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ABSTRACT1 
In recent years, technological developments have led to 
the emergence of 360°. Google Street Map has provided 
panoramic imagery for a number of years, where users 
can immerse themselves and pan around in scenarios and 
follow streets of their liking, familiarizing and navigating 
themselves with the location. However, this service 
supports neither video nor moving imagery. This paper 
explores the use of 360° panoramic videos as a navigation 
aid on two different platforms as well as consider more 
subjective perspectives from potential users. The study is 
conducted through a set of interviews and a focus group 
where the findings reveal a number of design challenges 
concerning the development of a navigational system 
based on 360° panoramic videos. Based on these findings, 
design challenges are presented and later summarized as 
three design recommendations; 1) Design for navigation 
in a panoramic scenery, 2) Support overview and 
traditional navigation, 3) Support custom tailored features 
and content. The studies also suggest that the use of a 
head-mounted display (HMD) increase the feeling of 
presence which is beneficial for navigational purposes 
however, the users in this study preferred the mobile 
device based on practicality.  

KEYWORDS 
Immersive video, presence, immersion, head-mounted 
display, 360 video, Navigation 

1 INTRODUCTION 
As early as the 90’s, technology was developed that lets 
users capture 360-degree (referred to as 360°) panoramic 
videos. 360° videos are known for their ability to give the 
viewer a spherical view of their surrounding and can be  
viewed and experienced in any direction. [4, 5] (Fig 1). 
360° panoramic videos can be seen as a more immersive 

                                                                    
1 Permission to make digital or hard copies of part or all of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that 
copies bear this notice and the full citation on the first page. Copyrights 
for third-party components of this work must be honored. For all other 
uses, contact the owner/author(s). 
 

 

Figure 1. Illustration of the video viewing sphere (360-
degree horizontally and 180-degree vertically) and the 

Field-of-View (highlighted area) for both a HMD (Head-
Mounted Display, left) and a handheld mobile device 

(right).  

experience and today, content providers such as 
Facebook2 and YouTube3 have made it easy for users to 
both capture and upload such videos.  
 
When it comes to navigation there are a vast amount of 
services available to the public, such as Google Street 
Map4, where users can immerse themselves in a 360° 
spherical image projection, which depict public streets and 
places. 360° video is however not supported by Google 
Street Map. The service instead allows users to pan 
around still images of the environment and experience 
content in 360°. They are also able to follow streets and 
scenes available with the hyperlinking feature.  
 
The lack of moving images and video support in a service 
like Google Street Map does not portray atmosphere of 
the location that could be depicted by 360° video [11], 
which may be beneficial at locations/scenarios where 
spatial knowledge is desired [10, 20]. Perception and self-
location have also been documented to benefit from 
realism [26], which is connected to both immersion and 
presence in the virtual world.  
 

                                                                    
2 http://www.facebook.com 
3 http://www.youtube.com 
4 https://www.google.com/maps/ 
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This field is still relatively new, and there is still much 
that is unknown about users’ experiences and preferences 
concerning the platform used to experience the video. 
Therefore, this paper will explore the use of immersive 
360° panoramic videos as a navigation aid on two devices, 
a mobile device and a Head-Mounted Display (HMD), as 
well as look into more subjective perspectives from 
potential users. The paper will focus on the immersive 
aspects of a full 360° video experience in navigational 
purposes and outline differences for the platforms used for 
navigation. For exploring this field, two studies are 
presented; a series of interviews and a focus group study. 
The studies were conducted to explore navigational 
perspectives of 360° panoramic videos with the goal to 
address some of the fundamental problems concerning 
360° videos, namely disorientation and navigation [16]. 
The studies also explore challenges emerging when 
designing a system for 360° with navigational purposes.  
 
Since 360° video is still a relatively new medium and in 
terms of navigational aid, more research is needed. This 
paper aims to highlight design implications for 360° video 
from a navigational perspective and give general insight 
about the navigational aspects from the perspective of both a 
mobile device and a HMD. The results of the studies 
conducted, led to a set of design challenges which will be 
subsequently framed as design implications. 

2  BACKGROUND AND RELATED WORK 
Thus far, not many studies have been conducted on 360° 
video and the perception/experience of 360° video. This 
study will focus on 360° video as a tool for navigation and 
orientation. Historically though, navigation within three 
dimensional virtual environments have been extensively 
explored. The three layers, landmark, route and survey 
knowledge has throughout the years become accepted as a 
‘cognitive map’ [9]. Here, survey knowledge or analogue 
representation, is a graphic representation of the area 
including all the spatial relationships among elements [9]. 
The general findings conclude that subjects perform better 
in tasks such as direction pointing, map drawing and 
showing their relative location from a map perspective. 
[15, 20, 21]. In comparison, direct navigation showed 
better performance in tasks such as orientation to unseen 
targets, route distance estimation and route description [9, 
21]. However, Ruddle et al. [20] also concludes that the 
participants in their study did develop significantly more 
accurate spatial knowledge as they became more familiar 
with navigating virtual environments in general, which 
would conclude that it is tied to familiarization in the 
sense of exposure to both the platform as well as the area 
itself. 
 

360° spherical videos however, can be seen as a medium 
that bridges the lean-forward perspective of immersive 
storytelling [24], vs. the lean-back perspective of 
traditional television. Thus, the use of 360° video and its’ 
more immersive aspects should encourage more active 
involvement in the content.  
 
The platforms studied here, mobile and HMD, have 
previously been evaluated [23] and have concluded that 
the HMD increases the presence perceived by the user, 
which does not mean greater interest or empathy for the 
360° video itself. 
 
From a navigational perspective however, an article5 by 
Oculus6 suggests that designers should neither control nor 
guide the attention of viewers. Instead, the viewers should 
be able to discover the story that is presented by 
themselves. This is contradicted by a study made by Lin 
[12] where it is concluded that the use of Focus Assistance 
for 360° video will help the viewer to both regain focus 
and help the viewer focus on the intended target in the 
video.  
 
The navigational aspects of 360° Hypervideo have been 
explored by Noronha et al. [17], where they develop a 
trajectory based navigational system for 360 degree 
panoramic videos. Their users conclude that such a 
navigational tool would be useful and that they would use 
a similar tool again for that purpose. Parush and Berman 
[18] argue that a there is a difference in how individuals 
acquire and use spatial cognition which is confirmed by 
Burigat and Chittaro [3], who also conclude that there is 
no single best solution to support users in carrying out 
different spatial tasks on mobile devices, thus a broader 
perspective may have to be applied.  
 
Neng and Chambel [16] suggest a number of promising 
navigational aids that could be seen as useful. They also 
explore the main challenges of capturing and presenting 
hypermedia in a 360° environment, namely disorientation 
and cognitive load in a richer and more challenging 360° 
context. Here videos represent rich information that 
changes in time and include information that might be out 
of sight in the 360° environment. They argue that this new 
scenario of geo-referencing and sharing of 360° videos 
include new challenges in terms of navigation and the use 
of a more traditional based map system. They also explore 
the possibility to link videos together with a trajectory in 
order to support movement. However, other 
implementation of navigational aids is to include/integrate  

                                                                    
5 https://www.oculus.com/story-studio/blog/5-lessons-learned-while-
making-lost/ 
6 https://www.oculus.com/ 
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Figure 2. 360° panoramic screenshot from the airport. The footage was used during the interviews. 

the information needed for the specific purpose within the 
virtual world itself [27], instead of trying to incorporate a 
map or a similar navigational aid.  
 
Recently, De Abreu et al. [1] describe a study of 
navigation patterns collected during 360° viewing on a 
HMD. However, to the best of my knowledge, there has 
not been a study addressing the use of 360° panoramic 
videos as a more immersive medium in terms of 
navigational aid. 

3  STUDY SETUP 
According to Trauth [22], what the researcher wants to 
learn should determine how the researcher goes on about 
learning it. Based upon the principle of Trauth, this study 
was made as semi-structured interviews as well as a focus 
group. This will leave room for interpretation and the 
possibility of new aspects and patterns to arise [6]. To get 
a balance between framing and giving the subjects the 
freedom to express thoughts and observations, this 
method is considered necessary in order to pick up data 
that might not otherwise be anticipated. By doing the 
study based on the principle of Trauth, it may help the 
interviewer understand the story and the meaning behind 
the participant’s experience, it may also help the 
interviewer seek more in-depth information about the 
specific subject [26]. 

3.1  Instrumentation 
In this study, there are two different instrumentations or 
platforms used to experience the 360° environment. Here 
they are presented with a brief background and some 
points of interest. 

3.1.1 Mobile device 

Due to mobility and ease of access, an iPhone 6 was 
chosen as the mobile device for this study. One of the key 
aspects for the iPhone 6 is the fact that it makes use of an 
accelerometer and enables the user to scan the 
surrounding in the 360° environment by moving the 
phone. Since smartphones held a quarter of the mobile 
phone market in 2011, they make a good medium to 
display a navigational experience [7].  

3.1.2 Google Cardboard 

As a cheap and easy to assemble VR-headset, available for 
a wide audience, Google Cardboard7 was chosen as the 
HMD for this study. Google Cardboard allows the user to 
fully immerse in the experience with stereoscopic vision 
and can be seen as a likely medium a navigational system 
would be experienced on due to its’ mobility and low cost.  

3.1.3 360° Camera 

The camera used for this study is a Ricoh Theta S8, which 
was provided by the university. It resembles a consumer 
product with a resolution of 1920 x 1080 pixels at 30 fps. 
Due to the double lens, that translates to roughly 14 
megapixels. 

3.2  360° Video 
The main footage for this study was shot at a Swedish 
airport. The location for the footage was chosen based on 
a desire to explore if the ambiance usually present in 
 

                                                                    
7 https://vr.google.com/cardboard/ 
8 https://theta360.com/en/about/theta/s.html 
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Figure 3. 360° panoramic screenshot from the airport, edited based on findings from the interviews. The footage depicts the 
view together with the navigational arrows used during the focus group. 

 airports translate through 360° video, if the subjects can 
orient themselves and if they are able navigate through 
the airport based upon already existing signs and 
directions. The camera was placed on a tripod on two 
separate locations, near natural ‘hubs’ where people 
usually have to navigate and orient themselves. Airports 
can in certain scenarios can be stressful and confusing due 
to the large amount of people present and thus, exploring 
a tool that may portrait the ambiance of such a location or 
affect those issues in a positive way is therefore 
interesting to evaluate.  
 
One of the locations chosen was directly inside the 
entrance to one of the terminals, overlooking the screens 
displaying departures and arrivals but also the self-service 
check-in counters and some desks for luggage drops. Also 
visible are toilets and the escalator to the train on the 
basement level. (Fig 2) The second ‘hub’ is located 
between two terminals, overlooking luggage drops, both 
terminals, drop for special luggage and directions 
throughout the airport itself.  
 
Since an airport is considered private property and keen 
on integrity, permissions were needed from the airport 
which were acquired the same day on the promise that the 
travellers’ identities nor their integrity were 
compromised, thus the videos had to be slightly edited in 
order to remove the passengers walking closely to the 
camera. Altogether, 30min of material was shot at the 
airport terminal which was later edited down to 2x10min. 
 

3.3  Participants 
Semi-structured interviews were held with a total of six 
participants, three female and three males. The subjects 
had various familiarity to VR and technical background. 
Two subjects were randomly selected at Södertörn 
university and asked to volunteer, two were software 
engineers from a large international company, and the 
remaining two were volunteers through personal 
connections. The two students conducted the test at the 
university, the two software engineers were met at a local 
café, while the two personal volunteers conducted the test 
in their own homes. 
 
A focus group was organized with students at Södertörn 
University. The participants of the focus group were 
international student in their early 20’s. They were all 
familiar with each other before the start of the test due to 
shared commodities in their living quarters. In total, there 
were five participants, two females and three males. Their 
cultural backgrounds ranged from Chile, Brazil, Japan, and 
South Korea. They were all recruited through shared 
connections within the university and were not 
acquainted with the researcher before the start of the 
focus group. 
 
Notes were taken for both the interviews and the focus 
group. The notes consisted of interesting findings and 
quotes by the subjects. The notes were later summarised 
and analysed for concistency. 
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3.4  Study 1: Interviews 
The goal for interview study was to highlight differences 
between the platform used to experience the videos and 
the subjects’ general impression of a 360° video of an 
airport. Half of the subjects got to start the interview 
viewing the videos through a Google Cardboard and the 
remaining got to start the interview viewing the videos on 
an iPhone 6. After the subjects were set up at the start of 
the scene, they were asked an open-ended question: “how 
would you navigate in this location?”. 
 
Midway through the interview, the subjects got to switch 
platforms and asked to explain the differences in 
experience while navigating and orienting themselves in 
the airport environment, using only the signs and hints 
available from the footage. The second video used was 
presented for the subjects at the end of each session, 
where they were asked if their experience from the first 
video was consistent with the newly presented material.  
 
At the very end of the session, the subjects were asked a 
series of questions regarding the level of immersion and 
presence based upon the presence questionnaire [26]. The 
answers were submitted through a Likert scale (seven 
levels). The interviews lasted for 30 -60 minutes each. 

3.5  Study 2: Focus Group 
The goal for the focus group was to explore potential 
views and design challenges in 360° panoramic videos 
from a navigational perspective. The focus group was 
presented an edited version of the original footage used in 
the interviews that would not interfere with the original 
layout of the airport. Key points (visible by the signs at 
the location) were highlighted with arrows on the floor in 
the 360° environment to help the subjects and overcome 
technical difficulties such as low resolution and to help 
the user guide their attention to the intended content [12] 
(Fig. 3). 
 
The focus group began with all subjects familiarizing 
themselves with the edited video of the airport with both 
the HMD and the mobile device, followed by a general and 
open discussion about 360° panoramic videos, virtual 
reality and the experience of such content on different 
platforms. 
 
They were then asked more specific questions regarding 
navigation and orientation in such an environment. With 
the video fresh in memory, the subjects began discussing 
the experience and unintentionally started to brainstorm 
around how the technology could be used but also, 
different aspects of the problem area. They showed great 
enthusiasm and shared stories with each other about how 
some of them have had trouble orienting themselves on 

airports previously. The focus group lasted for 
approximately 1,5 hours. 

3.6 Limitations 
Some limitations arose during the time for the study, first 
off was the quality of the camera and equipment. Where 
the lack of fidelity and rather short tripod may have 
affected the subjects in a negative way. The use of a 
Google Cardboard as the HMD is limited and restrictive in 
both the handling of the goggles themselves (since it must 
be held with both hands to fill their purpose) and the 
quality of the video playback (lack of the ability to set 
focus and slightest movement of the phone itself will 
result in a double vision experience). The cardboard itself 
may also have caused discomfort as well as it did not give 
the subjects the full virtual reality experience. 
The locations for the interviews may also have affected 
the outcome of the test. The two software engineers met 
at the café were sitting down most of the time during the 
test even though encouraged to stand up to properly use 
all the available 360° of video. Whereas the two personal 
connections that were met at their own apartments, stood 
up during the whole test. This may be due to the fact that 
the public setting may have caused the subjects to feel 
discomfort and/or distracted. The two students tried 
everything available to them, both standing and sitting but 
also spinning office-chairs. 
 
Another aspect which influenced the outcome of the study 
was the number of test-subjects. This aspect may be the 
main issue in terms of impact on the findings. Other 
research projects like this one rely heavily on the quantity 
of test-subjects, as well as quantification of qualitative 
data but also of direct quantitative data such as 
questionnaires and data gathering. 
 
The rather young subjects may also have played a part in 
framing this project, since all participants are in their 20s. 
The familiarity level with technology and 360° virtual 
environments also played a part, where the software 
engineers were more restrictive and quick to dismiss the 
technology as a “gimmick”, where the less experienced 
subjects were more open for the technology. 

4 QUALITATIVE ANALYSIS AND FINDINGS 
The focus group serves as the main aspect of this study as 
the interviews revealed significant flaws that had to be 
corrected. One major flaw which was brought up during 
the interviews was the general quality of the video ruined 
the experience for the subjects on both platforms. The 
mobile device was however found to be the preferred 
platform for navigation based on the practical reason that 
HMD’s are still not that common and requires a bit of 
setup before use. The lack of quality also led to the fact 
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that the subjects seemed to use logic and reasoning to 
navigate in the area based upon their previous experiences 
with airports instead of the navigational aid already 
present in the 360° video itself. 
 
The lack of reading capability also led to one of the male 
subjects pointing out that he “would rather use a map for 
navigation than to get to know the place in 360°”, while 
using the HMD. The same subject later pointed out that 
the mobile device gave him more freedom of movement 
and enjoyed that experience more than the HMD, even 
though he still were not able to read signs and were not 
able to recall distances. However, the subjects during the 
focus group could focus more on the navigational aspects 
instead of technical limitations which led to deeper 
discussions and an understanding of the problem area on 
an empirical level. 
 
Both studies revealed insights and challenges concerning 
the benefits and limitations of navigating through 360° 
panoramic videos. Where the interviews mostly focused 
on the technical aspects and the platforms used to view 
the content, the focus group explored design challenges 
and the usable aspects of 360° navigation and how it could 
be applied. The analysis is made upon findings from both 
the interviews and the focus group. Whereas the 
interviews had an equal gender representation of three 
males and three females and the focus group was held 
with two females and three males. It is important to note 
that four out of the six subjects participating in the 
interviews had previous experiences with virtual reality 
and 360° panoramic videos whereas three out of the five 
participating in the focus group had previously 
experienced virtual reality and 360° panoramic videos in a 
similar sense. Only one of the subjects during interviews 
stated that the person had no experience with the medium 
at all.  
 
Here, four themes will be presented and discussed around 
the findings before presenting more specific design 
challenges and implications. 

4.1 Platforms and presence 
When it comes to evaluating the mobile platform against 
the HMD, the subjects mostly agreed that the mobile 
platform is more useful in orienting and directing 
themselves compared to the HMD. The main advantage of 
using a mobile device with an accelerometer was pointed 
out by the subjects as the possibility to quickly scan the 
surrounding and freedom of mobility, where the HMD felt 
more restrictive. One subject pointed out during the 
interviews that “I feel like a ghost, people act like I’m not 
there and the (jump)cuts are creepy”, referring to the cuts 
made to keep the travellers integrity, and another user 
during the focus group said, “It felt like a dream”, while 

using the HMD, suggesting a higher level of presence. 
When evaluated from the perspective of immersion and 
presence on the other hand, it became clear that the HMD 
contributed to a higher level of immersion and presence, 
which supports previous research [23]. Some subjects 
suggested that the HMD would be preferred in terms of 
familiarization because of the higher sense of presence.  
 
Consistent for both platforms are that the camera height is 
important in the sense that one tall subject pointed out “Is 
this what short people feel like?”, referring to the rather 
short tripod used in this study (roughly 1.3m). As 
explained earlier, the subjects were asked a set of 
questions regarding immersion and presence at the end of 
the interviews. On the question: How much did your 
experiences in the virtual environment seem consistent with 
your real-world experiences? half of the subjects (3/6) from 
the interviews answered 3 on a seven-grade Likert scale. 
This was backed up by qualitative observations and 
comments and was explained to be due to the lack of 
visual references and guidance in the footage used during 
the interviews as well as mostly correlating to the HMD 
experience. However, the subjects agreed that they 
generally liked the video aspect and said that it made the 
experience more interesting than it would have been if 
still images had been used. 
 
The use of video instead of still imagery was justified by 
the subjects during the focus group where one subject 
pointed out that “I like the fact that it’s a video, it makes it 
feel more real”. During the interviews, one subject 
questioned the location in the sense of previous 
experiences; “Is it an airport? It feels less crowded than an 
airport”. This can be interpreted that the video portrayed 
the atmosphere and ambiance of the airport through the 
use of 360° videos as suggested by Kwiatek [11]. As 
realism have also been documented to contribute to both 
perception and self-location from a navigational 
perspective [25], the use of video is therefore justified 
from a navigational perspective where spatial knowledge 
is desired [10, 20]. 

4.2 Information and Content 
As learned from the focus group study, potential users are 
keen on the information available and the content of the 
service provided. Only arrows and descriptive texts, 
representing the direction of key points such as the gates 
and toilets were presented to them during the study which 
made it clear that such content is insufficient, which in 
this case may be due to the lack of familiarity. As 
concluded by Ruddle et al: 
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“Increased familiarity with VEs in general may allow people to adapt to 
the reduced amount of navigational information that is provided and 

lead to an increase in the rate at which spatial knowledge is developed.” 
– Ruddle et al. [20] 

 

The users here pointed out specific aspects that more 
information and context of the navigation was needed. 
One user said, during the focus group: “The video needs to 
be more informational, like, where do I take the bus?” 
referencing the lack of content and information available 
to them.  
 
However, one subject pointed out the importance of 
context for the situation, where the user said, “I don’t even 
know where I’m going, what am I doing here?”. This points 
to a limitation in the study where the users were unsure 
what the purpose of the study was aiming for, they were 
then more closely informed and the same user later stated 
that: “If you could customize the experience to yourself, that 
would be great, like, type in your flight number and then 
you could have stripes on the floor guiding you to your 
connecting flight”, showing signs of understanding and a 
better depiction of context. 
 
Another aspect pointed out by one user during the focus 
group was: “The best part of this is that you could have it in 
many different languages, my grandmother for example 
don’t know any other language than Japanese and that is a 
problem when she’s abroad”, referring to the customization 
of information and content to fit the targeted audience. 
This was greatly accepted by the other users and brought 
up by them as “That is brilliant, I didn’t even think of that”.  

4.3 Purpose 
Another topic brought up by the focus group was the 
purpose of the navigational service and the platform it 
was experienced on. One user said that “The difference 
between viewing this on the head mounted display and the 
phone is that the phone doesn’t feel silly”. This relates to the 
context of the experience is such way that both platforms 
have their pros and cons, if the purpose is to quickly 
orient yourself and get the sensation that the experience is 
useful, then the mobile platform is the one preferred by 
the subjects. If the purpose is to familiarize yourself with 
the surrounding then the HMD is preferred with its’ 
higher sense of presence and immersion. As concluded by 
Ruddle et al. [20], familiarization within the virtual 
environment is linked directly to exposure. The ability to 
quickly scan the area may therefore not necessarily lead 
to more spatial knowledge.  
 
When talking about useful areas for a navigational service 
in a 360° environment, one user stated that “If I could look 
this up while on a flight (towards a connecting flight), I 
 

 

Figure 4. Table displaying the total number of respondents 
answering the question; How closely were you able to 

examine objects? (Seven-level Likert scale) 

would lose my fear of being lost”. This was an interesting 
find in the sense that the fear of being lost was an 
unanticipated response and had not been brought up in 
any other context. However, this was only brought up by 
one subject but the subjects agreed upon the fact that this 
would most probably be a service they would use while 
traveling and not pre-travel, as suggested by the subjects 
during the interviews. 

4.4 Technical Expectations 
At the end of the interviews, the subjects were asked the 
question: How closely were you able to examine objects? 
(referring to the virtual environment experience). Three 
out of six gave a neither positive nor negative answer 
while the other half gave a negative answer on that 
question, hinting that the low fidelity and the resolution 
of the video itself played a major role in their decision. 
(Fig. 4) 
 
As previously mentioned, the users appear to have harsh 
requirements on the technical workings and aspects of 
services, which have been previously documented in a 
similar setting [28]. The low resolution of the videos used 
in this study made the subjects of the interviews quickly 
refer to the technology as a “gimmick” and had a hard 
time visualizing any use for a navigational service in a 
360° panoramic video environment. The lack of zooming 
capabilities is also something brought up by the 
interviews exclusively on the mobile device, where several 
of the subjects specifically asked, due to the low fidelity of 
the videos and the fact that they could not read the signs, 
“can I zoom?”. Another subject remarked: “I wanted to read 
the signs but they are just too blurry”, giving a hit that the 
signs themselves was a means of orientation and 
navigation in such an environment. 
 
One subject pointed out that the low fidelity is even more 
noticeable on the mobile device than it is with a HMD. 
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This was backed up by another user during the interviews 
that said that “It feels like the quality on the phone is 
generally better and feels more consistent, even though it has 
a wider field-of-view”. However, the same user said that 
“The lack of field-of-view might be a better experience”, 
referring to the lower field-of-view of the HMD. 
 
During the focus group the discussions shifted from the 
technical aspects to implementation aspects. One user 
wanted to move around in the virtual environment but 
could not do so due to the nature of the video. The user 
referred to Google Street Map but also raised the question 
“The lack of movement is troublesome, but how does one 
portray movement?”. 
 
One remarkable difference between the interviews and the 
focus group was that, during the interviews, the subjects 
gave harsh criticism on the low fidelity but also stated that 
they had a hard time translating the experience into 
anything useful, whereas the focus group, with the edited 
content, concluded that: “Quality is fine, but without the 
arrows it’s useless, I would rather use a map if that’s the 
case”.  

5 DISCUSSION AND IMPLICATION 
Subjects who immerse in a 360° video from a navigational 
perspective will experience more realism then they would 
have from static 360° imagery. This may be desired at 
locations such as the airport used in this study, where the 
ambiance and atmosphere of the area plays a part in 
spatial awareness [10, 20]. The subjects in this study 
remarked on the low amount of people present in the 
video based on their previous experiences of airports 
concluding that it is often a crowded area. This gave them 
an understanding and spatial knowledge of the area 
depicted that they otherwise would not have gained 
through static 360° panoramas with a lower sense of 
realism. The higher sense of realism is also beneficial in 
the sense of familiarization and self-location [25].  
 
The major difference in platforms used to experience the 
360° video is that the HMD tend to give the user a higher 
level of immersion and sense of presence, which is directly 
related to ease of navigation and familiarization with the 
area itself [25]. As concluded by Kwiatek et al. [11], 360° 
videos are able to transport the viewer to a certain 
location or scenario whereas there is no significant 
difference in the level of interest for the video itself based 
on the platform used to experience the video [23]. Mobile 
devices however are, by the subjects in this study, seen as 
the more useful medium from a navigational perspective 
due to its mobility and easy of use 
 
 

5.1 Design Challenges 
In this study, three categories have been identified in 
terms of design challenges that emerge when using 360° 
panoramic videos for navigational purposes. These are 
categories that need to be addressed and supported in 
terms of system design, here they are presented and 
discussed from that perspective. 

Individual tailoring 

Knowing what you are looking at and why is something 
that sets the standard and dictates what you can 
understand. For example, viewing a 360° panoramic video 
without any point of reference might give you an 
experience that you otherwise would not have, but that 
does not conclude that it is useful nor that the experience 
fits your expectations nor does it have to fill a purpose. To 
give the 360° panoramic video a purpose in terms of 
navigational aid, individual tailoring to the users’ needs 
should be addressed.  
 
Airports are known to be relatively easy to navigate due 
to the vast number of signs and navigational aids on site. 
One is often presented directions for areas that might be 
of interest to a specific location, in the entrance you are 
pointed to luggage drops and security checks. Once passed 
the security, you are pointed in the direction of gate 
numbers. These signs are often written in both the local 
language and English as the international alternative. This 
is something that could be troublesome for travellers with 
little to no knowledge of these languages. A digital 
platform as 360° panoramic videos could address this issue 
by tailoring the experience to the preferred language and 
thus aiding those that might otherwise encounter a 
language barrier. 
 
Presenting information and showing directions based 
upon the users’ needs is also an area well suited for a 
digital format. The larger the airport, the more travellers 
going in different directions there are. Being able to tailor 
the experience after your own specific route is something 
that the users ask for. Specifically, connecting flights and 
guidance for connections like busses or information on 
taxies or other alternatives to get both to and from the 
airport are areas that could be addressed. 

Navigation and Freedom of movement 

Visualizations depicting maps and overviews needs 
separate windows, contextual cues could on the other 
hand be used to visualize the appropriate information and 
shift the focus of the user to relevant areas and their 
intended target [12]. This would be beneficial in the sense 
of integration described by Yao et al. [27].  
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The ability to move in an interactive 360° panoramic 
environment relates to orientation and familiarization in 
the same way as visitors walk or move around on a 
location or an airport terminal. As one move, different 
navigational signs becomes visible. 360° panoramic videos 
could work in a similar fashion. The stationary viewpoint 
used in this study became a limitation for the users testing 
the system, as they concluded that they are used to 
services like Google Street Map where they can move 
around and explore their surroundings.  
 
The users explained that they would like to be able to 
move and that this also could be in favour of 
familiarization. The ability to move and orient themselves 
could also be a means of addressing the potential fear of 
being lost, that some users might have. One question 
arose though; How does one portray movement? Several 
studies indicate that unnatural movement or movement 
not induced by the user may affect them negatively in 
terms of simulator sickness and nausea [8, 13, 14]. Though 
only one subject in this study felt the effects of simulator 
sickness and had to take a break from the HMD-
experience, this is something that needs to be in 
consideration for potential future systems. 

Overcome quality issues 

One conclusion that emerges from the study is that there 
is a limit for when the quality of the video renders the 
whole scene as useless. However, this issue concerning 
quality can easily be addressed by navigational aids and 
overlays on the video itself, thus concluding that the 
quality and the resolution may in certain scenarios only 
play a minor role of the experience itself.  
 
Though this does not conclude that the quality should not 
be of concern, since the relative resolution of the video 
must be calculated through the field-of-view presented to 
the user and is dependent on the platform used to view 
the experience. The relative resolution for the user can be 
calculated by the resolution of the screen used to 
experience the panoramic video, whereas the with is 
divided by two if the platform used is a HMD (one half for 
each eye). Calculating the relative resolution for the 
videos used in this study, which had the resolution of 
1920x1080 pixels, conclude that the relative resolution per 
degree of field-of-view is 6px (1080/96°), which put the 
HMD experience of this video at a resolution of 567 pixels. 
This is way below the average and standard of today’s 
traditional videos and resembles a resolution from the 
early 2000’s.  
 
However, this issue will naturally address itself as the 
technology progresses and cameras capable of capturing 
360° panoramic videos are optimized. This will not only 

reduce the cost but also make 360° videos more accessible 
by the public. 

5.2 Implications for design 
Here summarized findings and identified design 
challenges will be presented as design implications. The 
recommendations refer to how users perceive 360° 
panoramic videos for navigation and how the findings 
from this study could be used to give the user a better 
experience.  
 
Design for navigation in a panoramic scenery. Exploration 
is a natural part of orientation and navigation. Features 
should be supported in a way that makes the experience 
intuitive yet takes advantage of familiar systems and 
interaction techniques. Attention should be given to 
designing navigational aids and features that takes 
advantage of the full panoramic scenery, showing relevant 
information for the user or guide their attention in the 
desired orientation. This could be guidance but also 
directions in terms of visual representations of footpaths 
and selected destinations. Additionally, the ability to pre-
plan your trip through user profiles and saved trips would 
allow users to take advantage of aspects like 
familiarization and orientation before the trip, however, 
on the spot guidance can be seen as the most requested 
and sought after feature of such a system.  
 
Support overview and traditional navigation. When 
designing a navigational system for 360° panoramic 
environments, the sense of context and overview is 
essential. Careful attention should be given to aspects like 
overview but also supporting more traditional navigation 
methods such as a map or directions. The subjects are 
keen on viewing specific parts of the location and thus not 
every corner of the location needs be covered, these could 
instead be covered by traditional methods where the user 
instead choses a location and gets brought there in the 
360° panoramic environment. Moving between these 
points of interests on such a map however, should be 
visualized in a way that accurately depicts movement and 
does not disorient the user.  
 
Support custom tailored features and content. Observations 
conclude that users see customization as a vital aspect of 
the experience, such as language options or tailoring the 
users own trip and showing them relevant and personal 
information. This could be transfers, tips and guidance for 
busses, trams, taxis, or trains available in the vicinity. 
Together with the ability to tie this to their specific flight 
number, the users could get a personalized experience and 
in some cases, if presented together with (walking) 
minutes to destination, even could help with the fear of 
being lost. 
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6 CONCLUSION 
Due to recent technical developments, 360° video is 
becoming more accessible and easier to explore. This 
paper explored two different platforms from a 
navigational perspective, a mobile device and a head-
mounted display.  
 
The platform used to experience the 360° videos from a 
navigational perspective had an impact on the immersive 
experience by the user. The subjects experiencing the 
videos through a HMD were more likely to feel immersed 
and feel like they were actually at the location. They were 
also less aware of their surroundings and what was 
happening in the real world around them, all of which 
supports previous research [2, 19, 23]. The mobile device 
however was seen as the more useful medium because of 
the users’ ability to quickly scan the area for spatial 
information and navigational aids.  
 
This paper also aims to provide an understanding of how 
360° videos could be used in navigational perspectives and 
how such a system should be designed. In order to 
understand how future users could benefit from a 
navigational system in a 360° video environment, this 
paper explores subjective findings and potential problem 
areas. Based on a series of interviews and a focus group, 
design challenges emerged for 360° panoramic videos in 
terms of navigation and orientation, these have been 
identified: 
 

• Design for navigation in a panoramic 
scenery – where aspects for designing a system 
that makes use of the full panoramic scenery are 
presented.  

• Support overview and traditional navigation 
– shows that potential users need support and a 
traditional alternative in case they still feel 
disoriented.  

• Support custom tailored features and 
content – meaning that the users highly value 
the ability to have an experience that fit their 
needs and their purpose.  

 
These challenges have to be addressed when designing a 
new service for this purpose and emphasize the panoramic 
qualities in order to use the medium to its’ full potential. 
This study can be seen as a start for the development of 
such a system. Future studies should try to investigate 
different scenarios and scenery in order to validate the 
findings as well as conduct more rigorous tests on a larger 
audience.  
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