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Abstract: The presented design case gives an example of how to create more engaging 360-degree video applications. In 
contrast to VR, users of 360-video are often passive observers; they cannot move around in the virtual environment nor 
affect it. This limits the user’s chance of feeling immersed and present in the environment, resulting in less engaging 
experiences and poorer conditions for experience-based learning. This article examines immersion in 360-video through 
the design case VR FestLab (ed. In English PartyLab), which is a party simulation for alcohol prevention, consisting of 125 
360-degree movie sequences. The application is used in a virtual reality headset, where users create their own unique
experience through a choose your own adventure experience. The application is an example of a new approach towards
more engaging 360-degree video content. In the light of this, we suggest six elements that should be considered, when
designing an engaging, motivating and immersive experience with 360-degree video. The six elements are 1) user 
influence, 2) noticed user existence, 3) 3D environment, 4) spatial sound, 5)” movement” in scene and 6) technical aspects.
Further tests are needed to fully determine the extent to which these six factors enhance immersion and presence.

Keywords: 360-degree video, virtual reality, immersion, presence, spherical video-based virtual reality 

1. Introduction

360-degree video is video recorded in every direction simultaneously resulting in a full environment, which can
be experienced from the camera’s perspective while being in control of the viewing direction. This makes it
possible to immerse users and give them an intense feeling of presence, which traditional video cannot match.

Omnidirectional cameras (cameras for recording 360-degree video) are getting more affordable and 360-
degree video more popular, accessible and easier to share since Facebook and Youtube started to support the 
format in 2015 (The Guardian 2015). The videos can be played in inexpensive cardboard headseats, such as 
Google Cardboard (Google VR 2020), and provide a simple head mounted display (HMD) for immersive 
experiences. This intensive and immersive experience does in many ways resemble virtual reality experiences. 
But there are significant differences between the two technologies, and it is important to keep these in mind, 
especially when designing for learning.  

When designing for experience-based learning, the goal is to give the user a first-hand experience in the 
simulated world and it is even better if the user gets the opportunity to interact with the world, for example 
making and testing own hypotheses. These are usually qualities of VR and not 360-video. 360-video is a flat 
image, which can be projected on a sphere to surround the user (for example in an HMD). Therefore, users are 
not able to step into the world they are experiencing, and they are not able to change the world in the way 
that is usually the case with virtual reality.  

711

mailto:pabl@mmmi.sdu.dk
mailto:gum@mmmi.sdu.dk
mailto:lvh.crf@psy.au.dk
mailto:jguldager@health.sdu.dk
mailto:t.dietrich@griffith.edu.au
mailto:s.rundle-thiele@griffith.edu.au
mailto:christiane.stock@charite.de


Patricia Bianca Lyk et al 

In this paper, we investigate how to make 360-degree video more interactive and immersive with inspiration 
from VR. This is done through a retrospective look at the application VR FestLab (Lyk et al. 2019), which is an 
educational application for alcohol prevention consisting of 360-degree movie sequences.  

2. Theoretical background

In the following we will take a closer look at 360-degree video, mixed reality and virtual reality focusing on 
what differentiates traditional use of 360-degree video from virtual reality. Hereafter, we give a brief 
description of the concepts presence and immersion.   

2.1 360-degree video 
360-degree video (also known as spherical video) consists of footage captured in every single direction
simultaneously either by using an omnidirectional camera or multiple cameras. The video can be played on a
monitor, for an example do Youtube and Facebook have a build-in 360-degree video player (The Guardian
2015). Another option is to play the video in a HMD such as Google Cardboad (Google VR 2020) or Oculus
Quest (Oculus 2020). The video can then be projected on the inside of a sphere, where the user is placed in the
middle – in the position of the camera. The user controls the viewing direction by turning his head, which
results in the user feeling surrounded by the video. VR are interactive experiences, where users can move in
the virtual environment real-time, the location of the viewer is fixed and limited to the camera’s capture point.

360-degree video can be both monoscopic, where one image is directed to both eyes and stereoscopic, where
two distinct images are directed individually to each eye resulting in a 3D effect. Monoscopic 360-video is the
most common.

2.2 Mixed Reality 
The definition of Mixed Realty (MR) can be traced back to Milgram et al. in 1994, who defined it as “…a 
particular subclass of VR related technologies that involve the merging of real and virtual worlds.” (Milgram 
and Kishino 1994, p. 1324).  

Milgram et al. (1994) explain the relationship between virtual reality and augmented reality by placing them in 
a continuum. In one end “… viewing a real-word scene either directly in person, or through some kind of 
window, or some kind of (video)display” (p. 283). In the other end of the continuum are environments which 
only consist of virtual object. In between these outer points/extremities are MR: environments consisting of 
both real world and virtual objects.  

However, Milgram et al. (Milgram et al. 1994; Milgram and Kishino 1994) believe that this continuum is too 
simplified to highlight the factors, which differentiate MR systems. They present a multidimensional 
hyperspace with the dimensions Extend of World Knowledge (EWK), Reproduction Fidelity (RF) and Extend of 
Presence Metaphor (EPM).  

EWK describes how much of the environment that is understood by the system. It ranges from the 
environment being completely real and the system knowing nothing about the it (for example objects’ 
location, location on viewport by observer and the user’s attempts to manipulate objects in the world if 
relevant) to the environment being completely modelled and the system knowing everything.    

The dimension RF deals with realisms and the relative quality of displaying images or video. It ranges from 
conventional (monoscropic) video to 3D, HD video.  

The last dimension, EPM, relates to the degree that the user feels immersed or present in the environment. 
For example, HMDs provide a higher degree of presence than a desktop monitor.  
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Figure 1: Milgram’s three-dimensional taxonomic framework for classifying MR displays 

2.3 Virtual reality 
The definitions of virtual reality vary a lot. Some definitions focus on the technical hardware (Coates 1992), 
some on the user’s experience such as presence and immersion (Steuer 1993) and other focus on the qualities 
of the system (Milgram et al. 1994; Milgram and Kishino 1994). We will focus on the last type. 

According to Milgram et al. (1994) “The conventionally held view of a Virtual Reality (VR) environment is one in 
which the participant-observer is totally immersed in, and able to interact with, a completely synthetic world.” 
(p. 1324). The requirement of interactivity recurs in a wide range of definitions (Laurel 2016; Department of 
Defense 2018; McCloy and Stone 2001; Kilmon, Brown, Ghosh and Mikitiuk 2010; Mantovani, Castelnuovo, 
Gaggioli and Riva 2003). Brenda Laural refers to this as the principle of action and elaborates that the user 
must have affordances for moving around in the scene, taking action and experience the consequences of this. 
Additionally, she mentions affordances for depth perception and motion parallax, spatialized audio and a first-
person view as core characteristics of VR. 

2.4 Immersion and presence  
Immersion and presence are constantly linked to VR and 360-degree video (Salen and Zimmerman 2014; 
Waterworth and Riva 2015) 

Immersion can be described as the perception of being physically present in a virtual world. Murray (1997) 
compares the phenomena with being completely “surrounded by a completely other reality …that takes over 
all of our attention (p. 99). Elmezeny et al. (2018) studied immersion in relation to 360-degree video and 
describe two main categories of immersion: narrative immersion and technical immersion. Narrative 
immersion is affected by the story, characters, the setting and the integration of the viewer, while technical 
immersion occurs through signals to capture the user’s attention and signals to acknowledge the user as a part 
of the virtual environment.  

Slater and Wilbur (1997) instead define immersion as “… the physical state of being enveloped by sensory 
information created by media”.  They see immersion as the physical characteristics a system has to offer to 
make users feel that they are actually present in the virtual world. Therefore, a system would be more 
immersive than another if it has higher display resolution, more extensive tracking etc.  

The feeling of being present in the virtual environment is often referred to as presence (Slater 2009; Witmer 
and Singer 1998). Slater (2009) refers to presence as place illusion (PI). The illusion that the scenario being 
presented is actually occurring is named plausibility illusion (Psi). When both PI and Psi are present, users tend 
to respond realistically to the situation which they experience in the virtual environment (Slater 2009). In 
contrast to immersion, PI and Psi are subjective; different users will have different levels of PI and Psi in the 
same system, while the immersion of the system will remain the same. In other words, immersion creates the 
frame in which PI and Psi can occur (Slater 2009) and a higher level of immersion in a system, will result in a 
higher level of presence (Witmer and Singer 1998).  

3. Related work

In the following we will give an example of traditional/conventional VR and 360-degree video. 
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Superhot is a very popular first-person shooter puzzle in VR, where time only moves, when the user does. The 
VR system tracks the user’s movement in real life. This means that users have to move, bend down, etc. in 
reality to avoid being shot in the game (Superhot, 2020).  

National Geographic have released a series of 360-degree videos on Youtube (National Geographic 2020). The 
series is a very good example of traditional 360-degree video. It can be played in the browser on the computer, 
but for more immersive experiences they can be played on a mobile phone placed inside a Google Cardboard 
(Google VR 2020) headset or similar. This makes it possible relatively easily to get a realistic experience with 
animals, which otherwise would not have been possible.  For example, it is possible to observe a lion family 
moving around the camera up close or swim with hammer sharks.   

VR and 360-degree video can immerse uses and give them a strong feeling of presence. This is, among other 
things, used for exposure therapy, where the system can trigger real emotions in the user. VR has, for 
example, earlier been used to treat nicotine and alcohol addiction (Trahan et al. 2019). The approach is to 
expose users to environments, which trigger their cravings. Unlike in real life these environments are carefully 
customized and controlled by a therapist.  

4. Method

The FestLab application is created through an iterative design process using the Living Lab Approach (Vallentin-
Holbech et al. 2020). This approach has focus on co-creating innovation through involvement of users in a real-
life setting (Dell'Era and Landoni 2014).  

In the creating of FestLab users have been involved as co-creators in the whole process, right from exploration 
of key concepts. Figure 2 shows an overview of the development phases. 

Figure 2: Development phases in the FestLab application 

We are currently in the last testing phase, where we are testing alcohol resistance skills. A pilot test with 31 
students, aged 15-17, has been completed. Students tried the application under passive observation in groups 
of 3-4 in 15-20 minutes, thereafter they filled out a questionnaire and were interviewed. We discuss findings of 
these interviews in section 6.  

5. The FestLab application

The FestLab application is used in an HMD and offers users a realistic first-hand experience with alcohol in a 
safe virtual environment. The app is a simulated party, where users create their own experiences through a 
choose your own adventure game experience. The user’s experiences are very unique due to a high number of 
choices and 125 different film sequences. The experience is influenced by which decisions the participant 
makes in each situation. Further, outcomes are influenced by the gender they select to play as and their 
current blood alcohol level (which depends on their drinking choices), which the system constantly keeps track 
of (see figure 3). This enables users to experiment with different approaches to alcohol consumption, reflect 
on their behavior and the derived effect and further make hypotheses and test them in the simulated 
environment. Figure 3 shows a choice situation.  

Exploration of key 
concepts

Concept design: 
Writing the story, 

planning the shooting

Prototype design, part 
one: Shooting the film

Prototype design, part 
two: Development in 

Unity

Pre-usability test
Innovation Design: 

Adding game 
elememts

Usability test
Testing: Alcohol 
resistance skills
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Figure 3: Screenshot from FestLab showing a choice situation 

6. Practical approach

In this section we will take a closer look at what differentiates traditional use of 360-degree video from VR in 
order to examine and discuss the six aspects and provide a practical example of how to use this to create a 
more realistic and immersive 360-degre video experience.    

6.1 What differentiates 360-degree video from VR? 
If we compare 360-degree video in relation to Milgram et al.’s hyperspace (1994), it is obvious that the 
technologies differentiate. It is most evident on the EWK dimension, where traditional/conventional VR like 
Superhot (Superhot 2020) scores high. The system is 3D modeled and has complete knowledge about each 
object in the environment. It knows exactly where objects are placed, how they are placed in relation to the 
user and how the user have interacted with them. In contrast very little is known in a 360-degree video like 
National Geographic’s (2017) Lions 360o. The system does not know that the objects in the video exist, and 
therefore the user cannot interact with it or move around in the environment. See figure 4. 

The other two dimensions, RF and EMP, depend more on the display’s hardware. 

The RF dimension is about to which extent the display is able to reproduce the objects intended. It therefore 
depends on the HMD’s technical aspects such as display resolution, sensors and signal processing. The graphics 
of each application also play a big role.  

The EMP dimension deals with the extent to which it is intended for the user to feel present. Both VR and 360-
can be viewed in an HMD, which places them relatively high in the EMP dimension. Where they differ is in the 
user’s ability to move around in the world being viewed and depth perception, which places traditional VR 
higher than 360-degree video, where the user is limited to the camera’s capture point.  
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Figure 4: Superhot VR(2020), Lions 360o (National Geographic 2017) and FestLab placed in Milgram et al.’s 
(1994) hyperspace 

6.2 User influence and noticed existence 
The role of the user in 360-degree video can vary a lot. Dolan (2016) categorizes the user’s role in types based 
on their existence in the story and influence on it. Existence ranges from being a character integrated in the 
story and having influence, to an observer with no integration in the story, see figure 5. The user’s roles are 
divided into four quadrants. To the left is “Ghost without impact” and “Ghost with impact”. With these types 
of user roles, the users are observers and their presence not noticed. In 360-degree videos the users often 
have ghost without impact roles. Dolan and Parets (2016) compare the user’s function as a passenger in 360-
video, where the user in VR takes the wheel instead (Dolan and Parets 2016).  

Figure 5: Four different types of user roles in VR (Dolan, 2016) 

In VR users often have the role “character without impact” or “character with impact”. As the name indicates, 
these types of user roles function as characters in the environment and their existence is noticed. This could 
for example be that other characters in the narrative address the user or talk about them. This is according to 
Elmezeny et al. (2018) an important aspect of technical immersion. If the user has influence on the overall 
outcome it is defined as global agency and would be ranked as character with impact. If the user on the other 
hand only controls the outcome, of the experience in minor degree and it does not have a real impact on the 
overall outcome, it is described as local agency and placed closer to the upper right quadrant.  

Another reason why it is beneficial having the user in control is that it is beneficial in relation to learning. In a 
constructivist view, learning happens most effectively when the learner is active and gets a first-hand 
experience with the concept that is to be learned (Piaget, 2001; Papert 1993; Kolb 2012).  

In FestLab we therefore decided on giving the user the role ‘character with impact’. The user’s existence is 
acknowledged. Actors were instructed to treat the camera as if it was real person, for example (for shorter 
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periods) looking directly into the camera to mimic eye contact, looking at the camera when they entered a 
room and talking and asking questions to the user.  

Furthermore, the user is continuously exposed to different decision-making scenarios, which influence how 
the story progresses. They are able to play a drinking game, flirt with other guests, decide on what to drink and 
when and much more. The application consists of 125 different film sequences spread over 12 scenes. The 
user starts by attending a shorter pre-party, which is the only linear part of the application. Subsequently the 
user enters the party, where he or she is placed in the middle of the party (the center point), totally in charge 
of whom to talk to, when and in what order. The storyline is first of all affected by what the user chooses in 
the exact situation, but also earlier choices, the gender they play as and their current blood alcohol 
concentration.  

This approach creates very different and individual experiences. Not as diverse as it could be in VR, where 
users are not locked to the cameras position, but still unique experiences with users in control.  Furthermore, 
it enables the user to experiment with different behaviors and observe the consequences.  

Figure 6: Center point.      Figure 7: Flowchart of a scene. 

The simulation ends automatically after 10-12 minutes or if the user drinks too much and blacks out. The user 
is then forwarded to a scene in a bedroom with bright morning light, indicating that time has gone, and it is 
now morning. Here the user is faced with a 3D modeled mobile phone with incoming text messages from 
other guests to the party. These messages reflect the user’s behavior at the party. For example, the user will 
meet a very drunk guy, who is not feeling well. If the user chooses to ignore him, the user will receive a text 
message where the sender asks if the user has seen the guy, because his parents cannot find him. This is global 
agency, because the user is able to change the overall outcome.  

There has additionally been focus on user feedback, so the users are at all times aware that their actions are 
registered and it affects their experience. For example, each time the user drinks alcohol, a bobble animation 
appears, a drinking sound is played and the blood alcohol concentration bar is filled a bit. Furthermore, an 
increasing dizzy-effect is played, where the user is moved from side to side mimicking getting more drunk.  

Several of the users in the pilot test mentioned that they at some points in the application felt awkward. One 
compared the application with VR she had tried prior “… most of it is computer made, like 3D models, but this 
is real people, so it was a bit awkward.”  and another said “It was mostly because it was real people I was 
facing, that it almost began to be a bit awkward. But it is just because I think these situations are awkward in 
real life”.  

This could be an indication of that both PI and Psi were present in these situations, as the user, according to 
himself, reacted as he would have done in reality (Slater 2019).  

6.3 3D environment and movement in scene 
In VR the environment is 3D modelled (Milgram et al. 1994; Laural 2016), which results in high EWK. The 
system knows what and where objects are placed in the environment allowing the user to move around inside 
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it. Laural (2016) calls this “the principle of action”, which she sees as a core characteristic of VR. According to 
her, users must have affordances for moving around in the environment. The EWK in simple 360-degree video 
is low. The system does not know where objects in the videos are placed, and the story is locked to a specific 
timeline set by the filmmaker.   

In the FestLab app, a solution to this is attempted by the complex composition of the video clips affected by 
the user’s choices and recording clips from different positions. As mentioned, the user is placed in the middle 
of the party and is from here in control of where to go. Dots to indicate where the user can go is placed around 
the user (360-degree) in the center point, see picture 8. When the user chooses one of those, a short blink 
animation is played, after which the next clip, recorded from another position, is played.  

Figure 8: Screenshot from center point  Figure 9: Screenshot from bar scene 

The video is recorded using GoPro Fusion (GoPro 2020). It records a monoscopic picture and therefore there is 
no affordances for depth perception and motion parallax, which is a core characteristic of VR (Laural 2016).  

To a minor degree, 3D game elements and effects add a depth perception. For example, the interaction points 
are placed and rotated to give the perception of more depth. It had been more optimal to use a stereoscopic 
360-degree camera, which would also have added depth to the image itself.

The 3D mobile phone, in the last scene, can offer users a feeling of interacting with the environment, see 
figure 10. Adding 3D elements to offer interaction with the environment could advantageously have been 
done to a much greater extent.  One user in the pilot test also suggested adding hands, so it would be possible 
to grab a beer.  

Figure 10: 3D modeled interactable mobile phone added to the interactive 360-degree video 

6.4 Technical aspects and special sound 
Immersive VR systems typically involve a set of displays with visuals, auditory and haptic and a tracking system 
(Slater 2009). A computer, which is either internal or external, does the calculations. These components have a 
big impact on potential presence in an application. If the system’s physical characteristics are improved, for 
example by using an HMD of better quality, the potential of the user feeling present in the application also 
increases (Slater and Wilbur 1997).  
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In relation to the visuals when working with 360-degree video one should consider the camera’s quality, 
especially resolution and frames per second, which contributes to the RF dimension in Milgram’s – the higher 
the realism and quality, the higher the reproduction fidelity. When choosing an HMD, the key aspects are also 
the display’s resolution, panel type and field of view, sensor sensitivity and moreover the field of view.  

In this project, a GoPro Fusion with the settings 3K and 60 fps (GoPro 2020) was used to record the video clips. 
The feedback on the clips were very mixed. Some liked that the characters were filmed and not animated, one 
for example compared it to modelled cartoon characters and said that with video “you get more integrated in 
it… It is closer to reality and you can easier relate”. Others criticised the quality of the video. They thought the 
resolution was not good enough.   

The audio is also a significant factor in a virtual environment. When users are engaged, they will move their 
heads and maybe turn around themselves, and therefore the audio needs to be spatialized and not just stereo 
(Laural 2016). With spatialized sound the audio is always coming from the right direction and distance, which is 
not the case with stereo sound. In the FestLab application we did, unfortunately, not think about this. This was 
also expressed during the pilot test, where a user was asked if she lost focus during the use of the app and she 
applied:  “For me it was the sound that confused me sometimes, the sound came from one side and then, now 
the sound comes from there!?”. 

7. Next steps

The pilot test indicated that the users experienced presence in form of both place- and plausibility illusion, but 
further tests need to be conducted to determine to what extent the six factors discussed above enhance this.  
It could also be interesting to investigate to what extent the narrative plot effects presence and if the way the 
user interacts in the 360-degree video also plays a role. Would presence for example be enhanced if we 
integrated speech recognition and users were able to respond naturally to questions?   

8. Summary and conclusion

In this paper, we have emphasized six areas where traditional use of 360-degree video differs from traditional 
virtual reality. The six areas are discussed in relation to 360-degree video applications and concrete examples 
of how to integrate these to varying degrees are presented with the purpose of increasing presence and 
immersion.  

Instead of thinking of the user as a passenger in the use of 360-degree video, it is suggested to hand them the 
wheel and let them steer their own story – give them influence. This can be done through branching the 
storyline and allowing the user to take active part in how a narrative unfolds. Video clips can be recorded in 
such a way, that users can explore the environment from different positions, which can give users a sense of 
moving around the environment even though it is not 3D modeled. Acknowledging the user’s existence, for 
example by giving them an active role in the narrative, can in addition enhance users’ feeling of presence. 
Moreover, 3D elements can be added to offer interaction and depth perception. Technical aspects also play a 
significant role, which is why it is important to consider the qualities of the camera and HMD, e.g. resolution, 
frames per second etc. Spatialized audio recording is also recommended, since users tend to move around a 
lot when using 360-degree. This can result in the audio not coming from the right direction causing break of 
presence.  

To sum up, the six elements, which we suggest to consider, when working towards and immersive, interactive 
and motivating experience with 360-degree video are 1) user influence, 2) noticed user existence, 3) 3D 
environment, 4) spatial sound, 5)” movement” in scene and 6) technical aspects.  

More tests are needed to determine the extent to which these six factors enhance immersion and presence. 
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