
 

 

 

 

Show me the sign!  
The role of audio-visual cues in user experience of mobile 

virtual reality narratives 

 

Biswajit Sarker 

 

 

 

 

Subject: Human-Computer Interaction 
Corresponds to: 30 hp 

Presented: VT 2016 
Supervisor: Mareike Glöss 
Examiner: Annika Waern 

 

Department of Informatics and Media 

 	



 

 2 

Sammanfattning	

Denna explorativa studie undersöker hur människor uppfattar upplevelser i mobila virtuella 

verkligheter och hur olika audiovisuella signaler i dessa miljöer påverkar upplevelserna. Med 

kvalitativa forskningsmetoder som omfattar observation, ”think aloud” samt semistrukturerade 

intervjuer, utforskar denna studie användarnas upplevelser från deras egen synpunkt och försöker 

att ta reda på vilka designfaktorer som bidrar till positiva eller negativa upplevelser. Med hjälp av 

tematisk analys av insamlad data hävdar denna studie att användare kommer in i ett fördjupat 

berättande utan att veta var man ska titta eller hur man ska gå vidare. Däremot så hjälper 

användarnas nyfikenhet dem att leta efter ledtrådar i miljön som gör att de kan komma vidare. 

Om den virtuella världen förser användaren med väldesignade audiovisuella signaler för att styra 

deras uppmärksamhet i berättelsen så kommer användaren in i ett flöde som möjliggör för en 

positiv upplevelse. Bristen på signaler i den virtuella miljön gör att användaren mestadels endast 

tittar rakt fram, medans ett överdrivet utnyttjande av signaler gör att de tittar sig omkring mer 

slumpartat, i rädsla för att missa något viktigt. I båda fallen kommer deras upplevelse att vara 

negativ.  

Abstract	

This explorative study investigates the role of audio-visual cues in user experience of virtual 

reality narratives. Using qualitative research methods, this study analyzes users’ experiences from 

their point of view and finds out what design factors contribute to their positive or negative 

experiences. Based on a thematic analysis of collected data, this study argues that when users are 

experiencing an immersive virtual reality narrative their curiosity drive them to look for clues in 

that virtual environment. If the virtual world provides well-designed audio-visual cues to guide 

their attention throughout the narrative then users feel immersion and spatial presence. On the 

contrary, lack of cues in a virtual environment keeps users looking straight ahead throughout the 

narrative, which results in boredom. Finally, excessive use of audio-visual cues makes users to 

keep switching their attention in multiple directions in fear of missing out something important, 

eventually resulting in their frustration and stress. This study will be useful for HCI researchers 

and narrative designers who are focusing their work in consumer oriented virtual reality 

applications. 
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1. Introduction		
Since computer graphics pioneer Ivan Sutherland envisioned the ultimate display system as 

(Sutherland, 1965), "The ultimate display would, of course, be a room within which the computer 

can control the existence of matter. A chair displayed in such a room would be good enough to sit 

in. Handcuffs displayed in such a room would be confining, and a bullet displayed in such a room 

would be fatal. With appropriate programming such a display could literally be the Wonderland 

into which Alice walked"; research has been ongoing to create the ultimate display and to make 

that device portable and affordable for the mass-market consumers. But due to the lack of 

technological breakthroughs and high cost involved, the research stayed within the boundaries of 

universities and R&D divisions at tech companies (Heffernan, 2015). The closest technology 

available to consumers now is the virtual reality Head Mounted Display that generates a virtual 

environment surrounding the users so that they can experience an alternate reality. 

Virtual Reality or VR can be defined as a computer-simulated environment that the users can 

freely explore and interact with blocking out the environment they are physically in. In a similar 

manner, Dourish (2004) defines VR as a technology that allows virtual and physical spaces to 

exist in parallel. Based on technology used, virtual reality can be categorized broadly into two 

categories - head mounted and environment-based. In head mounted virtual reality, a user is 

placed inside a virtual environment through the use of a Head Mounted Display (abbreviated 

HMD hereafter) which generates computer-simulated images to each eye separately, providing 

the illusion of a three dimensional place. This device fully covers user’s eyes, essentially isolating 

her from the environment she is physically in. To update a virtual environment to match with the 

user’s point of view, an HMD uses multiple sensors that transmit user’s movement to the 

computer that continuously renders new scenes based on where the user is looking at. On the 

other hand environment-based VR systems use external screens to simulate a virtual environment. 
This usually takes the form of a cube-like space where images are displayed on the walls using 

projectors or large fixed screens placed more distant from the viewer. Appropriately called CAVE 

Automatic Virtual Environment, these types of virtual reality systems overcome some limitations 

of HMDs such as allowing multiple people to share the VR experience. Some disadvantages of 

environmental VR systems are that these require dedicated spaces and these are far too expensive 

for general consumers.  
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1.1. Virtual	Reality	Narratives	
Currently virtual reality is seeing a breakthrough at the consumer market due to the recent release 

of HMDs such as Google Cardboard, Samsung Gear VR, Oculus Rift and HTC Vive to name a 

few (Stein, 2016). These devices will remove the screen barriers of desktop interfaces and put the 

users in the middle of the content. This content can roughly be divided into three main categories: 

360-degree videos, immersive narratives and interactive content that present some agency to the 

audience, e.g. 3D immersive games. The most basic type of immersive content is 360-degree 

video where a camera is set up to capture an entire 360-degree environment like a concert venue, 

a stadium or a museum exhibition. The audience can look around in any direction but there is no 

storyline to follow. An example of this type of content would be 360 videos on YouTube and 

Facebook where audience can look in any direction while watching a video.  

In the end of the spectrum, we have interactive VR content including games and interactive 

movies that let the user choose between multiple storylines. This type of content usually needs 

external input devices such as gamepads, handheld controllers or touchpads to enable users to 

interact with the virtual environment. An example of this type of content would be the immersive 

shooting game “EVE Gunjack”.  

The third type of contents, which is the focus of this thesis, are immersive narratives that feature a 

360-degree environment from a first person viewpoint. The element that sets it apart is a storyline 

that has a specific beginning and ending. An example of this type of content would be the 

“Invasion” app, which is an animated short movie that puts the audience in the middle of an alien 

invasion of the world.  When the audience put on the headset, they are transported to a 360-

degree narrative world and even though they can look around in any direction, the creators of the 

narrative intend them to pay attention to specific elements in the virtual world that are important 

to stich the story. Even when users cannot move around or affect the environment, these 

narratives are designed to give the audience the feeling of being a part of the story. But being 

inside an immersive story invites the audience to look around and since they are in an unknown 

environment, they are immediately filled with questions such as where am I? What am I doing 

here? What’s going on around me? It is the responsibility of the narrative designers to answer 

those questions quickly so that the audience's attention is guided towards to the right elements. 

This is where it gets really important (Child, 2016) to find out, what makes the audience to pay 

attention to the right elements of virtual reality narratives.  
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1.2. Audio-Visual	Cues	in	Mobile	VR	
To explore the space around us we use sensory cues in the environment that indicate the state of 

some property of the world that might be important. By following different sensory cues such as 

visual cues, auditory cues, haptic cues, olfactory cues and environmental cues; we perceive the 

world around us through active exploration. But mobile virtual reality HMDs such as Google 

Cardboard and Samsung Gear VR do not offer positional tracking capabilities to track user’s 

movement in a virtual environment. Furthermore, these devices do not have the capabilities to 

provide feedback through touch, smell or taste either. As a result, all the interactions possibilities 

in a mobile virtual environment need to be conveyed through visual and audio cues in a mobile 

virtual reality narrative. This makes it a necessity to understand how these audio-visual cues 

affect the user experience in a mobile VR narrative. 

         
Figure 1. Consumer oriented HMDs available currently in the market - HTC Vive, Oculus Rift and Samsung Gear VR. 

1.3. Problem	Formulation	and	Purpose	
In this thesis, I investigate the role of audio-visual cues in user experiences of mobile virtual 

reality narratives where users’ sensory perception capabilities are restricted to only vision and 

audio. More specifically I examine, given a 3600 virtual space that affords looking at in any 

direction but limits the angle of vision to 90 to 110 degrees (Smith, 2016), are those users paying 

attention to the elements as intended by the narrative designers?  

The main research question is –  

How do people follow immersive virtual reality narratives experienced through a mobile 

head mounted display?  

More precisely, this study focuses on the following perspectives -  

1. How do people know where to look and how to proceed when presented with an 

immersive virtual narrative?  

2. How the audio-visual cues contribute to their experience? 
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3. What design factors contribute to a positive experience for the user and what design 

factors contribute to a negative experience for the user? 

1.4. Scope	and	delimitations		
The study focuses on consumer oriented mobile virtual reality narratives that are currently 

popular in the market and that can be used without any external controller such as gamepads or 

hand tracking devices. The reason for focusing on mobile VR is the fact that ninety percent of the 

consumer oriented VR devices will be mobile (Lee & Shepherd, 2016), indicating that mobile VR 

will serve as an entry point for people who might eventually get interested in buying more 

expensive PC based or standalone VR devices. Most of these initial users will not have access to 

any external controllers unless those are bundled with the HMD. The target group of this study is 

young adults between the ages of eighteen to thirty five who are most likely to be the largest user 

base for virtual reality HMDs and applications.   
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2. Background	

2.1. Early	Research	in	Virtual	Reality	

The research into Virtual Reality devices can be traced back to 1950s when Morton Heilig 

designed a head-mounted display and a world-fixed display. The world-fixed display was named 

“the Sensorama”, which could play immersive films in stereoscopic color views with a wide field 

of view, stereo sounds, haptic feedback, smell, and wind (Heilig, 1992). In 1961, researchers in 

Philco Corporation came up with the first working head tracking HMD that could track users’ 

head position to move a camera in another room providing the users with a view of that room. In 

this way it was the first device to provide the user with a sense of “being there”. In 1965, Ivan 

Sutherland successfully built a head-tracking HMD called the Sword of Damocles, which was 

using computer-generated imagery for the first time. 

2.2. Virtual	Reality	and	HCI	
According to Jerald (2015), research into consumer oriented VR started gaining momentum in 

1982 when Atari Research was formed to design the technologies essential for commercializing 

VR systems. The research team included Alan Key, Jaron Lanier, Scott Fisher and Thomas 

Zimmerman; all of them are considered pioneers in VR research. Jaron Lanier is credited for 

coining the term “Virtual Reality”. In 1984, Michael McGreevy brought HCI into VR research by 

designing the Virtual Visual Environment Display system (VIVED) for use in human-computer 

interface research (Jerald, 2015). Jaron Lanier and Thomas Zimmerman left Atari in 1985 and 

started VPL Research where they designed commercial VR software, HMD and Dataglove 

(Zimmerman et al., 1987), which brought VR into the mainstream of HCI research. VR 

technology got a lot of attention during the 90’s but wide field of view was an important missing 

component. This along with the high price and heavy equipment had an adverse effect leading to 

a sharp decrease in its popularity. In 2006, Mark Bolas and Ian McDowall created a HMD with 

1500 Field of View called the Wide5. They used this device to study effects of field of view on the 

user experience and behavior (Jones et al., 2012). Their research introduced a low cost software 

and hardware kit called FOV2GO that supports the creation of immersive virtual reality 

experiences using smartphones. In many ways this kit paved the way for the design of today’s 

consumer HMDs. 
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2.3. A	Gap	in	Research	
Even though research in virtual reality has been conducted on immersion (Bowman & McMahan, 

2007), navigation (Burigat & Chittaro, 2007), user interactions (Brown et al., 2015) and presence 

(Steed et al., 2016), little is known about how users decide where to look and how to proceed in 

an immersive VR narrative and what design factors contribute to that decision. There is also a gap 

in research that focuses on users’ experience with a consumer oriented mobile virtual reality 

HMD which only offers applications that are purely narrative or have severely restricted 

interaction possibilities. Hence research is needed to explore how general consumers who have no 

experience or very little experience with mobile virtual reality applications perceive this new 

media. By providing an ecologically valid study of virtual reality user experiences, this thesis 

aims to fill this gap by building on existing theoretical accounts related to user experience in 

virtual reality and through a field based study using a popular consumer oriented device used by 

general consumers to experience virtual reality narratives in a living room setting. 

The following sections describe the key terminologies used in this thesis. 

2.4. Field	of	View	(FOV)	
The field of view is the angular measure of what can be seen at a single point in time without 

moving the eyes or head. To match our regular field of view with normal vision, a HMD has to 

offer 3000 horizontal field of view, which is not even close to the range the current display 

technologies can offer without a hefty price tag. The current consumer oriented HMDs available 

in the market offer a field of view in the range of 900 to 1100 at any given time (Smith, 2016). 

Which means to see the 3600 virtual space that surrounds the user, that user has to rotate her head 

in different directions following the audio-visual cues as designed by the developers of that 

virtual world. The study in this thesis was conducted using a Samsung Gear VR mobile HMD 

that supports 960 FOV, which means a user can only see 96 degrees out of 360 degrees of space 

around her without moving her head in different directions.  
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Figure 2. Field of View for human right eye looking straight ahead (Badcock et al., 2015) 

2.5. Degrees	of	Freedom	(DOF)	

The ways an object such as a HMD can move within a space is known as the Degrees of Freedom 

or DOF of that object. In a 3D space there are a total of 6 degrees of freedom for an object which 

is usually referred to as 6 DOF. These movements can be further divided into rotational 

movements and transitional movements. The 3 rotational movements are pitch, yaw, and roll. 

These movements are usually tracked using the HMDs built-in sensors. This process is known as 

orientation tracking. When a user tilts and turns her head, the HMD tracks those movements and 

updates its display accordingly. On the other hand, the 3 translational movements are left/right, 

forward/backward and up/down. These movements are usually tracked using external cameras or 

sensors. This process is known as positional tracking. When a user moves her head or body that 

movement is tracked through external sensors that updates the HMD’s display to show the 

movement. While desktop HMDs like HTC Vive and Oculus Rift supports positional tracking, 

mobile phone based HMDs like Samsung Gear VR doesn’t have the capability for positional 

tracking and only tracks orientation. As a result even if the user moves around with a mobile 

HMD, that movement will not be shown through the display of that device, limiting the user’s 

interaction possibilities severely in a virtual environment. The focus of this thesis was to analyze 

users’ experience with mobile virtual reality HMDs that only offers this type of limited 

interaction possibilities. 
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Figure 3. A Head Mounted Display that supports 6 DOF. 

2.6. 3D	audio		
To create the illusion of an alternate reality using a virtual environment, it’s important to match 

the 3D visuals with 3 dimensional audio cues that replicate the natural listening experience in real 

world.  Unlike visuals, three-dimensional audio is not limited by the field of view capabilities of 

the HMDs. One of the big challenges in immersive virtual environments is the fact that users can 

look in any direction at any given moment. Which means in virtual reality narratives they might 

end up missing important parts of the storyline simply because they were paying attention to 

something else. By using three-dimensional audio cues it is possible to guide user’s attention in 

the right direction and make the virtual environment more immersive.  

2.7. Virtual	Reality	Interfaces	
A virtual reality interface is the graphical user interface that enables the user to interact with the 

virtual reality application. Unlike screen based Graphical User Interfaces (GUI) where available 

space for interaction is limited by the size of the screen; virtual reality GUIs put the user in the 

middle of an immersive virtual environment that offers 3600 interaction space surrounding the 

user. Since mobile HMDs do not have positional tracking capabilities, users cannot move around 

to interact with the interface elements from different positions. When the user moves the whole 

interface moves with the user limiting the design possibilities available to the narrative designers.  
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3. Theoretical	Framework		

3.1. Immersion	in	VR	Narratives	
The perception of being present in a virtual world can be explained as immersion in that world. 

This perception is created through the use of images, sound and other sensory stimuli that 

surround the user. Even though the idea of immersion is discussed in all different types of media 

contexts; games and virtual reality are the two fields where this idea is most commonly used 

(Brown & Cairns, 2004). The two types of immersion that are most relevant to virtual reality 

narratives are narrative immersion and spatial immersion. Narrative immersion occurs when users 

become invested in a story and is similar to what is experienced while reading a book or watching 

a movie (Adams, 2004).  Björk and Holopainen (2004) define this type of immersion as 

emotional immersion and they introduce the concept of spatial immersion, which can be 

described as the feeling of “being there” the user experiences when the virtual world is 

perceptually convincing.  

It is quite common to see fully immersive representations of alternate reality in popular science 

fiction movies such as Star Trek and The Matrix. But even before that, Gibson’s (1984) novel 

Neuromancer came up with the fictional ideas of “Cybersapce”, which is ominously similar to 

today’s Internet and “SimStim” or “Simulated Stimulation”, where the users can see the world 

from another person’s point of vie. Described in that novel as the Matrix, he presents the idea of 

an immersive alternate reality that can be seen as an advanced version of today’s Virtual Reality. 

In the field of Human Computer Interaction, Gibson’s view is regarded as one of the defining 

myths of the information age (Lovén, 2001). While more control in a virtual experience provides 

greater feeling of involvement for the participants (Sherman & Craig, 2002), this also takes the 

control away from the designers, who are trying to guide them through a virtual narrative so that 

they can follow the storyline. Due to the recent release of virtual reality devices like Oculus Rift, 

HTC Vive, Samsung Gear VR and so on; immersive narratives in virtual reality are slowly 

becoming a popular new media (Joseph, 2016).  But little is known about how users in virtual 

reality follow a narrative in an immersive virtual environment. Compared to screen based media 

like cinema or television, virtual reality as a media is much more flexible where users can change 

their vantage point at any given moment. This gives them the freedom to look away from the 

center of action and turn their attention to any other element in a virtual narrative, which presents 

a big challenge for the designers of virtual reality narratives. 
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3.2. Effect	of	Immersion	in	User	Experience	
Igartua argues (2010) being immersed in media and being in someone else’s shoes to assume his 

or her point of view leads to a greater enjoyment. Same goes for narrative transportation theory 

by Green, Brock and Kaufman (2004), which states high absorption of narrative media at the 

moment of reception makes media consumption gratifying. In her book Hamlet on the Holodeck, 

Janet Murray states (2016), "We seed the same feeling from a psychologically immersive 

experience that we do from a plunge in the ocean or swimming pool: the sensation of being 

surrounded by a completely other reality, as different as water is from air, that takes over all of 

our attention, our whole perceptual apparatus." Along the same line, Busselle and Bilandzic 

(2009) claim that more engaging narrative experiences are more enjoyable. All these studies 

suggest if a person is fully engaged and immersed in the consumption of a narrative media, she is 

more likely to have an experience of positive emotions and leave with gratifying media 

consumption.  When it comes to analysis of experiences, one of the terms quite frequent in 

literature is flow. Micheal Csíkszentmihályi (1990) introduced the concept of flow, which 

describes the mental state in which a person is fully engaged in an activity by a feeling of intense 

involvement and energized focus. During a flow experience a person feels in control, loses sense 

of surroundings and his or her awareness is narrowed down to the activity itself. Sutcliffe (2005) 

argues experience in a virtual world can be explained in terms of flow. Especially when the 

virtual world is well designed, a person in that virtual world feels immersed in a strong sense of 

presence and the mediating virtual reality device and computer essentially disappears. 

3.3. Role	of	Audio-Visual	Cues	in	Perception	
Since virtual environments are usually representations of real world environments, it is important 

to follow the ecological psychology approach proposed by Gibson (2014), which describes how 

different structures in the external world guide people’s everyday actions. Many researchers 

consider this to be more relevant to HCI than classical cognitive theories (Gaver, 1991; Kirsh, 

2001; Norman, 2013; Rasmussen & Rouse, 2013; Vicente, 1995). According to Gibson's theory, 

we perceive the world around us through our actions. We turn our heads to direct our attention to 

different visual stimuli and we focus our attention to hear better and gather information about 

action possibilities available around us (Gibson, 1977; 2014). But how does a user perceive a 

virtual world in an immersive narrative and how her attention is directed towards possibilities of 

actions is yet to be explored.  
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When it comes to spatial cues available in the environment for perceiving the world around us, 

previous studies indicate most cues are linked to the visual modality; for example aerial 

perspective and relative brightness (Gibson, 2014) and motion parallax (Faubert, 2001). These 

also apply to our perception in virtual environments. Along the same line spatial audio plays a big 

role in directing users’ involuntary attention allocation effectively towards possibilities of action 

within the virtual environment (Hendrix & Barfield, 1996).  Existing literature suggest (Steuer, 

1992; Biocca, 1999) while a steady stream of highly detailed information flow supported by 

appropriate audio-visual spatial cues effectively builds the virtual environment as a plausible 

place and increases the experience of spatial presence for the users; an excessive use of spatial 

cues can cause sensory overload producing fatigue for the users (de Rijk, Schreurs, & Bensing, 

1999).  

3.4. Spatial	Presence	
The experience of ‘being there’ in a virtual environment, which is known as spatial immersion, is 

also referred to in existing literature as presence (Lombard & Ditton, 1997). This experience is 

considered to be an important factor for media enjoyment (Klimmt & Vorderer, 2003; Tamborini 

& Skalski, 2006). Weibel and Wissmath (2011) refer to presence as spatial presence and define it 

as a state of consciousness that gives the impression of being physically present in a virtual 

world. They argue that due to enhanced vividness and new ways of interaction, virtual reality 

(VR) technology elicits stronger spatial presence experiences than more traditional media such as 

movies or television. Narrative media has also repeatedly been considered to be reinforcing the 

experience of presence (Kelso, Weyrauch, & Bates, 1993; Klimmt & Vorderer, 2003). Wirth et 

al. (2007) describes spatial presence as a two-step process. On the first step the user draws upon 

available spatial cues to perceive the virtual environment as a plausible space. The virtual 

environment will more likely be perceived as a plausible space if these audio-visual cues are both 

rich in quality and have a logical consistency.  On the second step, the user experiences herself as 

being located within that perceived space by discovering possibilities of action within the virtual 

environment.  Following this framework, Balakrishnan and Sundar (2011) suggest that 

affordances of that virtual environment play a vital role in user’s perception of both self-location 

and possible actions; which also aligns with Slater’s (2009) argument about user’s behavior in 

virtual environments. According to Slater, user’s action possibilities in a virtual environment 

elicits a place illusion, or the sense of being there; while the events offered by the environment 

beyond user’s control provide a plausibility illusion that the environment surrounding the user is 

real.  
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3.5. Relationship	between	Immersion	and	Presence	
Slater and Wilbur (1997) draw an explicit distinction between immersion and presence by 

proposing immersion as an objective measure of the VR system's technology and presence as a 

function of the user's psychology. According to their account, the extent to which a VR system 

shuts out physical reality to present a vivid virtual environment should be considered immersion. 

While the extent to which a user experiences that virtual environment as the one she is 

consciously present in should be considered presence. In this way, the more immersive a VR 

system is, the more likely a user will feel presence within the virtual environment portrayed by 

that VR system, resulting in a positive experience for the user. This aligns with the finding from 

Ijsselstein (2003) who conceptualizes presence to be the experiential counterpart of immersion in 

virtual reality, the higher the immersive properties a virtual narrative carries, the higher the 

chance that a viewer will experience spatial presence.  To keep the scope clear, this thesis focused 

on users’ emotional immersion and spatial presence. Emotional immersion happens when user 

gets engaged by the story of the narrative and follow it without much effort, while spatial 

presence gives them the sensation of “being there” in that virtual environment, as if they were 

physically present in that virtual world. 

 

Building on these existing literatures, this thesis analyzes user experience of immersive mobile 

virtual reality narratives to find out how people follow the narrative and how the audio-visual 

cues in the virtual environments convey enjoyment, immersion and spatial presence throughout 

their experiences.   
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4. Methodology		

4.1. Inductive	Empirical	Approach	
To follow a well-defined scientific research methodology for analyzing users’ experience with 

virtual reality narratives and to theorize a set of propositions about those experiences, I decided to 

follow a theory informed inductive approach in my thesis. Thomas (2006) defines the inductive 

approach as a systematic procedure for analyzing qualitative data where the analysis is guided by 

specific objectives. He argues that the primary purpose of the inductive approach is to allow 

research findings to emerge from the frequent, dominant or significant themes inherent in raw 

data. As described by Creswell (2013), in this approach the researcher begins by gathering 

detailed information from participants typically collected in the participant’s own settings and 

then forms this information into categories or themes. A theme captures something important 

about the data in relation to the research question and represents some level of patterned response 

or meaning within the data set (Braun & Clarke, 2006). These themes are further developed into 

broad patterns, theories, or generalizations that are then compared with personal experiences or 

with existing literature on the research topic. The final written report includes the voices of the 

participants, the reflexivity of the researcher, and a pattern, or a generalization that emerges 

inductively from data analysis (Creswell, 2013). 

4.2. Data	Collection	
In order to collect data for an effective and valid research study, I turned to qualitative research 

methods through observations, think aloud and semi-structured interviews. Qualitative study 

helps to uncover and interpret participants' understanding of the phenomenon that they are 

involved in (Merriam & Tisdell, 2015). This is a good fit for an explorative study such as this one 

where participants’ behavior in a virtual world is being investigated.  

Since most of the challenges and opportunities associated with users’ experience in virtual reality 

are not directly observable, in depth semi-structured interviews were chosen as the main source of 

data collection for this study. Unlike surveys or questionnaires, in depth interviews are flexible, 

dynamic and those provide a more valid inside into the user’s perception of reality (Minichiello et 

al., 1995). Even though it appears as a regular conversation that makes the participant more 

relaxed during the whole process, semi-structured interviews are controlled enough to fulfill the 

needs to meet the interviewer’s research interests. Semi-structured interviews are also highly 

suitable for data collection in thematic analysis studies such as this one, because the primary 
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focus of the study is to understand the experiences from the users’ point of view rather than 

researcher’s observation of users’ behavior. Compared to the structured interviews, due to the 

flexibility and openness of the questions; semi-structured interviews are more suitable for 

exploration of perception (Merriam & Tisdell, 2015), which is in this case the exploration of how 

participants experience a mobile virtual reality narrative. Additionally, the present study is built 

against a theoretical framework, which provides guidelines for data analyses (Malterud, 1993; 

Merriam & Tisdell, 2015). 

In qualitative studies that use semi-structured interviews, the primary instrument of data 

collection is the researcher (Miles & Huberman 1994, p. 7). This is important in capturing the 

subject’s point of view as argued by some researchers (Denzin & Lincoln 2000, p. 5) who assert 

that due to the use of remote, inferential empirical materials; quantitative researchers seldom 

capture the users’ point of view of an experience. 

Csikszentmihalyi and Robinson (1990, p. xiii) argue that since experiences are subjective 

phenomenon that cannot be externally verified, a researcher has to rely on the testimonies given 

by the participants. They also downplay the validity of using only physiological measures to 

collect data to explain users’ experience (1990, p. 20): 

Although physiological, perceptual, and cognitive processes are important components, they are 

relatively meaningless until given weight and value by the interpretation of the subjective experience. 

By observing users’ behavior while they were in a virtual environment, by encouraging them to 

think out loudly what’s going through their minds while they were experiencing a VR narrative 

and by going over those experiences in details through semi-structured interviews; it was possible 

to collect data from multiple sources for a detailed analysis that provides reliable answers to the 

research questions of this study. As recommended by Wengraf (2001), research questions were 

not used directly as interview questions during data collection to avoid biases that might lead to 

incorrect assumptions. Instead the research questions were consulted to come up with interview 

questions that were related to the main research topic. This separation also made sure that the 

analysis phase did not produce themes just taken from the questions themselves to find relevant 

answers.  

4.3. Equipment	and	setup	

This study was conducted in a living room set up to ensure privacy of the participants and also to 

provide them with an environment where a mobile VR headset was most likely to be used. 
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Participants were invited one person at a time to ensure they can act and talk freely.  All of the 

interviews were conducted at the same place in Uppsala, Sweden to maintain consistency with the 

physical environment.  

The HMD used in the research was a Samsung Gear VR coupled with a Samsung Galaxy S6 edge 

mobile phone. The resolution of the HMD is controlled by the phone’s display resolutions, which 

are 1440x2560 pixels. The HMD itself supports 3 degrees of Freedom (DOF) with Field of view 

(FOV) of 96 degrees. To support positional audio and to avoid ambient noise, an in-ear 

headphone was used for the audio during the experiments. 

 

 

Figure 4. Equipment setup for the study. 

Participants were instructed to follow whatever position they find comfortable during the 

experiment. They could sit, stand or walk around freely. It was made sure they had enough space 

around them so that they could freely rotate their bodies in 360 degrees to explore the different 

elements of the VR experiences. 

As multiple participants were using the same device and headphones, disinfecting wipes were 

used to clean the HMD and the headphones between uses. One of the participants was not feeling 

well and was abstained from participating to avoid spreading of any germs. 

To ensure anonymity, a list of randomized participant IDs were prepared and assigned to each 

participant. Participants were given a consent form that described the research study in a nutshell. 

It was made sure participants could exit the experiment at any time. They were informed that the 

follow up interviews would be audio recorded. Each participant had to read and sign the consent 

form before participating in the study. 
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4.4. VR	applications	used	for	this	study	
The following Virtual Realty applications were used during the study. Oculus home is the central 

interface through which other applications can be found and downloaded. All the selected 

applications are free and none of them require any external controller other than the touchpad on 

the side of the headset. The reason behind using existing VR applications was to collect data from 

professionally designed immersive narratives. Since the focus of the study was to investigate how 

users experience a virtual reality narrative and what design elements guide them throughout the 

experience; it was important that they were not experiencing low quality prototypes which might 

not provide accurate data for analysis.  

Oculus Home – 

Type Length 360-degree 
view 

3D directional 
audio 

Opportunities 
for interaction 

Use of 
touchpad 

Interface Not applicable Yes No Head tracking 
in all directions 

Touchpad for 
browsing 

Scroll to 
browse 

Tap to select  

 

This is the main interface that’s presented to the user when the headset it turned ON with a 

smartphone plugged in. Similar to an operating system’s interface, it provides the user access to 

all available applications, a store section to buy or download new applications and the settings for 

the device.  The design of the interface is curved with grid-based tiles of applications that users 

can scroll through by moving their head or using the touchpad. All the application tiles are 

presented in front of the user while the remaining space surrounding the user is unused. There is 

no use of directional audio and user does not need to look around to use any element of the 

interface.  
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Figure 5. User interface of Oculus Home.  

Muse Revolt  

Type Length 360-degree 
view 

3D directional 
audio 

Opportunities 
for interaction 

Use of 
touchpad 

Music video 4:30 minutes Yes No Head tracking 
in all directions 

Not needed 

 

This virtual reality narrative features the English rock band Muse performing against a backdrop 

of dystopian warfare between humans and cyborg riot police. The user is put inside the middle of 

the narrative from the point of view of a drone while the storyline unfolds all around her. The 

user can look around in any direction but there is no option to change the viewpoint or move to 

another part of the virtual world. There is no use of directional audio to direct user’s attention in 

different directions. 

  

Figure 6. Screenshot from Muse Revolt. 
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Song for Someone 

Type Length 360-degree 
view 

3D directional 
audio 

Opportunities 
for interaction 

Use of 
touchpad 

Music video 3:54 minutes Yes Yes Head tracking 
in all directions 

Not needed 

 

This is a virtual reality music video from the band U2 that starts out with the viewer on stage with 

the band performing the song, and as the video continues, the viewer is taken to different places 

around the world where the fans are singing along. At the beginning of the video user’s viewpoint 

is restricted to a singular direction, as the lead singer start singing looking straight at the user. 

Eventually, surrounding space is revealed through fade-ins and fade-outs to direct user’s attention 

in different directions. Every time there is a new scene, the space surrounding the user changes to 

a new place, creating the illusion that the user is transported from one place to another. For 

example, when the user is shown a scene from Paris, the environment changes to an all white 

room in Paris.  The use of directional audio plays a role to attract user’s attention towards the 

singers.  

 

 

Figure 7. Screenshot from Song for Someone. 
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Invasion 

Type Length 360-degree 
view 

3D directional 
audio 

Opportunities 
for interaction 

Use of 
touchpad 

Animated short 4:05 minutes Yes Yes Head tracking 
in all directions 

Not needed 

 

This is a colorful VR animated narrative where two aliens come down in their spaceship to take 

over the world. Once they reach, two rabbits starting their day out in an open field discover these 

aliens. The user sees the world as one of the rabbits and the narrative takes her through the 

storyline while they try to stop the aliens. This animated short film uses directional audio to 

attract user’s attention in different directions. Another interesting trick is the use of eye contact 

with the other rabbit. By looking directly at the user, the rabbit acknowledges the user’s existence 

and by looking at different elements of the environment, the rabbit attracts the user’s attention to 

those elements that are important in the storyline. The user can look in any direction at any time, 

but the surrounding space is rather empty, all the action happens in one specific direction.  

 

 

Figure 8. Screenshot from Invasion. 
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Rosebud 

Type Length 360-degree 
view 

3D directional 
audio 

Opportunities 
for interaction 

Use of 
touchpad 

Animated short 4:28 minutes Yes No Head tracking 
in all directions 

Viewing from 
different angles 

Scroll to zoom 

Tap to control 
camera angle 

 

Based on the popular French novel the “Little Prince”, this narrative takes the user on a journey 

through the universe where a lonely rose is growing up on an asteroid and the little prince is 

taking care of it. The user can look around to explore the 360-degree space surrounding her, but 

there is no directional audio. This animated short film overcomes the lack of positional tracking 

by allowing users to use the touchpad of the HMD to zoom in and out, and to grab and rotate the 

asteroid in real-time. This gives the user a large amount of control over the viewpoint from which 

the narrative is experienced. The narrative itself is not reactive and the user’s interaction does not 

change the storyline.  

 

Figure 9. Screenshot from Rosebud. 
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4.5. Semi	structured	interviews	
In total, 10 participants between the ages of 22 to 29 participated in the study.  Five of the 

participants were male and five female. All trials followed the same structure. First, the 

researcher introduced the HMD to the participants with a quick demonstration of how it works. 

The participant then put on the headset, potentially aided by the researcher. Each of the 

participants was then instructed to explore the Oculus Home interface for a few minutes and then 

try out two of the applications listed above. All the participants were interviewed right after they 

had completed each of the applications. After the experiment, the participant was thanked for his 

or her time and was debriefed about the purpose of the study. No compensation was provided for 

the experiment; the participants were more than happy to participate due to the novel experience 

of the VR device. 

4.6. Data	Analysis	
 

One of the useful forms of analysis in qualitative research is the thematic analysis of data to find 

and examine patterns in recorded data. Boyatzis (1998) defines thematic analysis as a method that 

organizes and describes the data set in details by identifying, analyzing and reporting themes 

within it. He argues it often goes further by identifying various aspects of the research topic. 

Since this method of analysis provides a vivid and detailed account of data, I chose to use 

thematic analysis method to analyze the recorded data during this study.  
 

Braun and Clarke (2006) suggest the following six phases for doing thematic analysis that were 

followed during the analysis phase of this study -  

1. Familiarization with data: Transcription, reading and rereading of recorded data along with 

noting down initial ideas.  

2. Initial code generation: Taking the entire data set and coding interesting features of data in a 

systematic fashion. Gathering data relevant to each code. 

3. Searching for themes: Taking codes and assembling them into potential themes. Collating all 

data relevant to each potential theme. 

4. Reviewing initial themes: Reviewing the themes to make sure those work with coded extracts 

of data as well as the entire data set.  

5. Defining and naming themes: Refining the specifics of each theme, exploring the overall 

story the analysis tells; generating clear definitions and names for each theme. 

6. Producing the report: Selection of vivid, compelling data extracts as examples and doing 
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final analysis of those selected extracts, relating back of the analysis to the research question and 

literature, producing a scholarly report of the analysis. 

 

For coding the transcribed interviews, qualitative analysis software NVivo was used in this study. 
After importing observation notes, think aloud data and interview transcripts, instead of using 

abbreviations commonly used while hand coding data, meaningful phrases can be used as codes 

in this software that enables the researcher to code as close to the concept it describes meeting the 

criteria emphasized by Miles and Huberman (1994). They argue, it is important to be able to get 

back to the original concept without the need to go through the time-consuming translation 

process of abbreviated codes into concepts. 

Glaser (1978) recommends coding in the margin right next to the indicator while coding passages 

of texts. While coding data items in NVivo, the codes appear aligned with the corresponding lines 

of text along with the colors used to differentiate the codes. Clicking on the codes highlights the 

part of text that the code represents and these codes stay aligned when the text is scrolled which 

complies with Glaser’s recommendation.  

 

 
Figure 10. NVivo screen with a coded data item, codes are shown on the right side of the 

screen along with proper color codes. 

 

After coding the interviews, think aloud data and observation notes; the entire data set was 

reviewed to find initial themes. Those initial themes were then reviewed to generate refined 

themes for further analysis. After naming, collating, defining and refining the specifics of each 

theme, the final thematic table was constructed to find patterns of answers for the research 

questions relevant to this thesis.  
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4.7. Ethical	considerations		
When it comes to virtual reality, potential for lasting psychological impact during and after a VR 

experience needs to be taken into consideration. Since the designer of the narrative determines the 

participant’s entire environment, the risk of psychological manipulation due to commercial, 

religious or political interest behind the creation of the narrative remains quite high. To minimize 

this risk, the narratives used in this study were carefully selected to avoid any sort of propaganda. 

Participant’s privacy is also a big concern in VR research since technology is readily available for 

recording user’s eye movement and emotional changes; none of these were recorded throughout 

the study. Participants did not need to sign up or log in to any applications and no personal 

information was recorded during the study. To deal with the ethical questions that arise from 

observations and interviews, participants were informed about the purpose of the study and 

consent were taken from the participants before the collection of any data. Since confidentiality is 

also important in qualitative work, all the participations were voluntary and randomized 

participants IDs were used to make sure the participants stay anonymous. Permission for 

recording audio was also requested before the interviews. During this study, it was made sure the 

data had been accessed only for the purpose of this research and those audio materials were not 

used for any other purposes. 
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5. Results	and	Analysis	

After transcription and coding of all the participant interviews, the relevant data extracts were 

collated for analysis to find recurring themes from the data. Meaningful phrases relevant to the 

research questions were used as codes to avoid confusion that might arise from abbreviated 

codes. For example, “negative experience due to lack of interactivity” as a code is much more 

clear and easier to relate to the original concept than abbreviated “Neg Exp – No Int”. This 

practice also made it easier to determine initial themes from the coded data.  

For each code, relevant data extracts were then reviewed and compared against the whole data set 

to make sure the emerging themes make sense and no data extracts were being taken out of 

context from the interview transcript.  

 

Figure 11. NVivo screenshot of data extracts coded for “Negative experience due to lack 

of interactivity”. 

After reviewing the coded data multiple times, several potential themes were identified from the 

data set. The table in appendix C provides details on the emerging themes along with the relevant 

codes and salient data extracts.  

5.1.1. Specific	observations	
During the first phase of analysis, the use of audio-visual cues throughout the narrative to attract 
and direct user’s attention stood out to be one of the most important design factors affecting the 
user’s experience of the narrative. 

The following table lists the initial themes that emerged from the data set in appendix C. 
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Table 1 Initial themes from after first review of dataset.  

Theme ID Initial Theme Relevant 

Application 

T1 Users’ attention is directed by the audio-visual cues available in the 
virtual environment while they try to follow the VR narrative. 

Invasion, Song 

for Someone 

T2 Users expect to see events all around them in a virtual environment 
since the application puts them in a 360-degree immersive world. 

All applications 

T3 Out of curiosity users explore the VR environment in different 
directions. 

All applications 

T4 Due to the lack of positional tracking in mobile VR, user’s movement 
is not tracked which breaks user’s expectation resulting in a negative 
experience.  

All applications 

T5 User has a positive experience if she feels immersed in the VR 
environment where things are happening all around. 

Invasion, Song 

for Someone 

T6 If there’s no possibilities of action in the environment or enough cues 
to attract user’s attention in different directions, then user ends up 
looking straight ahead throughout the narrative. 

Rosebud 

T7 User doesn’t tend to look around when there are no clues available for 

the user to perceive the affordances offered by the environment. 

Oculus Home 

T8 Without any audio or visual cues to state otherwise, users just focus on 
the field of view looking at an conceptual screen ignoring the rest of 
the space that is hidden from the view. 

Oculus Home, 

Rosebud 

T9 Due to the lack of use of the space surrounding the user, immersion is 
minimal and users end up having a boring experience in the VR 
environment. 

Oculus Home, 

Rosebud 

T10 Spatial presence is minimal; user feels like looking at a giant screen 
from outside. 

Oculus Home 

T11 User has trouble to keep up with the narrative in Fear of Missing Out 
something important when there are too many audio-visual cues 
around. 

Muse Revolt 

T12 User feels frustrated and stressed due to lack of control when audio-
visual cues do not provide enough guidance. 

Muse Revolt 

T13 When user’s attention is properly guided through well-designed audio-
visual cues, user feels immersed in the environment, which results in 
spatial presence and enjoyment. 

Invasion, Song 

for Someone 
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The following screenshots taken during data collection phase describes some of the identified themes: 

.  

Figure 12. Screenshot from Oculus Home interface. There are no audio-visual cues to 

direct users’ attention but users looks around out of curiosity and get disappointed. 

Applies to theme T2, T3. 

 

Figure 13. Screenshot from Invasion. Users follow visual cues such as the rabbit pointing 

towards the sky to follow the narrative. Applies to theme T1, T13. 

 

Figure 14. Screenshot from Oculus Home interface. User is presented with a large screen 

with application tiles in front of her and the space surrounding the user is unused. 

Applies to theme T8, T10.  
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Figure 15. Screenshot from Revolt. Excessive use of visual cues direct the users’ 

attention in different directions, users try to follow those cues in fear of missing out 

something important but eventually get frustrated with too many things going on all 

around. Applies to theme T11, T12. 

 

 

Figure 16. Screenshot from Song for Someone. Users’ attention is guided by directional 

audio and visual fade-in fade-outs in the narrative, they can follow it without much 

effort, which leaves them with a positive experience. Applies to theme T1, T5, T13. 
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The initial analysis was further refined to reveal the following themes. At this level of analysis, 

three distinct modes of engagement emerge, which below are called ‘screen mode’, ‘FOMO 

mode’ and ‘guided mode’. For all the applications when participants were placed inside the 

virtual environment, they explored the place around them out of curiosity and looked for anything 

that attract their attention. When they found something that caught their attention they kept 

looking that way until their attention was directed to another element in the environment by a 

visual or audio cue. In all the applications used during the study, due to the lack of positional 

tracking in Mobile VR, when the participants moved during the narrative, the whole VR 

environment moved with them. It came as a shock for them since they were expecting their 

movement to be tracked inside the narrative. It took a little bit of time for the participants to get 

used to this conflict between expectation and reality, but once they got used to their movement, 

the participants had no difficulties following the narratives afterwards.  

 

When participants were exploring the Oculus Home Interface, their attention got directed to the 

application tiles in front of them because nothing else around them was interactive and asked for 

their attention. They felt like there was a big screen in front of them and they kept looking 

straight ahead towards that conceptual screen throughout the experience since no audio-visual 

cues directed their attention towards any other element on the surrounding space. To match with 

the participants’ experience, this mode of engagement has been named the ‘screen mode’. 

 

Participants also experienced this “screen” mode of engagement in Rosebud. Once they were 

placed inside the narrative, the participants looked all around them out of curiosity but the only 

element that caught their attention was the asteroid in front of them where the little prince was 

sitting. Once they started focusing in front, no other audio-visual cues were used to direct their 

attention to any other element in the narrative. They felt like all the action was happening in front 

of them and they were just outsiders looking at a screen. The participants expressed that there was 

not much going on around them and they got bored pretty quickly. It is interesting to note that 

even though Rosebud offered the largest possibilities for interaction through change of camera 

angles, users still got stuck in the “screen” mode since everything was happening in one direction, 

and they couldn’t affect the storyline even by changing camera angles. 

 

In the case of Muse Revolt, participants experienced a completely different mode of experience. 

When they got into the immersive environment of this music video, multiple visual elements 

attracted their attention at the same time. First they saw the band performing on the stage, but 
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their attention quickly got directed to the groups of people running all around them. While they 

were trying to follow the groups to find out what’s going on, their attention got directed again by 

several police cars coming into the scene. While several visual cues tried to catch their attention 

at the same time, lack of directional audio cues made it even harder for the participants to decide 

what element of the narrative to focus on, which made them to follow too many random cues in 

Fear Of Missing Out (FOMO) something important around them. Due to this excessive use of 

visual cues and lack of any sort of guidance, eventually they got frustrated and expressed that 

there was simply too much going on throughout the narrative. To match with the participants’ 

experience, this mode of engagement has been named the “FOMO mode”. 

 

In the case of Invasion and Song for Someone, once the participants entered the VR environment 

visual and directional audio cues directed their attention to the first element they need to focus on. 

From that point on their focus was guided throughout the narrative from one element to the next. 

The audio-visual cues were well designed to make sure multiple cues were not asking for 

attention at the same time. They felt guided throughout the experience and they followed the 

audio-visual cues all around them without much effort. Since the narratives were gradually 

unfolding all around them, the participants felt immersed in those narratives. They also expressed 

the feeling of “being there” in those virtual environments. To match with the participants’ 

experience, this mode of engagement has been named the “guided mode”. 

 
It is important to note that, in all cases participants started in “screen” mode of engagement. They 

kept looking straight ahead until their attention was directed by audio-visual cues in different 

directions. If the cues did not direct their attention, then they got stuck in the “screen” mode 

throughout the application, which happened in Oculus Home and Rosebud. But when multiple 

audio or visual cues tried to direct their attention at the same time then they switched from 

“screen” mode to “FOMO” mode of engagement, which happened in Muse Revolt. When their 

attention was guided from one element to the next, then they switched from “screen” mode to 

“guided” mode of engagement, which was the case in Invasion and Song for Someone narratives. 
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This second level of theme generation is illustrated in the following table: 
 
Initial Themes Refined Themes Final Theme 
Users expect to see events all 
around them in a virtual 
environment since the 
application puts them in a 360-
degree immersive world. 
 

 
 
Out of curiosity and due to 
lack of familiarity with a 360-
degree real life environment, 
users expect to see events 
happening all around them.  
 
 
 
 

 
 
 
 
 
 
 
Users look for clues to follow 
all around them and they 
experience immersion when 
their attention is directed to 
different elements of the VR 
narrative all around them 
through audio-visual cues  

Out of curiosity users explore 
the VR environment in 
different directions. 
 

 
Users’ attention is directed by 
the audio-visual cues available 
in the virtual environment 
while they try to follow the 
VR narrative. 
 

 
 
 
Users feel immersion if their 
attention is directed through 
audio-visual cues available 
around them in the virtual 
environment. User has a positive experience 

if she feels immersed in the 
VR environment where things 
are happening all around. 

If there’s no possibilities of 
action in the environment or 
enough cues to attract user’s 
attention in different 
directions, then user ends up 
looking straight ahead 
throughout the narrative. 

 
 
 
 
 
 
 
Users keep looking straight 
ahead at a conceptual screen 
when there are no audio-visual 
cues available around them to 
attract their attention.  

 
 
 
 
 
 
 
 
Users get into a “Screen” 
mode of experience where 
they keep looking straight 
ahead at a conceptual screen 
resulting in minimum 
immersion, boredom and lack 
of spatial presence; when there 
are no audio-visual cues 
available to attract and direct 
their attention.  

User doesn’t tend to look 
around when there are no 
clues available for the user to 
perceive the affordances 
offered by the environment. 
 
Without any audio or visual 
cues to indicate otherwise, 
users just focus on their field 
of view looking at an 
conceptual screen ignoring the 
rest of the space that is hidden 
from the view. 
 

 



 

 36 

 
Table 2 Refined themes generated from initial themes after further review. Text in dark green indicates positive user 
experience; text in dark red indicates negative user experience. 
 
 
 
 
 
 
 

Due to the lack of use of the 
space surrounding the user, 
immersion is minimal and 
users end up having a boring 
experience in the VR 
environment. 
 

 
 
 
Due to lack of interactivity 
around them, users feel 
minimum immersion and 
spatial presence and the 
experience becomes boring 
pretty quickly. 

 

Spatial presence is minimal; 
user feels like looking at a 
giant screen from outside. 
 
 
User has trouble to keep up 
with the narrative in Fear of 
Missing Out something 
important when there are too 
many audio-visual cues 
around. 
 

Too many audio-visual cues to 
direct users’ attention make 
them to use extra efforts in 
Fear of Missing Out 
something important in the 
narrative.  
 
Users feel like they are not in 
control, which results in their 
frustration and stress. 

 
 
 
Excessive use of audio-visual 
cues put the users in a “Fear 
of Missing Out (FOMO)” 
mode of experience that 
results in frustration and 
stress. 

User feels frustrated and 
stressed due to lack of control 
when audio-visual cues do not 
provide enough guidance. 
 
 
When user’s attention is 
properly guided through well-
designed audio-visual cues, 
user feels immersed in the 
environment, which results in 
spatial presence and 
enjoyment. 
 

Well-designed audio-visual 
cues guide users’ attention in 
different directions all around 
them throughout the narrative. 
 

 
 
Well-designed audio-visual 
cues put users in a “Guided” 
mode of experience 
throughout the narrative 
resulting in their immersion, 
spatial presence and overall 
enjoyment.  

Users feel immersion, spatial 
presence and enjoyment when 
attention is guided to different 
elements of the narrative 
happening all around them.  
  

Due to the lack of positional 
tracking in mobile VR, user’s 
movement is not tracked, 
which breaks user’s familiarity 
with physical reality resulting 
in a negative experience. 
 

Users have a negative 
experience when their 
movement doesn’t match with 
the movement of the VR 
narrative.  

Lack of positional tracking in 
mobile VR requires additional 
time for the user to get used to 
the virtual environment. 
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The following table lists the modes participants engaged in throughout different narratives: 
 
Narrative Mode User Experience 
Rosebud Screen Boredom, Lack of Presence 
Muse Revolt FOMO Frustration, Stress 
Invasion, Song for Someone Guided Immersion, Spatial Presence 
 
Table 3 User modes for applications used in this study. 
 
From the analysis of the collected data set, it is suggested that users experience virtual reality 
narratives in three different modes depending on the availability and use of audio-visual cues in 
that narrative. It can also be inferred that these cues play an important role determining users’ 
overall experience with that narrative.  
 
 

 

 

 

 

Figure 17. Role of Audio-Visual Cues in User Experience of a Virtual Reality Narrative. 

 

From the inductive analysis of user experiences with mobile virtual reality narratives used in this 

study it can be hypnotized that, users have an overall positive experience when there are well-

designed audio-visual cues available throughout the experience that put them in a “guided” mode 

which follows the narrative flow. In this scenario users feel like they are in control, they know 

where to look and how to follow the cues and they are not missing out anything important. They 

also feel immersed in that virtual environment which gives them a feeling of spatial presence. 

 

It can also be suggested that excessive use of audio-visual cues or poorly designed cues put the 

users in a mode of engagement where they try their best to follow the cues in Fear Of Missing 

Audio-Visual 
Cues available 
throughout the 
virtual reality 

narrative 
provide users 
with clues to 

follow 

U

Users look 
for clues to 
follow all 

around 
them in an 
immersive 
narrative 

Too many cues 

Insufficient cues 

Well-designed cues 

User gets into FOMO mode 
[Frustration] [Stress]   

User gets into Screen mode 
[Boredom] [Lack of 

immersion & presence] 

User gets into Guided mode 
[Immersion] [Spatial 

Presence] [Enjoyment] 
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Out (FOMO) something important and end up feeling stressed and frustrated with the overall 

experience. They think there is too much going on and they have no control over the experience.  

 

Finally, it can be implied that, lack of audio-visual cues throughout the VR narrative puts the 

users in a mode of engagement where they end up looking in one direction at a conceptual screen, 

which breaks the immersion and stops them from experiencing the feeling of “being there” or 

spatial presence. Users get bored in this mode and eventually end up with a negative overall 

experience.  

 

One interesting finding from this study is the mismatch between user’s real world perception and 

virtual world perception due to the lack of positional tracking in mobile VR. This results in users 

requiring some additional time to get used to the VR environment.  
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6. Discussion	

By comparing the results from the analysis with the previous studies presented in the theoretical 

framework section, we can see that some of the findings are supported by previous literature.   

6.1. Role	of	audio-visual	cues	in	immersion	and	perception	

In guided mode users experience several components of psychological flow state 

(Csíkszentmihályi, 1990) where they feel immersed in the virtual environment, lose track of the 

surrounding real environment, feel in control and their focus get directed to follow the storyline 

of the narrative through available audio-visual cues. This results in enjoyment and a sense of 

spatial presence. This finding matches with Sutcliffe (2005) in terms of flow experience.  

The role of audio-visual cues in attracting and directing users’ attention in a virtual environment 

agree with the theory of ecological perception (Gibson, 1977; 2014), which states that we turn our 

heads to direct our attention to different visual stimuli and we focus to hear better and gather 

information about action possibilities around us.  

The use of spatial audio to direct users’ attention in different directions throughout a narrative 

matches with the findings of involuntary attention allocation in a virtual environment study by 

Hendrix and Barfield (1996). It is also important to point out the use of directional audio cues in 

both of the narratives where users experienced immersion and spatial presence.  

6.2. Role	of	audio-visual	cues	in	spatial	presence		
When the users’ experience was directed by appropriate audio-visual cues, multiple users 

expressed the experience of being spatially present. This fits the findings from existing literature 

(Steuer, 1992; Biocca, 1999) that emphasize on the use of appropriate audio-visual spatial cues to 

increase the chance of users feeling spatial present in a virtual environment.  

In “FOMO” mode, users usually end up having a frustrating experience because they feel like 

they are not in control. They get stressed thinking that they might be missing out something 

important in the storyline and too many things going on at the same time, which in many cases 

break their immersion and distract them. This agrees with the findings from Wirth et al. (2007) 

who argue that a virtual environment will more likely be perceived as a plausible space if the 

used audio-visual cues have a logical consistency. In “FOMO” mode, the inconsistencies with the 

audio-visual cues confuse the users, which eventually block them from experiencing spatial 

presence in most cases. The negative experience of the users also matches the findings from de 
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Rijk et al. (1999) who argue an excessive use of spatial cues can cause sensory overload 

producing fatigue for the users.   

In “Screen” mode of experience, users feel like outsiders looking at a screen instead of being 

involved in that immersive experience, which in turn lacks spatial presence and the experience 

becomes boring pretty quickly. This is quite consistent when users are presented with an 

immersive interface or with a narrative that lacks well-designed audio-visual cues.  

6.3. Design	considerations	for	immersive	interfaces	
Since virtual reality interfaces are still quite novel for general consumers, there seem to be 

conflicting expectations about the interface when they put on the HMD and start interacting with 

the virtual world. On one hand users expect some events to be happening all around them, on the 

other hand, their familiarity with screen based interfaces make them feel quite familiar with the 

grid based design used in applications like the Oculus Home.  

This means that placing the application tiles all around the users would not be good idea since 

that would require a lot of movement from the users even for simple interactions like select and 

click. But not using the space surrounding the user puts the users in “screen” mode of 

engagement, so that they end up spending most of their time looking straight ahead, which breaks 

their immersion. As argued by Spierling (2015), the difference between interface and the virtual 

world is blurrier with VR, so it’s important that some interface elements are placed in the space 

surrounding the users to make them feel immersed in the virtual environment. This can be 

achieved by using appropriate audio-visual cues to communicate potential actions. It’s also 

important to provide appropriate feedback to keep users informed of their actions.  

Results from this study suggest users’ attention can be guided in different directions by using 

proper audio-visual cues to show possibilities of actions around them. This means that non-

essential interface elements such as messages, updates, events, settings or any other elements that 

do not need to be in user’s focus all the time could be placed behind the user or in the peripheral 

region on the sides to use more space surrounding the user. In addition to visual signifiers, 

auditory cues to guide the user where attention is needed are also quite powerful as revealed in 

this study, especially when user is not looking at that interface element. 

In the revised edition of his seminal book “The design of everyday things”, Norman (2013) 

emphasizes on using signifiers that communicate where the action should take place. He argues 

that people search for clues in the environment to understand what actions are possible and the 
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designers need to provide those clues through meaningful signifiers. In the case of virtual reality 

interfaces, I suggest the use of audio-visual cues as signifiers to guide the users in that 

environment for an improved user experience. 

Results from this study clearly indicate the lack of immersion in Oculus Home interface due to 

the fact that most of the space surrounding the user is completely unused. The current design of 

this interface puts the users in a “screen” mode of engagement even before they get to any of the 

applications. Based on the findings of this study, this design can be improved through the use of 

limited number of audio-visual cues to attract and direct users’ attention to different elements. 

Here is a conceptual prototype that shows how visual cues (such as motion in this case) and audio 

cues can be used as signifiers to improve user’s experience with an immersive virtual reality 

system interface.  

 

Figure 18. A conceptual immersive interface prototype built using a demo scene in 3D 

rendering engine Unity.  

In the figure above, user is focusing straight ahead while any visual cues such as motion will be 

detected in her peripheral vision attracting her attention to that area when needed. This can be 

used for showing alerts, messages, appointments etc. It is important to keep in mind excessive use 
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of motion will annoy the user and she will eventually get habituated to the movements, which 

will make her ignore the cues at the end. So the use of motion should be kept minimal. 

 

Figure 19. Side view of the immersive interface when user is focusing straight ahead. 

Motion signifiers can be used to direct attention in peripheral vision, while audio 

signifiers can attract attention behind the user. 

While motion can be used in peripheral vision, visual cues located behind the user will not be 

able to attract user’s attention. Since user’s field of view is limited to only a third of the available 

space or less, audio signifiers can improve the use of virtual space dramatically and thus match 

user’s expectation of an immersive virtual space that surrounds her. This can be achieved by 

using spatial audio cues behind the user as signifiers to attract user’s attention when needed. Non-

essential interface elements such as download notifications; application updates etc. can be put 

behind the user with audio signifiers to direct user’s attention only when needed.  

The following figure shows the interface from the user’s point of view when she is looking 

straight ahead. With the current design of VR user interfaces, unless user’s attention is directed 

towards sides or the back, user stays focused on the screen in front of her, which breaks 

immersion of the virtual space. But by using audio-visual cues as signifiers, as shown in the 

figure, user’s attention can be directed towards the side to provide a the experience of better 

immersion in the virtual space. 
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Figure 20. Front view when user is focusing straight ahead. 

The following figures show a conceptual head tracking VR interface prototype using an existing 

interface where visual cues have been used to direct user’s attention towards the peripheral area 

of user’s field of view. For example, here the user is focusing on “affordances lecture live” 

section while a nudge on the right side of the interface works as a visual cue to direct user’s 

attention towards an upcoming appointment.   

 

Figure 21. High-Fidelity conceptual prototype of a VR interface with Motion Signifiers to 

attract user’s attention when needed 
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Figure 22. User’s attention is directed towards an upcoming appointment through the use 

of a visual cue as a signifier.  

6.4. Design	considerations	for	immersive	narratives	
In their book on game interface design, Saunders and Novak (2012) argue anything that enables a 

player to interact with the game, including the game characters, should be considered part of the 

interface. Spierling (2015) argues this also applies to interactive narratives where the viewer 

becomes increasingly immersed as a member of the story world. The higher the immersion the 

further the border between the interface and the narrative diminishes. This definitely applies to 

immersive narratives in virtual realty since the viewer is also an essential part of the experience 

itself. So the design guidelines suggested above for VR interfaces should also work in VR 

narratives to attract and direct user’s attention.  As found from the analysis of this thesis, based on 

the role of audio-visual cues used, users’ engagement with virtual reality narratives can be 

broadly categorized in three modes – “screen”, “FOMO” and “guided”. While “screen” mode 

makes the users feel bored, “FOMO” mode makes them stressed and frustrated, both of which are 

negative outcomes. The key is to put the users in “guided” mode that makes them feel immersed, 

in control and satisfies their curiosity in a subtle way rather than overwhelming them. So while 

designing a virtual reality narrative experience, it is very important to consider the use of audio-

visual cues thoroughly and design the application to provide the maximum immersion possible in 

a virtual environment.  
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7. Conclusions	

We know from the language of cinema that motion, color and contrast work really well as visual 

cues to direct audience's attention where needed. But when those audiences are placed inside the 

media in virtual reality, there is always a chance of having their back turned to important 

elements in the narrative. UX designers can avoid this situation by placing visual cues inside the 

FOV of the users and by placing audio cues outside the FOV to make sure users turn their heads 

to face the elements important for the narrative when needed. Based on the user experiences 

investigated in this study, it can be suggested that every distraction in the form of a visual cue 

demands a piece of the use's attention. Muse revolt is a good example where competing elements 

such as bright colors and motion fight for user's attention in different directions eventually over 

stimulating the users into their stress and frustration. While only four narratives cannot be used to 

generalize the findings, it can be taken as a basis for further investigation into the effect of audio-

visual cues on user experience in virtual reality. By digging deeper in to the experiences of the 

users, this explorative study pinpoints some of the design factors the UX designers should take 

into considerations in order to provide an immersive enjoyable experience for the users. The main 

conclusions that can be drawn from this thesis are discussed below. 

7.1. Audio-visual	cues	make	or	break	an	experience	

It is clear from the analysis of the recorded data that a virtual reality narrative needs to have well 

designed audio-visual cues to guide users’ attention in a virtual environment to increase 

immersion that results in a positive overall experience. Technological advances such as better 

graphics quality or faster rendering power alone cannot maintain the experience of “being there” 

for the users without proper use of audio-visual cues. It is also important to keep in mind the 

usefulness of directional audio cues that direct user’s attention to elements of the VR experience 

not visible in user’s field of view.  

7.2. The	sweet	spot	lies	between	boredom	and	frustration	
Another interesting finding is how the amount of available audio-visual cues affects user 

experience in a virtual narrative.  It is clear from the findings of this study that excessive audio-

visual cues that put the users in “FOMO” mode resulting in their frustration and a negative 

overall experience. While too many cues bring frustration, lack of cues brings boredom since the 

users expect to see events happening all around them in an immersive VR environment. By 

designing all the action straight ahead in front of the user, an application not only breaks their 
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immersion but also makes them feel like they are looking at a screen in a big unused virtual 

space. Only a limited number of well-designed audio-visual cues hits the sweet spot of user 

experience and guides them throughout the narrative without requiring much effort from the 

users. While the effect of audio-visual cues in user experience is quite clear, to find out exactly 

how the design of these cues can be improved and what’s the right number of cues in a virtual 

environment, we will need much more work on this topic in the future. 

7.3. It	takes	a	little	extra	time	to	get	used	to	mobile	VR	

When it comes to lack of positional tracking in mobile VR, it can be asserted from the findings 

that users get confused and frustrated when their movements in the physical environment result in 

the whole virtual environment moving with them. This clash between real world perception and 

virtual world perception breaks their feeling of spatial presence in that VR environment. 

Fortunately, once they get used to the limited tracking capabilities of the HMD, users seem to get 

back into the flow of the narrative pretty quickly especially when well-designed audio-visual cues 

guide them throughout the experience. Based on this finding it can be suggested that users should 

always be given a little extra time to get used to their movements in a mobile virtual environment. 

7.4. Immersive	VR	interfaces	need	design	changes	
Finally, since users expect to see some events happening all around them in virtual reality to 

match with their perception in physical environment, it is imperative that the design of immersive 

interfaces should fulfill this curiosity. As the finding from this study suggests, putting a user in a 

360 degree virtual space but keeping most of that space unused makes it a boring negative overall 

user experience. To provide the users with a more immersive experience, the design of virtual 

reality user interfaces should be improved following some of the guidelines provided in this 

thesis. Only after further user testing with the improved designs, we will be able to solidify which 

design works and which doesn’t. 

Noticing the exponential rise of virtual reality applications this year, the goal of this study was to 

explore user experience in mobile virtual reality narratives while investigating how users follow 

the narrative and what design factors contribute to their positive or negative experiences. By 

using a consumer oriented mobile HMD and some popular VR applications, this study also 

investigated if the results relate to the findings from existing literature, where the research was 

conducted mostly in controlled environments using proprietary devices. 
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Going back to the research questions, we see the role of audio-visual cues in user experience of 

virtual reality is quite important. Users know where to look and how to follow the narrative 

through the guidance of these cues. They look for signs in the virtual environment and discover 

possibilities for action in that environment by paying attention those signs. Every single virtual 

reality experience takes the users in to a completely new virtual environment and without prior 

knowledge of that space and without the abilities to move around, touch, smell and taste; the only 

way those users can explore that virtual environment is by relying on the two available sensory 

cues – vision and audio. 

In summary, a virtual reality narrative can be fun, useful, exciting and emotional; but it can also 

turn into a frustrating, confusing and uncomfortable experience; it all depends on the design. 

Unlike traditional screen based media, the user experience is not bound to the limited rectangular 

space available in front of the user. In a VR experience, the user is put right in the middle of an 

environment that she can freely explore. The designers of those experiences have no options to 

control the attention of a user other than communicating through their design. The designers need 

to include perceptible signs as cues so that users can focus on the important elements while they 

are in a virtual world and they look in the directions as intended by the designers. It has never 

been more important to understand how users experience and react to the virtual world designers 

are trying to create. By investigating the role of audio-visual cues in directing users’ attention and 

by relating it’s effect on different dimensions of user experience such as spatial presence, 

immersion and enjoyment; this study suggests some improvements in the design of virtual 

narratives and immersive interfaces.  

7.5. Limitations	

Due to the small sample size and inductive method, no claims can be made towards the 

generalizability of the findings. While data collection and analysis were done thoroughly and 

carefully, the findings must be tested in a controlled study to verify the findings. In particular, it 

must be established if the same three modes of engagement would re-emerge in studies with new 

users and new applications.  

Another limitation is the age group of the participants. The findings might be different if the 

participants were from an older generation who are more hesitant towards new technology or if 

the participants were children who are more curious in a new environment. There are also 

cognitive differences in perception among different age groups, which might affect the different 

modes of engagements proposed in this study.  
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As for the devices used during this study, use of a lower end mobile VR device such as Google 

Cardboard might affect the findings. Due to its smaller field of view, participants might 

experience less immersion, which would affect their experience with the narrative. Also 

cardboard’s support for phones with lower resolution displays might affect the quality of the 

visual cues affecting participants’ engagement within the narrative.  

7.6. Future	research	

The role of audio-visual cues in user’s sense of spatial presence and immersion deserves further 

investigation. The conceptual prototype of an immersive VR interface presented in this study has 

not been developed or tested, and evaluating the concept would serve to ground the findings of 

the thesis further.  

A challenge is also to extend the results outside of the domain of mobile VR narratives. For 

example, users’ engagements in interactive applications such as immersive games where their 

interaction changes the properties of the VR environment can be investigated to see if the results 

match with the results of this study. This also applies to interactive VR narratives where the story 

adapts in real time depending on where users look and focus. 

It will be interesting to see if the findings of this study also apply to the design of mixed reality 

experiences where real and virtual objects co-exist in the same space of interaction.   
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9. Appendices	

9.1. Appendix	A	

Sample transcript from semi-structured interviews: 

Participant 1 

Oculus Home Interface 

Researcher: So..How did you feel being in a virtual world? 

Participant: A little bit disoriented. But if you try to focus you feel involved. And little bit but 
very slightly like a stomach weird feeling..you know.  

Researcher: If I ask you to describe the experience in one word, how would you describe it? 

Participant: Ah…much better than I thought…well….amazing. Hmm…well…surprising. 

Researcher: When you put it on, you were sitting down, did you feel like looking around? Was 
there any clue that gave you an idea that you should look around on the first screen ..like Oculus 
Home? 

Participant: No there wasn’t any clue but I thought (curse word) if I am here in virtual reality I 
am supposed to be able to turn around and see new things, so even though there was no clue 
..ummm.. like the whole situation force you to explore a little bit. 

Researcher: So there was no actual cue or clue that signify that may be there’s something else 
behind you? 

Participant: No. 

Invasion 

Researcher: How was the overall experience? How do you feel about the narrative? 

Participant: Good, but frustrating because of the fact that you are a passive observer…. You 
can’t move around in virtual reality, the only thing you can do is look around and you cannot 
interact with the scene. It feels like I am missing a lot. 

Researcher: Were you trying to interact? 

Participant: Yes….exactly! I was trying to step forward, or to…how do you say…to kneel 
down, ummm, yea ..I realiaze it’s not possible, may be. But you know just to explore a little bit 
more, because you are just stuck… it’s nice to see and..ummm.. also like… I feel yes it is 
possible to look around but it is kind of obvious that the focus of the attention is infront [of the 
viewer]. I mean you can spend the whole movie looking just backwards ((laughter)) but then it’s 
like ..like it doesn’t feel completely like reality because [it] has less things happening, obviously. 
It is like a standard image, like a GIF, like a standard animated image you are looking at, I mean 
for example if you could move that would improve a lot of the experience.  
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Researcher: Did you feel like you are inside the virtual world or did you feel like you were 
looking from outside? 

Participant: Sometimes…well…I think it depends a lot on the user. If you try to focus on the 
video and start noticing these ridiculous pixels that you can see…. Or if you try to..ummm…just 
look around and forget about the reality, I think you are able to have this nice feeling…it’s not 
like you just see this and suddenly you are there! 

Researcher: Ok, did you see the spaceship coming? There was a spaceship and there was a 
rabbit. 

Participant: Yea, because the rabbit was pointing!  

Researcher: So you were following the rabbit? 

Participant: Yea….because…you know if the rabbit is the main action happening that gives you 
clues that things are happening. Otherwise, you see the eagle coming…then it passed..then 
suddenly the rabbit is continuously looking at something and you are like what is it looking for?  

Researcher: So the rabbit gave you a clue that may be something is going on there? 

Participant: Yes…right… it directed my attention. 

Researcher: So first there’s nothing in the scene then the rabbit comes out from the hole, did you 
see the rabbit getting out? 

Participant: I knew where to look by the sound. And then I see something moving and looked 
that way. 

Researcher: So motion and sound that gave you the hint where to look? 

Participant: Yes, always.  

Researcher: So you were looking around inside the narrative and not like looking in one 
direction the whole time? 

Participant: I was looking at the spaceship once it just landed. Then I was like not much 
changing and if you look back there is like animated but bare landscape but ofcourse you don not 
want to ignore two aliens infront doing something…so you want to look again ….what’s gonna 
happen…so…yea…I looked around but mainly I was following the action.  

Muse Revolt 

Researcher: So how did you like it? 

Participant: I would say this the video with the worst quality and the video where more things 
happening ((laughter)) may be too many things happening. So you don’t want to miss anything so 
you try to look around. 

Researcher: So you were kinda afraid that you might be missing out something? 

Participant: Yea, and actually I was sometimes confused. Because there were sometimes hints 
like where the people were looking for but you had always two fronts, like one with the police 
and one with the rebels or whatever. Ummm… so you could try to see what was happening from 
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both sides, but I missed that the video was interacting with you. You are not the main character 
anymore, you are like a passive …ummm….you are like a drone actually.  

Researcher: So compared to the video before this one, you think there was a lack of guidance 
where to look how to follow? 

Participant: For this one it felt like…hmmm…how to say…ummm… more like a 3D video than 
virtual reality where you are inside. [….].I think it was much more confusing than the last one, it 
was hard to find where things were happening…more chaotic.  

Researcher: We used a different app this time, VRSE. You were looking around in the app, did 
you see anything? 

Participant:  It was, in that case mainly in the front..little bit down. It was really a simple 
interface. In this case it was not using the space…it was like a normal screen. 

Researcher: Did you have trouble following the storyline? 

Participant: Not the storyline..no, but more like having a clear idea where to look. Like in real 
life you can guide your feelings by the purpose you have in that moment and the rest with your 
senses. But in this case you have only one sense…which is like..umm…like.. your sight, and I 
think you want to check everything and its overloaded and may be a little stressful.  

Researcher: What about the audio? Did it help you much with where to look and how to follow? 

Participant: [….] a few times but not all over the video. 
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9.2. Appendix	B	

Sample data extracts from coded data for the code “attention is directed through visual cue: 

Internals\\Participant 1 - § 7 references coded [ 10.76% Coverage] 

Reference 1 - 0.65% Coverage 

Yea, because the rabbit was pointing! 

Reference 2 - 1.92% Coverage 

Yea….because…you know if the rabbit is the main action happening that gives you clues that 
things are happening. 

Reference 3 - 2.63% Coverage 

Otherwise, you see the eagle coming…then it passed..then suddenly the rabbit is continuously 
looking at something and you are like what is it looking for? 

Reference 4 - 0.65% Coverage 

Yes…right… it directed my attention. 

Reference 5 - 0.85% Coverage 

And then I see something moving and looked that way 

Reference 6 - 0.85% Coverage 

I was looking at the spaceship once it just landed. 

Reference 7 - 3.22% Coverage 

Like in real life you can guide your feelings by the purpose you have in that moment and the rest 
with your senses. But in this case you have only one sense…which is like..umm…like.. your 
sight, 

Internals\\Participant 2 - § 1 reference coded [ 3.23% Coverage] 

Reference 1 - 3.23% Coverage 

I see Bono being the closer.. and then everyone… I mean …in the beginning I was like are they 
playing…I mean they change right…Bono and the guiter player 

Internals\\Participant 3 - § 10 references coded [ 19.62% Coverage] 

Reference 1 - 3.06% Coverage 

there was a balcony thingy and every time you looked on the left side, if you want to focus on the 
left side you saw more, like you saw there was more stuff on the left, 

Reference 2 - 1.44% Coverage 

It’s a rocket launcher. What did they shoot! I missed it. Where did it go? OK. 

Reference 3 - 1.60% Coverage 

hey are running up in the barricades like a French revolution going on. Oh these guys 

Reference 4 - 1.26% Coverage 

Participant gets up and looks behind. There’s a lot of policeman! 
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Reference 5 - 3.43% Coverage 

There was some kind of guidance, like there was some people running around.. umm…there was 
a revolt, if you follow the people you can also follow the ..umm…I think (the storyline). 

Reference 6 - 3.59% Coverage 

But there was also at some points, some movements…umm…. You are kind of redirected, like 
you look left and you see stuff is moving on the left so you are kinda getting droned to some 
location. 

Reference 7 - 0.07% Coverage 

Yea 

Reference 8 - 1.83% Coverage 

I realized I am not even listening to the music anymore. I wasn’t even enjoying it [[laughter]]. 

Reference 9 - 0.73% Coverage 

I think I was only guided by the visual. 

Reference 10 - 2.61% Coverage 

At some point also the..umm…you could see the edges…ummm.. it starts fading. And you are 
like…ah OK…there is a new image it’s fading into 

Internals\\Participant 4 - § 2 references coded [ 5.36% Coverage] 

Reference 1 - 1.82% Coverage 

Child! A child and some smoke. Oh my god. 

Reference 2 - 3.54% Coverage 

he found a rose! And he is smelling the rose. He fell into a hole! [[laughter]] 

Internals\\rabbit pointing - § 1 reference coded [ 11.76% Coverage] 

Reference 1 - 11.76% Coverage 

 
Internals\\song for someone - § 1 reference coded [ 100.00% Coverage] 

Reference 1 - 100.00% Coverage 

User’s attention is directed through visual cues with subtle brightness change. 
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9.3. Appendix	C	
Emerging themes along with their relevant codes and salient data extracts.  

Data Extracts Coded for Emerging Theme 

// Participant 8 
…. the planets were moving and that to me 
indicates that may be something is going on in this 
side may be something might be going on in the 
other side. 

// Participant 9 
I started noticing like ..oh something happens here 
and then it’s fading out and here it was slower 
(transitions). So it wasn’t like …oh…this 
happened when I was looking that way [[points at 
a different direction]]. Ok…something is about to 
fade away. I can see that and I can put my 
attention there. 

Attention was 
directed through 
visual cue 

 
 
 
 
 
 
 
 
 
 
 
Users’ attention is 
directed by the 
audio-visual cues 
available in the 
virtual environment 
while they try to 
follow the VR 
narrative. 

// Participant 10 
Yea for sure. I mean I didn’t see the rabbit come 
out of it’s cave but then I heard the sounds to the 
left and I looked in the scenery and I heard and 
then I saw the rabbit. I think it was the same 
thing when the spaceship came down….or may be 
that was because the rabbit looked in that 
direction, that’s the way I noticed. 

User follows Audio-
Visual cues to know 
where to look at 

// Participant 1                                                           
I knew where to look by the sound. And then I see 
something moving and looked that way. 

// Participant 4 
…. there was this sound..ummm… every time 
there was a new shifting of…ummm.. music like 
coming from different directions. [….] it felt 
like…oh…there is something up there now, turn 
and there is a new thing. So every time there is a 
new scene. 
 

Attention was 
directed through 
Audio Cue 

// Participant 1 
I thought (curse word) if I am here in virtual 
reality I am supposed to be able to turn around and 
see new things! 

User's expectation in 
an Immersive 
Virtual Environment 

 

Users expect to see 
events all around 
them in a virtual 
environment since 
the application puts 
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Data Extracts Coded for Emerging Theme 

// Participant 2 
In someway you are restricted here so I would 
rather…ummm…I mean …like I would wanna 
look around more and see more things around. 
 
// Participant 9 
You sort of want to look everywhere. It’s like I am 
looking here and then ..Oh…It’s over there! 
 

Factors affecting 
immersion 

them in a 360-degree 
immersive world.  

// Participant 4 
I looked around just because I wanted to see 
what’s around me and I kept going. 

// Participant 6 
I really did not feel the need to turn around I did 
that because I was just curious. 

// Participant 8 
First of all it’s the curiosity (that made me look 
around) because it’s cool. 

 

 

User’s expectation 
in Virtual Reality 

 

User's curiosity 
about the virtual 
environment 

 

 
 
 
 
Out of curiosity 
users explore the VR 
environment in 
different directions. 

// Participant 2                                                     
But the weird thing that I don’t was consistent and 
made well .. I mean I don’t know how things work 
in VR with head and stuff, when I went up, the 
thing went up with me! While my expectations 
was to see people from up…you know! 

// Participant 5                                                    
Like if you start in the middle of the room may be 
you can back off and you have space to move … I 
think that’s the thing ….you are just stuck in the 
middle and it’s kinda creepy 

// Participant 1                                                      
…. frustrating because of the fact that you are a 
passive observer…. You can’t move around in 
virtual reality, the only thing you can do is look 
around and you cannot interact with the scene. It 
feels like I am missing a lot. 

// Participant 10                                                       

Lack of positional 
tracking in mobile 
VR 

 

 

 

 

 

User can’t move 
within the 
environment 

 
 
 
 
 
 
 
 
Due to the lack of 
positional tracking in 
mobile VR, user’s 
movement is not 
tracked which breaks 
user’s expectation 
resulting in a 
negative experience.  
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Data Extracts Coded for Emerging Theme 

I don’t know, I was trying to walk in the world 
just to see if something happens. But nothing 
happened and it felt weird! 

// Participant 1 
…. if you try to..ummm…just look around and 
forget about the reality, I think you are able to 
have this nice feeling 

// Participant 2 
…. I think they play a bit like left right, so people 
went from here to here [[pointing at different 
directions]], it kinda makes a difference. 

// Participant 9 
It’s cool that you can look everywhere. [[ laughter 
]] Oh, This is really cool. 

 

 

Positive Experience 
if the user looks 
around 

 

 

User has a positive 
experience if she 
feels immersed in 
the VR environment 
where things are 
happening all 
around. 

// Participant 1 
No there wasn’t any clue (to look around). 

// Participant 9 
Well you see part of the room behind the menu, 
So I looked around a little bit. But nothing new 
was moving around. 

 

 

 

Lack of cues to 
attract user's 
attention 

 

 

 

If there’s no 
possibilities of 
action in the 
environment or 
enough cues to 
attract user’s 
attention in different 
directions, then user 
ends up looking 
straight ahead 
throughout the 
narrative. 

 

 

// Participant 10                                           
Everything was happening in front of me more or 
less. 

 

User is looking at 
one direction 

 

// Participant 4 
I looked around just because I wanted to see 

Lack of cues to 
direct user's 

User doesn’t tend to 
look around when 
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Data Extracts Coded for Emerging Theme 

what’s around me and I kept going…and there 
was a clear menu just in front of you so there’s no 
reason to look around. 
 
// Participant 6 
The bar behind was nice to see but I was not 
expecting to see some options there. 
 

attention there are no clues 
available for the user 
to perceive the 
affordances offered 
by the environment. 

// Participant 2 
…. why not use the whole space …I mean there’s 
so much space around you for options and buttons 
and so on. 
 

Lack of affordances 
offered by the 
virtual environment 

 
 
Without any audio 
or visual cues to 
state otherwise, 
users just focus on 
the field of view 
looking at an 
conceptual screen 
ignoring the rest of 
the space that is 
hidden from the 
view. 

// Participant 1 
For this one it felt like…hmmm…how to 
say…ummm… more like a 3D video than virtual 
reality. 

// Participant 9 
That was more like a TV screen I guess. 

User is focused at a 
big virtual screen in 
front of her 

 Oculus Home 
Interface 

// Participant 4 
From think aloud data: 
…he is watering the flower. Which is very cute 
but it’s kinda boring. Maybe I can burn him in the 
sun! [[laughter]] Well, I am looking at a child 
watering a flower…. It’s a bit dull! 
 
// Participant 7 
Everything was happening in front of me and it 
was very boring I have to say. 

Negative experience 
due to lack of 
Interactivity 

 

Boredom due to 
limited space for 
interaction 

 
 
 
 
 
 
 
 
Due to the lack of 
use of the space 
surrounding the user, 
immersion is 
minimal and users 
end up having a 
boring experience in 
the VR environment. 

// Participant 8 
I don’t think that I got any indication that I should 
move around. I mean I saw it was a room and 
I could have (moved around) but I did not get that 
may be I should look around. 

// Participant 9 
…. The whole interface was in front of me. I 
didn’t have to look around or up and down, I mean 
I could but there wasn’t anything I could choose. 
It was cool to see the environment but whole 
gallery was in one place. 

Break of Immersion 
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Data Extracts Coded for Emerging Theme 

 Rosebud 

 

// Participant 1 
I missed that the video was interacting with you. 
You are not the main character anymore, you 
are like a ….hmmm…how to say…ummm… 
more like a 3D video than virtual reality where 
you are inside. 
 
// Participant 3 
I felt like I was more watching from outside. 
 
// Participant 7 
It was more like I was just watching something 
cause I am supposed to experience this in real 
life….something like being in space….. definitely 
watching from outside. 
 

Lack of Spatial 
Presence 

 

 

Spatial presence is 
minimal; user feels 
like looking at a 
giant screen from 
outside. 

// Participant 5 
There’s something in front of you and there’s 
something on the side and may be there’s 
something on the back…. Oh my God…what is 
happening kind of! 
 
// Participant 3 
From think aloud data 
There’s a lot of stuff going on! It’s hard to focus 
on one thing. There’s a …a lot of….a lot of, OK 
I want to follow the flow of people but it’s hard. 

// Participant 9 
It’s a bit difficult to know where to focus cause 
you can’t see everything at once. You sort of want 
to look everywhere. It’s like I am looking here and 
then ..Oh…It’s over there! I mean when you 
are looking at the TV you can just watch the 
whole thing at once….this is more immersive in 
one way but it’s like hard to know…like now it 
seems like I am looking in the wrong direction. 
 

Negative Experience 
due to excessive use 
of Cues 
 
 
 
Negative Experience 
because it was 
hard to follow 

 
 
 
 
User has trouble to 
keep up with the 
narrative in Fear of 
Missing Out 
something important 
when there are too 
many audio-visual 
cues around.  

// Participant 1 
I was sometimes confused. Because there were 
sometimes hints like where the people were 
looking for but you had always two fronts, like 
one with the police and one with the rebels or 
whatever. Ummm… so you could try to see what 

Fear of Missing Out 
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Data Extracts Coded for Emerging Theme 

was happening from both sides. 
 
// Participant 9 
It’s a bit difficult to know where to focus cause 
you can’t see everything at once. You sort of want 
to look everywhere. It’s like I am looking here and 
then ..Oh…It’s over there! I mean when you 
are looking at the TV you can just watch the 
whole thing at once….this is more immersive in 
one way but it’s like hard to know…like now it 
seems like I am looking in the wrong direction. 
Here is like ….OK… I am watching something 
…but there’s something else I want to watch too 
at the same time. 
 
// Participant 1 
I would say this the video with the worst quality 
and the video where more things happening 
((laughter)) may be too many things happening. 
So you don’t want to miss anything so you try to 
look around. 

// Participant 4 
You can go around. It’s lagging, if you move too 
quickly it gets stuck so you have to go back and 
kind of drag it with you. 

 

Negative Experience 
due to poorly 
designed Audio-
Visual Cues 

 

 

 

 

 

 

User feels frustrated 
and stressed due to 
lack of control when 
audio-visual cues do 
not provide enough 
guidance. 

// Participant 3                                                         
I mean it was a bit disoriented. It was hard to 
see…ummm…I wanted to explore as much as 
possible, but there was a lot of movement and 
there was a lot of …ummm…. and then I realized 
I am not even listening to the music anymore. I 
wasn’t even enjoying it [[laughter]]. 
 

Distraction from the 
narrative flow 

// Participant 1                                                         
I think you want to check everything and its 
overloaded and may be a little stressful. 

// Participant 5 
There’s something in front of you and there’s 
something on the side and may be there’s 
something on the back…. Oh my God…what is 
happening kind of! 

User is feeling 
stressed 

// Participant 9 Frustration due to 
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Data Extracts Coded for Emerging Theme 

[….] I mean movement attracts attention and you 
see someone running you want to see who’s 
that. Sometimes it’s like they are throwing rocks 
…and something happened behind me as well. 
So I looked around and there was the police force 
or something…OK…now I want to look at both 
(sides) since I am in the middle of it and then 
suddenly you are somewhere else. So it’s a bit 
lost. You don’t feel like you are controlling 
anything. 

lack of control 

 Muse Revolt 

// Participant 1                                                         
I knew where to look by the sound. And then I see 
something moving and looked that way. 

// Participant 6 
I actually followed him [the bunny]… I mean of 
course the audio gave you some signal but 
mainly for the bunny…. 

Experience was 
guided through 
Audio-Visual cues  

 
 
 
 
 
 
When user’s 
attention is properly 
guided through well-
designed audio-
visual cues, user 
feels immersed in 
the environment, 
which results in 
spatial presence and 
enjoyment.  

// Participant 1 
…. if you try to..ummm…just look around and 
forget about the reality, I think you are able to 
have this nice feeling. 
 
// Participant 3 
…. definitely, there was this sound..ummm… 
every time there was a new shifting of…ummm.. 
music like coming from different directions. [….] 
it felt like…oh…there is something up there 
now, turn and there is a new thing. So every time 
there is a new scene. 

Positive Experience 
when user looks 
around and feels 
immersed 
 
 
 
 
 

// Participant 2 
I felt so [experience was guided by the 
cues]..yea..I didn’t think I missed anything, I 
mean considering it went from like this concert 
hall to some other person’s home and then you 
went to Los Angeles, that transition could 
potentially .. could be really like distracting or 
confusing, right, like what’s happening here? But I 
really felt it went really smooth. 
 
// Participant 3 
I was being like sort of transported in people’s 
homes, like really gradually….. it wasn’t too 
exotic, I mean the transition was smooth. 

User can follow the 
narrative without 
much effort 
 
 
 
 
 
 
User gets in a flow 
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Data Extracts Coded for Emerging Theme 

 
// Participant 9 
Its good that I am in control and don’t miss out or 
feel like missing out 
// Participant 2 
I kinda felt like I was in the same room with them. 
That was really nice….. 
 
// Participant 3 
Definitely…yea It felt like I was there. 

// Participant 10 
…. It felt like I had a presence in the story cause 
the rabbit was kinda hiding behind 
me…and….ummmm….and the aliens were 
aiming at me 

 
 
 
 
Positive experience 
due to spatial 
presence 

 
// Participant 2 
…. here it was like, Oh! Bono is here, there’s 
another person here [[pointing at a different 
direction]], and it so amazing. 

// Participant 9 
It’s cool that you can look everywhere. [[ laughter 
]] Oh, This is really cool. 

 

Feeling of 
enjoyment 

 

 Invasion 

 Song for Someone 

Table 3 Emerging themes along with coded data. Text in orange identifies the primary experience elements of the 
users. Text in green identifies the relevant VR narratives.  

 


