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ABSTRACT 
The concept of augmented reality has existed since the 60’s. In 
this thesis it has been investigated if navigation using a mobile 
device would benefit, from a usability perspective, if the 
navigational data were presented using augmented reality instead 
of a standardized map. The usability principles from which the 
applications were evaluated are learnability, user satisfaction, 
efficiency and effectivity. An AR prototype was developed and 
tested against a standard map, in the form of Google Maps, both 
used on a smart phone. The experiments were performed using 
think aloud during the tests and questionnaires before and after to 
collect both quantitative and qualitative data. The experiment was 
performed using possible users of AR as test subjects. The results 
were very similar for both applications but in favor of Google 
Maps. The author reflects on the results and the method and 
provides different situations where one might be better than the 
other. 
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User Experience, Augmented Reality, Mobile Augmented Reality, 
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1. INTRODUCTION 
A lot of the technology that we see today as normal has come 
from science fiction. Mobile handheld devices, such as 
smartphones and tablets, is one of those things that we use today 
in our everyday life that people only imagined before. Being able 
to see an edited world where the real and the virtual blends is 
another one of those ideas that has flourished in science fiction. 
Today it is real and it is called augmented reality. 

Augmented reality (AR) is described as a view of the real world 
modified by a computer. It is a subset of virtual reality (VR), but 
differs in the way that AR brings the virtual into the real world 
whilst VR substitutes it. This distinction between AR and VR 
gives the users different experiences, whereas AR offers the user a 
greater sense of realism than VR does. The concept of augmented 
reality was first pioneered by Ivan Sutherland (1968), who 
developed a head-mounted 3D display, shown in Figure 1, but the 
term was not coined until 1992 by Thomas Caudell and David 
Mizell (Caudell and Mizell, 1992). 

 
Figure 1. The swords of Damocles 

Even though the technology has been around for more than two 
decades it is still not out of its infancy. The Gartner’s Hype cycle 
is a methodology which helps enterprises to decide on innovation 
investments by showing how mature technologies are (Gartner, 
2014). Figure 2 shows the Gartner’s Hype cycle for 2014. As can 
be seen, Augmented reality has past its initial hype and is now in 
the state of maturing into a lasting technology.  When a 
technology is in this state, only successful technologies will start 
to climb towards and finally emerge into the plateau of 
productivity. According to the cycle, AR is estimated to reach the 
plateau of productivity within five to ten years. 

There are a lot of possibilities offered by the AR technology that 
is being developed. The areas of use stretches from industry and 
military to medical use and computer games. The development 
and spread of smart phones and small handheld devices is 
continuously increasing and the research on AR technology have 
had to adapt and increase with it  (Azuma et al., 2001). As with a 
lot of research in the area of computer science, and which has 
been pointed out by many usability researchers, most of the 
research done on AR is technology driven and the user experience 
tend to come in second place if considered at all (Ko et al., 2013).!!
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Figure 2. Gartner’s Hype Cycle 2014 

 

 Despite the technology focus of AR research, user experience in 
AR has been brought up to attention in the last couple of years 
(Ko et al., 2013, Olsson et al. 2011, Kourouthanassis et al., 2013).!
A review was done in 2014 showing that out of the 557 
publications, published between 2005 and 2014 researching 
Mobile Augmented Reality (MAR), only 35 was about user 
experience in MAR (Irshad et al., 2014). The conclusion to be 
drawn from these results is that there is a lot more space for 
research to be done on UX and interaction design in MAR. 

With the increase of mobile devices and the growth in 
performance of these devices, new opportunities have been 
created for researchers, engineers and designers to create and 
explore new experiences. As a result of all the new challenges that 
arise from this area, the MAR field has become popular as well as 
a new field of study has been established. It is called Mobile 
Human-Computer Interaction (MobileHCI) or Mobile Interaction 
Design (de Sá and Churchill, 2013). Some of these new 
challenges involve new distractions that occur whilst using a 
mobile device, for example, the displays are smaller and the 
limitation of only using one hand for interaction with the device. 
All these new challenges and ways of interacting has also led to 
an increase in usability testing on handheld devices (Lazar et al., 
2010). 

As the technology becomes more and more sophisticated and the 
need for navigational aid is increasing at the same rate as people 
are traveling, researching a combination of these is highly current 
and with its time. 
In this thesis an experiment was designed to investigate if 
navigation using a mobile device would benefit, from a usability 
perspective, if the navigational data were presented using 
augmented reality or a standardized online map, such as Google 
Maps. A prototype was made to be tested against Google Maps, 
both on a mobile device, it was evaluated according to the 
usability principles of learnability, efficiency, effectivity and user 
satisfaction. In addition to the testing an initial survey study was 
made to understand the users previous knowledge and experience 
of the two concepts. After the test sessions a post-test 
questionnaire was filled out to collect the thoughts and 
experiences of the test subjects that might not have been recorded 
during the test sessions using think aloud. The experiment was 
performed using possible users of AR as test subjects. This thesis 
will only discuss the specific test of this AR prototype versus 

Google Maps and not venture into other ways of building a 
prototype or other areas in which AR could be used. 

1.1 Research question 
The following question will be answered in this thesis:  

For navigational purposes, which view is more usable, an 
augmented reality view or a standard map view such as Google 
Maps?  
The requirements on which to base the statement of usability are  

• User satisfaction 

• Efficiency 

• Effectivity  

• Learnability 
The following complementary question is also answered. 

Are there any navigational situations where one is not necessarily 
better than the other?  
 

1.2 Purpose and aim 
The purpose of this thesis is to learn if augmented reality is better 
for navigational purposes than the type of standardized map most 
widely used today. The aim of this thesis is to get a better 
understanding of AR and navigation through testing of an AR 
prototype against Google Maps. 

1.3 Scope and delimitations 
The scope of this thesis is delimited to augmented reality and 
navigation and only the part when they are combined. Eventual 
development of an own framework for an Augmented reality 
application has not been discussed nor have the advantages and 
disadvantages of choice of platform for development and testing. 

2. LITERATURE REVIEW 
This section provides the reader with scientific background to the 
research question. The concept of augmented reality is explained 
along with different use cases and usability in mobile augmented 
reality applications. 

2.1 Augmented Reality 
There exist different versions of the definition on what augmented 
reality (AR) is. What can be said is that all agree on Milgram’s 
reality-virtuality continuum, which is a continuum that spans 
between the real environment and the virtual environment, seen in 
Figure 3. It places AR as a subfield of the broader concept of 
mixed reality (MR) (Milgram et al., 1994).  

One definition that is widely used, and the one combined with 
Milgram’s that was used in this paper, is the one by Azuma et al. 
(2001). According to them, an AR system must have these 
properties: 

• combines real and virtual objects in a real environment; 

• runs interactively, and in real time; and 

• registers (aligns) real and virtual objects with each 
other. 

The definition of AR provided by Azuma and Milgram is, to date, 
accepted by many researchers and the most important standard for 
AR (Ko et al., 2013). It is also the definition that is going to be 
used in this thesis. 



Figure 3. Milgram’s reality-virtuality continuum 
 

Many researchers also mention that an important distinction has to 
be made that AR is in this definition and in many others not 
restricted to our sense of sight. AR can potentially be applied to 
all senses, such as smell, hearing and touch. A great example is 
Loomis et al. (1993) who created an application that would help 
blind students navigate their university campus through tracking 
of their position and presenting spatialised sonic location cues.  

2.1.1 Divisions within AR 
There exist a lot of different applications using AR and the need 
to divide them into different categories has arisen. You can divide 
AR applications into three major categories based on their 
functionality. 

• AR browsers 

Applications in which you insert elements from the Internet 
to provide contextual information such as, for example, 
navigational data. Example of applications of this type is 
Compass3601, Wikitude2, CorfuAR (Kourouthanassis et al., 
2013) and the AR Trail Guide (Bolter et al., 2013). 
• AR viewers 

Applications that allow users to place 3D models in the 
environment, mainly thanks to trackers. Examples of these 
AR viewers are Layar3 and Augment4. 

• AR games  
These applications use AR to immerse the gaming 
experience, having elements from the game exist in your own 
environment. Examples of these games are Sky siege5 and 
Ingress6. 

Another distinction that is often made is whether the AR system is 
marker-based or markerless. Marker-based AR identifies marked 
objects and locations that has digital information attached to them 
through the camera of the device and augments that information 
based on those markers. A disadvantage with marker-based 
systems is that any other sensor than the camera cannot recognize 
the marker. Marker-less or vision-based AR is augmenting digital 
information by identifying properties of objects, such as location 
or shape, and tracking them after identification. The advantage 
                                                                    
1Compass360: https://itunes.apple.com/us/app/id384527808?mt=8 
2 Wikitude: http://www.wikitude.com/  
3 Layar: https://www.layar.com/  
4 Augment: http://augmentedev.com/ 
5Sky siege:https://itunes.apple.com/se/app/sky-siege-

3d/id349892759?mt=8  
6 Ingress: https://www.ingress.com/  
 

with this approach is the lack of need for physical markers to be 
able to track objects but the disadvantage is that it is difficult to 
implement real-time image processing and augmentation (Ko et 
al., 2013). 

As shown above, the variety of the AR field is displayed in both 
the systems and devices used as well as in the applications. The 
applications can be everything from individual-centric services 
such as navigational help and assistance to medical, military and 
industrial contexts (Kourouthanassis et al., 2013). The devices 
used range from smartphones and tablets to head mounted 
displays (HMD). There has been a lot of development using HMD 
as device for AR (Feiner et al., 1997, Reitmayr et al., 2004) but 
since the computers and the hardware in mobile phones have 
become increasingly better the focus has shifted towards hand-
held devices.   

2.1.2 Mobile Augmented Reality 
The concept of mobile augmented reality (MAR) was developed 
in the mid-1990s. It takes AR and applies it to a mobile setting, 
away from the conditioned, closed environments with desktops as 
tools (Karimi, 2004). The diversity within AR creates the need to 
define where the domain of MAR stands in the AR field. 
Kourouthanassis et al. (2013) define MAR as an extension of the 
scope and prospective functionality of “traditional” AR whose 
interaction occurs through wireless devices, such as smartphones 
and tablets. To create that interactive environment, MAR 
combines AR with wireless communication and location-based 
computing and services (LBS).  
The location data is derived from the compass, accelerometers and 
GPS data. All of these can be found in a smart phone. Even 
though all of these have improved the last years and will continue 
improving, the fact that exact accuracy is still hard to achieve puts 
a restraint on how good MAR applications can be when using 
locational data to provide information. The other big part of MAR 
is the wireless communication, which occurs through wireless 
networks. For this to work you need connection to networks 
wherever you are, which is something that is not a certinty on all 
locations. Other challenges that MAR applications face may 
include object recognition and tracking, real-time information 
retrieval, user interaction and information visualization 
(Kourouthanassis et al., 2013). All of these areas might become 
challenges because MAR applications are highly decentralized 
and focus on multiple objects at the same time in the same 
environment. Hence the application needs to be able to discern 
each object from one another and decide which is of interest and 
search for information that might be semantically attached to that 
object and then present that information in a way that is user 
friendly.   



2.2 Usability in Augmented Reality 
2.2.1 Interaction Design in MAR 
The use of mobile devices has been growing for a long time and 
during that time the devices have rapidly been growing in 
capabilities, power and features. This overall increase in 
performance in the mobile devices has created new opportunities 
for researchers, engineers and designers to create and explore new 
experiences. Interacting with entities in real-time is at the core of 
what augmented reality browsers do. They give the user the 
impression of natural interaction by providing convincing 
feedback (Reitmayr et al., 2004). There are some guidelines and 
proposed principles, such as using context to provide content, 
only deliver relevant-to-the-task content and supporting 
procedural and semantic memory, for how to design a rich user 
experience in MAR provided by existing literature but since the 
research of MAR is mostly technology driven the proposed 
principles and guidelines are overlooked and not implemented 
(Kourouthanassis et al., 2013). 

One part of the interaction between the user and the AR artifact is 
the visualization that takes place in the artifact. Data density is 
one of the larger problems. If we were to augment the real world 
with a large amount of virtual information, the display might 
become cluttered and henceforth unreadable and unusable. Unlike 
other applications that are dense on information, AR applications 
must, without changing the physical world, manage the interaction 
between the real world and the virtual information (Azuma et al., 
2001). There are different approaches to the handling of the 
information. Julier et al. (2000) propose a filtering technique that 
uses the goal of the user, the relevance of each object with respect 
to the goal and the position of the user to decide what information 
to show to the user. Another approach, used by Bell et al. (2001) 
uses tracking of real entities and a model of the environment to 
make sure that virtual information is not placed on top of parts of 
the environment that might be important to the user for orientation 
and other information. 

2.2.2 Navigation in MAR 
According to many researchers, augmented reality is an eminent 
user interface for mobile computing applications, allowing 
intuitive information browsing of information referenced from 
locational data (Reitmayr et al., 2004). 

The development of navigation has progressed a long way since 
Azuma et al. (2001) talked about using databases over 
environments from which they can base the tracking on the visible 
horizon silhouette and the GPS needed clear view of the sky to 
track the real-time positions outdoors. Maps are one of the main 
categories where AR is applicable. There have been a lot of 
research done on augmenting physical maps (Morrison et al., 
2009). A lot of them have been done in laboratory settings which 
then neglects some of the aspects that might disrupt interaction. 
One of these aspects is that in the real world, the user is physically 
emerged in the environment of which the map refers to. The 
disturbance of multi-tasking is another important aspect. MapLens 
(Morrison et al., 2009) is one research project that studied 
navigation through augmented maps but moved it away from the 
controlled environments of the lab. Narzt et al. (2006) took it a bit 
further, moved away from the maps and superimposed a digital 
path upon a video stream from a mobile device. 
Research shows that people who learn the environment through 
studying maps have difficulties translating the overhead 
perspective to a horizontal one, which is the one you use when 
navigating in an environment. In contrast, people who have learnt 

the environment through purely navigating through it have 
difficulties deciding the straight-line distance, which can create an 
inaccurate estimate of the distance (Thorndyke and Hayes-Roth, 
1982). Although there are other studies contradicting these 
statements, where results point to little difference in learning from 
navigating an environment and learning it from a map 
(Richardson et al., 1999). 

Navigation and information browsing are two themes that are 
often paired up when demonstrating wearable technology and 
mobile augmented reality, because they are both dependent on 
spatial data collection and fit for mobile computing. There are a 
lot of applications done to test these concepts. The touring 
machine by Feiner et al. (1997), and the work of Reitmayr et 
al.(2004) are two examples where navigation in augmented reality 
has been researched for navigational purposes. 

One way of showing directions is using waypoints, as Reitmayr et 
al. (2004) does. They use a series of waypoints visualized as 
standing cylinders connected by arrows to show the direction in 
which the user should move. Another way to visualize navigation 
is painting a semi-transparent color on the road (Narzt et al., 
2006). Höllerer et al. (1999) uses a semi-transparent tube to show 
the user the path to her destination. All of these approaches have 
never been tested against each other so no conclusion can be 
drawn which is the better. All these different ways of showing 
directions can be seen in Figure 4. 
 

 
Figure 4. Different ways of designing waypoints, from left to 
right: Höllerer et al. (1999), Reitmayr et al. (2004), Narzt et 

al., (2006). 
The work in this thesis tried to implement, to the fullest extent, the 
guidelines and principles provided by literature and allowed by 
the chosen framework. The test sessions were designed to either 
confirm or reject the research presented in the literature review 
and to discuss how using augmented reality can move the field of 
mobile navigation further into the future. 

3. METHOD 
This section describes the methods used throughout this thesis to 
achieve the result. The main method was within group design and 
the experiment consisted of three stages, the initial survey study, 
the prototype testing and the post-experiment questionnaire. 

3.1 The Test Subjects 
The test subjects were chosen on the criteria of being possible 
users and early adapters of the technology. The ten test subjects 
were therefore all but one working within IT and almost everyone 
was familiar with the concept of AR. There were an equal amount 
of females and males and the age of the test subjects were 
between 23 -37 years old. 

3.2 Initial Survey Study 
A survey was constructed to get an overview of the test subjects’ 
previous experiences using Google Maps, AR and the device that 
was used during the tests, it was answered by the same test 
subjects who then performed the experiment. Since Maps is 
widely used and AR is not it was important to get a feel for the 



amount of previous usage that existed among the test subjects, 
since that could influence the results from the tests. Besides the 
previous experience of the test subjects, the survey contained 
questions about the subject’s relation to navigation and previous 
experiences using handheld devices for navigation. 

The questions from the survey can be found in Appendix A. 

3.3 Design of Experiment 
After gaining knowledge of the users’ previous experience a 
prototype was made and tested against the Google Maps view.  

All the test subjects were informed that the AR view was only a 
prototype and not a finished product. This was done to minimize 
the risk of subjects perceiving the AR view as a finished product 
and lead to user disappointment. They were also informed that the 
their participation in the test sessions were anonymous, that they 
could quit whenever they wanted to and that that they gave their 
consent for quoting them. 

3.3.1 Within Group Design 
Within-group design was used on the experiment to minimize the 
influence of the individual traits of the test subjects, such as prior 
knowledge of the area and navigational skills. Within-group 
design was also chosen for the benefit of a small group of test 
subjects still giving good and viable results. For this purpose the 
amount of 10 test subjects were chosen to participate.  

 
 
Figure 5. To the left: A map over the route taken with Google 

Maps. To the right: the route taken with the prototype. 
 
One risk that is always present when using within-group design is 
the impact of learning effects and fatigue when testing multiple   
features in one go (Rubin and Chisnell, 2009). To minimize those 
risks the order in which the subjects performed the tests were 
changed between the subjects to eliminate the threat of fatigue and 
recognition influencing the results, taking the learning effect into 
account. To further reduce the risk of the learning effect, different 
routes were chosen for the two views. The two different routes are 
shown in Figure 5. 

3.3.1.1 Data Collection 
The experiment was designed with the goal to collect data on the 
user satisfaction, learnability, efficiency and effectiveness. To 
collect that data, methods for collecting both qualitative and 
quantitative data were designed. The type of data collected can be 
seen in Table 1. 

To collect the qualitative data think-aloud was used during the 
tests along with predetermined questions at certain points during 
the routes along which, the test subjects had to navigate. These 
points were determined during a pilot test. A form had been 
created for the moderator to use to gather quantitative information 
such as the amount of stops, the time to completion and notes that 
could be used during the analysis of the results.  

Table 1. A collection of the data collected with respectively 
usability requirement. 

 
3.3.1.2 The Device 
The device used in the test sessions was two iPhone 5s. One was 
used to record what the test subjects said and one was used to run 
the prototype and the Google Maps application on. 

3.3.1.3 Hardware and Software 
Research suggests that immersing users within realistic scenarios 
achieve better results while designing mobile interaction (de Sá 
and Churchill., 2013). Using a mobile prototype that the subjects 
could test the same way as the already existing map application 
would fit the purpose of the experiment. The prototype was 
implemented using some of the few guidelines found in literature 
for UX in AR, such as using context to provide information. The 
prototype was implemented using Objective-c and AugmentedKit 
SDK7 to simulate the AR view. The prototype used markers to 
guide the test subject to the designated destination. The markers 
were placed in each intersection where the test subject had to 
make a turn and in spots such as y-junctions etc. where it might 
get too confusing on where to go. The prototype also included a 
radar in the right top corner which shows your line of sight with 
the camera and if there are any markers, displayed as yellow dots, 
within the given range. 

                                                                    
7"AugmentedKit SDK: http://augmentedkit.com/ "
 

Data Usability 
requirement 

Time to complete 
task 

Efficiency 

Time to complete task 
against benchmark 

Efficiency 

Amount of errors Effectivity 

Amount of help Effectivity 

Thoughts and 
comments 

Satisfaction 

Observations of use Satisfaction 

Understanding of 
elements in the app 

Learnability, 
Satisfaction 



Since it was a free trial version of AugmentedKit SDK that was 
used, a watermark was constant in the picture but results show 
that the test subject forgot about the watermark quickly. 

 

Figure 6. Screen shots from the prototype 

3.3.1.4 Procedure  
The test started with the moderator giving the scenario. The 
scenario was following: You are going to meet a friend at Zócalo 
for lunch, you do not know where it is so you want to use a 
navigational aid so you start the prototype. The prototype was 
already running with fixed data and markers when the test subject 
got it in hand since this test was not about the whole user flow 
throughout an entire app but only about the navigation part. The 
information on the markers was chosen to test what visual cues 
the test subjects found most helpful. Screenshots from the 
prototype can be found in Figure 6. Half of the test subjects 
started with the prototype and half of them started with the 
Google Maps application to reduce the factor of fatigue 
influencing the results. 

After being handed the phone the test subjects started walking. 
They were asked questions about the markers and such during the 
walk to get them talking about their thoughts and experience. The 
test subjects were also encouraged to speak their mind when they 
went silent since the think aloud part of the test was crucial.  
When the test subjects had reached the destination, they were 
asked to navigate back using the other application and another 
route. When the test subject had navigated back to the starting 

point they were thanked for their participation and encouraged to 
do the post-test questionnaire straight away so that they remember 
as much as possible about the experience. 

3.4 Post-experiment Questionnaire 
After the experiment all the test subjects had to answer a 
questionnaire about their experience of the two different 
applications, the same questions were asked about both. To 
minimize the influence of the phrasing an equal amount of 
positively- and negatively conditioned questions were designed 
for the questionnaire in accordance with the System usability 
scale (Brooke, 1996) , where two questions had subsequent 
questions depending on what the subject answered. The 
subsequent questions were put in the questionnaire after important 
questions about the experience to get a deeper understanding of 
why or why not the subject felt a certain way. 
To get good quantitative as well as qualitative data from this 
questionnaire, a Likert scale was used ranging 1 to 7, where 1 
represented strongly disagree and 7 represented strongly agree, 
with the addition of free text for the subsequent questions. 

The questions from the questionnaire can be found in Appendix 
B. 

4. RESULTS 
This section summarizes the results gained from the method and 
presents the answer to the research question posed in 1.1. They 
were chosen because they provide a good foundation for the 
succeeding discussion and conclusion. 

4.1 The Survey Study 
This section presents the most relevant results gained from the 
survey study. All the answers to the questions can be found in 
Appendix C. 

4.1.1 Device Usage 
Amongst the test subjects the distribution of the device used today 
are evenly divided between an Android device and an iPhone. 
None of the test subjects had a Windows phone. Although half of 
the test subjects have an Android device today, 60% had used an 
iPhone before and knew the differences in use between the two 
smartphones and 70% of the test subjects had used an app with 
AR before. 

4.1.2 Navigation 
All of the test subjects had used Google Maps before and use 
navigational aid when navigating to new places. 

Application Mean time (minutes) Mean speed (km/h) Median time (minutes) Standard deviation 

AR prototype 11.3333 0,1889 11.4333 0.398 

Google Maps 11.3167 0,1886 11.25 0.312 

Table 2. Metrics of task completion 



Figure 7. Diagrams over some of the results from the survey study. From left to right: “If not an iPhone, have you used one 
before?”, “Have you used an app that uses AR before?” and “Do you perceive that you have a good sense of direction?”. 

 

All but two the test subjects perceived that they had a good 
sense of direction and did not feel insecure when navigating to 
new places, although one of the subjects who perceived good 
sense of navigation still felt insecure when navigating to new 
places. When choosing a navigational aid 70% uses Google 
Maps, 20% uses Apple Maps and 10% uses both. 

Reasons for using a navigational aid varied amongst the test 
subjects. The predominant answers given were to find the right 
way, to keep track of the destination address, that it saves time 
and helps when the subject lacks sense of direction. Some of the 
answers to the survey study are shown in tabular form in Figure 
7. 

4.2 The Test Sessions 
This section presents the most relevant findings from the test 
sessions. 

4.2.1 Metrics 
All of the subjects completed the task of navigating to a 
specified location, both with and without aid and errors.  

In Table 2 you find a summary of task timings and standard 
deviation.  
The standard deviation was calculated to get a feel for the 
distribution of the times around the mean and get implications 
on whether the users performed similarly to each other or not. 
Since standard deviation takes into consideration the middle as 
well as the end times it gives a more accurate indicator than 
simply using the shortest and the longest completion times. 

To get a task accuracy the resulting times from the test were 
benchmarked against the time it took for me to perform the task. 
The results can be seen in Table 3. 

Table 3. Percentage of completion against benchmark. 

Application Without help With help 

AR prototype 30% 50% 

Google Maps 40% 50% 

 

60% of the subjects knew the area well in which the test took 
place, 30% knew the area and 10% did not know the area at all. 

4.2.2 Think Aloud 
The think aloud method generated a lot of observations and 
comments from the test subjects. One thing that almost all the 
test subjects did was come up with ideas for improvement, both 
on the technical side and the usability side of the prototype. The 

most interesting of the comments and remarks are listed below 
as a bulleted list with observations accompanied by quotes from 
the test subjects.  

• All test subjects remarked that all the text, aside from 
the header text displaying the street name was too 
small to be read when moving. “… It’s a bit hard to 
read the text while I’m moving, I actually have to stop 
for a short while to be able to read the small text.” 

• The final destination did not have an address attached 
to the marker, which confused a lot of the test 
subjects. This was both an observation and a remark 
made by the subjects.  “It would have been nice to 
have an address on the final destination as well, so that 
you know that you’ve come to the right place even 
though the maker shows you that you have”. 

• All the test subjects displayed different degrees of 
uncertainty at first use of the prototype. This 
uncertainty lingered with some of the test subjects 
while others grew more confident while they used the 
prototype. One thing that all of the test subjects 
remarked on were the lack of continuous feedback. 
There were some differences in why they wanted it 
but the bottom line was so that they knew they were 
on the right path. “I would have wanted feedback that 
I’ve made a good turn … more continuous feedback 
so that I know that I’m on the right path.” 

• A lot of the test participants expressed that the biggest 
difference between the prototype and Google Maps 
was that with Google Maps they had a better overhead 
perspective whilst they sometimes had some trouble 
translating the map to what they actually had to go and 
the prototype lacked the overhead perspective but 
there was no doubt on where to make a turn. “I feel 
that I have a better overview of my surroundings while 
I’m using this application [Google Maps] but at the 
same time I’m noticing my surrounding less.”  

• There was one spot on the prototype route that caused 
a lot of discussion, a Y-junction. The comments when 
passing this locations were that if it had not been a 
marker at that specific point telling the test subjects to 
continue on the road they were on, some of them said 
they would have been very confused and would have 
gambled on which way to go. “If I would have come 
from the other way I would have been super confused 
if there weren’t any marker here, I wouldn’t have 



known if I should follow this street or go with the 
other one” 

• All test subjects remarked on the unstable markers. 
The markers did, on most of the occasions, tend to 
jump around on the screen when the user was moving 
fast. This was something that generated a lot of 
uncertainty and unnecessary slow pace. “So now I 
have to stop since the marker is just spinning, it feels a 
bit unstable.” 

4.3 Post-experiment Questionnaire 
This section presents all the most important answers to the post-
experiment questionnaire, which can be seen in full in Appendix 
D and E 
The answers from the post-experiment questionnaire are 
summarized in two appendixes, one for the augmented reality 
application, Appendix D, and the other for Google Maps, 
Appendix E. The participants had to rate the question from 
strongly disagree to strongly agree. The number 1 represents 
strongly disagree and 7 represents strongly agree. 

It was hypothesized on beforehand that the main reason for not 
holding the device in an upright, vertical position would be 
muscle fatigue but the questionnaire showed that all test 
participants felt very little muscle fatigue when using the device 
and named the notion of being awkward as the main reason why 
they did not want to hold the device in an upright position. As 
seen in Figure 7 the answers between the results for the 
prototype and Google Maps were fairly similar. 
 

 
Application Mean Standard deviation 

AR prototype 4,3 1,25167 

Google Maps 1,4 0,69921 

 

Figure 8. A diagram of the question: I felt muscle fatigue 
using this application. Accompanied by a diagram of mean 

value and standard deviation. 
 

When asked if the test subjects would use the applications in 
their everyday life, the answers varied for the AR application 
whilst Google Maps scored high. This question is difficult since 
almost all of the test subjects already use Google Maps in their 
everyday life. The answers can be seen in Figure 8. 
 

 
Application Mean Standard deviation 

AR prototype 3,3 1,63639 

Google Maps 6,7 0,48305 

 

Figure 9. A comparing diagram of the question: I would use 
this in my everyday life. Accompanied by a diagram of mean 

value and standard deviation. 
 

Another question that might have been hard for the test subjects 
to answer were “ I arrived at my destination in a pleasant way”. 
It is subjective and henceforth hard to answer. The question is 
nonetheless important since this indicates the overall experience. 
Both applications scored high on this question, when calculating 
the mean value for both the applications, Google Maps score 5.8 
and the prototype scores 5.9.  The spread of the answers can be 
seen in Figure 9. 
 

 
Application Mean Standard deviation 

AR prototype 5,9 1,1005 

Google Maps 5,8 1,13529 

 

Figure 10. A comparative diagram of the question: I arrived 
at my destination in a pleasant way. Accompanied by a 

diagram of mean value and standard deviation. 
 

Another interesting question that indicates the degree of 
usability was “I felt an increase in cognitive load while using the 
application”. The question is difficult to define and it is mostly 
up to the person answering it to interpret the question. But no 
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matter what the person is interpreting it as the results give a 
good hint of whether the person felt strained and bothered or 
not, as can be seen in Figure 11 the answers between the 
prototype and Google Maps vary quite a bit. The reason for 
Google Maps scoring higher than the prototype in this question 
was described by one of the test participants as 
“ … when using the Google Maps application I tend to look at 
the screen a lot more than when I used  the prototype. I also 
want to plan ahead when I have the possibility to do so.” 
 

 
Application Mean Standard deviation 

AR prototype 2,3 1,56702 

Google Maps 3,7 1,49443 

 

Figure 11. A comparing diagram of the question: I felt an 
increase in cognitive load. Accompanied by a diagram of 

mean value and standard deviation. 
 

At the end of the questionnaire the test subjects were asked if 
there were something they would like to add and a lot of 
interesting answers were given. Answers such as:  

• “AR could probably help when trying to find a sense 
of direction at the map usage start.” 

• “Even if I had to think more here I felt that I could 
focus on the surroundings more. This even though I 
was previously looking through a camera. I think that 
feeling comes from that the image quality and small 
screen makes it worse to look through.” 

• “It was liberating to only get information in the 
corners in a known environment [about the prototype], 
the map gave more of a cognitive load and took more 
focus away from the walk. In an unknown 
environment, I would probably feel more insecure if I 
had to walk a kilometer without getting any 
information on where to go. Have I made a wrong 
turn? Did I miss something? Would be questions I 
would ask myself.” 

4.4 Usability Metrics 
This section presents the answers to the usability requirements 
from which the augmented reality prototype was evaluated. This 
section presents the mix of performance and preference data in 
the results as usability requirements with Google Maps 
considered as good UX. 

4.4.1 Learnability 
Observations showed that participants grew more comfortable 
with the application while using it. It occurred on several 
occasions that the subject did not see the next marker and hence 
did not know what to come next. The first time they became 
unsure of what to do, many voiced the thought that the last 
marker said something and maybe that is what they should do 
but since they did not see any other information on where to go 
the uncertainty persisted. When the lack of markers on the 
screen occurred the next time they knew that they had to follow 
the last given direction even though they might cross a street. 

The test subjects were asked during the test what the yellow 
dots, shown in Figure 12, were. At first the speculations ranged 
from their own position to obstacles. When asked the same 
question later on in the test 90% said that they thought the 
yellow dots represented markers. 
 

 
Figure 12. Image of the radar with the yellow dots 

 

4.4.2 Efficiency 
When determining the efficiency of the AR application and 
comparing it to the Google Maps application you can see that 
there is a difference, in mean time, of less than 0.017 minutes, 
which is less than a second. Since both applications only existed 
of one view and all test subjects finished the test this is the only 
result to indicate efficiency. The difference in mean time might 
have been bigger if the routes were longer but at the short 
distance they were for these test sessions the difference in 
efficiency became bland. 

4.4.3 Effectivity 
When tests subjects started going the wrong way, a hint was 
often needed to set them on the right path again. If the test 
subjects needed hints about the positioning of the device and 
such, it were counted as hints and not as errors.  The test 
subjects had an average error rate of 0.8 errors for the prototype 
and an average error rate of 0.3 for Google Maps. All of the test 
subjects could recover from the errors they made, both with and 
without help.  

When comparing the results against benchmark the two 
applications performed similar, an equal amount of test subjects 
completed the test within benchmark with help and 10 % more 
completed the test without help in the Google Maps test. 

4.4.4 User Satisfaction 
The post-experiment questionnaire showed that when the test 
subjects consciously had to rate the experience they had when 
using the applications Google Maps scored higher than the 
prototype, as can be seen in Figure 9, but when they had to 
answer questions, not directly correlated to their experience, 
about cognitive load, Figure 11, and if they arrived at the 
destination in a pleasant way, Figure 10, questions that also 
measures the user satisfaction, the results shows a slightly 
different picture. All of these factors combined show a divided 
picture of the user satisfaction. When looking at the mean values 
and the standard deviation, if one application has a better mean 
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value and low standard deviation the results can be considered 
overall as better, whilst if the mean value is better but the 
standard deviation is big you know that there is a big spread 
over the answers and it is harder to safely conclude in the 
difference in result. As can be seen, for example, in Figure 11 
there is differences in mean value but the standard deviation is 
quite big so you know that, as can be seen in the diagram, the 
spread of answers is quite big. 

During the test sessions the test subjects displayed a wide range 
of emotions when using the prototype. A lot of negative and 
positive comments were shared regarding the prototype as 
mentioned before but the overall impression when counting the 
negative comments and the positive comments only about the 
experience, there is a larger number of positive comments than 
negative. 

4.4.5 Other Observations 
The main observation made during the tests was that even 
though all test subjects used the apps for the same main purpose, 
navigation, the smaller details differed a lot. The way that the 
test subjects used the apps differed a lot as well. 

4.4.5.1 Intentions 
Observations about the intentions of use. 
The test subjects all stated that they intended to use the device in 
a fairly similar way, everyone stated that they would use it to 
find the way and everyone started off with holding the device in 
the correct position 

4.4.5.2 Use 
Observations about the actual use. 
When positioning the device during the AR test, all the test 
subjects stopped using the device as it was meant to be used, in 
an upright position. All the test subjects, whether or not they did 
the AR test before or after the Google Maps test started to hold 
the device as they would when using Google Maps. This 
resulted in missed markers and increased amount of stops along 
the way. 

5. Discussion 
This section discuses different aspects of the result and how they 
relate to the research question as well as the method’s possible 
impact on the results. 

5.1 The Results 
This section discusses the most important results from the test 
sessions, both problems and benefits. Among these are the 
question on whether or not it is more useable with augmented 
reality, the lack of GPS accuracy and the choice of method and 
setting.  

5.1.1 Functionality 
To address the issue of the awkward holding position of the 
device when using the prototype, incorporating other tactile 
feedback to alert the user of a new event, such as the appearance 
of a navigational marker, might make the experience less 
awkward and the user comfortable enough to let the device 
“rest” in a more inoffensive way and “... less like I am 
surreptitiously filming people in front of me.” This feedback 
could be a vibration of sound to let the user know that he/she 
needs to hold up the device and film the surroundings. The 
observations in the test confirmed that all of the users, after a 
little while, held the device in the same way for both the 
prototype and Google Maps, which is how you hold the device 
when using Google Maps, in a “resting” vertical mode.  It can be 

explained through what was mentioned before about the position 
of the device being awkward when using the prototype but 
another explanation is that of habit. All the users had used 
Google Maps or Apple Maps before and used them regularly to 
navigate and thus unconsciously held the device in the same way 
when using the prototype. 
One thing that was commented on during the tests by almost all 
the subjects were the lack of continuous feedback. By the time 
the test subjects had learned the application this was not as big 
of a concern as it was in the beginning, nonetheless, the 
importance of it was not lost. By only having markers and 
virtual elements in the important intersections and turns the test 
subjects had time to grow weary of their environment and their 
progress. Comments about their uncertainty if they were on the 
right path or not was prominent during the test sessions, even 
comments about connectivity and GPS came up as a concern 
when the test subject did not see his/her next navigational 
marker. By adding more markers or switching to a semi-
transparent color on the road (Narzt et al., 2006) or showing the 
way through waypoints connected by arrows you will get around 
the problem of continuous feedback but you might add to the 
cognitive load by demanding more attention on the screen and 
hence diminish the user experience. 

One issue that permeated all the test sessions was the issue of 
the stability of the markers. The GPS positions given to the app 
were to unspecified so when the test subject was moving the app 
he/she had problems locking the position of the marker and it 
could look like the marker were spinning or “jumping” around 
in the picture until the app had stabilized the frame and updated 
the GPS position of the test subject. The main functionality that 
this type of app is dependent on is the GPS and the rate at which 
it updates the user’s position. This technology has come a long 
way since the work of Azuma et al. (2001), but since it is such a 
crucial part of the app there is no room for half measures. This 
also transcended into the graphics department since the 
unstableness of the markers made the smaller sized text hard to 
read and many of the test subjects had to stop to be able to read 
what was written. 

The literature review showed that when people get their 
navigational information through studying a map they have 
difficulties translating the overhead perspective to a horizontal 
one (Thorndyke and Hayes-Roth, 1982). The results gained from 
the test confirmed that statement, several of the test subjects 
noted that they had to think more on how to position the map, 
when using Google Maps, to get a good idea of where they were 
going, compared to the prototype. Again, when the subjects used 
the prototype, many of them felt that, although they trusted the 
prototype to lead them in the right direction, the lack of 
overhead perspective and continuous feedback constituted a 
factor of uncertainty. This result further confirms the findings in 
the literature review. When having these two results it stands to 
argue that a combination of these two might be an optimal 
solution for an all round application, but they might each one 
separately be optimal for different navigational situations. 

One unexpected thing that happened during the tests that lead to 
a discussion point was the battery. The prototype drained the 
smartphone’s battery. This insight was fortunately gained during 
the pilot test so the battery could be fully charged for the 
subsequent tests. When considering this issue in the case of this 
thesis, a battery efficient application is a necessity since the 
application will probably run for a long period of time when the 
user navigates to the designated destination, and even more so if 



the user would be at an unknown place or in another country 
where the need for a functioning phone is crucial for the feeling 
of safety for the user. On a general level the need for 
applications that is supposed to be used when in unknown places 
need to be able to run for a longer extent of time and not kill the 
battery since the user cannot rely on other senses and knowledge 
to complete their tasks. This issue also touches on the subject of 
sustainable coding, as not to drain the battery and hence making 
the user charge the phone several times, using an unnecessary 
amount of electricity. Through sustainable coding the device can 
be used to the maximum of it’s capacity, hence not wasting 
resources.  

5.1.2 Graphics 
One thing that became clear during the test sessions was that the 
most important information displayed on the marker needs to be 
available at a glance. The information need to be so clear and 
easy to understand that the user can hold up the device, locate 
the marker and read the most important information quickly. All 
the test subjects felt that the bold white text at the top of the 
marker was the element that popped the most, henceforth the 
thing that they noticed first. This lead to the question of what 
they felt were the most important information in the marker. 
Most of the subjects felt that the street name together with the 
arrow indicating which way to turn was sufficient for them to 
know where to go. Although most of the subjects felt that the 
“meters left to next marker” indication was a great help when 
they became uncertain. If the markers where to be iterated one 
more time they would still have most of the elements they had in 
this test, the street name together with the arrow would still be 
the main focal point but the indicator on how many meters left 
till turn would be bigger and more easy to read whilst the text 
“take left/right onto ..” would be removed since the test subjects 
felt that, even though they all read it, it was unnecessary to 
repeat the same information that the arrow along with the street 
name already provided.  

Since this application is supposed to be an all round app, it 
needs to be able to adapt to it’s outer conditions. One such 
condition that is crucial is the color contrast. Since the 
background is ever changing the markers need to be able to 
change with the background for maximum visuality, this include 
different times of the day with different amount of background 
light and the sunlight reflecting of the screen. These are all 
regular issues when designing interfaces, the difference 
compared to most interfaces are the changing background, 
which gives this app a new dimension of complexity. In addition 
to the coloring challenges of this application, the constraints on 
the smartphone such as screen size (de Sá and Churchill., 2013), 
has major impact on the graphics and usability. All the elements 
in the view have to be considered for optimized UX. 

5.1.3 Usability 
The usability of the AR application can be debated since the 
results did not show big differences between the AR application 
and Google Maps when looking at the usability metrics. One 
thing that should be discussed is the necessity of using both the 
applications in the same situations. Navigation occurs in many 
different situations such as walking, biking and driving. All 
these different ways of transportation poses different challenges 
on the user and the application. When driving the user often 
travels at a high speed and need to have her attention not just on 
her own car and what she is doing but on everyone else driving 
alongside her. In this case the application at use should not take 
too much attention away from the surrounding traffic so a Head-

up display (HUD) that blends in with the traffic seen through the 
front windshield would be a good way to use augmented reality 
so that the driver does not have to switch attention from the 
surrounding traffic to a smartphone screen. As the results show, 
the test subjects felt uncomfortable with how they had to hold 
the device when using the prototype and since walking does not 
have the factor of traveling at a deadly speed, Google Maps 
might be more suited for this situation of use. One thing that 
many of the test subject said was that they planned their trip 
ahead when walking in new places and that they otherwise did 
not feel that is was any disturbance reviewing their route on 
their device once or twice to know that they were on the right 
path and that the constant need for looking at the device when 
using the prototype was a nuisance. Biking is a mix between the 
two aforementioned, you are traveling at a higher speed and 
have to have attention on surrounding traffic but you still have 
the option to stop and take a look at a map whenever you get 
unsure of where to go. Due to the fact that you have to film the 
location for it to show up on the screen in the prototype, Google 
Maps would be a better fit at present time. There are holders that 
you can attach to the handlebar on your bike that might make the 
prototype more suitable. 
Often when we humans think of something we tend to think of 
what already exists and this tendency was prominent in the test 
sessions. All the test subjects showed in one way or another that 
what they did or said had Google Maps as a base, both 
consciously when opposing the proposed way of interacting, and 
unconsciously by searching for continuous feedback. The way 
they held the device, the way they thought some features should 
work, look and feel etc. It really is a catch 22. To get people to 
stop thinking in terms of Google Maps and regular maps, AR 
needs to become more socially accepted but for AR to become 
socially accepted, users need to start seeing new ways of 
interacting and start thinking outside the box that is maps. 
Even though all the test subjects did not mention the question 
about trusting the application became prominent during the test 
sessions. When letting an application guide you to a place or 
handling your money transfers, the user needs to feel that they 
can trust the application for them to relax and follow the 
instructions. Even though they might not come at a constant 
speed in the application, as it was in this case. Building trust is 
crucial for an app to succeed, no matter what kind of app it is. 

One general thing that became clear during the test was the 
weight of consistency. When one marker locked different from 
the others almost all the test subjects pointed out that they 
missed the information left out on the one that looked different. 
Consistency is generally important for successful applications, it 
is especially important when, as it was in this case, a whole new 
technology is introduced and the user have to learn something 
completely new. People learn a lot through pattern, so by 
breaking that pattern you might give the learning process a great 
setback. One thing that might become a problem when being too 
consistent is, as it was in this case, when the outside factors the 
consistency is dependent on changes. In this case one turn was 
missing a street sign, so when the test subjects was about to 
make the turn and did not find the street sign that should have 
been there they became confused. 

It is small things such as a missing street sign that might make 
users distrust the application if it is not considered and attended 
to in some informative way. 

Bringing the virtual into people's everyday life is something that 
is highly current and something that a lot of companies are 



racing to develop the best solution for. Augmented reality is, 
amongst some other technologies, in the middle of this 
development and it was the features that fit into this category 
that was most appreciated by the test subjects during the test 
sessions. The feel of the app adapting to you and what you are 
seeing more than you adapting your situation to the app. 
It is the same thing as watching small children trying to swipe a 
newspaper to switch pages, it is more intuitive, so why should 
we not utilize this more intuitive way of interacting?  

5.2 The Method 
How the choice of method might have influenced the results. 
By gathering user information, tests, as well as a post-test 
questionnaire a lot of different data were gathered to 
accommodate all the usability metrics needing an answer. 

Since the type of test were chosen at an early stage the findings 
from the literature study helped in choosing the SDK to use in 
making the prototype. By using a finished SDK the limitations 
on graphics and functionality, such as accurate GPS position, 
were already in place and the prototype had to be created around 
those limitations. 

When users became uncertain if they were doing the task right 
they would turn to me as a moderator for answers, which could 
influence the results. 

One potential problem that was identified before the tests 
through the survey study was that all the test subjects were 
already familiar with the Google maps application. This 
removed the learning factor for the application and might have 
had an unfair impact on the results. 
A larger test group might have given more diverse results. Since 
the only requirement for the test subject was that they would be 
interested in technology, the range in age, gender and 
background is huge. My test subjects ranged between 23 - 37 
years old, equal amount of males and females, all but one with 
background within IT. It would have been interesting to see how 
the older generation test the application and see if the response 
was the same. One of the most interesting things were that the 
only test subject who did not have a background within IT were 
the one who followed the instructions without questioning and 
still got a good time and no errors. This could possibly point in 
the direction that augmented reality for navigation is something 
that is intuitive and the prerequisites to use it might not have to 
be that many as long as the user is willing to accept the 
conditions of use and the system supports the learning process 
(Kourouthanassis et al., 2013). 

The vast previous knowledge and use of Google Maps amongst 
the test subjects constituted an issue since it probably affected 
all the results throughout the study. Hopefully the switching of 
which application were tested first decreased the influence that 
the habit of using Google Maps had and evened out the possible 
differences in results. When testing something new against 
something that is already on the market the risks of getting 
misleading results is always present and countermeasures must 
always be considered to minimize the impact whereas testing 
two unused product might reveal a more fair result. 

There were environmental factors to take into account when 
analyzing the results. Since the test where carried out in the 
central of Stockholm the environmental factors were very 
present in the tests. These factors were things such as the 
amount of people out and about on the streets, which posed an 
extra obstacle when navigating as well as the amount of traffic. 

Another environmental factor that affected the tests were the 
number of pedestrian crossings that the test subjects passed. If 
unlucky, the test subject could lose as much as 20 seconds if 
they arrived at the pedestrian crossing when the lights turned red 
one way and arrive when they were green the other way. This is 
a disadvantage when performing tests outside of the laboratory 
environment, outside elements that might disturb the test 
subjects and affect the results, on the other hand you get a more 
accurate picture of how a user would use the application in real 
life against using it in a controlled environment. The ideal 
situation would have been to be in an unknown environment to 
all the test subjects, but that had to be weighted against the 
increase in difficulty finding test subjects that had the time to 
perform the tests since they would probably have increased a 
100 % in time if they were to be performed somewhere outside 
of the center of Stockholm. 

5.3 Future Work 
As the Gartner’s Hype cycle show AR has already been around 
for quite a while and has already peaked in hype and now stands 
against the challenge of becoming a lasting profitable technique. 
With that said, there is a lot of work going on to bring AR into 
the future and into the plateau of productivity as Gartner 
describe it. Google Glasses8 is the wearable that has been around 
the longest time, it is possible for developers to develop 
applications for the glasses but they are still a long way from 
reaching the masses. Other initiatives that have been launched 
are the Microsoft Hololens9 and Sony smarteyeglass10. All of 
them have different approaches to the different challenges of 
AR, the smarteyeglass has an external control with microphone, 
speaker and sensor for navigation whilst the Google Glass has 
all of the built-in in the eyeglass frame.  
The development of AR wearables is continuing and so are the 
functionality and the software. One thing that could be a 
continuation on the work done in this paper is a study on what 
markers work best when showing the way, as well as doing the 
AR tests on wearables to see if some of the issues that surfaced 
in this study could be avoided and corrected when using a 
wearable. The Apple Watch11 would such a wearable that would 
be interesting to incorporate. It has a taptic engine that generates 
haptic feedback, both by tapping the user on the wrist and 
making subtle noises to alert the user that something is 
happening and might be a good way to incorporate the haptic 
feedback mentioned earlier. Another thing that would be 
interesting to research is the combination of AR and a regular 
map representation as it is represented in Google Maps and try 
to get “the best” from both concepts. 

6. Conclusion 
In this section, the research question posed in section 1.1 will be 
answered as well as the subsequent subquery. 
In this thesis an AR prototype was developed for navigational 
purposes and tested against Google Maps in an experimental 
study with the focus on the usability requirements learnability, 
                                                                    
8 Google Glass: https://developers.google.com/glass/  
9 Microsoft hololens: https://www.microsoft.com/microsoft-

hololens/en-us  
10 Sony smarteyeglass: 

http://developer.sonymobile.com/products/smarteyeglass/  
11 Apple Watch: https://www.apple.com/watch/technology/  
 



effectiveness, efficiency and user satisfaction on the research 
question:  

For navigational purposes, which view is more usable, an 
augmented reality view or a standard map view such as Google 
Maps?  
The answer to that question is divided and it leads on to the 
subsequent question of 

Are there any situations where one is not necessarily better than 
the other?  
When the prototype was evaluated the results showed that for 
navigation when walking, Google Maps might be more suitable 
as the world looks today with the technology at hand but for 
navigation when driving, an AR application will probably 
benefit the driver more than using a standardized map 
application such as Google Maps. When looking at the separate 
usability requirements the prototype performed as expected on 
learnability, whilst the usability requirement was negligible for 
Google Maps since all the test subjects had alredy used it. There 
were negligible differences in efficiency, there were some 
differences in effectivity that favored Google Maps and lastly, 
Google Maps performed better in user satisfaction.  

Even though the prototype did not perform as well as 
hypothesized based on the literature review, the test gave 
indication on that there is a lot of future work that can be done in 
this field and that the concept of augmented reality is highly 
current in the strive of bringing the virtual into our lives and in 
the concept of the technology adapting to the user and not the 
other way around. 
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Appendix A 
 
Device usage 
What smartphone do you have today?  
iPhone / Android / Windows / Don’t have a smartphone 
 
If not iPhone, have you used an iPhone before?  
Yes / No 
 
Have you used Google Maps before?  
Yes / No 
 
Have you used an app that uses Augmented Reality before?  
Yes / No 
 
Navigation 
Do you perceive that you have a good sense of direction?  
Yes / No 
 
Do you often feel insecure on where to go when getting to new places?  
Strongly disagree 1-7 strongly agree 
 
When navigating to new places, do you use any type of navigational aid?  
Yes / No 
 
If yes, what do you use?  
Free text 
 
If yes, why do you use it?  
Free text 
 
If no, why?  
Free text 
  



Appendix B 
 
These questions should be asked for both the augmented reality application and Google Maps 
 
I arrived at my destination in a pleasant way 
Strongly disagree 1-7 strongly agree 
 
I felt that I knew where to go at all times 
Strongly disagree 1-7 strongly agree  
 
I felt comfortable using the application at all times  
Strongly disagree 1-7 strongly agree 
 
If 1-3, why? 
Free text 
 
I felt muscle fatigue using this application 
Strongly disagree 1-7 strongly agree 
 
I felt an increase in cognitive load while using this application 
Strongly disagree 1-7 strongly agree 
 
I found the system unnecessarily complicated 
Strongly disagree 1-7 strongly agree 
 
I would use this in my everyday life 
Strongly disagree 1-7 strongly agree 
 
If 1-3, why not?  
Free text 
 
Is there anything else you would like to add?  
Free text 
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If yes, why do you use it? 

To find the way? 

To keep track of the address mostly 

To see which way I’m going 

Because my sense of direction is all but non-existent 

It saves me time, I will not get lost. It will estimate how long it will take to go to the place, and which rout I should take depending on if I 
am walking or bicycling. 

To find my way quicker 

To make sure that I'm on the right path. 

Lack of orientation and sense of locality  

Just to be completely sure it's a new environment 
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If you answered 1-3 on the question before, why not? 

Between the "arrows" I sometimes felt unsecure if I was going in the right direction. Sometimes I felt like I’m secretly filming people 
when walking with the mobile in an upright position. 

I expected the markers to stand still at the checkpoint 

It's a bit weird holding your hand up with the iPhone camera pointing forward. 

0!
1!
2!
3!
4!
5!

1! 2! 3! 4! 5! 6! 7!

I"arrived"at"my"destination"in"a"
pleasant"way"

0!
1!
2!
3!
4!
5!
6!

1! 2! 3! 4! 5! 6! 7!

I"knew"where"to"go"at"all"times"

0!
1!
2!
3!
4!
5!
6!

1! 2! 3! 4! 5! 6! 7!

I"felt"comfortable"using"the"application"
at"all"times"



 

 
 

 
 

 
 

0!
1!
2!
3!
4!
5!
6!

1! 2! 3! 4! 5! 6! 7!

I"felt"muscle"fatigue"using"this"
applications"

0!
1!
2!
3!
4!
5!

1! 2! 3! 4! 5! 6! 7!

I"felt"an"increase"in"cognitive"load"
while"using"this"application"

0!
1!
2!
3!
4!
5!

1! 2! 3! 4! 5! 6! 7!

I"found"the"system"unnecessarily"
complicated"



 
 

If you answered 1-3 on the question before, why not? 
It didn't provide any added value compared to for example Google Maps. 

I'm strong enough to walk with my arm in a upright position. I thought less about when to turn, therefor reducing my cognitive load. 
Simple arrows, they could just have shown up at better times (often earlier). I wouldn't use it in my everyday life since it feels unnatural 
walking with the phone in that way for the entire trip. 

Because I like to plan in advance and have control over my route. 

The waypoints feel a bit inexact 

Cannot plan ahead since then you constantly have to look at the app to see if another sign has appeared. 

 

Is there anything you would like to add? 

An address on the final destination would have been nice. Automatic ignition of the screen when you hold the device in an upright 
position would have been nice. 

It would be nice to be able to see an overview of the route as well as the AR waypoints 

Simple and easy to use. 

More user feedback would be good. When you pass a checkpoint, the user should be aware of it. 

If I could swap between looking in a upright position and holding it in a more relaxed and non-stalky way, I would have enjoyed the 
experience more. 

Nice app, did not have to think where I was going to go as the app did all the thinking. However, you need to pay instant attention to the 
application which hinders you from doing other tings on your phone at the same time. 
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If you answered 1-3 on the question before, why not? 

The only unpleasant experience is when the app tells you something but you can see that there is a better way. I got confused 
when my GPS position jumped in turns and at the start. 
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If you answered 1-3 on the question before, why not? 

This was more relaxed then the other. But I had to think more about when to turn and how to go. Also I processed more 
information about the surroundings on the map. However, the map is simple in its way and I'm familiar with using its kind. 

 

Is there anything else you would like to add? 

It was liberating to only get information in the corners in a known environment, the map gave more of a cognitive load and took 
more focus away from the walk. In an unknown environment, I would probably feel more insecure if I had to walk a kilometer 
without getting any information on where to go. Have I made a wrong turn? Did I miss something? Would be questions I would 
ask myself 

Even if I had to think more here I felt that I could focus on the surroundings more. This even though I was previously looking 
through a camera. I think that feeling comes from that the image quality and small screen makes it worse to look through. 

AR could probably help when trying to find a sense of direction at the map usage start. 
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