieri, Bruno, & 
Muzzupappa, 2017) which shows that the use of modern technology in education fulfils more ways of 
learning since it involves more senses by introducing visitors to an interactive “hands-on” experience, 
something that is previously not very common in a museum environment. Another use for AR is to make 
cultural heritage more available for example by digitally recreating artefacts, ruined buildings or 
mechanical machines that never were built and display them to the public, like Leonardo da Vinci’s 
sketches (De Paolis, De Luca, & D’Errico, 2018). The use of smartphones, a very common consumer 
device, has also made cultural heritage more available. The smartphone’s camera makes it possible to 
add virtual information or objects to an exhibit using AR, that could otherwise not be seen. 

One of the cultural heritage organisations trying to embrace these methods is the “Historical Shipyard 
Association” in Karlskrona (VHFK, n.d.). In an attempt to modernize and expand their current 
exhibition, a project has been initiated to create a state-of-the-art exhibition displaying Swedish marine 
history. One of the parts of the upcoming exhibition is the recreation of three real size ribs of an 18th-
century Swedish warship, that are built using old fashioned methods and oak trees as building material. 
The goal is to raise them to be displayed beside "Wasa Skjul” (Figure 1), a historical building on 
Lindholmen island, Karlskrona.  These ribs are only a small part of the original ship design, since 
building the whole ship is too big of a project for the association. In order to display the entire ship, a 
possible solution would be to recreate the ship digitally, instead of rebuilding the whole ship. One way 
to do this is to create an application that uses AR to display a digital recreation of the ship on top of the 
ribs. Due to a collaboration between VHFK and BTH, students of BTH were given the opportunity to 
do a thesis project in relation to the association. 

There are several methods that can be used to display a digital ship. VR was considered, but since it 
requires a large open space, a lot of hardware and could cause motion sickness it was deemed less 
suitable for the exhibition. Another way would be to use monitors to display the ship as if in a game, 
but this has been done before and would not contribute anything “new and innovative” to the exhibition. 
AR was the last considered method. It requires a smartphone or tablet to be used, common consumer 
devices, and does not require a large space or previous knowledge to be used. This is the method that 
was chosen to be used and studied further during this thesis since it would be the most suitable for 
displaying a ship in an outdoor environment.  
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1.1.1 AUGMENTED REALITY 
 
AR is an interactive experience where the real world is enhanced or completed by computer-generated 
additions (Rosenberg, 1992). What is today consider AR was first developed in 1992 by the military 
(Rosenberg, 1992). It was a system called Virtual Fixtures that was developed by the U.S. Air Force's. 

The use of AR in cultural heritage has expanded within the last decades, much due to the developments 
made in the field of entertainment that focus more on enhancing the sensorial experience (Barbieri, 
Bruno, & Muzzupappa, 2017) (Costa & Guerra, 2018). One of the biggest games that use AR currently 
is Pokémon Go (Bastow, 2016). 

To display a model with AR, the model must have a type of anchor point fixed to an object or surface 
in the real world. There are two different methods to do this: marker-based and marker-less. Both 
methods have multiple ways of attaching an anchor point. Marker-based, as the name implies, is the 
collective name for different methods that can use different types of markers to anchor objects. It can 
be, for example, a picture (De Paolis, De Luca, & D’Errico, 2018), simple solid cylinder (Cylinder 
Target, 2019) or even a more detailed object (Model Target, 2019). Marker-less is the collective name 
for different methods that use no marker but instead creates its own anchor point. This can, for example, 
be done with the use of GPS coordinates (Leach, et al., 2018) or ground plane (Ground Plane User 
Guide, 2018). 

 

1.1.2 SYSTEM USABILITY SCALE 
 
To evaluate the usability of a system a standard "System Usability Scale"(SUS) questionnaire (Brooke, 
1986) can be used. It is a 10-item questionnaire developed to be used in usability engineering in the '80s, 
when computers started becoming more common in office spaces, to test the usability of “electronic 
office” systems. Today it is used as a tool to evaluate everything from hardware and mobile devices to 
software, websites etc. It can be used on a small group of participants and still be reliable. The 10 
questions (Brooke, 1986) are evaluated using a Likert-type scale, a commonly used rating-scale for 
research surveys, from 1-5 or “strongly disagree” – “strongly agree” (Boone Jr. & Boone, 2012).  

Figure 1: Wasa Skjul, Hallqvist 2019 (Copyright: CC BY-SA 4.0) 
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1.2 AIM AND RESEARCH QUESTIONS 

The aim of this research was to explore whether marker-based AR or marker-less AR is the most suitable 
for an application used in a cultural heritage exhibition. The objective of this project was to create an 
application that uses AR to display a ship on a certain location where ribs from the same ship will be 
displayed. The application will be subjectively evaluated in a user study, through questionnaires. 
Suitability was measured partly in the usability of the application and partly in perceived performance 
(regarding accuracy in placement, user mobility and reliability) since the application was created for use 
in a cultural heritage exhibition. The specific aspects evaluated within perceived performance in this 
thesis are: 

• Accuracy: This is evaluated by how accurate the initial placement, and continued placement, of 
the 3D model is perceived as well as whether it is placed as expected from the instructions given 
to the user study participants. 

• Mobility: This is evaluated by how well the user can move around the ship, as well as rotating 
the camera while stationary, without issues occurring.  

• Reliability: This is evaluated by whether issues occur during runtime and, in that case, which 
issues. For example, if the 3D model is "flickering", is disappearing, needs to be repositioned 
etc. 

 

Research Questions: 

RQ1: Which method of AR (Marker-based AR vs marker-less AR) is perceived to be most usable? 
 
RQ2: Which method of AR (Marker-based AR vs marker-less AR) is perceived to have the best 
performance? 

 

1.3 LIMITATIONS 

As this was a bachelor thesis project, certain limitations had to be set due to time constraints, budget 
and other restrictions. 

• The application was created using Unity3D (Unity3D, n.d.) and Vuforia (PTC, n.d.) instead of 
making it from scratch. This choice was made since the implementation of the application was 
not the focus of this research, but the comparison of the two methods.  
 

• All programs used during development were either available to students at BTH or free to 
download and use non-commercially.  
 

• We limited the research to the subject AR (in cultural heritage), and comparison of only one 
marker-based and one marker-less AR method. 
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• Since the island Lindholmen, the place where the app is meant to be used, is within a naval 
base, access to this location will be limited. Therefore, the user study was conducted on 
campus on a smaller scale instead. 

 

2 RELATED WORK 
 
One of the largest titles in the AR gaming industry currently is Pokémon Go (Bastow, 2016), a mobile 
application where the goal is to capture Pokémon’s by throwing Poké balls at them. The Pokémon 
appears on a depiction of a real-world map, their positions being semi-randomly set GPS coordinates, 
and the players must move to these positions in the real world to be able to capture them. When the 
player is close enough a 3D model of the Pokémon is contextually superimposed on the phone’s camera 
view using location-based AR and can then be captured by throwing poke balls on them through the 
phone display.  

Educating the children visiting the exhibition was one of the main goals of the article by De Paolis et al 
(De Paolis, De Luca, & D’Errico, 2018). They use marker-based AR with the purpose of bringing old 
Leonardo da Vinci sketches to life using the sketches themselves as image targets to render a 3D model 
of the inventions. This 3D model was in some cases animated to illustrate how the invention would have 
worked. For this project, the application was used on a tablet. Blender was used to create the 3D models 
based on the sketches in the exhibition and to make the models more suited for use on mobile devices 
the number of polygons was kept low. An early version of the application was created in ARToolkit but 
the final version was created in Unity3D, using Vuforia for the AR. It uses the sketches displayed at the 
museum as targets that have the digital models superimposed on the sketches when framed by the 
camera. The app was tested with a user study, providing a questionnaire to the participants, and showed 
that AR supports visual and tactile types of learners. The questionnaire was based on Kolb’s Learning 
Style Inventory format that is designed to identify preferred learning styles in adults (McLeods, 2017). 

When recreating Sheffield’s medieval castle in Situ using AR (Leach, et al., 2018), the size was one of 
the key features. Not all things can be recreated in a museum but can only be experienced in specific 
locations, in this case, they wished to display the castle where it once stood. As for the hardware, a 
smartphone was used to test the application. Specifically, the Motorola Moto Z. The application created 
for displaying the Sheffield castle was also made in Unity3D. AR is generally used indoors, with target 
markers and without. This project was meant to work outdoors and without markers, which makes it 
more complex. They also take into account surrounding buildings (correct occlusion), dynamic 
environment (such as people or traffic) and creating correct lighting of the building adapted to the real-
life light of the scene. Through the project, solutions were made to ensure that the application was 
possible to use on a consumer smartphone. For example, the castle 3D model polygon count was kept 
at approximately 55,000 to ensure the burden on the smartphone’s processor was lessened. 

In the work by Barbieri et al. the authors emphasize the importance of usability when creating a state-
of-the-art exhibition (Barbieri, Bruno, & Muzzupappa, 2017). The visitors of the exhibition should be 
able to approach and use a system immediately, without being taught or assisted. User centred design is 
when a system is designed around the intended users’ beliefs, attitudes and behaviours instead of forcing 
them to adapt to learn a new system. They developed an interactive VR exhibit that was hosted at the 
“Museum of the Bruttians and the Sea” in Cetraro, Italy. The VR exhibit was evaluated by a user study 
and a questionnaire to gather opinions on user enjoyment. The results show that the user cantered design-
approach can be used to improve the design of VR exhibits and that it gives the users an efficient and 
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satisfying experience.  
 

 
In the last decade, researchers in the areas of architectural and archaeological cultural heritage have 
employed digital techniques to for example document and study their finds (Costa & Guerra, 2018). The 
documented objects range from whole archaeological sites, buildings, ships down to smaller objects. 
There are different methods of documenting archaeological finds, each with its own benefit. Examples 
of methods mentioned in the article by Costa & Guerra are laser scanning and multi-image 
photogrammetry. Laser scanning uses laser technology to scan an object from different angles, creating 
a merged point cloud that represents the object. The photogrammetric method takes multiple pictures of 
the object that are converted to a digital representation. They made case studies, looking at these 
techniques used on shipwrecks and came to the conclusion that such techniques are excellent ways to 
obtain a 3D model of ships.   

A point cloud was used as the primary data in the digital recreation of the ship Vasa (Rose, 2014), along 
with other references such as drawings, notes, photographs and other observations made by researchers. 
Based on this data, four model files were constructed focusing on different parts of the ship.  From the 
cloud data on each section, a so-called solid model was created of the ship. A solid model defines 
geometry and volume accurately and also gives details on the objects internal structure. Once created, it 
can, for example, be cut or deformed and still behave like a solid object (as opposed to, for example, a 
surface model which if cut is hollow inside). A solid model was used since it is the most accurate way 
to describe a physical object digitally. This method is often used in CAD (computer-aided design) 
software for analysis and manufacturing. 

The recreation of the ship Le Bullongne was done for a realistic VR interactive naval simulator (Barreau, 
et al., 2015). The immersive simulation allows the user to walk around on the ship and interact with it, 
to better understand how life was organized on board. Line drawings of the ship were integrated into 
3DsMax (3Ds Max, n.d.) where they were used as the reference for creating the 3D model. The unit 
scale setup of the program was set to 1 meter, and the drawings were then scaled to the right dimensions, 
making it possible to model the ship directly in 1:1 scale. The simulation itself was implemented using 
Unity3D and MidleVR (MiddleVR, n.d.).  
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3 METHOD  
This chapter presents the methods used in this project. It explains and motivates the process of 
remodelling the ship, the implementation of the app and theory on the chosen AR methods within 
Vuforia, and also how subjective evaluations on the app was gathered through a user study. 

 

3.1 SHIP REMODELLING 
 
3D modelling has proven to be of high value when it comes to recreating cultural heritage and history 
(Rose, 2014). Visualizing something with a 3D model contributes more information and gives a more 
complete image of the object than for example measurements, photos or point clouds could. Creating 
3D models are also cheaper and easier than recreating artefacts in real life and are a good way to clearly 
visualize how something looked. The VHFK for instance, will recreate three ribs from a Swedish 18th-
century warship and relies on the digital medium to make the rest of the ship be “brought back to life” 
and be made available to the public eye once again. The ship was originally built 1744 in Stockholm 
and was then called “Adolf Fredrik” but was remade in 1770 at the docks on Lindholmen, Karlskrona 
and was then also renamed “Riksens Ständer” (VHFK, n.d.). Amongst other things, Riksens Ständer 
took part in the war between Russia and Sweden 1788-1790 where it eventually ran aground and sank 
in 1790 at the Battle of Reval. 

 

 
3.1.1 REFERENCE MODEL 

The final ship model used in the applications was based on a digital CT-scan (Figure 3) created by 
Interspectral AB in Norrköping (Interspectral, n.d.), of the small-scale wooden model of the ship (Figure 
2) used as a reference when building the ship. This original mesh consisted of approximately 25 million 
polygons; two-dimensional triangles or squares that make up the meshes surface. The polygons are built 
up from vertices, that can be explained as points in virtual space. 25 million polygons is a very high 
level of detail compared to meshes usually found in games run on computers, where the meshes are 
generally kept at a lower polygon count so as not to overburden the rendering device (De Paolis, De 
Luca, & D’Errico, 2018) (Leach, et al., 2018). Since this was meant to be used in an application run on 

Figure 2: Ship model 60-cannon ship Adolf Fredrik/Riksens Ständer, Sweden’s Naval 
Museum (Copyright: CC BY-SA 4.0) 
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a mobile phone or tablet, which does not have the rendering capabilities of a computer, the mesh had to 
be remade to suit the project's purpose. Work with the model was done in Autodesk Maya 2017 (Maya, 
n.d.) as well as the free digital painting software Krita (Krita, n.d.) for texturing. 

 

3.1.2 REDRAWING THE TOPOLOGY 
 
In the subject of 3d modelling, the process used to lower the number of polygons in a mesh is called 
“retopology”. The Maya tool “quad-draw” allows the user to create a new mesh with cleaner topology 
based on a reference surface, in this case, the scanning. The tool allows the user to create new polygons 
that snap to the surface of the reference mesh and takes on its shape. The work for redrawing the 
topology of the ship, a time-consuming process, was prolonged due to the many issues in the reference 
mesh; e.g. the surface of the mesh not being smooth as on the wooden model but very uneven, what 
appeared to be “seams” in the scanning (lines going around the whole ship, protruding somewhat from 
the surface) and small holes where there should have been none. To save time it was decided to not 
include certain details in the new mesh that existed on the reference, e.g. the missing horizontal boards 
on the hull of the ship that can be seen in Figure 2, that would not be visible in a complete ship. The 
interior (the details of the lower decks) of the ship was also not included when making the new model a 

Figure 3: The 25 million polygon mesh, converted from a CT-scan made by Interspectral AB, 
Norrköping (Interspectral, n.d.) 

Figure 4: The 16.000 polygon mesh, with texture, used in this project 
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"shell" since they would not be seen by the viewers in this particular model. The goal was to create a 
digital ship that was based on the wooden model, lowering the amount of fine details in favour of 
rendering performance. The end result was a model with approximately 16.000 polygons instead of the 
original 25 million, an improvement that enhances the application performance since it would be easier 
for the device to render. Though the end result (Figure 4) as of now is only a simpler prototype it will 
be refined in case of further use. 

 

3.2 AR APPLICATION 
 
Because of the time limit, a decision was made to use already available software to design and develop 
the application, since the focus of this project was not to make the application but to discover what type 
of AR method was the best suited for displaying a ship. With usability in mind, it was decided that the 
user interface of the application was to be minimalistic. No menus, just a simple camera with easy to 
use instructions that when used correctly was going to display a model of a ship, modelled after an old 
Swedish warship “Riksens Ständer”. 

 

3.2.1 SOFTWARE 
 
The results gathered in related work shows cases of Unity3D with Vuforia plugin being a commonly 
used combination and they were, therefore, used in this project as well.  Unity3D is a game engine that 
uses a drag and drop style interface with support for C# scripting. Vuforia is a software that can be used 
as a plugin for Unity3D to enable the development of AR content. The application was developed for 
Android and tested on a Samsung Galaxy s9 Plus.  

 

3.2.2 MARKER-BASED AR 
 
First, a prototype application was made displaying a small-scale model with marker-based AR using 
Vuforia’s image target method (see Figure 5).  

Vuforia´s image target method does not use fiducial markers, data matrix codes or QR codes (Image 
Target, 2018), instead, it can use any picture or image that can be uploaded to Vuforia´s own Target 
Manager. The Target Manager is an online database that in itself holds databases with information on 
pictures that has been uploaded by users. To be able to use a picture as a marker, a new database has to 
be created and the image or picture is then added to it. One database can hold multiple pictures and even 
other types of markers (cuboid, cylinder or 3D object). When the image is added, an algorithm identifies 
specific features in the image. Each type of marker has its own algorithm to identify details. This 
information is then saved with the image in the database. The database is then downloaded and imported 
into Unity3D. In Unity3D an instance of Vuforia’s Image target must be created for each of the different 
pictures in the database, to make it possible to identify and interact with them. The information in the 
database is then used by the software to be able to recognize the image, based on the details during run 
time, and project a model onto the image target when in frame of the camera. The model can then be 
viewed freely without the image in frame using the device´s sensors. Since this method was based on 
the camera identifying an image base on details it is usually used indoors, to minimize things that would 
alter the appearance of the target image such as solar flares, light changes, weather etc.  
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3.2.3 MARKER-LESS AR 
 
Another prototype was made to test marker-less AR as well. Since the VHFK requested for the ship to 
be 1:1 scale (approximately 46 meters long) the type of marker-less method first considered to be used 
was location-based AR using the phone’s GPS. This option was unavailable since, after some research, 
all working options for location-based AR were software that had to be paid for. Instead, Ground-Plane 
was chosen as the marker-less method. The Ground-Plane method works by using two of Vuforia’s own 
Trackers, Smart Terrain API in combination with Device Tracking, and Trackable Anchors (Ground 
Plane User Guide, 2018).   

Smart Terrain (Smart Terrain, n.d.) is an API that scans physical objects and surfaces and then 
reconstructs, recognizes, and tracks them. It does this by using Visual-Inertial Simultaneous 
Localization and Mapping (VISLAM, 2019). VISLAM is an algorithm that combines Visual-Inertial 
Odometry (VIO) and Simultaneous Localization and Mapping (SLAM) that have been implemented by 
Vuforia. Visual odometry (VO) is a process used in robotics that determines the position and orientation 
of the object using it by analysing and comparing camera images to estimate distance covered while 
moving (Maimone, Cheng, & Mattheis, 2008). VIO is a type of VO that also combined the use of an 
inertial measurement unit (IMU), a device measuring objects angular rate and specific force with the 
help of gyroscopes and accelerometers (Starlino, 2009).  

SLAM is a technique that maps an environment while simultaneous tracking the position of the camera 
(Lindholm & Pålsson, 2015). This 3D point cloud can then be converted into a 3D mesh that different 
textures or surfaces can be superimposed onto. Ground-Plane only uses smart terrain to identify a 
surface.  

Device tracking is responsible for the position and orientation of the device in World Space. It does this 
by using the devices camera and different sensors (Ground Plane User Guide, 2018). It is also 
responsible for placing, removing and keeping track of Anchors, Persistent points in 3D Space. With 
the help of Smart Terrain, it can identify a flat surface and place an anchor point.  

Figure 5: The ship on an image target in the Unity3D game engine   
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A scene is then projected onto these anchor points. The scene is represented by a grid, 100 cm by 100cm 
in the real world for reference, in unity3D (see Figure 6) and can contain multiple models. (Hit-box, 
raytracing in the virtual world). 

 

3.2.4 FINAL APPLICATION 
 
When the 3D model of the ship was finished it was added to the unity3D scene for each application and 
was scaled so the ship would be approximately 46 meters in length when projected in real life. This 
caused some unanticipated issues. To be able to see the model it had to be placed some distance from 
the placed marker/ground plane, but when trying to pan the displaying device the ship always 
disappeared. Another problem that appeared was that the device could not move too far away from the 
target-marker without the model disappearing. This made displaying a full-scale model more 
troublesome than it was worth and it was decided to scale it down to approximately 3 meters in length 
(see Figure 7). Scaling down the ship size was beneficial to the user study as well, since using the full-
size model would have made it difficult to conduct a user study in a controlled environment.  

Figure 7: The final application in use 

Figure 6: The ship on a ground plane in the Unity3D game engine 
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3.3 USER STUDY 
 
To evaluate the applications a  user study was conducted. Since the goal was for the final application to 
be used at an exhibition it was important to collect the subjective evaluations of the participants. At an 
exhibition, the visitors should be able to use the application instantly. No learning should be required to 
use it, apart from possibly a few short verbal instructions. Since the potential users might consist of a 
variety of ages and backgrounds, the goal was to also make it possible for most of them to use it without 
having any problems. Because of this, when asking for participants for the user study, there were no 
limitations beyond being student or staff at BTH and over 18 years old.  

Another option considered for measuring performance was to use a script that would take quantitative 
measurements during application runtime. This was decided against, since the time available for the 
project was not enough to create and implement a script that could detect and document the rendered 
model e.g. disappearing, flickering, moving. These variables could instead be gathered with a perceived 
performance questionnaire during the user study, a suitable option since the participants' subjective 
evaluations are important to an application that could be used by exhibition visitors. 

First, a small pilot study was made on Lindholmen with people from the association to test the user 
study procedure and questionnaires in preparation for the main study. During the pilot study, no 
questionnaire results were gathered for the thesis, since the participants had previous knowledge about 
the project and were therefore biased. The main study was then conducted for two days on Blekinge 
Institute of Technology, campus Gräsvik. 

 

3.3.1 ETHICAL EVALUATION 
 
Since this project includes a user study with human participants, an advisory evaluation from the Ethical 
Review Authority has been filled out. The evaluation contains things that are relevant to consider and 
possibly prevent to make sure the user study is conducted ethically. The listed areas to consider are: 

• Storage of and access to the gathered data 



12 
 

The user study data was collected and stored online and was accessible only to the user study 
administrators and supervisors. 

• How participation is requested and informed consent 

An information letter was posted on campus Gräsvik and was also handed out as flyers during the days 
of the user study. During the user study, the participants would get written information about the 
experiment. This information included what was required of them and the duration of the user study, 
amongst other things. They were informed that their participation was voluntary and that they could 
leave at any time without giving a reason.   

• Relation to participants, and its effect 

Those who were given the opportunity to participate were students and staff at BTH. There were no 
acquaintances between user study administrators and participants other than possibly classmates. This 
was done to prevent closer acquaintances from being biased during the user study.  

• Maintaining integrity and anonymity/confidentiality 

The questionnaire answers were given anonymously and in a way that they could not be correlated to 
any individual participant. No personal questions were included in the questionnaires other than age and 
gender, which both had the option not to answer. 

• Balance between risk and benefit & possible risk prevention and handling 

The user study was designed not to and not anticipated to affect the participants physically or mentally 
in any way. The conclusion of this evaluation was that this user study included no risk for the 
participants.  

 

3.3.2 USABILITY QUESTIONNAIRE 
 
The standard "System Usability Scale"(SUS) questionnaire (Brooke, 1986) was used to evaluate the 
usability of the two applications. To this questionnaire (Appendix A), a few questions were added asking 
for the age, gender and previous AR experience of the participants. This questionnaire was used to 
evaluate the two AR methods separate from each other to later make a comparison between them. For 
this reason, an extra question was added, asking which AR method had been tested, to make it possible 
to distinguish which results belonged to which method during the calculation of the scores. 

To get the final results, the answers to each item were converted from a 1-5 scale to a new scale between 
0-4. They were all added together and multiplied with 2,5 to get the total score on a 0-100 point scale 
(Brooke, 1986), where 68 is the average (usability.gov, n.d.). This is the standard procedure when 
calculating the results of a SUS questionnaire. 

 

3.3.3 PERFORMANCE QUESTIONNAIRE 
 
A separate questionnaire was created, with 10 questions asking the participants of their perception on 
the application’s perceived performances and to compare the two AR methods (Appendix B). The 
performance questionnaire included questions on which method was easier to use, which method had 
the most issues during runtime and if this application was something they would use if available at a 



13 
 

museum or similar. The answers also gave data on perceived performance, since the questions included 
information regarding accuracy, mobility and reliability.  

When evaluating perceived performance these are the things that were considered for each subject: 

Accuracy 

• The initial placement of the 3D model in relation to the target 
• Whether it was placed as anticipated by the user 
• How well it stays in place during runtime 
• If it disappears or moves, how well it returns to its original position 

Mobility 

• When moving around the target, how well it recomputes the model's position and rotation in 
relation to the device  

• How well it was showing the model without the target in view 

Reliability 

• Whether it was blinking (during runtime) 
• Whether it was disappearing (during runtime) 
• Whether it was moving or drifting (during runtime) 

 

3.3.4 EXPERIMENT PROCEDURE 
 
After hearing the necessary information and giving verbal consent, the participants were first given the 
phone with one of the two applications running. To make sure the results were not affected by which 
method was tested first (and to counterbalance the learning effect), random assignment was used to 
decide which method each participant started with. They were then asked to use the application to 
superimpose the ship above a table, as instructed. With the ship superimposed above the table, they were 
asked to perform the simple task of walking one lap around the table while keeping the model in frame 
the whole time. When the task was done they were also given some time to use the application freely 
and then answered the SUS questionnaire for the first method. To differentiate the SUS questionnaire 
answers for the two methods, a question had been added at the beginning where the participants had to 
put in what method was currently being evaluated. They were then asked to test the second application 
in the same way, as well as answering the same questionnaire for the second method. When both 
applications had been tested, they were asked to answer a final questionnaire regarding the perceived 
performance of the two applications and a comparison between the two methods.  

The two categories tested were perceived performance and usability. As mentioned above, perceived 
performance, in this case, means accuracy in placement, user mobility and reliability of the application. 
The task they were asked to perform, walking around the model, was implemented to test all these 
variables and was meant to simulate the situation of a museum visitor using the application.  
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4 RESULTS 
This chapter presents the results from the user study, on usability and perceived performance. 

4.1 USABILITY RESULTS 
 
The user study got a total of 14 participants, of which the majority were males (85.7%) between the ages 
18-35 (57.1%). 71.4% of the participants said that they were unsure or had no previous experience in 
using AR applications. 

When comparing the final scores from every participant, the average results for the methods (Figure 10) 
were 90.5 points for marker-based AR (with individual scores ranging from 80-100) (see Figure 8) and 
86.8 points for marker-less AR (with scores ranging between 67.5-100) (see Figure 9). These average 
results would, according to Sauro J., be ranked as “Acceptable” (Sauro, 2018). Since a system should 
be above the average of 68 points to be considered usable (Brooke, 1986), the scores of 90.5 and 86.8 
indicate that the participants felt that both applications were indeed usable. As previously mentioned, 
even though there were only 14 participants the results are reliable since SUS provides reliable results 
even with smaller test groups (Toft Knudsen, 2019). From this questionnaire, no apparent difference can 
be seen between the methods, since it is only measuring standard usability. The small difference in 
results between them could be explained by the results of the performance questionnaire.  

  

Figure 8: Results from SUS evaluation of marker-based AR 
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4.2 PERCEIVED PERFORMANCE RESULTS 
 
In the performance-related answers, there were larger differences between the methods. According to 
the collected results, the participants perceived the marker-based application to be better performing 
than the marker-less. As mentioned before, the perceived performance was split up in three main 
categories; accuracy, mobility and reliability. In all these categories the marker-based application was 
perceived as better performing. Regarding accuracy, it can be seen in Figure 11 that 57.1% of the 
participants found it easier to make the ship appear using the marker-based method. 85.7% felt like the 
ship appeared where they expected it to as opposed to the marker-less application with only 35.7% (see 
Figure 12). Figure 13 shows that about two-thirds of the participants experienced the ship moving during 
runtime, and it also shows that the majority within those two-thirds had this occur more in marker-less 

Figure 9: Results from SUS evaluation of marker-less AR 
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than in marker-based or only in marker-less. From these answers, a conclusion can be drawn that 
accuracy was perceived as better in the marker-based method.   

 

The task of the participant walking around the model was mainly used to test Mobility and Reliability, 
and since they overlap somewhat and depend on each other, they were interpreted together. During the 
development of the applications, the act of moving around with the device showed two main issues: the 
ship flickering/blinking and the ship disappearing. Both issues occurred during the user study, in both 
methods, but blinking was more common. Amongst those who experienced the “blinking issue”, a 

Figure 11: A comparison of which method was easier to use 
regarding making the ship appear 

Figure 13: Statistics regarding unwanted model-movement during 
application runtime 

Figure 12: multiple answer question regarding anticipation on the 
initial placement of ship 
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majority had it happen only in marker-less or more in marker-less than marker-based (with just one 
occurrence of it happening only in the marker-based method) (see Figure 15). The ship disappearing 
during runtime did only happen to 4 (28,6%) of the participants (see Figure 14). Only one of them had 
it happen in both methods (but more in marker-less than marker-based), and to the rest, it only happened 
when testing marker-less. Figure 13 can somewhat be connected to the mobility and reliability part of 
the test since the issue could occur both with the participant standing still and moving around. Based on 
these results it can be concluded that mobility and reliability also were perceived as better with the 
marker-based application and was therefore also the one perceived as better performing in the 
comparison of the two by a small margin.  

 

  

Figure 14: Statistics regarding model disappearing during 
application runtime 

Figure 15: Statistics regarding model blinking during application 
runtime 
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5 ANALYSIS AND DISCUSSION 
 
The results of this research had shown that marker-based AR was considered more usable and perceived 
as better performing of the two methods. This concurs with previously made research where others have 
chosen to use this method successfully in a museum environment (De Paolis, De Luca, & D’Errico, 
2018). Though it could be noted that, in both of these situations, the applications were used indoors, 
which means it could possibly differ if it was instead used outdoors (as it would be on Lindholmen). 
Further research would be required to confirm this hypothesis. 

A few issues appeared during the user study. For example, the naming of the methods being very similar 
(marker-based and marker-less) caused confusion with some participants that perhaps could have been 
prevented by instead using the names of the specific methods (image-target and ground plane). This was 
handled by giving the participants additional verbal information as well as referring to the methods as 
“with image” (marker-based) and “without image” (marker-less). Another issue that could threaten the 
validity of the results was that some of the SUS questions (such as “I think that I would like to use this 
system frequently” or “I found the various functions in this system were well integrated”) were not quite 
suited to our specific applications and therefore some confusion arose. This issue is something that was 
considered at an early stage in the project, but it was decided not to change it since the calculation of the 
results requires this standard format to be correct.  

Prior to the user study, the ship size was discussed. On Lindholmen the ship will be full scale, 46m long 
from bow to stern, and this would not be possible to test on campus in a controlled, private environment 
to avoid biased participants. A visitor is expected to be able to move around within the viewing area and 
the ship should stay in place and on screen for this. Some smaller issues may occur but optimally things 
like the ship drifting away, flickering and disappearing etc. should be kept at a minimum. The solution 
to this was, as mentioned, to do the user study test on a smaller model instead.  

During the user study, the model drifted away from its original placement in a few occurrences for both 
methods. After observing the participants and seeing the study results, one possible cause for this to be 
happening is since marker-based AR places the model based on an image, its accuracy in placement 
seems to be better than the marker-less, which places its model on what it interprets as a flat surface. 
When the user and device move the application needs to recompute the placement of the model. Where 
the marker-based method has the image to refer back to the marker-less has to recompute the surface 
area, which generally has fewer details to attach to, making it harder to put the ship in the same place 
again and might lead to the model moving or "drifting". This happening is possibly what can be observed 
in Figure 13. One cause for this could be that, when using SLAM, there is an insufficient amount of 
details on the surface for SLAM to map and track when the camera is moving. This theory was tried and 
implemented in preparation for the user study. As the model was first superimposed above a clear table 
the application had trouble registering the flat surface, possibly because of lack of details and the sun 
reflecting in the surface, and the model was therefore prone to moving or drifting away if it chose to 
appear at all. By adding details such as papers and notebooks in different colours to i.a. mark corners of 
the table the application had an easier time to recognize the flat surface and therefore the ship moved 
less. For the marker-based method, the cause could be similar. A lack of details, caused by image size, 
distance from the camera or a general lack of details in the image used, makes tracking the marker more 
difficult. This seldom occurred during development and preparation for the user study, so no changes 
were made to the marker. If this experiment was to be repeated, a larger and more detailed marker could 
be used to prevent this issue further.  
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When asked in the questionnaire, most of the user study participants answered that they did not feel that 
any of these issues ruined the experience. They also said that they would use this if available in a 
museum (or similar) (Figure 16) and that it would even enhance the experience (Figure 17). 71,4% of 
the participants had not, or were uncertain if they had, used AR prior to the user study (Figure 18). But 
with just a few instructions they could use the application and enjoy it as much as someone with prior 
experience, giving an additional indication that the created application was successful in its purpose of 
being usable and enjoyable to anyone. These answers support what was hoped to be achieved in this 
project, and in cultural heritage in general. By sharing cultural heritage using modern technology focus 
is shifting towards entertaining visitors instead of the more traditional museology. AR allows the visitors 
to be more involved in the exhibition rather than just being passive viewers and is therefore also 
increasing the interest, enjoyment and educational value. 

 

  

Figure 16: Statistics on whether this application would enhance a 
museum experience 

Figure 17: Statistics regarding interest in this application being used 
in a museum environment 
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The result of this thesis has also been valuable to the cooperation with VHFK. During this project, the 
focus has been on the research, but a parallel goal has been to create a functional application for their 
new exhibition. Their initial goal was to show a full-scale digital replica of the ship on Lindholmen, 
where the ribs of the ship will be displayed. Due to it being difficult to test this in a controlled 
environment or getting participants into the military base where Lindholmen is located, separate 
applications were made for the research and VHFK to use. The application created for them was based 
on the ones created for the user study but further developed with their conditions in mind. As a 
workaround, to achieve the described scale, the wall of “Wasa Skjul” (an iconic building on Lindholmen 
where Riksens Ständer was reworked) was used as an image target to project the ship in the right 
location. This gives the scale that was sought after, but also comes with the limitations in mobility since 
the viewer must be at a certain spot to be able to superimpose the ship. They can only move a few meters 
in each direction from this spot, meaning they can’t walk around the ship and view it from different 
angles as intended. Though it can be noted that even though the small-scale model was not what was 
meant to be used at the docks, the image target that was used during the user study exists as an 
information sign there as well. This version will be used by them as an opportunity to let the visitors 
study the details of the ship closer and from more angles.  

  

Figure 18: Statistics regarding prior experience with AR. 28 answers since 
the question was answered twice per participant, once for each AR method. 
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6 CONCLUSIONS AND FUTURE WORK 
 
In this report, a subjective evaluation of two AR methods, image-based (marker-based) AR and ground 
plane (marker-less) AR, has been presented. The project has been done in cooperation with VHFK, and 
the end goal was to create an application for their new exhibition that will display a ship using AR. An 
application was implemented for each method and then evaluated in a user study. The results from the 
user study showed that the applications created were both usable and perceived as well performing. The 
participants felt that it was easy to use, even without any previous experience with AR, and would 
enhance a museum experience. In the comparison of the two methods, the marker-based AR option was 
perceived as the most usable (answering RQ1) as well as better performing (answering RQ2), both by a 
small margin. The results presented in this thesis are not only beneficial to this project and to VHFK, 
but to any museum or cultural heritage association wishing to adopt these methods.  

Since only one of each type of AR method was compared in this thesis, a possible next step could be to 
bring in others and make more comparisons. For example, the original thought for this application was 
to have it use GPS to position the ship, but since the project was limited to free software this was not an 
option. Another option is to use a 3d model target instead of an image, for example, the ribs of the ship 
when they have been raised on Lindholmen. It could also be relevant to experiment with different levels 
of details (numbers of polygons) in the model. Mobile devices get more powerful each iteration, which 
makes it possible to render more detailed models. Since visitors might want to be able to study an object 
at an exhibition up close, adding as many details as possible (without it affecting performance) will give 
a more realistic and enjoyable experience. 

Direct collaboration with VHFK has proved beneficial since it has provided an opportunity to get direct 
feedback from the people who would use an application like this in their museum. Since it is possible 
they will use the application as part of their exhibition, this also gives the opportunity to work further 
on this study by collecting more evaluations from the museum visitors. This would allow for a more 
accurate representation of real-world use instead of a restricted testing environment and would give cues 
on how to develop the application further. The next step is to complete the ship-model by adding more 
details that are currently missing e.g. interiors, cannons etc. One direction to take it even further would 
be to enhance the educational aspects by e.g. adding informative text to the user interface and/or 
voiceover. Another direction, perhaps more aimed at the younger visitors, would be to make the 
application more game-like. A puzzle or a battleship-style game, or just make it possible to explore the 
ship in closer detail by clicking different parts of it. The exploration in itself could also be done as a full 
VR experience.  
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APPENDIX A 
SUS QUESTIONNAIRE 



25 
 

  



26 
 

  



27 
 

APPENDIX B 
QUESTIONNAIRE ON PERCEIVED PERFORMANCE 
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