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Abstract 

By reflecting on existing mediums that have been created specifically to tell 

stories we can see that, at some point, viewers become comfortable with 

certain elements they like, and these elements are defined as the 

mainstream stereotype of the medium. Video games, books, cinema, theatre, 

and television have defined mainstream stereotypes based on the elements 

of those mediums that were successful and persisted. Throughout the 

development and growth of a medium, divergence occurs through 

exploration of new methods. New methods of delivering digital media require 

alternate theoretical frameworks to guide design. By exploring the 

intersection of cinematography, narratology and ludology it is possible to 

define new processes to deliver storytelling experiences in emerging 

mediums, specifically virtual reality. 

This research explores the intrinsic design requirements of 

virtual interactive environments to enhance environmental presence and 

measure the impact of photo-realistic weather systems on virtual reality 

audiences. Real-time virtual environments have been demonstrated as 

exponentially progressing towards more aesthetic realism in an effort to 

emulate natural environments. It is believed the users’ perception of realism 

and immersion within the virtual space will have a direct effect on their ability 

to not only effortlessly transfer their consciousness but react and interact with 

the environment in a way that would be observed in natural behaviour. The 

objective is to generate physiological responses similar to natural behaviour 

by instilling a sense of awe in audience members when they perceive a virtual 

space. 

To gain insight into the value of weather as an environmental storytelling tool, 

two experiments were undertaken. Each experiment analysed participants 

behaviour to photo-realistic weather systems in virtual environments through 

differing mediums. Experiment 1, known as the Console Experiment, 

analysed qualitative and quantitative user responses to variations of weather 
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when experiencing the environments on a desktop computer. The 

experimental trial required participants to explore two virtual environments; 

clear weather and stormy weather. Whilst a statistically significant result 

demonstrated a preference for the dynamic weather system, participants 

reported poor levels of immersion and playability.  

Experiment 2, known as the Virtual Reality Experiment, responded directly 

to the findings of the Console Experiment to generate high fidelity trial 

environments for use in virtual reality headsets. This experiment analysed 

behavioural responses to procedural weather variants in two separate virtual 

environments, collecting data through observational and interview 

processes. A small focus group of 10 participants was used to collect the 

data, with significant time being spent in the test environments. Results 

described reactions beyond those anticipated in the hypothesis of the 

research, with 8 participants audibly demonstrating a sense of awe, 9 

participants describing sensations of feeling ‘cold’ and ‘warm’, 6 participants 

commenting on the potential of feeling wet, and 7 participants considering 

potential exploration pathways and storyline adjustments through soliloquy.  

This thesis demonstrates significant potential of procedural weather systems’ 

impact on narratives in virtual reality. With recent discourse outlining the 

absence of high-fidelity virtual environments in immersive stories, this 

research concludes a definitive potential for environmental factors like 

weather to enhance narratives in virtual reality. 

 

Keywords: Human Behaviour, Ludology, Narratology, Procedural Weather, 

Storytelling, Virtual Environment, Virtual Reality.  
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Chapter 1: Introduction 



2 

For many decades, consumers of digital storytelling have viewed narratives 

through rectangular frames, disregarding all elements visible beyond its 

boundaries. With the recent consumer uptake of cross-reality (XR) 

technology, these boundaries have been shattered, allowing narratives to 

transpire within our entire peripheral. As defined by Paradiso and Landay, 

the term ‘cross-reality’ is derived from the fusion of two technologies; 

ubiquitously networked sensor/actuator infrastructure and 3D virtual 

environments.1  Within this technology it is deemed that the “interaction of 

virtual participants can incarnate into the physical world through a plentitude 

of diverse displays and actuators.”2 As experienced in the everyday, 

wherever we can journey becomes the stage for a new story. This innovation 

in delivering narratives is currently altering the way audiences participate with 

time-based media, as well as the development and curation of the content 

itself.  

Although Virtual Reality is not a new technology, the concepts of cinematic 

language implemented through VR technologies are still developing. It is 

anticipated that the cinematic language of VR will become more advanced 

and continue to move forward with a renewed focus and experimentation. 

Many people still refer to VR as a new medium, however it is apparent that 

VR has been developing over many decades. The idea of VR being a new 

medium to experience a directed narrative, as generally experienced in all 

previously mentioned mediums, is an emerging field of practice. It is therefore 

imperative to learn from the more historical forms of narrative medium to 

adapt and define the mainstream stereotype of narrative in VR. 

When experiencing a movie through flat-screen cinema, current technology 

allows for the cinema itself to be anywhere the viewer wants it to be, including 

in your hands. The only element that struggles to be portrayed in flat-screen 

1 Joseph A Paradiso and James A Landay, "Guest editors' introduction: Cross-reality environments," 
IEEE Pervasive Computing 8, no. 3 (2009). 
2 Ibid.,  
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mediums is the idea of accurate spatial sense. The idea of spatial storytelling 

allows the viewer to move around freely. The most intriguing attempts to 

achieve this have been in the field of gaming, where you can generate the 

impression of traversing in space, whilst not experiencing any physical 

displacement. 

Developers of interactive computer games and virtual simulation 

environments regularly consider the features that are most valuable and 

significant in their virtual worlds.3 These considerations are influenced by 

hardware capabilities and performance, whilst also exploring the idea of a 

realistic and natural interactive worlds. A focal point of design principles has 

previously been identified to affect different aspects of virtual worlds in the 

current era, having a direct impact on the audience. These aspects include 

aesthetic realism, interactivity and freedom of movement, procedurality, and 

game play,4 focusing less on the concept of storytelling and narrative. 

In relation to realism the most common aspects considered are animation, 

rendering techniques, and graphics, all in relation to interactive and 

responsive performance.5 Current trends suggest some aspects of “realism”, 

such as volumetric lighting and shading, take priority over other, lesser, 

natural occurrences. This is partially due to the hardware capabilities being 

able to generate such features in real-time, and also due to their strong visual 

presence in the virtual space (see Figure 1). In this scenario, we are 

presented with a mixture of both realistic and unrealistic effects; whilst trees 

will sway in strong winds and puddles appear when rain falls, the main 

protagonists’ clothes stay dry and their visual presence sits as comfortably 

as in a dry environment (in fact, in many cases, from an implementation 

                                                            
3 E. A. Boyle et al., "Engagement in digital entertainment games: A systematic review," Computers 
in Human Behavior 28 (2012). 
4 J. Raessens, J. Goldstein, and M. I. T., "Handbook of computer game studies," The  (2011). 
5 T. M. Connolly et al., "A systematic literature review of empirical evidence on computer games 
and serious games," Computers Education 59 (2012). 
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perspective it is an identical/surface model, whether a wet or dry 

environment). 

Arguably one of the most underwhelming aspects in videogames is accurate 

and interactive weather models. In the real-world, weather plays a critical role 

in determining how and when tasks, particularly those that are outdoors, are 

undertaken. Yet in many, but not all, computer games, weather plays only a 

secondary or peripheral role (some nice cloud or light visuals in the 

background but no real interaction with gameplay).  

Figure 1. Unreal Engine 4 Lighting Technique6 

Some genres, specifically simulators, make strong attempts to portray 

weather and its secondary effects on surrounding objects; however, a 

majority of genres use it as ambience so as to keep the focus on the 

“foreground” objects within the scene.7 A common design is to blur or 

overexpose the lighting as demonstrated in recent test environments 

generated in Unreal Engine 4, shown in Figure 1. 

6 Epic Games, "Unreal Engine 4 Lighting Example,"  http://i2.wp.com/blog.digitaltutors.com/wp-
content/uploads//02/UE4.jpg. 
7 M. Slater, Place illusion and plausibility can lead to realistic behaviour in immersive virtual 
environments (2009). 

Image Removed
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By omitting the aforementioned details, these videogames are failing to 

acknowledge interactive aspects of an environment that the user can relate 

to using their own personal real-world experiences, referred to as plausibility 

illusion by Mel Slater;8 Torrential rain and gusts of wind will affect the 

performance and traction of vehicles, make a football and playing surface 

slippery, and alter the trajectory of a projectile. 

Whilst humans do not dictate the weather, there is a level of predictability 

that can be found in nature. Blue skies and white fluffy clouds infer fine 

weather, whereas dark clouds and sounds of thunder in the distance preface 

the arrival of a storm. The ability to immerse a player in realistic, believable 

virtual environments built with real-world physics and predictability, is 

challenging for current game systems, yet may provide an important and 

beneficial interactive outcome. Understanding the value of, and how to most 

effectively implement, such real weather systems is an elusive, yet important 

goal for the game industry.  

This desire for dynamic weather systems has driven game developers and 

artists to explore new simulation techniques.9 Current videogames including 

The Witcher 3 and Grand Theft Auto V focus on the realism of their 3D virtual 

environments as a major selling point as demonstrated in Figure 2.10 Their 

respective worlds are signified through graphical and audible mechanisms in 

multiple dimensions, and users must interact with them in a manner designed 

to simulate real-life. These games do not classify as “virtual reality”; however, 

they grant the users, via their virtual characters, the ability to perceive the 

virtual environment in a unique way through a transfer of consciousness.  

8 Ibid.,  
9 Guiseppe Nelva, The Witcher 3: Wild Hunt Artist Talks About Weather, Lighting, Consoles, 
Graphics and Much More (https://www.dualshockers.com/the-witcher-3-wild-hunt-artist-talks-
about-weather-lighting-consoles-graphics-and-much-more/: DualShockers, 2015). 
10 GTA V, "GTA V Dynamic Weather,"  http://attackofthefanboy.com/wp-content/uploads//05/gta-
v-dynamic-weather.jpg. 
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As stated by Marie-Laure Ryan, “The ideal VR system is conceived here as 

an ecology, in which every object is a tool that extends the user’s body and 

enables her to participate in the ongoing creation of the virtual world”   .11 

The exploration of real simulation based weather in such environments 

(where weather affects the environment and the environment also interacts 

with weather) is fundamentally an attempt to further enhance the process to 

transfer consciousness for greater immersion in the virtual space.  

Figure 2. GTA V Dynamic Weather12 

It is stated by Ryan that “every object is a tool” in the “ongoing creation of the 

virtual world”, understandably this refers to more than the weather and 

character within the environment.13 As seen in Figure 3 (an environment 

generated to showcase the power of Unreal Engine 4), considerable effort 

has been applied in the endeavor of generating realistic sand, rock, and 

water within this beach environment. 

11 Marie-Laure Ryan, Narrative as Virtual Reality: Immersion and Interactivity in Literature 
(Baltimore: The John Hopkins University Press, 2001). 
12 V, "GTA V Dynamic Weather". 
13 Ryan, Narrative as Virtual Reality: Immersion and Interactivity in Literature. 

Image removed



7 

Figure 3. Beach Environment from Unreal Engine 414 

The remarkable landscape, shown in Figure 3, demonstrates the rendering 

capabilities of a current generation game engine. The visual realism of the 

ground and beach environment is very high, yet the focus of the view is 

directed towards the ground. The nature of this render uses traditional 

cinematic principles to drive the focus of the viewer by limiting audience 

peripheral through a framed viewport. The subjective angle of the view, 

where the camera is tilted to look towards the ground summarizes the current 

drive, from a game design perspective, for progression in the search for 

maximum realism in virtual environments by focusing on the local 3D space 

as compared to the broader global system (where weather and its impact is 

more relevant).  

The desire to achieve higher levels of realism is also prevalent in character 

design, with Epic Games, creators of the Unreal game engine, releasing 

documentation specifically for Photorealistic Characters (Figure 4).15 The 

example displayed within the documentation is the starting point for what 

would become a deep-dive into creating believable characters for virtual 

reality using Unreal Engine. During his talk at GDC 2018, Andrew Harris, CG 

Supervisor at Epic Games, explained the iterative development process 

14 Games, "Unreal Engine 4 Lighting Example". 
15 "Photorealistic Character,"  https://docs.unrealengine.com/en-
us/Resources/Showcases/PhotorealisticCharacter. 

Image removed
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being undertaken to create the “Meet Mike” and “Siren” projects throughout 

2017.16 The presentation surmises the detailed processes that have now 

culminated in the photo-realistic representation of professional actor Andy 

Serkis (Figure 5). The visual complexity and fidelity is able to be perceived 

with ease and the demonstrated enhancements of realism are advancing 

rapidly. 

Figure 4. Epic Games Photorealistic Character17 

16 Unreal Engine, "Creating Believable Characters in Unreal Engine | GDC 2018 | Unreal Engine," 
Unreal Engine, https://youtu.be/_OuCrbwEJW4. 
17 Games, "Photorealistic Character". 

Image removed
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Figure 5. Real-time 3D Representation of Andy Serkis18 

Considering the presented focus of realism within the industry alongside 

theories of gestaltism, questions arise regarding the level of importance of 

weather systems in realistic computer games and the contribution these 

systems provide to the game experience. The pursuit of realistic weather 

systems in videogames is not a new concept. The Myst series of 

videogames, created by Cyan Worlds and Ubisoft, were pioneers in an era 

of technology that contained lower rendering capabilities.19 Specifically, Myst 

IV: Revelations, released in 2004, portrays weather through moving clouds, 

thunder, and intermittent rainstorms. These events are entirely cosmetic and 

do not affect the gameplay or the main character. Although the creation of 

photo-realistic environments was the desired outcome, the resolution of 

devices available at the time of release reduced the quality of the final output 

as seen in Figure 6. 

18 Unreal Engine, "Epic Games and 3Lateral Introduce Digital Andy Serkis," Unreal Engine, 
https://www.unrealengine.com/en-US/blog/epic-games-and-3lateral-introduce-digital-andy-
serkis. 
19 Cyan Worlds, "Myst IV Example,"  
https://lutris.net/media/games/screenshots/Revelation60.png. 

Image removed
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Figure 6. Myst IV: Revelations Lutris Age20 

Examples of exceptional implementations of weather systems in commercial 

videogames are further explored in the section “state of the industry”. The 

pursuit for aesthetic realism in virtual environments appears to be evident, 

however, the extent of behavioural response to realistic weather is an 

unknown element within virtual environment design.  

As previously noted, both cinema and theatre have benefitted from 

implementing varying levels of emulated weather to portray specific 

physiological responses and strengthen potential narratives within their 

chosen mediums. With virtual reality being an emerging medium 

incorporating elements of both cinematography and videogames, how can 

narratives within virtual reality be directly affected by implementing varying 

levels of considered weather? This question forms the basis for the research 

presented in this thesis, formulated as the research question. 

20 Ibid., 

Image removed
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Investigating Realities 

Perceived reality can take many forms and has been visualised by Milgram 

and Kishino to range on a “virtuality continuum”, ranging from real to virtual.21 

This scale of virtuality is demonstrated in Figure 7 and clearly portrays the 

divergent realities provided within differing mediums. The central area of the 

spectrum is labelled as “Mixed Reality”, a term which has become 

increasingly more popular in recent times, but is not yet in widespread use 

by the public.22 Any location that isn’t entirely real, or entirely virtual, includes 

a blend of captured media from real environments, and generated virtual 

content. 

Figure 7. The Virtuality Continuum23 

This research focuses entirely on the virtual end of the spectrum, involving 

only virtual elements and not attempting to incorporate any captured media 

from real environments. However, the objective is to replace the real 

environment in its entirety with a virtual environment that will be perceived as 

being real. 

Realism within Realities 

From the earliest days of computer games and simulation there has been a 

goal, no less so for current game developers, to achieve a state in which 

21 Paul Milgram and Fumio Kishino, "A taxonomy of mixed reality visual displays," IEICE 
TRANSACTIONS on Information and Systems 77, no. 12 (1994). 
22 M. Cavallo and A. G. Forbes, "Digitalquest: a mixed reality approach to scavenger hunts" (paper 
presented at the 2016 IEEE International Workshop on Mixed Reality Art (MRA), 19 March 2016). 
23 Milgram and Kishino, "A taxonomy of mixed reality visual displays." 

Image removed
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users would be unable to differentiate real from virtual,24 or at least to reach 

a point where the technology is a seamless part of the experience.25 

Immersion in the realistic and lifelike nature of virtual space is influenced by 

a number of factors. These factors range from physical interaction devices to 

on screen audio-visual content.  For the game designer, the on-screen 

elements of the immersive system, are directly able to be adjusted and 

controlled, yet much like in film and storytelling, the illusion of reality is a 

fragile state.26 Small inconsistencies, that do not match the user’s 

expectations from real world experience, can break the illusion and move an 

interactive game from highly immersive to the realms of the unrealistic and 

uncanny.  

As outlined in the interview with Jose Teixeira, discussing the exploration of 

dynamic weather in Witcher 3, the experimentation yielded mixed results as 

the “clouds were being mixed too randomly and didn’t always look good”.27 

These results can be explained by the Freudian theory of “the uncanny” and 

more particularly the “uncanny valley”, where the user moves from belief in 

the space as being real, to a recognition of its false nature and a strong 

negative, even extending to being repulsed, response to the space.28 This 

experience is observed most notably in human machine experiences where 

the human is led to believe in the natural/living nature of the digital entity. 

Humanoid robots are an excellent example where, at a distance the viewer 

believes they are real people but at a certain point (either through visual cues 

24 Dale Patterson and Scott Roberts, "Reality Reaching into Games - Weather as a Dynamic Link to 
Real-World Streams of Information," in Serious Games: Second Joint International Conference, 
JCSG 2016, ed. Tim Marsh, et al. (Springer International Publishing, 2016). 
25 N. Wang, "Let there be Clouds!: Fast, Realistic Cloud-Rendering in Microsoft Flight Simulator 
2004: A Century of Flight.,"  
http://www.gamasutra.com/view/feature/2021/let_there_be_clouds_fast_.php. 
26 Nelva, The Witcher 3: Wild Hunt Artist Talks About Weather, Lighting, Consoles, Graphics and 
Much More. 
27 Ibid.,  
28 A. Tinwell, D. A. Nabi, and J. P. Charlton, "Perception of psychopathy and the Uncanny Valley in 
virtual characters," Computers in Human Behavior 29, no. 4 (2013). 
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or interaction cues) they recognize the false nature and are repulsed by the 

virtual human.29  

Although the humanoid robot example is an extreme, the principal applies in 

realistic games, game spaces and game characters just as it does in human-

robot interactions. From a game design perspective, this introduces the 

difficult challenge of knowing that if the game is highly realistic it may trigger 

this “uncanny valley” response when the realism is broken.30 In many ways, 

this makes it easier to design games that step further away from realism and 

as such do not threaten the close realism to the natural world. Yet the realism 

of the space and interactions in that space are also at the heart of creating 

an immersive experience. 

As stated by Jason Jerald, “The more compelling the content, the more 

interesting and engaging the experience. Content includes not only the 

individual pieces of media and their perceptual cues, but also the conceptual 

arc of the story, the design/layout of the environment, and computer- or user-

controlled characters.”31 This description demonstrates the need for rich 

content that can be effortlessly perceived by the viewer to allow for a strong 

sensation of presence. Part of this research explores the limit of rich content 

within virtual environments to mimic real environments without delving into 

the uncanny valley. 

Virtualising Environments 

The separation of virtual and real is quite clear as it relates to experience and 

content generation. But what is virtualisation? Levy states “It consists in the 

transition from the actual to the virtual, an exponentiation of the entity under 

29 K. Haring, Y. Matsumoto, and K. Watanabe, "How do people perceive and trust a lifelike robot," 
In Proceedings of the World Congress on Engineering and Computer Science vol 1  (2013). 
30 Tinwell, Nabi, and Charlton, "Perception of psychopathy and the Uncanny Valley in virtual 
characters." 
31 Jason Jerald, The VR Book: Human-Centered Design for Virtual Reality (New York, NY, USA: 
Association for Computing Machinery and Morgan & Claypool, 2016). 
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consideration.”32 This definition explores more than one operation within the 

transitional stage. Firstly, we have identified an entity that is being virtualised, 

considered in its current state of actuality. Secondly, the process involves 

exponentiation of this entity, developing another outcome that sits far beyond 

the original concept. This demonstrates the opportunity to not replicate the 

real through exactness, but to adapt and conform to the new medium, 

synthesising an outcome beyond that which was replicated.  

Virtual Environments (VEs) are in a sense an exponentiation of Real 

Environments, with many items mimicking their real counterparts, but not 

being bound by the same principles and laws. An example of this is the 

interpretation of the ‘OASIS (Ontologically Anthropocentric Sensory 

Immersive Simulation)’ defined by Ernest Cline is his novel ‘Ready Player 

One’, where familiar objects exist within the virtual environment, however 

they act and react in ways that would not, and could not, occur in real 

environments.33 

This research used VEs as the main stage for the experimental trials. By 

observing user reaction and response to VEs in different mediums, we 

gained an understanding of the difference between them. Considering the 

narrative aspect of the research question, and due to the VEs not being 

bound by physical laws of time and space, they will be manipulated to define 

a flexible passive narrative through environmental design. Even though the 

VEs will undertake the process of virtualisation, it is important to understand 

how viewers perceive realism, and the processes required to deliver content 

that is considered real. 

32 Pierre Lévy and Robert Bononno, Becoming virtual: Reality in the digital age (Da Capo Press, 
Incorporated, 1998). 
33 Ernest Cline, "Ready Player One,"  (2011). 
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Fractal Complexity and Realism 

As defined earlier, to portray realism it is incredibly important to make sure 

the graphical quality of the visuals presented to the viewer is of a subjective 

equivalent standard with natural phenomena. Therefore, the computer-

generated games environment in various mediums has the potential to be 

not just entertaining but can significantly contribute to the well-being and 

environmental presence of the participant if carefully constructed. The 

reverse is also true, if arbitrary and irresponsible decisions are made in 

respect to compositional structure, design elements and principles, pace and 

sound, the participant may be negatively affected by some aspects of the 

game. To analyse the importance of it is imperative to provide a VE informed 

by design principles. One principle that could significantly affect the users’ 

reaction to a virtual world is visual aesthetics measured using fractal analysis, 

by identifying a fractal dimension to gauge complexity. This is referred to as 

‘fractal complexity’ and is discussed in detail throughout this section. 

The methods for testing design and content for games are increasingly 

becoming the purview of experience and interaction designers which in some 

respect is admirable as entirely new disciplines are being borne out of the 

pre-existing disciplines of computing and design. Participants of interactive 

environments have the potential for their state of perception to be either 

positively or negatively affected by the aesthetic experience of the virtual 

environment.  

The computer-generated VE adheres to many of the pre-existing principles 

of design and in many respects shares features with art and design across 

many mediums. Because games are similar to other media in many respects 

the philosophies and psychologies of aesthetics are equally applicable and 

arguably even more pertinent as the game space has the potential to be more 

interactive than another medium. 
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The analysis of these spaces is concerned with the games environment itself 

and not gameplay. It is concerned with the perceived level of complexity of 

the virtual worlds within some games and what that potentially means for the 

viewer. 

Hsu and Chen suggest that active gameplay is obviously concerned with the 

actions of the participant, and in contrast passive interaction largely concerns 

the interaction with the static environment and the visual processing of that 

pictorial interface.34 The term is sometimes a little too all-encompassing and 

lacks the nuance and opportunity in revealing the depth, intricacy and the 

participants’ negotiation of the VE. Loosely using the term interface as many 

researchers have done belies the importance of the dialogue between 

participant and game, and without a comprehensive definition of pictorial, the 

environment or scene is seemingly relegated to the necessity of filling the 

background with image.  

The term landscape can also perhaps be understood as a neutral term, but 

as it is understood in the fine arts, the traditions and philosophical imperatives 

of landscape are much more than mere depiction of the land. Landscape 

concerns the dialogue between the human and the realm external to the 

human, the place to which we belong, or dream of. Landscape concerns an 

emotional, intellectual and spiritual connection to a realm either physical or 

imagined.35 

The process of analysing the fractal complexity of a design is quite elaborate, 

with one common calculation method being central to experts in the field, 

producing a fractal dimension or Hausdorff dimension.36 For a fractal 

function, the Hausdorff dimension (D) may vary between 1 (completely 

34 C. Hsu, E. Chen, and A. Julie, "C, and C_H," Exploring the Elements and Design Criteria of 
Massively Multiplayer Online Role Playing Game Mmorpg Interfaces  (2009). 
35 J. Ruskin, "Modern Painters," Vol Smith Elder and Co London 3 (1856). 
36 Benoit B. Mandelbrot, The Fractal Geometry of Nature (W. H. Freeman and Company, 1982). 
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differentiate) and 2 (so irregular that it takes up the whole of a two-

dimensional topological space). This method of calculation applies to natural 

objects, as a way of describing the mathematical generation of nature. 

It was also used considerably to gain an understanding of the artwork 

produced by Jackson Pollock, a painter with a unique method of creation. 

Richard Taylor employed the box counting technique to generate a fractal 

dimension (D) to determine the complexity of a two-dimensional image. 

Through constant evaluation of Pollock’s work, Taylor was able to conclude 

the complexity of a Pollock painting mimicked that of nature.37 

Juliani et al. has also analysed heightmaps for three-dimensional landscapes 

as a pathway to understanding comfort and ability in wayfinding and 

traversing virtual environments.38 A fractal dimension of 1.3D to 1.5D was 

found to be preferential among all participants. The idea of fractal analysis 

can then provide an understanding of clarity and critique of visual aesthetic 

within VEs. It is important to complete this analysis prior to testing to provide 

accurate results relating to the weather. The fractal analysis of a VE can be 

broken up into two major areas; the complexity of the landscape as it affects 

traversability, and the complexity of the visual interface as it is being 

presented to the viewer. Following the theoretical framework of Taylor and 

Juliani et al, if the viewer can naturally traverse the terrain without being 

impeded, it is hypothesised that their sense of presence, and by association 

immersion, may be enhanced within the VE.39 

                                                            
37 Richard P Taylor et al., "Perceptual and physiological responses to the visual complexity of 
fractal patterns," Nonlinear Dynamics Psychol. Life. Sci 9 (2005). 
38 Arthur W Juliani et al., "Navigation performance in virtual environments varies with fractal 
dimension of landscape," Journal of environmental psychology 47 (2016). 
39 Ibid.,  
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Immersion 

In many ways immersion and realism are fundamentally linked, yet there are 

several important differences between the two. At a fundamental level, 

people, the users of games, are capable of being immersed in a range of 

possible spaces from the highly realistic through to very abstract 

representations of information such as scientific and health datasets.  

Figure 8. Immersive Web & Health Games40 

The fields of scientific visualization and serious games (such as games to 

educate or provide health information and knowledge) are good examples of 

areas where the game player is immersed in an environment, but where that 

environment is not directly linked to a “real” space (see Figure 8). Instead of 

immersion based on matching the real world, these information based 

experiences aim to immerse the player in the information space and can be 

found in a number of fields from health to education.41 In these systems, the 

sense of immersion can be generated through other interactions with 

information and game characters (including intelligent non-players). As 

Marie-Laure Ryan indicates the game experience is something “in which 

every object is a tool that extends the user’s body and enables her to 

participate in the ongoing creation of the virtual world”   .42 For these 

information spaces the player’s ability to interact with and build the 

experience enhances their immersion and engagement. Similar outcomes 

40 D. Patterson, "Using interactive 3D game play to make complex medical knowledge more 
accessible," Procedia Computer Science 29 (2014). 
41 Ibid. 
42 Ryan, Narrative as Virtual Reality: Immersion and Interactivity in Literature. 



20 
 
 

 

 

have also been achieved through more intelligent game elements, such as 

persuasive non-player characters (NPC) and environments.43 These studies 

clearly indicate that immersion is more complex than simple realistic 

environments, in fact it can be achieved without high realism through 

engaging information and experience. 

Although immersive data systems are possible, the far more common form 

of immersion occurs in virtual or game based spaces and simulations that 

match real spaces, to the point where the user feels as if they are actually 

there (immersed in the virtual space and experience).44 In these immersive 

systems the need for realism, in terms of visuals, audio and also game 

elements (such as realistic interactions, NPCs and weather) plays an 

important role. The significance of the individual parts is something that 

needs further study to better understand the contribution of specific systems 

such as weather to the full experience of immersive games. The role of 

weather systems in interactive games has been explored in several 

studies.45 46 The results from these studies have indicated that weather 

systems are able to contribute to enhanced learning outcomes in virtual 

spaces and also provide a mechanism to present data through the weather 

(giving a peripheral method to provide information to the user).47 However, 

the specific nature of how varying levels of realistic weather influence player 

experience in terms of a realism, immersion, playability and overall 

satisfaction needs further study to enable developers to understand how to 

most effectively target differing levels and types of weather systems. 

                                                            
43 Y. Pisan and C. T. Tan, "Persuasive environments: Argumentation models in serious games," In 
Computer Science Education ICCSE 7th International Conference  (2012). 
44 Ryan, Narrative as Virtual Reality: Immersion and Interactivity in Literature. 
45 H. S. Hsiao et al., "Weather observers: a manipulative augmented reality system for weather 
simulations at home, in the classroom, and at a museum," Interactive Learning Environments  
(2013). 
46 O. H. Cho, J. Y. Kim, and W. H. Lee, Implement of weather simulation system using EEG for 
immersion of game play (2013). 
47 Ibid. 
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It is important to note that immersion, although currently a significant goal of 

many game designers, does not necessarily guarantee user satisfaction. As 

Kristine Jorgenson, outlined in her 2013 book titled Gameworld Interfaces, 

although one system (the realistic games), provide more (or less) immersion 

than the other, that altered level of immersion does not relate directly to user 

satisfaction with the game or media experience.48 Jorgenson’s studies 

showed that satisfaction was equal with both highly realistic/immersive 

systems but also with systems that “break” the immersive realism to provide 

useful interaction. Hence realism did enhance immersion, but immersion was 

not the only factor in user satisfaction and experience.  

These studies identify that immersion and satisfaction are not necessarily 

linked to visual realism in games. As a result, this raises the question of how 

important realistic weather systems are in VEs. Do they provide additional 

realism that enhances the experience or are they unnecessary costs? Do 

they need to provide a deep sense of immersion in the “virtual world” or are 

they just as effective when presented as simplistic systems? The first 

experiment in “Chapter 3: The Console Experiment”, discussed in this 

research, explores the legitimacy of realistic weather systems in virtual 

environments, providing clarity on these important questions. 

It is, therefore, imperative to explore robust systems of measuring and 

defining immersion in virtual worlds. Can the data be qualitatively or 

quantitatively measured? Jennett et al. explored three options for gaining 

clear measurements of immersion through subjective and objective means.49 

The results analysis was broken up into three main areas; eye-tracking 

trends, subjective immersive ratings, and qualitative analysis.  

48 K. Jørgensen, "Gameworld interfaces," M I T Press  (2013). 
49 Charlene Jennett et al., "Measuring and defining the experience of immersion in games," 
International journal of human-computer studies 66, no. 9 (2008). 
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Prior to the analysis of the data, Jennett et al. note that subjective 

measurements of immersion as noted by gamers, although useful, are not 

reliable. As a critical insight for this research, the note provides scope to 

incorporate more objective measurements to support the subjective results. 

The foundation of the subjective questionnaire was based around cognitive 

absorption (CA), defined by Agarwal and Karahana as a state of deep 

involvement with software.50 This is portrayed through the following five 

dimensions: temporal dissociation, attention focus, heightened enjoyment, 

control and curiosity.51 These dimensions represent actions that can be 

observed and measured through experiential testing methods, allowing for 

uninhibited interaction and reaction to the VE. It is anticipated that this 

observation will demonstrate other physical and verbal responses from the 

viewer that coincide with a strong sense of presence within the VE. 

Presence and Telepresence 

The concept of presence has previously been defined as the users’ sense of 

“being there”.52 This concept is covered as the principal field of psychological 

research for virtual experiences.53 Although there have been varying 

definitions of presence, one theory identifies distinct varieties, including 

“social presence”, “subjective personal presence” and “environmental 

presence” .54 Within this research, it is relevant that the idea of environmental 

50 Ritu Agarwal and Elena Karahanna, "Time flies when you're having fun: Cognitive absorption and 
beliefs about information technology usage," MIS quarterly  (2000). 
51 Jennett et al., "Measuring and defining the experience of immersion in games."(2008) 
52 M. Slater, M. Usoh, and A. Steed, "Taking steps: The influence of a walking technique on 
presence in virtual reality," ACM Transactions on ComputerHuman Interaction 2, no. 3 (1995). 
53 G. Riva et al., "there: Concepts, effect and measurements of user presence in synthetic 
environments,"  (2003). 
54 C. Heeter, "Being There: The Subjective Experience of Presence," Presence Teleoperators and 
Virtual Environments 1, no. 2 (1992). 
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presence can be defined as the “extent to which the environment itself 

appears to know that you are there and reacts to you”.55 

This definition is reasonable from a cognitive perspective, since the human 

mind has evolved for generating an adaptive interaction with the world, as 

thoroughly explored by Alva Noe.56 By extension, a participant perceives the 

environment directly as locations of possible outcomes or affordances, 

instead of objective features.57 This modality is as ancient as all human 

narrative and is summed up in Samuel Taylor Coleridge’s notion of the willing 

suspension of disbelief.58 It has also been identified that the degree to which 

presence in a virtual environment seems non-mediated to viewers has been 

found to have a direct influence on the amount of pleasure and enjoyment in 

their experience.59 

The term presence has been loosely defined within more recent research, 

being used interchangeably with immersion. Presence can also be defined 

as a broader experience than immersion, with video games being a medium 

for telepresence as described by Steuer:  

“Presence is closely related to the phenomenon of distal 

attribution or externalization, which refer to the referencing of our 

perceptions to an external space beyond the limits of the sensory 

organs themselves… When perception is mediated by a 

communication technology, one is forced to perceive two 

separate environments simultaneously: the physical environment 

55 Ralph Schroeder, The social life of avatars: Presence and interaction in shared virtual 
environments (Springer Science & Business Media, 2012). 
56 Alva Noë, Varieties of Presence (Cambridge, UNITED STATES: Harvard University Press, 2012). 
57 A. Carassa, F. Morganti, and M. Tirassa, "A situated cognition perspective on presence," 
Proceedings 27th Annual Conference of the Cognitive Sciene Society  (2005). 
58 Samuel Taylor Coleridge, Biographia literaria, or, Biographical sketches of my literary life and 
opinions, vol. 1 (Princeton University Press, 1984). 
59 Katerina Mania and Andrew Robinson, "An experimental exploration of the relationship 
between subjective impressions of illumination and physical fidelity," Computers & Graphics 29, 
no. 1 (2005). 
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in which one is actually present, and the environment presented 

via the medium… Telepresence is the extent to which one feels 

present in the mediated environment, rather than in the 

immediate physical environment.”60 

The experience defined as telepresence has been used to indicate a 

successful feeling of “being there” in a synthetic environment. Ultimately, a 

video game aims to build an environment in which a user can occupy, both 

digitally and emotionally. The aim is for the user to experience a feeling of 

presence within the designed space.  

Lombard and Ditton believe presence can result from the following factors: 

quality of social interaction, realism in the environment, from the effect of 

“transportation” from the degree of immersion generated by the interface, 

from the user’s ability to accomplish significant actions within the 

environment and the social impact of what occurs in the environment, and 

from users responding to the computer itself as an intelligent, social agent.61 

Similarly, Heim derived seven elements that create virtual environments. 

These are Simulation, Interaction, Artificiality, Immersion, Telepresence, Full 

Body Immersion, and Networked Communications.62 With this in mind, how 

can these affordances be conceptualised in a virtual environment? Are there 

specific types of signals or simulations required within virtual environments 

for an individual to effortlessly perceive them? From this analysis, the 

definition of environmental presence is refined to be the consistency and 

coherence between the physiology of the virtual and natural environments. 

60 J. Steuer, "Defining Virtual Reality: Dimensions Determining Telepresence " Journal of 
Communication 42, no. 4 (1992). 
61 M. Lombard and T. Ditton, "At the Heart of It All: The Concept of Presence," Journal of Computer 
Mediated Communication 3 (1997). 
62 M. Heim, "The Metaphysics of Virtual Reality’, The Futurist, vol. 28, no. 6,"  (1994). 
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Zimmerli and Verschure describe virtual environments with the ability to 

deliver this level of environmental presence as procedural virtual 

environments by being fully dynamic.63 Procedural virtual environments can 

not only generate incessant, unique stimuli, but can also allow explicit 

environmental interactions for a user, thus the creation of explicit 

affordances.64 Observing and evaluating these interactions may aid us in 

gaining an understanding of how procedural virtual environments contribute 

to the delivery of presence in virtual realities through mimeses of the natural. 

Virtual Reality 

When considering the notion of Virtual Reality (VR) we can also consider the 

paradoxical opposition between the virtual and the real. As explained by 

Levy, the word “virtual” is used synonymously with the absence of existence, 

and “reality” implies a material embodiment.65 This ironic conflict of 

terminology alludes to a separate ideology of VR, that the virtual is designed 

in a way to mimic the real, so as to offer potential whilst providing the 

sensation of real. This concept is engrained in historical technologies, having 

only recently become popular among consumers. 

From a more literal perspective, the best definition comes from Merriam-

Webster who defines virtual reality to be “an artificial environment which is 

experienced through sensory stimuli (as sights and sounds) provided by a 

computer and in which one’s actions partially determine what happens in the 

environment.”66 This research continues this premise, and proceeds with 

virtual reality as being a computer-generated digital environment that allows 

for interaction and experience as though the environment were real.  

63 Lukas Zimmerli and Paul FMJ Verschure, "Delivering environmental presence through procedural 
virtual environments,"  (2007). 
64 Ibid.,  
65 Lévy and Bononno, Becoming virtual: Reality in the digital age. 
66 Merriam-Webster, "Merriam-Webster,"  (2017). 
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As previously mentioned, VR has a long history of remediation and 

development. Before we pursue the remediation of content, we will explore 

the development of the hardware since its inception, along with fundamentals 

of design. 

VR Hardware 

The idea of VR is not a new concept. VR hardware and its associated 

technology has been developed and researched for decades. A major 

stepping stone in the history of VR can be traced back to an article by Ivan 

Sutherland called “The Ultimate Display”.67 In it, Sutherland describes the 

potential and expectations for creating a virtual environment that would 

demonstrate a familiarity of the physical world to the user. He discusses the 

possibilities with a certainty that befits an inventor with the answers. Just 

three years later, Sutherland released another article demonstrating the 

conceptual designs of a head-mounted three-dimensional display.68 This 

head-mounted display (HMD) was one of many to be developed at the time. 

The earliest use of the term Virtual Reality has been identified from Antonin 

Artaud, where he describes props, actors and sounds in theatre as "la realite 

virtuelle", which translates literally to “virtual reality”.69 Interestingly, the 

history of VR can be traced back much further, and the idea of identifying the 

first VR technology to be created is clearly explained by Morton Heilig. He 

states: 

“When anything new comes along, everyone, like a child 

discovering the world, thinks that they’ve invented it, but 

you scratch a little and you find a caveman scratching on a 

wall is creating virtual reality in a sense. What is new here 

                                                            
67 Ivan E Sutherland, "The ultimate display," Multimedia: From Wagner to virtual reality  (1965). 
68 "A head-mounted three dimensional display" (paper presented at the Proceedings of the 
December 9-11, 1968, fall joint computer conference, part I, 1968). 
69 Antonin Artaud, The theater and its double, vol. 127 (Grove Press, 1958). 
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is that more sophisticated instruments give you the power 

to do it more easily.”70 

Heilig has been an influential presence within the field of VR, as he began 

designing stereoscopic HMDs, with one design being patented in 1960.71 

Even though the patent follows very similar structures and freedoms we see 

in current generation HMDs, Heilig is most famously known for the 

Sensorama, which was created for immersive film utilising stereoscopic 

colour, stereo sounds, seat tilting, vibrations, smell, and wind.72 Many 

conceptual ideas for VR have been generated through the genre of science 

fiction. Authors and futurists have, for many years, explored and visualised 

HMD design with a prominent example being “The Judas Mandala” by 

Damien Broderick.73 

With the 21st century came vast improvements in computing technologies, 

graphical resolutions, and mobile devices that have laid a platform for the 

version of VR we know today. Around 2008, an observation was made by 

Alex McDowell regarding an emerging field of story-based media within the 

broader spectrum of digital and virtual technologies. He invented the phrase 

“immersive design” to better define the anticipated experience in this growing 

field.74 

The market share for current generation of high-level VR technology is 

dominated by the Oculus Rift, and HTC Vive. Each headset utilises high 

resolution stereoscopic displays, with real-time tracking of headset and 

controller location. The arrival of this technological generation has provided 

70 Francis Hamit, Virtual reality and the exploration of cyberspace (Sams, 1994). 
71 Morton L Heilig, "Stereoscopic-television apparatus for individual use," (Google Patents, 1960). 
72 Morton Leonard Heilig, "El cine del futuro: The cinema of the future," Presence: Teleoperators & 
Virtual Environments 1, no. 3 (1992). 
73 Damien Broderick, The Judas Mandala (Mandarin Australia, 1990). 
74 Gary M Hardee, "Immersive journalism in VR: four theoretical domains for researching a 
narrative design framework" (paper presented at the International Conference on Virtual, 
Augmented and Mixed Reality, 2016). 
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the graphical quality and desired interactivity to be able to produce photo-

realistic environments within virtual spaces. 

Systems of Movement 

The mode of motion within the virtual environment is determined solely by 

the medium of delivery. As we take the participant into virtual reality, sense 

of motion and stability will be altered, and the participants reaction to the shift 

will vary.75 76 Two different modes of traversing have been identified as most 

common within virtual reality environments; locomotion and teleport 

traversing. 

Locomotion traversing is similar to moving around in a vehicle or walking with 

a simulated “head-bob”. The viewers’ location within the virtual environment 

will be shifted, with their physical form making no directional motion. A similar 

sensation is felt when being a passenger in a moving vehicle. This form of 

movement was found to be most commonly associated with motion sickness, 

which has been identified as an adverse reaction in a future section of this 

research.  

Teleport traversing is a method initially developed and patented by Boss et 

al77 and extended on by Bozgeyikli et al.78 This system replaces the 

previously defined forms of locomotion with a point-and-click style 

mechanism. The user can point to their destination and hold down the 

movement trigger. This will prompt a path of trajectory from the user’s 

controller, following a physics based projectile calculation, finishing on the 

75 Wei Chen et al., "Quantitative orientation preference and susceptibility to space motion sickness 
simulated in a virtual reality environment," Brain Research Bulletin 113 (2015). 
76 Julia Treleaven et al., "Simulator sickness incidence and susceptibility during neck motion-
controlled virtual reality tasks," Virtual Reality 19, no. 3-4 (2015). 
77 Gregory J Boss et al., "Systems, methods, and media for temporal teleport in a virtual world 
environment," (Google Patents, 2009). 
78 Evren Bozgeyikli et al., "Point & teleport locomotion technique for virtual reality" (paper 
presented at the Proceedings of the 2016 Annual Symposium on Computer-Human Interaction in 
Play, 2016). 
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traversable surface. When the user releases the trigger, they are teleported 

to that location with a brief fade out and fade in animation. The fade aims to 

keep the visual cues smooth, to not shock the viewer with information shifting 

too rapidly.  

Teleport traversing has been defined, for this research, as the most 

comfortable form of movement within the virtual reality space as it removes 

the major triggers for motion sickness. This will allow the user to participate 

in neck-based motion to view and interpret the virtual environment 

unhindered. 

Adverse Reactions and Impact 

In inherent assumption regarding VR is that of feeling sick. The feeling of 

motion sickness is not a new phenomenon to just VR, as many screen-based 

virtual environments that include self-motion have been documented as 

causing this sickness.79 Motion sickness and fatigue of varying amounts has 

also been recorded since its inception, continuing into the recent widespread 

commercial use of HMDs.80 As stated by John Carmack, video game 

developer and CTO of Oculus, some companies have released their 

hardware prematurely, without fully considering the mitigations that should 

be incorporated.81 

This section considers the adverse reactions and effects of VR environments 

and their causes. Adverse reactions are defined as any problem caused by 

VR that negatively impacts the viewer’s health including nausea, vertigo, 

headaches, eye strain and fatigue. Some of the causes for these impacts are 

the perception of self-motion, physical obstructions, and latency (frame-rate 

                                                            
79 Lawrence J Hettinger and Gary E Riccio, "Visually induced motion sickness in virtual 
environments," Presence: Teleoperators & Virtual Environments 1, no. 3 (1992). 
80 Hironori Akiduki et al., "Visual-vestibular conflict induced by virtual reality in humans," 
Neuroscience letters 340, no. 3 (2003). 
81 John Carmack, "2015 GDC - John Carmack,"  https://www.youtube.com/watch?v=-dIUBGf1RHU. 
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drop). If a user is negatively impacted by these reactions, and continues to 

use the VR system, they will potentially cause themselves damage or they 

could adapt their behaviour in the virtual environment causing alternate 

potential issues. There is the possibility we may never eliminate all negative 

reactions in VR, but it is important to mitigate those that are clearly defined 

and avoidable. 

Motion Sickness 

Motion sickness has been defined by Ben Lawson as “adverse symptoms 

and readily observable signs that are associated with exposure to real 

(physical or visual) and/or apparent motion.”82 This form of sickness has 

been noted as the most common adverse reaction ensuing from VR usage. 

The symptoms associated to this negative health effect are discomfort, 

nausea, vertigo/dizziness, headaches, disorientation, drowsiness, and in the 

most extreme situations, vomiting.83 

Motion sickness can be broken down into two different forms: visually 

induced and physically induced. Each form refers to the physiological conflict 

between visual and physical inputs, with visually induced motion sickness 

able to be stopped by just closing your eyes. This research will not be 

pursuing the concepts of physical sickness, as the experimental virtual 

environments do not include artificial physical motion, instead using natural 

motion instigated by the participant. Visually induced motion sickness derives 

from scene motion, that is the visual motion of the virtual environment not 

normally experienced in the real world.84 There are two reasons a VR scene 

82 Ben D Lawson, "Motion Sickness Symptomatology and Origins," (2014). 
83 Robert S Kennedy and Michael G Lilienthal, "Implications of balance disturbances following 
exposure to virtual reality systems" (paper presented at the Virtual Reality Annual International 
Symposium, 1995. Proceedings., 1995). 
84 Jason J Jerald, "Scene-motion-and latency-perception thresholds for head-mounted displays" 
(The University of North Carolina at Chapel Hill, 2009). 
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may cause scene motion. These are intentional and unintentional scene 

motion.  

Intentional scene motion relates to certain animations and movements that 

are part of the virtual environment, for example locomotion traversing, or the 

viewer’s character is falling. These motions have a purpose within the 

constructs of the environment, however they can produce motion sickness 

as the viewer’s physical body is not moving. A similar experience is noted 

during motion sickness while being a passenger in a vehicle. The eyes are 

perceiving movement, which is often rapid, and the body is receiving no input 

of motion.  

Unintentional scene motion is due to inadequacies with technology and 

equipment, including frame latency and update lag. When the viewer moves 

their head in VR, the motion is tracked, and the picture is updated to 

demonstrate the new perspective. Even if there is minimal delay in physical 

movement and visual update, scene motion occurs. Whatever the cause for 

scene motion, it is in direct conflict with the mental model of viewers as they 

anticipate the new state of the environment. Humans have the ability to adapt 

to small differentials between real and anticipated states, however if this 

difference becomes too large, motion sickness will occur. 

As motion sickness has been noted as the most common adverse side effect, 

it is important to employ design strategies to mitigate the risk of it occurring 

to allow for the optimum delivery of experience. These strategies are 

discussed further in later sections titled “Real-World Stabilisation Cues” and 

“Manipulating the World as an Object” and are applied practically in the 

construction of virtual environments using the “Teleport” movement system 

outlined in the previous section “Systems of Movement”. 
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Eye Strain and Fatigue 

Static visual elements in virtual environments also have the potential to cause 

adverse reactions. Three known problems identified by Jerald are the 

accommodation-vergence conflict, binocular-occlusion conflict, and flicker.85 

These generally occur during technologies failed attempts at emulating focal 

points and depth cues that would be anticipated from the real world. 

As the first problem states, the conflict between accommodation and 

vergence, which are closely associated elements in the real world, can result 

in eye fatigue and discomfort.86 This occurs when the viewer attempts to 

focus on objects that are nearby or distant, where eyes in the real world 

would focus on the object and blur the rest of the view. Virtual technologies 

completing the same task may have issues in presenting a coherent scene 

based on depth and focus. 

Binocular-Occlusion conflict is the result of depth perception from binocular 

vision not matching objects being hidden behind others in depth. The depth 

space can become uncomfortable if an object that visually should be 

obscured by another due to its depth in space is completely visible. This can 

include 2D heads up displays (HUDs) or functional 3D objects that exist in 

the environment.  

The negative effects caused by Flicker are wide ranging, incorporating eye 

fatigue, headache, nausea and in extreme cases loss of consciousness or 

seizures.87 Flicker can be caused by many design flaws, some of which 

include low refresh rates, excessive scene complexity, and a wider field of 

                                                            
85 Jerald, The VR Book: Human-Centered Design for Virtual Reality. 
86 Martin S Banks, Joohwan Kim, and Takashi Shibata, "Insight into vergence/accommodation 
mismatch" (paper presented at the Head-and Helmet-Mounted Displays XVIII: Design and 
Applications, 2013). 
87 Joseph J LaViola Jr, "A discussion of cybersickness in virtual environments," ACM SIGCHI Bulletin 
32, no. 1 (2000). 
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view. Negative effects occur as soon as the frame rates drops too drastically, 

resulting in visible black frames or ‘jumping’ between frames. 

Physical Fatigue 

As the VR experience involves physical activity and interaction, it is important 

to consider issues occurring from these processes. Physical fatigue can 

occur from numerous causes, including unnatural movements and poses, 

and the weight and setup of equipment.88  

When exploring the adaptation to scene motion and motion sickness, it was 

determined that viewers may alter their processes of interactive with the 

virtual space. This may, in turn, cause the viewer to hold an unnatural pose 

and result in physical injury. These poses may also be generated through the 

virtual environment itself, with evasion methods due to fear being a large part 

of current virtual environments, viewers have the potential to instinctually 

move in an unnatural way. 

Physical fatigue may also become prevalent with excessively heavy HMDs. 

Although we are attempting to incorporate the best technology, having weight 

extruding horizontally that is attached to the face can cause headaches.89 

This is also true for controllers, although the physical weight is much lower, 

holding controllers in positions above horizontal for extended periods of time 

can cause strain and fatigue in the arms. 

Counter Measures to Adverse Reactions 

The understanding that VR has the potential to cause adverse reactions is 

pivotal to the development of new design techniques to provide optimised 

experiences. How, then, do we mitigate the causes of these effects? Jerald 

88 Jerald, The VR Book: Human-Centered Design for Virtual Reality. (2016) 
89 Peter Willemsen et al., "The effects of head-mounted display mechanical properties and field of 
view on distance judgments in virtual environments," ACM Transactions on Applied Perception 
(TAP) 6, no. 2 (2009). 
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provides avenues for each major cause identified above, with the premise 

that VR designers not only utilise these options but continue in the 

evolutionary process to gain insights into identifying and resolving further 

issues.90 The identified examples for reducing adverse effects include 

improving adaptation, including real-world stabilisation cues, and 

manipulating the world as an object. 

Improving Adaptation 

The concept of adaptation is based in the evolutionary cycles of humans, 

where new situations and environments require adaptation in order to 

survive. Alternately, adaptation is the process undertaken by participants 

when they first experience a specific VR environment, whether they have 

previously experienced VR or not. According to Wallach, adaptation can be 

separated into two categories: perceptual adaptation and sensory 

adaptation.91 

Perceptual adaptation has been identified by Welch as “a semipermanent 

change of perception or perceptual-motor coordination that serves to reduce 

or eliminate a registered discrepancy between or within sensory modalities 

or the errors in behaviour induced by this discrepancy.”92 Welch continues to 

identify six fundamental elements to enable perceptual adaptation: active 

interaction, stable sensory rearrangement, immediate feedback, error-

corrective feedback, distributed exposures over multiple sessions, 

incremental exposure to the rearrangement.93  

                                                            
90 Jerald, The VR Book: Human-Centered Design for Virtual Reality. (2016) 
91 Hans Wallach, "Perceiving a stable environment when one moves," Annual review of psychology 
38, no. 1 (1987). 
92 Robert B Welch, "Intersensory interactions," Handbook of perception and human performance.; 
Sensory processes and perception  (1986). 
93 Robert B Welch and Betty J Mohler, "Adapting to Virtual Environments," (2014). 
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Sensory adaptation has been identified as the altering of the viewers 

sensitivity to stimuli.94 This can be achieved by providing intermittent 

introductions to new visual stimulus over time, progressively and temporarily 

altering the viewers sensitivity. A specific affordance for experience is clearly 

defined within this concept. With a medium such as VR, that utterly 

transforms the world in which the viewer exists, it is important to allow for 

subtle adaptation, with transitions between the real and the virtual. 

The reduction of visually induced motion sickness through adaptation has 

previously been evaluated in different studies.95 96 97 Hill and Howarth 

examined symptoms of motion sickness in participants experiencing the 

game ‘Wipeout’ through a non-tracked Head Mounted Display.98 They 

analysed the level of habituation, or adaptation, that occurred when being 

exposed to the medium over five consecutive days. The findings from this 

study displayed an evident reduction in motion sickness symptoms on the 

fifth day in comparison to the first. 

A similar study targeting participants that had reported symptoms of malaise 

during their first immersion in virtual reality, examined levels of malaise in 

further virtual reality experiences.99  The study found significant reductions in 

reported ratings of malaise between the participants first and second 

experience, as well as their third and fourth experience. Interestingly, the 

study found there was little change in malaise between second and third 

experience. 

94 Barry Wark, Brian Nils Lundstrom, and Adrienne Fairhall, "Sensory adaptation," Current opinion 
in neurobiology 17, no. 4 (2007). 
95 Norihiro Sugita et al., "Evaluation of adaptation to visually induced motion sickness based on the 
maximum cross-correlation between pulse transmission time and heart rate," Journal of 
NeuroEngineering and Rehabilitation 4, no. 1 (2007). 
96 K. J. Hill and P. A. Howarth, "Habituation to the side effects of immersion in a virtual 
environment," Displays 21, no. 1 (2000). 
97 E. C. Regan, "Some evidence of adaptation to immersion in virtual reality," ibid.16, no. 3 (1995). 
98 Hill and Howarth, "Habituation to the side effects of immersion in a virtual environment." 
99 Regan, "Some evidence of adaptation to immersion in virtual reality." 
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Real-World Stabilisation Cues 

As discussed in a previous example, motion sickness occurs much like that 

of travel sickness while being a passenger in a vehicle. This is especially 

prevalent when the passenger is focusing on a stable object within the 

vehicle enclosure, as the eyes are receiving no motion input, but the body is 

feeling real motion. Converse to this situation is vection, where the eyes are 

perceiving motion, but the body is physically stable.100 Real-world 

stabilisation cues attempt to make motion perception uniform between 

physical and visual. If the passenger in the car was to look out of the window, 

they would clearly perceive motion of objects moving past. The same is true 

for virtual environments.  

When incorporating stable visual cues into virtual environments, it acts as a 

rest frame. As soon as this stability is upset, motion sickness will rapidly 

return. These stabilisation cues don’t necessarily need to exist within the 

three-dimensional space, as HUD could provide anchoring visual aesthetics 

for the viewer to focus on during an intense sequence of motion. 

Manipulating the World as an Object 

By determining that self-motion in virtual environments directly affects motion 

sickness, it is logical to pursue world-motion as an alternative. World-motion 

is in use in much of our current technology and allows for clear wayfinding 

and pathing during motion stages. One example is Google Street View, 

where the viewer is situated within a 360-captured environment. To move to 

a new location the viewer clicks on an arrow in the direction of desired 

movement. This initiates an animated motion phase, where the viewer 

appears to remain stationary and the world distorts and pulls away, as if the 

fabled ‘Millennium Falcon’ just initiated hyperdrive. 

100 Lawrence J Hettinger et al., "Vection and simulator sickness," Military Psychology 2, no. 3 
(1990). 
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By following these guidelines, it is possible to provide a comfortable 

experience for viewers. These guidelines will be implemented within the 

virtual environments of this research to varying degrees among other 

potential enhancements. The first experiment places the participant in first 

person, experiencing the virtual environment through a monitor. The process 

of movement utilises a keyboard and mouse, giving the participant full 

control. The second experiment also places the participant in first person; 

experiencing the environment through a head-mounted display. The process 

of movement utilises handheld controllers, with a point-and-click teleport 

system to provide the highest level of comfort.  

This research has identified the hardware and processes available to 

generate and express virtual environments, but how do viewers experience 

them? 

Perception in Virtual Environments 

Of all the things that are required for a VR system to be effective, our ability 

to process and understand the media being delivered is the most important. 

The way we perceive and interpret imagery and space is immensely 

important. Humans have the ability to interpret visuals incredibly fast, but it’s 

the ‘how’ that we are most interested in. 

Objective and Subjective Realities 

Amazingly, Freud and Einstein came to the same conclusion that reality is 

flexible, that our own point of view is a complex part of the formation of reality. 

When focusing on VR, not only do we get to explore and experience the 

realities of others, but we get to create objective realities that are more 

directly communicated, instead of indirectly through television or a book, for 

others to experience through their own subjectivity. 
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Facts, algorithms, and geometry are not enough for VR. By better 

understanding human perception, we can build VR applications that enable 

us to more directly connect the objective realities we create, by manipulating 

digital bits, into the minds of users. The desire is to clearly understand 

humans’ perception of those bits to more directly portray our meaning to 

users in a way that is well received and interpreted. This forms the basis of 

encoding and decoding virtual realities, as Saussure alluded to in the 

explanation of semiotics for design.101 

These objective realities are being identified as being interchangeable with 

real situations for the purposes of experimentation. These experiments are 

being undertaken to explore the concept of User Experience (UX) analysis in 

VR, where the subject is placed in the standard ecology relevant to the 

design being tested.102 Rebelo et al found analysing UX in VR environments 

provided a neutral context for the participant, instead of the standard context 

containing situational factors including the presence of noninteractive 

observers.103 They concluded that the situational context is a major aspect 

in product evaluation due to the level of presence achieved through VR. This 

identifies the increased importance of environmental design in experiencing 

a product through VR platforms over other traditional methods of 

experiencing a product. 

Perceptual Modalities 

As expressed by Sutherland, the technology used must be able to generate 

a world in which all virtual elements perform in a realistic manner.104 

Specifically, the technology must address six major areas that are crucial to 

VR. As the viewer perceives them, the technology works when the picture 

101 Ferdinand De Saussure, Course in general linguistics (Columbia University Press, 2011). 
102 Francisco Rebelo et al., "Using Virtual Reality to Assess User Experience," Human Factors 54, no. 
6 (2012). 
103 Ibid.,  
104 Sutherland, "The ultimate display." 
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looks real, the computer maintains world model in real time, the user directly 

manipulates virtual objects, the objects move realistically, immersion is 

delivered through a head-mounted display, and the virtual world sounds and 

feels real.105 Each mode can be identified as it specifically relates to the 

delivery of virtual reality. 

Frederick P. Brooks, Jr states, “the visual (and aural and haptic) displays that 

immerse the user in the virtual world and that block out contradictory sensory 

impressions from the real world” are crucial for VR.106 By immersing the 

viewers senses in produced media, we also mitigate the sensation of 

telepresence. The users’ visual photoreceptors are engrossed completely, 

entertaining both central and peripheral vision. In an ideal VR environment, 

the aural senses would also be engrossed in fabricated media, along with a 

physical sense of touch to enhance the haptic sensations of the environment. 

Brooks also notes four auxiliary technologies that are less critical, but still 

important for environmental design, listing them as “synthesised sound, 

displayed to the ears, including directional sound and simulated sound fields; 

display of synthesised forces and other haptic sensations to the kinaesthetic 

senses; devices, such as tracked gloves with pushbuttons, by which the user 

specifies interactions with virtual objects; and interaction techniques that 

substitute for the real interactions possible with the physical world.”107 These 

design elements are to be considered as they relate to the virtual 

environment, specifically the capability of the chosen VR hardware. 

Sutherland notes the strength of hapticity in the ultimate display, a notion that 

is revisited by Bucher as he explores historical forms of immersive 

storytelling.108 It is apparent that immersive narratives have previously relied 

                                                            
105 Ibid.,  
106 Frederick P Brooks, "What's real about virtual reality?," IEEE Computer graphics and 
applications 19, no. 6 (1999). 
107 Ibid.,  
108 John Bucher, Storytelling for Virtual Reality (Routledge, 2018). 
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heavily on real objects to provide a sense of presence through the trickery of 

touch, however modern forms of VR technology require the user to interact 

with the virtual world through physical controllers that also consist of virtual 

representations. This research will rely on visual and aural cues to deliver the 

media, with direct hapticity being defined as out of scope. 

These perceptual modalities will be considered to their full effect as they 

relate to the research. Specifically, this research aims to target the visual, 

aural, and inadvertent hapticity of the environment whilst maintaining real-

time output to mitigate negative effects on proprioception and 

balance/motion.109 

Designing for Perceptual Processes 

The perceived success of cinema, video games, painting, photography, and 

now VR is largely reliant on the convincing portrayal of spatial cognition and 

spatial 3D relationships.110 Current generation VR technologies and 

experiences also have many drawbacks if not properly implemented, like 

frustration, anger and physical sickness.111 If VR is used correctly, it can 

swiftly produce a sense of awe and excitement; two reactions that can be 

measured to analyse the efficacy of an environment. When designing an 

environment for VR delivery it is imperative to understand the design 

principles and methodologies of high-level VR experiences that enhance 

overall design aesthetics. 

Through the understanding of human cognition and reaction principles, four 

defined stages of processing occur: visceral, behavioural, reflective and 

109 Jerald, The VR Book: Human-Centered Design for Virtual Reality. 
110 Mark R Mine, Frederick P Brooks Jr, and Carlo H Sequin, "Moving objects in space: exploiting 
proprioception in virtual-environment interaction" (paper presented at the Proceedings of the 
24th annual conference on Computer graphics and interactive techniques, 1997). 
111 Jerald, "Scene-motion-and latency-perception thresholds for head-mounted displays." 
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emotional.112 Each of these could be understood as being different forms of 

pattern predictability and recognition, and work in tandem to control the 

viewers state. By gaining an understanding of these cognitive and 

physiological responses we can generate virtual environments to more 

accurately manipulate the viewers state. 

Visceral Processing 

Visceral processing is the ability to instinctually respond and react to a 

scenario from visceral communication, being the language of primal 

behaviour and instinctive emotion.113 This language is always present in 

human psychology and is the intermediate of indirection communication and 

structural communication. Therefore, visceral processes are the reflexive 

mechanisms to allow for immediate automatic response to a situation. These 

reactions include fear of heights and deep water, fight-or-flight reflexes, or 

even fear of being alone or in the dark. 

These processes are the inbuilt initial response, which will be triggered based 

on attraction or repulsion to an object or situation, rarely being impacted by 

usability or efficacy of an experience. Designers that understand the nature 

of visceral processes employ aesthetic intuition to develop visceral 

responses from the audience, resulting in positive reactions and affection 

from the viewers. The same can be defined for the feeling of fear and stress, 

as a scenario may require these reactions to truly make a point. 

When considering real-world scenarios where visceral processing may be 

observed, a clear example of fear and stress can be identified when 

experiencing a severe weather event. The threat of a storm is instilled in the 

perception of external cues including low lighting (visual cue), loud claps of 

thunder (acoustic cue), strong gusts of wind (visual, acoustic, and tactile 

112 Don Norman, The design of everyday things: Revised and expanded edition (Basic Books (AZ), 
2013). 
113 Jerald, The VR Book: Human-Centered Design for Virtual Reality. 
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cues), and heavy rainfall (visual, acoustic, and tactile cues). These cues are 

likely to have a measurable impact on instinctual behaviour, generating a 

reaction from the user. 

Behavioural Processing 

Intuition and tacit knowledge, defined as learned skills, are produced through 

behavioural processes. These are largely subconscious actions that are 

activated by situations that suit a stored memory or pattern.114 In these 

situations, although we are aware of our actions, we are generally unaware 

of the finer details. This is commonly seen in repetitious tasks, which can be 

expressed as foundational knowledge. When we act with a purpose, that is 

to use our consciousness, we think of the desired result, and our body takes 

over to complete the task. This is seen when riding a bike, or driving home, 

we set the task and our mind effectively goes into autopilot. 

This intuitive action in computer environments is generally a long-practiced 

task, as controlling a mouse and keyboard sitting outside of our focal point 

takes considerable training, often starting from a very young age. Consider 

this against the interactions within VR, being natural behaviour as expected 

within the real world. The major learning curve is identifying controller button 

locations and purposes; however, this can be partially mitigated by 

technology that understands gestures (LEAP Motion, Kinect, VicoVR, 

Orbbec, Stereolabs ZED).115 

Reflective Processing 

Reflective processing is the first of the “deep-thought” processes, ranging 

from basic conscious analysis to reflective on one’s own feelings. As this 

conscious thought progresses, it results in understanding and logical 

                                                            
114 Norman, The design of everyday things: Revised and expanded edition. 
115 Frank Weichert et al., "Analysis of the accuracy and robustness of the leap motion controller," 
Sensors 13, no. 5 (2013). 
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decisions.116 The basis in logic generally requires more processing and 

analysis time, interpreting and evaluating the state of the world constantly. 

This delay means it is a process completed after the fact. 

This method of processing involves humans creating little stories within their 

minds. These stories may be accurate to real events, or they may wildly 

differ. By pondering the internal story strong emotions evolve and provide the 

viewer with an eternal memory of the previously occurred events. By utilising 

reflective processes, designers can teach the viewer subjective lessons. 

Emotional Processing 

The final form of processing is emotional, being the affective element of 

conscious thought that powerfully interprets information, culminating in 

psychological and physiological visceral and behavioural responses.117 This 

process is faster and less taxing than reflective processing, relying in part on 

intuition to make sense of the situation. The emotional response when 

finishing a VR experience is generally what stays with the viewer. If the end 

result provides a good experience and resolution, then the memories 

attached to those emotions will be positive. The opposite is also true, and if 

the purpose of the environment is to trigger inherently negative responses, it 

is advisable to provide a resolution at the end of the experience. This is true 

for the VR story ‘Allumette’, where viewers are seen finishing the experience 

in tears, but the emotional connection and empathy is so strong the overall 

experience is expressed as “beautiful”.118 

Unit Operations Targeting Processes 

To understand the composition and relationship of design techniques 

implemented to target the four stages of processing, we can explore the 

116 Norman, The design of everyday things: Revised and expanded edition. 
117 Ibid.,  
118 Penrose Studios, "Penrose Studios - Introducing Allumette,"  https://youtu.be/Aa1LcTiA_2Q. 
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notion of unit operations as defined by Ian Bogost. Unit operations are one 

subset of operations that form a holistic view of integrated systems, with the 

other being System operations. There is a distinct difference between the two 

when specifically discussing virtual environments, with Bogost stating “Unit 

operations are characteristically succinct, discrete, referential, and dynamic. 

System operations are characteristically protracted, dependent, sequential, 

and static”.119 

When considering the dynamic or procedural characteristics of unit 

operations, clarity can be found in earlier literature from Bogost where he 

explores the definition of procedurality in video-games, with procedurality 

being one of the four essential properties of digital artifacts defined by Janet 

Murray in ‘Hamlet on the Holodeck’.120 121 Bogost states “Procedural systems 

generate behaviours based on rule-based models; they are machines 

capable of producing many outcomes, each conforming to the same overall 

guidelines.”122 

Bogost further discusses the interchangeability of the words ‘procedure’ and 

‘process’, confirming the connection between the procedural nature of 

constructed virtual environments to target the four stages of processing. This 

definition provides a theoretical understanding of the required dynamism of 

the implemented design techniques. To engage a user within the virtual 

environments a clear procedurality is required. By implementing a collection 

of elements, or unit operations, to form the structural framework of processes 

or procedures we can enframe the user in an appropriate context. 

119 Ian Bogost, Unit operations: An approach to videogame criticism (MIT press, 2008). 
120 "The rhetoric of video games," The ecology of games: Connecting youth, games, and learning  
(2008). 
121 Janet H. Murray, Hamlet on the Holodeck: The Future of Narrative in Cyberspace (The Free 
Press, 1997). 
122 Bogost, "The rhetoric of video games." 
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Perceiving Situations using Schema Theory 

The culmination of response to a scenario when considering these 

behaviours and processes can be defined by schema theory. According to 

Douglas and Hargadon “Schemas enable us to perceive objects and 

occurrences around us and to make sense of them efficiently by consulting 

our ready-made store of similar occurrences and understandings, which we 

gain from reading, personal experience, and even advice we receive from 

others.”123  By identifying the perceptual processes performed by audiences, 

new virtual experiences can target specific responses by drawing on their 

store of similar experiences. Often, a range of responses will occur 

throughout a single experience, as the viewer completes different forms of 

processing to interpret the situation. It is expected that a natural progression 

of responses will occur within the experimental trials for this research due to 

the virtual environments being modelled on real-world scenarios. 

Perception in Action 

A sense of familiarity, or level of accuracy represented by the objects and 

events within the simulated environment is also an important element of 

successful immersive environments. This accuracy is referred to as 

“perceptual realism”, defined by McMahan as a measure of “how closely the 

objects, environments, and events depicted match those that actually 

exist”.124  

It is argued by Fencott that as presence is based on perception, it is the 

content of the virtual environment, and how that content is designed and 

ultimately perceived, that is most important.125 Fencott states:  

                                                            
123 J Yellowlees Douglas and Andrew Hargadon, "The pleasures of immersion and engagement: 
schemas, scripts and the fifth business," Digital Creativity 12, no. 3 (2001). 
124 A. McMahan, "Immersion, Engagement, and Presence: for Analyzing 3 Games,"  (2003). 
125 C. Fencott, "Presence and the content of Virtual Environments’," Virtual Reality Applications 
Research Group  (1999). 
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“…as presence is a mental state it is therefore a direct result of 

perception rather than sensation. In other words, the mental 

constructions that people build from stimuli are more important 

than the stimuli themselves.” 

From this perspective, it is clear to see the result desired from the virtual 

environment. Perception of the stimuli directly affects the level of presence 

achieved. The level of presence is also accumulated over time through a set 

of experiences that develop purposive presence. Fencott continues to list 

three conditions that will maintain this sense of purposive presence, stating 

that content needs to establish and maintain a sense of purpose which is 

reinforced by some or all of the accumulating experiences, generate a sense 

of causal interaction, and maintain general belief in the VE irrespective of 

purpose.  

With these tasks in mind, the video game elements that will gain and hold 

the players’ attention, as defined by Fencott are Movement, Interaction, and 

Sound.126 Movement in both the character and environment keeps the users’ 

attention shifting, whilst also replicating realism. Interaction is defined as a 

method of distraction, as keeping the user busy will reduce their desire to 

analyse the environment. Finally, sound is critical for drawing the user’s 

attention, providing acoustic descriptions of objects and environments, and 

is used to entice another of the users’ senses, moving towards full sensory 

immersion. 

Although these design elements relate to the entire virtual world, industry 

professionals have already identified practical techniques to create 

landscapes, characters, and props. However, this often does not extend to 

the atmosphere and larger environment. Skyscapes are usually seen as 

secondary to the physical elements sitting below the horizon. How then can 

126 Ibid., 
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we analyse existing weather systems? What insights are gained when 

comparatively analysing these against potential systems? 

Weather Models 

This section explores the role of weather in videogames as it relates to both 

gameplay and the broader environmental viewpoint. Although a majority of 

weather is incorporated purely as a decorative or aesthetic element, this 

research aims to outline that more direct effects of weather on user 

experience would enhance the level of perceived realism and strengthen the 

underlying design experience. This section explores numerous examples of 

commercially implemented weather variants in videogames (wind blowing 

through grass, rain/snow, rain drops and ripples in water). Although there are 

several good examples, a significant portion of games still lack affective 

environmental weather systems. 

As previously outlined, many variations of weather systems have been 

implemented in virtual environments throughout the history of game 

development. Each iteration has been shaped by both internal and external 

factors including technology limitations, artistic desire, and user 

requirements. The first full-colour 3D virtual environments began with static 

environments. The definitive goal for many environment artists is a complete 

real-time simulation of natural weather phenomenon. 

For the purpose of this research, each major step of weather system has 

been categorised into one of two forms: Static and Dynamic/Procedural. As 

there are many variations of weather implemented in video games over many 

years, these categories have been defined to categorise similar weather 

types. Mostly, these categories are impacted directly by the abilities of 

technology, but some are artistic styles employed to emulate certain design 

aesthetics. To clarify each category, they have been defined below. 
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Static Models 

Static environments are defined as environments where there is no or limited 

dynamism, including highly predictable shifts in the environment. This is 

commonly demonstrated as a singular day/night environment map with 

limited to no evolution of environmental factors, including clouds. These 

environmental factors tend to follow strict rules and are implemented through 

a rigid framework of scripted functions, adding to the fixed outcome produced 

when a player interacts with or experiences them.  

Implementations of static weather models are usually associated with much 

older generations of video games, however the rise of mobile ready games 

has seen a resurgence of more static environments to suit lower powered 

systems. Mario Bros. is a clear example of static weather affecting game 

play, with the inclusion of slippery ice surfaces increasing the players’ 

stopping distance, gusts of desert wind adding directional force to a player 

and altering jumping distances, and underwater geysers impacting swim 

speed and direction. These effects included acoustic and visual cues to allow 

preparation time before the effect occurred and were always highly 

predictable due to the strict rules of scripted occurrence. 

A further well-known example of static weather is in the Silent Hill games. 

The inclusion of strong fog, shown in Figure 9, plays a critical role in setting 

the tone of the environment, limiting the players visibility and increasing the 

suspense and tension of the experience. The fog is not dynamically shifting, 

instead being a fixed cyclical animation applied around the character. 

Although the dynamism of the fog is highly limited, it is a critical element in 

delivering and enhancing the narrative aspect of the game. 
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Figure 9. Strong fog in Silent Hill127 

Dynamic and Procedurally Generated Models 

We rely on different kinds of cues to allow us to perceive presence in an 

environment, including sensory stimulation from the environment, changes 

in the environment and interactivity with the environment.128 This requires 

that the virtual environments should be fully dynamic, also referred to as 

procedural. A dynamic environment shifts over time through animated or 

variable means. This form of environment can range from night/day cycles, 

to randomised weather occurrences. Dynamic weather systems have been 

present within virtual environments since the inception of 3-dimensional 

spaces, however, if the unpredictability of these environments generates 

unfamiliar and unknown results, it may lead to a feeling of discomfort and 

anxiety.129 

Procedural environments are essentially dynamic; however, they are based 

on powerful algorithms that aim to interpret the current state of the world and 

127 Silent Hill Fandom, "James in the Fog World in Silent Hill,"  
https://vignette.wikia.nocookie.net/silent/images/9/97/James-in-fog.jpg/revision/latest/scale-to-
width-down/1000?cb=20130714074710. 
128 J. Suler, The Psychology of Cyberspace (2007). 
129 Ibid.,  

Image removed
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adapt or evolve to an altered future state. This process of adaptation and 

evolution provides the user an opportunity to perceive the environment in-

turn. As the user is able to understand, to varying degrees, the shift in 

environment, they can make real-time decisions and react accordingly. It is 

also true that the environment can react to the user in a similar fashion. Any 

interactive actions from a user that directly affect objects within the 

environment, may have a resounding influence on the larger ecosystem and 

function of the virtual space. This is evident in more evolved shared 

environments showcased in ‘No Man’s Sky’, ‘Second Life’ and ‘ai.planet’, 

where the environment is aware of the player and their actions.130 131 132 

State of the Industry 

Historically, realistic weather and environments above the natural horizon are 

considered superfluous and unnecessary as they do not have a direct impact 

on gameplay. 

We as human beings like to find slices of real life even in the games that we 

play.133 They may include a city map, a famous landmark, or an historical 

event that we can relate to, but above all we feel at ease when we see familiar 

weather effects like rain, snow, fog or sun being rendered in the most realistic 

of ways imaginable. The fact that video games have travelled such a long 

way and evolved in such a productive manner that their engines can render 

and replicate our daily life environments is purely amazing. This section 

explores the current generation of videogames that have produced 

memorable weather systems and describes the subjective effects they had 

on players. 

130 Hello Games, "No Man's Sky,"  https://www.nomanssky.com. 
131 Linden Research, "Second Life,"  https://secondlife.com/. 
132 D Kerr, "ai.planet,"  http://aiplanet.sourceforge.net/. 
133 Eric B. Nash et al., "A Review of Presence and Performance in Virtual Environments," 
International Journal of Human–Computer Interaction 12, no. 1 (2000). 
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Stalker: Call of Pripyat (Windows: 2010) 

Figure 10. Stalker: Call of Pripyat134 

The intensity of the rain that seems to never cease to fall adds to the general 

sense of isolation that Stalker: Call of Pripyat transpires. Through every pore 

it always stays loyal to its horror legacy and entices viewers with the most 

definite sceneries, the bleakest weather (see Figure 10), and the most toxic 

sunrises ever seen in a videogame. The incessant weather delivers an 

emotive performance through a consistent sensation of doom and 

helplessness. The impact on the player is noticeable as they attempt to solve 

the mysteries hidden within the story arc, all while battling the sensation of 

isolation.  

134 Moby Games, "Stalker: Call of Pripyat,"  http://www.mobygames.com/images/shots/l/396049-
s-t-a-l-k-e-r-call-of-pripyat-windows-screenshot-rain-a-swamp.jpg.
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Red Dead Redemption (PS3, Xbox 360, Xbox One: 2010) 

Figure 11. Red Dead Redemption135 

Set in a fictional space of the western United States and Mexico, Red Dead 

Redemption takes advantage of the great outdoors. With the major feature 

being the geographical position, it enhances its beauty with effects that make 

it one of the most appreciated games. This environment shares many of the 

same processes displayed in GTA V, discussed next, as they are created by 

the same studio. Rockstar North have maintained their momentum as a front-

runner for realistic experiences within this western explorer title. 

Although the weather provides aesthetic beauty, it also delivers a tangible 

impact on gameplay. The player has the ability to update and change their 

outfit at any time, with varying levels of consequence based on the state of 

the environment. If the player is wearing light clothes to allow for faster 

movement, they will be greatly affected by cold environments, to the point 

where it can reduce movement speed and remove health. The opposite can 

be seen when the player dresses appropriately for the environment, with 

beneficial effects being bestowed upon their character. 

135 Rockstar Games, "Red Dead Redemption Torquemada,"  
http://www.rockstargames.com/reddeadredemption/img/en_us/world/1280/torquemada.jpg. 
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Grand Theft Auto V (Windows, PS4, Xbox One: 2013) 

Figure 12. Grand Theft Auto V136 

Adrenaline-filled heists, cop chases, or challenging quests are not the only 

amazing features GTA V has to offer. More organic elements, such as 

weather effects, are rendered in such an artistic way that they leave you in 

awe. The most beautiful of them are the pink and purple sunsets that slowly 

take over the sky of Los Santos, treating our eyes to a cornucopia of pastel 

nuances exactly like in real life. The beauty of nature manages to break 

through all of the daily hustle and make way for ineffable sceneries. Each 

raindrop has its own behaviour, every change in the meteorological 

conditions is made following a dynamic system that perfectly emulates real-

life situations.  

As the drops of rain form puddles, they affect the traction of vehicles on 

roads, visibility on land and in the sky, and also mitigate the ability to light 

petrol fires. Appropriate decisions available to the player during a weather 

event begin to change, altering the ensuing and evolving narrative being 

performed by the player. 

136 V, "GTA V Dynamic Weather". 
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Unfortunately, the realism ends once the player begins to access aircraft and 

take to the skies. The clouds that once populated the expansive skyscape 

disappear as the player approaches altitude. There is no ability to travel 

through clouds as there are no volumetric clouds present within this 

environment. This research implements photorealistic volumetric clouds that 

can envelope a player, completely immersing them as they travel through the 

clouds. 

Metro: Last Light (PS3, PS4, Xbox 360, Xbox One: 2013) 

Figure 13. Metro: Last Light137 

In a world devastated by the nuclear war, rain falls heavily, flooding the walls 

of the ruins that are still standing with rain and wind effects so visceral they 

feel real. Metro: Last Light takes the liberty to give you a true taste of realism 

by splashing drops of water on your screen in order to simulate how you 

would see through your in-game mask. Not only will this give you one strong 

sense of immersion, but it will alter your play style. 

As the drops of rain run down the screen, they are able to be manipulated by 

gusting winds and directional turns, adding an additional layer of complexity. 

137 4A Games, "Metro: Last Light Redux,"  https://steamcdn-
a.akamaihd.net/steam/apps/287390/ss_b81d14be6da9935d5c0ecad19074a5b2f2cfecf8.1920x108
0.jpg?t=1447360878.

Image removed



55 

Beyond the direct difficulty of looking through water, the visual aesthetic 

perfectly delivers the dystopia we all fear. The sensation of dread and 

helplessness is instilled in the narrative of this game, mostly delivered 

through the weather. 

Mad Max (Windows, PS4, Xbox One: 2015) 

Figure 14. Mad Max138 

Driving through rumbling thunder, blinding fog and intense gusts of wind is 

probably one of the toughest sensations one could feel with the dynamic 

weather system of Mad Max the game. It offers this and much more in terms 

of variety. The desert is bathed in scorching sun rays by day and cold to the 

point of freezing by night. Sandstorms become a natural occurrence during 

gameplay. Even though it might have been criticized for other aspects, Mad 

Max is known to have some of the best weather effects found in a game. 

The impact is clearly visible as your character attempts to protect themselves 

from potentially dangerous objects caught up in the violent dust storms. 

Perceiving the apparent struggle of their character prompts players to alter 

their play style, finding cover where available and predicting incoming 

138 Youtube, "Mad Max,"  https://www.youtube.com/watch?v=wOI24UALKz0. 
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objects. This direct threat is delivered purely through the perception of 

familiar environments and natural reactions. 

The Witcher 3: Wild Hunt (Windows, PS4, Xbox One: 2015) 

Figure 15. The Witcher 3139 

The Witcher 3: Wild Hunt contains the bluest sky and the most fluttering 

golden hour ever rendered in a videogame. The weather in The Witcher 3 is 

only outdone by its amazing story, which are excellently intertwined. Geralt 

of Rivia riding into a sunset so picturesque, you simply cannot grasp all of its 

beauty in just one glance. When night falls the moon looms over the world 

and shines its light through the thin clouds. As poetic as it may sound, without 

delving into the intricacies of poetics, it's simply the truest expression of how 

realistic the weather effects appear in The Witcher 3.  

The studio also experimented with varying forms of proceduralism of the 

weather systems, however, as described by Jose Teixeira, visual effects 

artist at CD Projekt RED, the initial experiments had high levels of 

randomness and produced outcomes of such rarity it felt unnatural.140 As a 

139 CD Projekt Red, "Witcher 3 Wild Hunt,"  
http://static.cdprojektred.com/thewitcher.com/media/screenshots/witcher3/big/witcher3_en_scr
eenshot_screenshot_34_1920x1080_1433341640.jpg. 
140 Nelva, The Witcher 3: Wild Hunt Artist Talks About Weather, Lighting, Consoles, Graphics and 
Much More. 
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response to this, the studio limited the variations of weather occurrences, 

whilst delivering aesthetically pleasing results, did not produce the results 

that would directly affect gameplay. 

Battlefield 1 (Windows, PS4, Xbox One: 2016) 

Figure 16. Battlefield One141 

Precarious weather conditions affect the soldiers on-field performance and 

make them move slower in rain along with reduced visibility during fog. 

Battlefield Ones dynamic weather system renders different meteorological 

conditions according to the geography of the zone. For example, on the Sinai 

map you'll experience sandstorms of epic proportions (see Figure 16). The 

only things you'll be able to see in the distance will be the occasional 

explosion.  

As may be apparent, a reduction in visibility in the middle of warfare 

drastically shifts the players engagement and fighting style. Due to the 

immense scale of the maps, the volumetric style of the weather events is 

clearly visible, impacting some areas more than others. Ultimately, the 

decisions made by a team are made based on the existing situation of the 

141 Youtube, "Battlefield 1: Sandstorm rolling in!,"  
https://www.youtube.com/watch?v=0VL1rPSDzMY. 
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map. If the map, and by association the team, are being impacted by the 

weather, they will alter their game plan. 

Rise of the Tomb Raider (Windows, Mac, PS4, Xbox One: 2015) 

Figure 17. Lara Croft: Tomb Raider142 

The extent of the weather that affects the main characters actions reaches a 

high point when, in order to create a warmer coat, Lara has to wait for a 

specific time of the day so that the wolf she must hunt will come out. This 

perfect simulation of real-life conditions takes the weather effects in 

videogaming to a whole new level. It is difficult to forget the absolutely 

stunning sun flares, smooth light leaks, and intense snow storm effects, but 

the most memorable aspects of the environment are those that directly affect 

the players choices.  

142 Expert Reviews, "Lara Croft: Tomb Raider,"  
http://cdn2.expertreviews.co.uk/sites/expertreviews/files/styles/gallery_adv/public/images/dir_3
75/er_photo_187951.jpg?itok=huqHbh7r. 
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The Solus Project (Windows, PS4, Xbox One: 2016) 

Figure 18. The Solus Project Meteor Shower143 

The Solus Project is a survival RPG that contains a mysterious story. As you 

explore the open-world environment you are greeted by alien weather 

phenomena. The environments don't look overly impressive, but the weather 

effects can deliver moments of awe. The first time experiencing a tornado 

can leave you with your mouth open in astonishment. The weather can be 

daunting and dramatic, assisted by music that swells and crescendos with 

the wind. The weather occurrences are enhanced by tornadoes, meteor 

showers and lightning storms.  

This is a pivotal title for the medium of VR, delivering impressive technical 

aspects for virtual experiences, with a slight lack in design aesthetics. The 

environment produced in The Solus Project would have been a perfect 

candidate for this research, however the alien landscape and atmosphere 

rely too heavily on the willing suspension of disbelief. 

143 Gamespot, "The Solus Project,"  
https://static1.gamespot.com/uploads/original/1406/14063904/3088193-tsp_screen12.jpg. 

Image removed



60 

Zelda: Breath of the Wild (Nintendo Switch: 2017) 

Figure 19. Zelda: Breath of the Wild144 

Who would have thought that a Zelda game would be a complete game 

changer when it comes to how open world adventures are designed? Zelda: 

Breath of the Wild was released very early in 2017, and it has been heralded 

as one of the most revolutionary games ever created. There are gamers, 

both serious and casual, that believe Zelda games are only for young 

audiences with simplistic designs. This cannot be further from the truth. This 

is due to the fact that it’s not like any other video game in the world. It’s 

heavily reliant on one particular element that drastically changes the player’s 

experience: the weather. 

There’s a wide array of weather elements that have the potential to impact 

the player’s experience. Everything is extremely interactive, and players 

must adjust to the settings around them, no matter what the weather happens 

to be. For example, on a sunny day, you’d be able to climb any surface to 

144 Rice Digital, "Zelda: Breath of the Wild,"  https://www.ricedigital.co.uk/wp-
content/uploads/2017/03/zelda-breath-of-the-wild-direct-feed-134-1920x1080-555x312.png. 
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your heart’s content. There’s a tree? Climb it. Mountain? Sure, why not. An 

enemy tower? You could if you were exceedingly confident.  

However, you don’t want to try this on a rainy day (both in the game and in 

real life), because surfaces you were once able to easily scale become 

slippery. This forces you to find alternative solutions, usually ones that make 

you stretch your imagination. Any fires you’ve created also fizzle out, which 

can cause problems since torches are often integral to activating parts of the 

game. The dynamic shift of environmental parameters that have an effect on 

a player’s available options, including the seemingly mundane, is drastic 

purely based on the effect of weather. The path you choose, the armour you 

wear, and the tools at your disposal all affect the overall narrative as it 

determines your current situation, and limits choices of progression.  

Beyond the visual aesthetic, stormy weather wouldn’t be complete without 

thunder and lightning. Thunder and lightning react the same way in the game 

as they do in real life. If a character happens to have metal gear on, there’s 

a higher chance they’ll be struck by lightning (see Figure 19), which can be 

fatal. There’s an option to take off metal gear, but then the character 

becomes more vulnerable to enemies. The situation is a double-edged 

sword. Experiencing such a dynamic and shifting environment has the ability 

to alter the way a user plays as well as their overall impression of the space. 

As displayed in this extensive list of existing videogame titles, weather can 

and has been implemented to manipulate gameplay and alter choices from 

an environmental perspective. Each of these titles is available to experience 

on modern gaming consoles and computers, with only ‘The Solus Project’ 

being designed specifically for virtual reality. The environments constructed 

for this research take inspiration from the exemplars listed and attempt to 

respond to the shortfalls presented.  
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It is also clear from this list the virtual environments created in videogames 

are stretching the limits of technology with each new release. Can the same 

sense of splendour be achieved from clouds in other artforms?  

Clouds in Art 

Clouds have been expressed in many artforms throughout history, focusing 

on the ethereal, the symbolic, and the unknown. The attraction to these focal 

points was enough for artist Berndnaut Smilde to conjure clouds through an 

unexpectedly simple technique. As Christine Ottery states, “Forget about 

planetary-scale geoengineering: seeding clouds indoors is taking the world 

by storm.”145 During the exhibition “Nimbus D’ Aspremont’, Smilde was 

creating what most would consider to only exist in their wildest dreams, fully 

formed clouds in interior spaces as seen in Figure 20. 

Figure 20. Nimbus D’ Aspremont Exhibition146 

145 Christine Ottery, "Deck the halls with clouds," New Scientist 214, no. 2868 (2012). 
146 Berndnaut Smilde, "Nimbus D' Aspremont Exhibition," (2012). 

Image removed



63 

The result shown is achieved by replicating the natural state of the 

atmosphere by spraying mists of water in the air with a plant spray bottle, 

before releasing a vaporised glycol-based compound from a smoke machine. 

The process occurs within a very short moment in time and, as described by 

Smilde, “has a very impermanent aspect to it.”147 This is achieved through a 

backlighting deck, to provide the ethereal lighting, and is then photographed 

for the final result (see Figure 20).  

He also admits that making clouds indoors is an imprecise art, which can 

also be said for the virtualisation of clouds. Many videos portray the 

audiences’ response to the formation of the clouds, as they appear rapt with 

joy and a sense of awe, as if watching a firework display for the first time. 

Smilde concludes that the created phenomena “feels a bit threatening, a bit 

confrontational.”148 The sense of awe achieved when the audiences 

experience this naturally occurring object inside an unnatural space is the 

desired response when replicated in a virtual environment.  

The work constructed by Smilde is not the first to take advantage of 

combining clouds and architecture to deliver a sensory experience. In 2008 

Kurt Hentschläger, an immersive artist based in New York, constructed an 

immersive audiovisual environment using artificial fog, stroboscopes, pulse 

lights and surround sound (Figure 21). The environment utilised dense fog to 

obscure the boundaries of the physical space, to the point where visitors 

commented on not being able to see their own body. Stroboscopic and pulse 

lights were then used to illuminate the fog, producing softened, constantly 

animated, three-dimensional structures surrounding the viewer. 

147 Ottery, "Deck the halls with clouds." 
148 Ibid.,  
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Figure 21. ZEE – Immersive Environment149 

As described by Hentschläger, the result was an abstract luminescent 

landscape enveloping the visitor delivering a psychedelic architecture of pure 

light.150 Whilst being interviewed, visitors expressed an overwhelming sense 

of awe when experiencing the ethereal visuals. The volumetric sense of light 

and space was noted to strain and confuse perceptive processes, placing the 

viewers in an alternate experience. 

A deep appreciation of clouds in video games is also prevalent in a project 

by Cory Arcangel, aptly named ‘Super Mario Clouds’. In 2002. The artist 

experimented with a software and hardware hack to remove almost the entire 

game of ‘Super Mario Bros.’ from a physical cartridge, leaving only the slowly 

animated clouds (Figure 22). These clouds perform an eternal march across 

the screen, devoid of any other distraction, allowing for the ultimate 

appreciation of environmental clouds from the 8-bit era. 

149 Kurt Hentschlager, "ZEE Immersive Audiovisual Environment," (2008). 
150 "ZEE,"  http://www.kurthentschlager.com/portfolio/zee/zee.html. 
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Figure 22. Super Mario Clouds – Cory Arcangel151 

As we have a tendency to sit and ponder clouds when they are experienced 

in rare situations, like when sitting on a plane, or standing atop a tall 

mountain, it is hypothesised that an equally grand response may be 

generated when viewed virtually. By providing highly realistic cloud and 

weather variants in virtual reality environments, this research aims to verify 

this notion of grandeur. 

Narrative and Storytelling 

For decades, cinematographers and filmmakers have tirelessly attended film 

schools to understand the mechanisms for telling visual stories. However, 

with the introduction of VR, amongst other mediums on the virtuality 

continuum, several of these guidelines are no longer appropriate. The most 

apparent example is that of the framed screen. Historically, with film, we have 

forced a viewer’s point of view towards the narrative by manipulating the 

camera to always display the most important elements of the story.  

With the same media being portrayed in a medium without frames or physical 

limitations we have lost the traditional methods of manipulating the viewers 

151 Cory Arcangel, "Super Mario Clouds," (2002). 
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perspective. Another example is that of lighting and audio to attract the 

viewers’ attention. Whilst still appropriate for VR, these mechanisms must 

undertake a new form of capture and curation in virtual environments to be 

utilised to full effect. So what techniques are cinematographers and 

filmmakers employing for immersive spaces like those described? 

Ed Catmull, cofounder of Pixar Animation, has previously stated that virtual 

reality may not be the development in digital storytelling that the industry 

claims.  

“It’s not storytelling. People have been trying to do this type of 

storytelling for 40 years. They haven’t succeeded. Why is that? 

Because we know that if they succeed then people would jump 

on it. Linear narrative is an artfully directed telling of a story, 

where the lighting and the sound is all for a very clear purpose. 

You’re not just wandering around in the world.”152 

Whilst Catmull raises a valid point regarding the relationship between 

success of storytelling and growth of medium uptake, he later goes on to 

clarify that it is a completely different medium, like that of books and 

movies.153 Catmull is outlining a clear point, in that the medium is completely 

different, however in this statement he appears to undervalue the possibility 

that VR storytelling can tell the same story but provide audiences with a 

different experience. The lack of storytelling techniques in a medium that is 

being defined as so distinctly different to pre-existing mediums demonstrates 

a need for clarity and experimentation to determine best practices. Varying 

combinations of cinematic and theatrical principles of narrative and 

storytelling within the toolset of cinematography are available to implement 

and examine within VR. This research explores the environmental 

152 Stuart Dredge, "Pixar co-founder warns virtual-reality moviemakers: "It's not storytelling"," 
www.theguardian.com/technology/2015/dec/03/pixar-virtual-reality-storytelling-ed-catmull. 
153 Ibid.,  
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storytelling tool of weather, which is commonly used in cinematography, and 

its potential application within the medium of VR. 

A New Reality 

Creating headspace, defining direction of attention, and the rule of thirds 

have been fundamental rules for cinematic storytelling for many years. The 

purpose of using these methods has always been to keep viewers immersed 

in the story. When the process of cinematography becomes apparent to the 

viewer, the charade of the narrative is quickly lost, and the audience is 

reminded of the fact they are just observing the interactions. Secondarily their 

investment in the environment and the characters within is significantly 

reduced.  

The concept of the framed window has been a convenient tool for 

cinematographers, with the knowledge they can just hide parts of the scene 

outside of the frame without impacting the story. As the shift of the camera 

within the environment is motivated by the story, viewers are focused solely 

on the focal point within the frame, with their periphery to the frame being 

invisible and unimportant. 

More recently, the viewers perspective has shifted as they have become 

immersed in more wide reaching and encompassing transmedia 

experiences. The concept of transmedia experiences has been described by 

Manovich et al. as taking advantage of the “fractal structure of new media.”154 

This description accurately explores the consistency of structure throughout 

each of the modular elements constructing the transmedia experience. 

Therefore, each form of media contains the same structure of content and 

purpose, delivered via varying mediums, ultimately providing new 

experiential perspectives. 

154 Lev Manovich, Roger F Malina, and Sean Cubitt, The language of new media (MIT press, 2001). 
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The overarching concept of transmedia is summarised by Henry Jenkins, 

stating transmedia is “a process where integral elements of a fiction get 

dispersed systematically across multiple delivery channels for the purpose of 

creating a unified and coordinated entertainment experience. Ideally, each 

medium makes its own unique contribution to the unfolding of the story.”155 

Transmedia experiences are prevalent in modern brands of fiction and 

entertainment, bombarding viewers with a myriad of opportunities to 

experience a story. An example of this is the Star Wars franchise, inherited 

by Disney. 

Star Wars was originally introduced to the public through cinema, with 

Episode 4: A New Hope. At the time of release, 1977, moviegoers were the 

only audience to have access to the story in their medium of choice. 

Currently, audiences have access to films, comics, video games, novels, 

internet videos, and even immersive experiences. ‘Star Wars: Secrets of the 

Empire’ is a hyper-reality experience that combines virtual reality technology, 

physical stages and multi-sensory effects to allow viewers to become active 

participant in the story. Each of these outlets has been purposefully targeted 

to deliver the same story in a unique experience. 

From this heritage the modest video game was created, initially mimicking 

artistic representations of environments instead of focusing on the player as 

part of the environment. Eventually, video games provided the player with 

genuine first-person perspectives. An interesting connection was created as 

the players level of interaction increased, so too did their sense of immersion 

and presence. This connection has become an important aspect of VR, with 

early immersive experiences replicating the systems and ideologies of video 

game language. These VR experiences based in gaming language continue 

to be increasingly popular and effective uses of the technology, supplying a 

155 Henry Jenkins, "Transmedia storytelling 101," Confessions of an Aca-Fan 22, no. 03 (2007). 
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framework for storytelling that is currently beyond what can be achieved with 

cameras and allowing for a new form of narrative direction. 

Many examples of directed narratives are present in current generation non-

HMD environments. Some methods take their roots from cinematography, 

including automatic camera angles, whilst others have a subtler approach, 

like invincible jellyfish in Rime preventing open-world roaming as seen in 

Figure 23. 

Figure 23. Rime jellyfish boundary 

Other examples, like Planetside 2, take a more forceful approach (Figure 24). 

The main objective of Planetside 2 is the perpetual struggle for landscape 

control through combat mechanisms. This struggle relies on the to-and-fro of 

areas becoming dominantly controlled by one of three factions. When an 

area is deemed “controlled” by a faction, the sky changes colour, to that of 

the dominant factions’ colour. This visible cue provides enemy players the 

ability to flee the area and is followed by grand spaceships appearing in the 

sky, who swiftly produce a barrage of heavy fire down to the landscape. This 

Image removed
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forced narrative is one of few making use of the sky to provide feedback to 

the viewer. 

Figure 24. Planetside 2 Sky Invasion156 

Very recently, Disney revealed a new VR technology called Cardinal that has 

the potential to revolutionise the filmmaking and cinematography industry. As 

Jamie Feltham states, “Cardinal is able to take natural language scripts and 

turn them into pre-visualisations in VR. The software can detect actions and 

characters and turn them into animations in scenes that filmmakers can enter 

with VR, as if attending a virtual rehearsal on set.”157 Conceptualising and 

framing narratives is increasingly becoming more multi-dimensional, 

stepping away from the norms of flat screens, and progressing into entirely 

virtual representations of the story. For a company like Disney, which has a 

history of being a front-runner for storytelling, to invest in a digital platform 

such as Cardinal, the potential of a new medium emerging for storytelling is 

becoming more prominent. Evidently Disney are expressing a desire to bring 

156 daybreakgames.com, "Planetside 2 - Sky Invasion,"  https://assets-
cdn.daybreakgames.com/uploads/dcsclient/000/000/151/301.jpg?v=1.0. 
157 Jamie Feltham, "GDC 2018: Disney Is Converting Movie Scripts Into VR In Real-Time With 
Cardinal,"  (2018). 
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the very storytelling techniques that were outlined by Ed Catmull as missing 

in VR to the medium. 

The rapid growth of VR technology has had knock on effects into niche areas 

of the industry. The content borne from this growth is generally situated in 

the simulation industry, with other industries like cinematography now trying 

to catch up. Chris Milk, founder and CEO of Within, summed up the situation 

stating, “The language and technology of cinema were birthed at the same 

time. However, with VR, the technology was birthed first. Now the language 

must be invented.”158 

Milk is a prominent figure in the VR industry, creating world-renowned 

immersive narratives. His work is based in pre-rendered 360-degree video 

and doesn’t branch into interactive digital narratives with free range 

movement. This has been defined by Bucher as the first of two dominant 

philosophical storytelling approaches and perspectives in VR.159 This 

philosophy places the viewer within the VE, however it forces the viewer to 

remain a spectator, in essence being told the story. The alternate 

philosophical approach, as defined by Bucher, allows the viewer to become 

the camera and discover the story.160 

It is apparent this form of delivery and interaction steps into the realms of 

video games. However, not all standard video game formats and game 

theories apply. The freedom of movement and non-linearity of video games 

allows for a much closer design style than that of traditional cinema. A 

prominent example of this philosophy is the interactive digital narrative 

“Allumette” by Penrose Studios (Figure 25). The line between cinema and 

video game has been obliterated with this media, as the experience is 

158 Bucher, Storytelling for Virtual Reality. 
159 Ibid.,  
160 Ibid.,  
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strongly interpreted as cinematic, however it is listed on Steam purely as an 

Indie Game.  

Figure 25. Allumette by Penrose Studios161 

Eugene Chung, Writer and Director at Penrose Studios, makes a profound 

statement regarding the state of the industry for VR storytelling. He states, 

“This medium is so new that it’s almost like we’re trying to paint a picture, but 

we’re also trying to design the paintbrush at the same time.”162 Chung 

continues the theme identified by Milk, conceding the rules have not yet been 

defined for VR storytelling. This also grants insight into why the pool of 

available interactive environments is overpopulated by “wave shooter” 

genres, with very few exploration genre titles. The ability to tell a compelling 

story is difficult, but the nature of a story can be found in many situations, 

and even natural phenomena. The level of interactivity being achieved in all 

previously listed exemplars identify an increase in viewer participation and a 

heightened sense of empathy. By moving further into the realm of interactive 

videogames it is important to reiterate the strength of the narrative. 

161 Penrose Studios, "Allumette - The Little Match Girl - Oculus Rift CV1," 
https://youtu.be/5e8r8eLfMcM. 
162 "Penrose Studios - Introducing Allumette". 
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Interactive Digital Narratives 

The research discussed throughout this section is attempting to further our 

understanding of how computers attempt to narrate responsively using 

profoundly innovative methods. Although at times there are definitive 

boundaries in the industry, those that are making interactive television, 

videogames, and other forms of non-linear media generators can 

contemplate the idea they are all in the same field. To gain a clear 

understanding of interactive digital narratives an exploration and emphasis 

needs to be made into the historical, theoretical and practical elements. 

These common threads help to identify the future projection for the medium, 

by comparatively analysing information across all three sections. 

As the theoretical and practical frameworks of the current era are analysed, 

it is apparent there is a deficiency. Not an intrinsic deficiency within the 

research of any expert that has contributed to this field, but an 

incompleteness in the academic area of this emerging field. As yet, no silver 

bullet or golden rule has been defined. Instead, this field of research is 

exploring tangible outcomes to conceptualised ideas. Before we delve into 

these ideas, its best to explore the purpose and essence of a field 

demonstrating significant potential. 

What is an Interactive Digital Narrative? 

An Interactive Digital Narrative (IDN) is a direct link between design ideology 

and technology. The foundational aspect being the traversing of the fourth 

wall; that is to be present within the narrative and have the ability to 

participate and experience the environment from an internal perspective. The 

philosophy of IDN aims to remove the segregation between active designer 

and passive observer and employ a new tripartite affiliation between 

designer, dynamic narrative and participatory viewer. Within this overarching 

ideology of completely interactive narrative environments created with digital 
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technologies, an Interactive Digital Narrative encompasses varying creative 

and research pursuits from flexible, textual representations to virtual 

environments in which viewers experience comprehensible narratives 

alongside authored narrative elements. 

This perspective is as much about narrative and setting rules as it is about 

equality. The principal challenge within this field appears to be the desire for 

balance between agency and a coherent, satisfying experience. The pursuit 

of this balance is not solely contained within the artistic realm, but also 

incorporates analytical and technological challenges. Historic textual 

examples of the desired non-linearity can be demonstrated through the 

image of Alice journeying into the rabbit hole, or the “pick your own 

adventure” heralded in select Goosebumps novels. However, the advent of 

digital technologies has brought a realisation of the complexity that can be 

achieved in virtual environments. 

In her pivotal work ‘Hamlet on the Holodeck: The Future of Narrative in 

Cyberspace’, Janet Murray explores the notion that digital environments 

have four identifiable principal properties, which “separately and collectively 

make it a powerful vehicle for literary creation.”163 She states that digital 

environments are “procedural, participatory, spatial and encyclopedic.”164 

These properties can be group into two main sections, with the first two 

making the environment interactive and the second two making it immersive. 

As an extension, it is stated that procedurality refers to the capacity of 

technology to follow a set of rules and react to viewer input. Whilst this 

procedural approach provides designers the communicative power to define 

initial parameters for the interactive narrative to respond to input, IDN desires 

to go further and provide a level of power to the users through interaction. 

163 Murray, Hamlet on the Holodeck: The Future of Narrative in Cyberspace. 
164 Ibid.,  



75 

This interaction can in turn affect the environment, shifting the predefined 

relationship between creator, narrative artefact and audience. 

The proposal of Murray’s ‘Holodeck’,165 a conceptual future object of 

entertainment as displayed in TV series Star Trek: The Next Generation that 

was created to immerse its viewers in a dynamic and reactive narrative, has 

seemingly been vetoed166 more often than it has been embraced.167 The idea 

that this scholarly field is not unanimous in its conceptualisation of a single 

vision creates an opportunity as it provides space for creative control and 

experimentation when creating new environments. A possible defining 

moment for the rise of IDNs is the emergence of a constant group of 

practitioners labelled by Murray as ‘Cyberbards’,168 who are comfortable with 

the idea of surrendering part of their authorial expression to viewers and 

players. ‘Cyberbards’ can then see themselves as designers of unique 

expressive potential instead of designers of linear visions. 

Since the early 1980’s, when scholars with an interest in design first became 

interested in the topic of digital non-linearity, investigative perspectives have 

evolved significantly. Early directions of the topic placed a focus on the 

comparison to older narrative processes, where more recent works have 

focused on specific elements like theoretical concepts,169 space,170 and the 

connection to larger contexts.171 The progression towards a universal 

appreciation and acceptance of computer game studies hasn’t been without 

conflict. A debate that arose out of this new discipline regarded the game-

focused and narrative-focused approaches being framed as a dichotomy, 

165 Ibid.,  
166 Ryan, Narrative as Virtual Reality: Immersion and Interactivity in Literature. 
167 Michael Mateas, "A preliminary poetics for interactive drama and games," Digital Creativity 12, 
no. 3 (2001). 
168 Murray, Hamlet on the Holodeck: The Future of Narrative in Cyberspace. 
169 Hartmut Koenitz, "Towards a theoretical framework for interactive digital narrative" (paper 
presented at the Joint International Conference on Interactive Digital Storytelling, 2010). 
170 Henry Jenkins, "Game design as narrative," Computer 44 (2004). 
171 Hartmut Koenitz et al., "First steps towards a unified theory for interactive digital narrative," in 
Transactions on edutainment X (Springer, 2013). 
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identifying games through the simulative elements as a “radically different 

alternative to narratives as a cognitive and communicative structure.”172 The 

distinction outlined previously by Ed Catmull demonstrates a similar 

disconnect between storytelling and a game-based medium.173 Aarseth was 

part of a group of scholars that opposed narrative-centric visions for games 

studies, adopting the name of ‘ludologists’, and starting a debate that is 

referred to as the ‘narratology vs. ludology debate.’ This debate is explored 

in more detail in the section titled “Ludology and Narratology”, featuring 

varying arguments from academics positing their definition of narrative and 

game theory. It is important to note the conflict and opposition presented 

throughout the evolution of this media to appropriately define the relationship 

and purpose of narrative as it relates to real-time environments. 

A Brief History of Interactive Digital Narratives 

Interactive Digital Narratives have a considerable history, with broad 

evolutionary milestones being identified in this research as text-based, 

cinematic/theatrical, and experimental/ludic. These milestones are not 

exclusive, and the same concept can easily translate between each of them. 

IDNs find their roots in non-linear text-based examples, from Interactive 

Fiction games174 and Hypertext Fiction175 to the recent resurrection in the 

Versu platform.176 The next evolution incorporates an audio-visual aspect 

that, in part, remediates elements of cinema. Examples of this generation 

range from interactive movies to experimental artistic installations. These 

examples demonstrate the interests of avant-garde designers in the use of 

modern technologies. The concluding evolutionary form is that of video 

172 Espen Aarseth, "Computer game studies, year one," Game studies 1, no. 1 (2001). 
173 Dredge, "Pixar co-founder warns virtual-reality moviemakers: "It's not storytelling"". 
174 Richard Ziegfeld, "Interactive Fiction: A New Literary Genre?," New Literary History 20, no. 2 
(1989). 
175 Colin Gardner, "Meta-interpretation and hypertext fiction: a critical response," Computers and 
the Humanities 37, no. 1 (2003). 
176 Richard Evans and Emily Short, "Versu—a simulationist storytelling system," IEEE Transactions 
on Computational Intelligence and AI in Games 6, no. 2 (2014). 
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games and experimental designs that include complex narrative structures. 

This generation includes examples that have benefitted most from recent 

developments in technology, with superior visual aesthetics and higher-level 

AI. 

Fundamentally, IDNs have been born out of the ethos of the previous 

iteration of medium. Starting with responsive text engines that understand 

and react appropriately, this discipline has undergone a remediation process 

to develop and improve through technologies, reaching new heights with 

each iteration. This process of remediation is perpetually occurring, and 

experimentation is central to exploring the idyllic design procedures for 

current media and is engrained in the ethos of the discipline. A recent 

example of the experimentation processes from historic mediums is that of 

Disney’s Cardinal, as outlined in the previous section.177 From an historical 

perspective, this research aims to focus on the final evolutionary step of 

IDNs, video game narratives and their experimental forms. 

Video game narratives have a strong grounding with text-based narrative 

games including ‘Zork’ (released in 1980) and developing into visual 

representations including the ‘King’s Quest’ series (released in 1984). A 

defining moment for video game narratives was the release of the ‘Monkey 

Island’ series, starting in 1990, as it has a seamless balance between 

narrative and game elements. The functional concept is that of a “pick your 

own adventure” where the player can journey to any available area as 

expected in a video game, however the characters interactions with Non-

Player Characters (NPCs) is also able to be manipulated by the player. Its 

beautifully constructed, flowing narrative is entwined with puzzles, at times 

requiring ridiculous and uncanny solutions to overcome an obstacle. This 

series has become an exemplar for maintaining a balance between narrative 

177 Feltham, "GDC 2018: Disney Is Converting Movie Scripts Into VR In Real-Time With Cardinal." 
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development and puzzle-solving – founding a consistent style and 

establishing numerous canonical conventions currently being utilised.  

The tradition of spatial exploration in adventure games continues with ‘Myst’ 

(released in 1993). The engrained nature of problem-solving was married 

with the introduction of a highly atmospheric representation observed from 

the perspective of first person. The player is positioned on an island that is 

seemingly void of all creatures, and they are left to explore and interpret this 

evocative world. It was both an aesthetic milestone, although not to the desire 

of its creator, and a resounding example of embedded narrative through the 

concept of narrative-imbued encounters.178 Finally, we see an adaptive 

narrative in play in ‘The Last of Us’ (released in 2013) where the player takes 

on the persona of a middle-aged man with a 14-year-old girl sidekick. They 

journey through a post-apocalyptic world teeming with enemies. The 

narrative is built in such a way that the player builds rapport with the teenage 

girl through crafted dialogues and shifting behaviour. The emotion drawn 

from these interactions provides depth to the narrative and helps create an 

immersive experience to the extent that the fighting scenes were felt to be 

distracting to some viewers.  

As previously discussed, the idea of IDNs owes much to previous forms of 

media, specifically those that experimented with tools and concepts sitting 

outside the bounds of the disciplines definition. One example is that of 

Interactive Cinema, and the inclusion of the audience in the experience of a 

movie. 

The Theory of Interactive Digital Narratives 

The fusion of elements within interactive digital narratives, being procedural 

digital objects and narratives run by a computer, creates challenges for 

categorisation and analysis. Further impacting these challenges is the rapid 

178 Jenkins, "Game design as narrative." 
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evolution of technology and tools of creation in comparison to the theoretical 

discourse exploring the medium. Due to the nature of IDNs, every perception 

within this discipline must consider both theoretical advancement and 

technical progress. 

With the foundation of IDN being recognised as an appropriate field for 

academic research, the first real issue was the requirement for comparative 

elements and theoretical approaches. One of the original and most 

deliberated suggestions was that of Brenda Laurel’s metaphor of “computers 

as theatre.”179 Laurel is known as a directive force in the early stages of IDN, 

with a Ph.D. in theatre and performance studies and significant experience 

designing in the interactive digital industry. Having this varied background 

helped her to categorize common qualities between theatrical performance 

and virtual environments, in turn generating a theoretical framework based 

on Aristotle’s Poetics. 

Laurel’s framework makes a connection between dramatic representation 

and producing interactive narratives, the metaphorical stage is seen as the 

computer screen. Through the process of remediation and extrapolation, this 

parallel can also be drawn to virtual environments displayed in virtual reality. 

The purpose of this framework was triadic: first, the proposal of computers 

as a metaphoric theatre was to identify an analytical framework; secondly, 

the principles and practices were developed into operative guidelines for 

designers; and finally, a set of criteria was set to evaluate the effectiveness 

of user experiences in interactive systems.180 Once again, the inclusion of 

this theoretical framework from a design perspective, although critical in the 

179 Brenda Laurel, "Toward the design of a computer-based interactive fantasy system" (The Ohio 
State University, 1986). 
180 Ibid.,  
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evolution of IDNs, was met with some criticism from those positioned in the 

more technical field of the discipline.181 182 

An alternate theoretical framework was developed by Pamela Jennings as 

she did not accept the rigid model based on Aristotle’s Poetics.183 This is 

foundationally based on the idea that the Aristotelian framework was 

generated around the purpose of expediency and brevity in communicating 

with the audience. The specific argument against this is that it was defined 

for linearity and not for interactive narratives. As an alternative, Jennings 

explores the characteristics of African verbal storytelling, specifically the fact 

it contains a cyclical process that allows for interaction with the audience and 

has multiple climaxes. For these reasons, this framework was defined by 

Jennings as being a more suitable model for an IDN. 

With strong comparative frameworks being the foundation of the theory, it is 

important to ask: how is the relationship between interactivity and narrative 

formed? Is narrativity specific to certain media, or can it be found in many 

expressive practices? The concept of comparison to established media is 

only prevalent in the early history of IDNs, with more scholars viewing these 

experiences as not being ancillary but as a separate phenomenon in the 

space of narrative forms,184 or as fully independent entities.185 The notion of 

segregated media and the fundamental differences within narrative 

structures is once again in line with the perspective outlined by Catmull.186 

As outlined within this section, the principles and guidelines of storytelling 

within traditional media were formed over significant periods of time with 

181 Mateas, "A preliminary poetics for interactive drama and games." 
182 Pamela Jennings, "Narrative structures for new media: Towards a new definition," Leonardo 29, 
no. 5 (1996). 
183 Ibid.,  
184 Jay David Bolter, "Writing space: The computer in the history of literacy," (Hillsdale, NJ: 
Lawrence Erlbaum, 1990). 
185 Murray, Hamlet on the Holodeck: The Future of Narrative in Cyberspace. 
186 Dredge, "Pixar co-founder warns virtual-reality moviemakers: "It's not storytelling"". 
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multiple iterations. This is also true of the pioneers in the current generation 

of VR storytelling, including Disney.187 

The Challenge of Narrative Structures in IDNs 

As previously noted, theorists and practitioners are currently not in 

agreement on whether, and how, notions of narratology and semiotics should 

be applied to interactive narratives.188 189 With this in mind, the diffusion of 

IDNs has caused the field of Digital Narratives to become fragmented and 

chaotic. Narrative structure theorist Gabriele Ferri argues “poststructuralist 

and pragmatist narrative theories can help in constructing a shared 

understanding” among industry professionals and theorists, continuing “more 

generally, a framework based on semiotic categories is especially well-suited 

for creating an epistemological common ground between the multitude of 

approaches in this field.”190 Ferri explores these notions to provide a flexible 

and tangible set of heuristics applicable across both linear and non-linear 

narrations. Although these narrative experiences have been defined as 

separate, commonalities are present within all forms of narrative and as such 

the pursuit for a single, common Canonical Narrative Schema is unnecessary 

as it tends to crystallise the field. 

Ferri continues to define the broad terminology of a programmatic approach, 

stating the semiotic contribution should aim at being: 

1. Abstract and logical, providing generalisable models. In other words,

it looks beyond the single example and its particular characteristics

and it concentrates on finding more general similarities and

differences across a wide corpus of data;

187 Feltham, "GDC 2018: Disney Is Converting Movie Scripts Into VR In Real-Time With Cardinal." 
188 Dredge, "Pixar co-founder warns virtual-reality moviemakers: "It's not storytelling"". 
189 Jennings, "Narrative structures for new media: Towards a new definition." 
190 Andreea Molnar and Patty Kostkova, Learning through Interactive Digital Narratives (2015). 
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2. Technologically agnostic, independent from specific implementations

or platforms – to allow evaluations across different IDN systems

without excluding future developments;

3. Scalable, allowing the description of simple or complex activities

regardless of their size or of the number of interactors taking part;

4. Capable of giving useful insights to practitioners. While not intended

as design tools, semiotic categories can inspire practitioners by

highlighting relevant differences and points of view.191

It is important to note, during the comparison of interactive and noninteractive 

storytelling it is possible to form and present an ideological position of 

superiority of either narratology, ludology or cinematography through 

predisposition and bias. This research does not aim to assert a dominant 

field or singular process, instead focussing on the possibility of transferring 

known processes that exist within these design toolsets to new mediums, 

resulting in a more flexible set of prescriptive design methodologies 

appropriate for experiencing narrative in VR. 

Ludology and Narratology 

While exploring the history and evolution of popular culture, a clearly visible 

consequence of theory on practice is evident. Popular media, including film 

and literature, began as a niche, became adopted by the general public and 

gained the attention of theorists, entering into academia. Henry Jenkins 

accurately describes the lineage of film, explaining that the most significant 

evolutionary leap in the film craft occurred when people started writing about 

it.192 

As previously discussed through interactive digital narratives, one of the most 

prominent debates in the field of games studies since the early 1990’s has 

191 Ibid.,  
192 Henry Jenkins, Rethinking media change: the aesthetics of transition (Mit Press, 2003). 
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been focused on the idea of unfolding stories and which dichotomies apply 

to it. In some fields this debate is continuing, in minor forms, with neither side 

becoming prevalent as the main theoretical discourse. The first group of 

theorists, identified as ludologists, claim that stories are an effect of games 

and that the larger idea of games cannot be analysed solely in terms of 

narrative. The second group, identified as narratologists, maintain that 

games are an effect of stories and are subject to narrative analysis first and 

foremost. Other scholars have claimed these binary approaches to analysing 

virtual spaces is an incorrect mindset.193  

Celia Pearce, a notable scholar in the field of game design, outlines the 

perspective “It seems axiomatic that there must always be a phase where 

established media seek to ‘repurpose’ their existing ‘assets’ for use in the 

new medium.”194 This description outlines the potential application of existing 

knowledge when exploring new media. Pearce continues “film and literary 

theorists have begun to discuss game theory within their own idiosyncratic 

frameworks. These disciplines have much to add to the discourse on games, 

particularly when the discussion is centred on narrative.”195 

It is important to recognize the concept of narrative has a profoundly different 

purpose in video games than in other narrative-centric media. The popularity 

of narrative in video games is due to the fact narrative-based video games 

have borrowed the engaging aspects of other forms of narrative and utilised 

it to improve the play experience. Another important note is that even a game 

devoid of any obvious storyline, while being played, will generally progress 

along a resemblance of a dramatic arc, commonly used in literature and film. 

193 Janet H Murray, "The last word on ludology v narratology in game studies" (paper presented at 
the International DiGRA Conference, 2005). 
194 Celia Pearce, "Towards a game theory of game," First person: New media as story, performance, 
and game 1 (2004). 
195 Ibid.,  
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It is apparent there is value to both theoretical frameworks as they relate to 

VR, and some ludologists have conceded that narrative elements are, 

without question, found within video games.196 When exploring the available 

digital experiences for VR it is clear some experiences prefer to employ the 

ethos of ludology, focusing on the player and having the environment evolve 

around them. The same is also true for VR experiences based in the realm 

of narratology, suggesting a larger unknown narrative exists among the small 

decisions and interactions being undertaken by the player. 

As previously mentioned, the dynamism and procedurality of virtual 

environments requires a flexible combination of “unit operators” to deliver the 

experience. Pearce also refers to six narrative “operators” that can exist 

within a game to varying degree, listed below. 

• Experiential: The emergent narrative that develops out of the

inherent "conflict" of the game as it is played, as experienced by the

players themselves.

• Performative: The emergent narrative as seen by spectators

watching and/ or interpreting the game underway.

• Augmentary: Layers of information, interpretation, backstory, and

contextual frameworks around the game that enhance other narrative

operators.

• Descriptive: The retelling of description of game events to third

parties, and the culture that emerges out of that.

• Metastory: A specific narrative "overlay" that creates a context or

framework for the game conflict.

196 Gonzalo Frasca, "Ludologists love stories, too: notes from a debate that never took place" 
(paper presented at the DiGRA conference, 2003). 
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• Story System: A rule-based story system or kit of generic narrative

parts that allows the player to create their own narrative content; story

systems can exist independent of or in conjunction with a

metastory.197

Within this list of identified narrative operators, experiential and performative 

are directly relevant to the immersive environments presented within this 

research. It is important to note, as the pursuit of both story-driven, and 

player-driven experiences are developed, there is a belief in this research 

that one cannot exclusively exist without the other. Some experiences will fall 

at different ends of the spectrum, but the connection is always maintained, 

no matter how small. This connection does not just traverse theoretical 

frameworks, but also encompassing technologies and mediums of delivery 

past, present, and future. 

Storytelling Ideologies for Immersive Environments 

As new disciplines emerge, they take time to properly develop. Early 

adopters to the discipline are automatically assigned the responsibility of 

finding the best solutions to unknown problems. As discoveries are made, a 

map is generated to guide newcomers to the medium. Only by highlighting 

existing discoveries and proven techniques can we illuminate the outstanding 

issues and areas that have been left unexplored. Early developers and 

storytellers have now begun this process. Let’s explore their discoveries to 

draw suppositions as to what they might mean. 

Remarkably, in digital industries that rely on ideologies of respectable 

storytelling, such as 3D animation and video game design, the allocation of 

training that focuses on constructing narratives is trivial in comparison to 

formal technical training. Although it has been identified that a new medium 

requires an overhaul of design principles, it does not mean all previously 

197 Pearce, "Towards a game theory of game." 
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defined narrative methods should be replaced. Strong cinematic techniques 

have potential to translate into VEs without conflict, though these techniques 

will need to be analysed for efficacy before becoming mainstream. 

Investigating the structure behind good storytelling can provide the 

understanding needed to discuss how to progress in creating audience 

experiences that are effective. This includes gaining an understanding of how 

stories work, what makes them effective, and the methods generated from 

these historic techniques. Taking this information into new realities and 

constructing adjusted narrative structures may enhance the development 

and consumer uptake of new forms of media. 

From a general perspective, stories consist of elements categorised as 

characters, external goals, internal goals, conflict, and resolution. We can 

deconstruct these elements to a broad extent, as they refer to the major 

storyline. It would prove problematic to depict a story with an absence of all 

characters. Usually there are multiple characters that are intertwined along a 

single major timeline, with varying processions throughout. Viewers may be 

able to place themselves as a character within the story or have the ability to 

switch characters. 

External goals are an easily definable story element as it is always tangible. 

Some stories can work with internal journeys, however visual storytelling 

relies on a visible goal that at least one of the characters is trying to reach. 

In immersive spaces, this is usually a dominant visual within the framed 

perspective of the viewer. The rest of the environment is designed in a way 

that continues to remind the viewer of their desired goal. The environments 

constructed for this research make use of dominant external goals, formed 

as architectural structures to be used as spatial markers. These spatial 

markers are visible from almost all areas of the traversable space. 
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Realistic or Abstract Storytelling 

It is important to gain an understanding of the conceptual approaches 

explored by VR artists known as ‘realistic’ and ‘abstract’ storytelling. These 

visual mediums can be much more than just a record and recreation of 

narrative. Abstract experiences are able to generate emotion and express 

the specific emotions of the creator. In particular, these experiences can 

explore the rules and boundaries of structure and theme in a way that 

standard, realistic, approaches cannot. 

As a broad definition, abstract experiences are focused on cinematic and 

narrative concepts, where realistic narratives are focused on the problems 

with character and story. This research is firmly structured within realistic 

narrative experiences; therefore, it is anticipated that audiences will expect 

to see the rules of the genre maintained. 

Traversing the Fourth Wall 

The theatrical phenomenon of the fourth wall was introduced briefly when 

exploring interactive digital narratives. It is a prominent, yet invisible concept 

that impacts viewers without their being aware of it. The fourth wall is the 

invisible barrier that exists between the audience and the predefined 

technological stage.198 The actors within the scene act, almost always, as 

though they are unaware of an audience, transferring a sensation to the 

audience that they are external to the experience. Traditional theatre has, on 

rare occasions, disregarded this aspect and acknowledged the audience 

directly. This concept is known as “breaking the fourth wall.” 

As an extension to this concept, we can interpret that the audience has only 

ever been able to see through the fourth wall, with an inherent inability to 

affect the other three. Within an immersive experience we can penetrate all 

198 Peter Dawson, Richard Levy, and Natasha Lyons, "‘Breaking the fourth wall’: 3D virtual worlds 
as tools for knowledge repatriation in archaeology," Journal of Social Archaeology 11, no. 3 (2011). 
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walls as the viewer is placed inside the experience, forgoing all previous 

concepts of external perspectives. It is important to note this experience 

would work best as a first-person perspective, with third-person perspectives 

in VR delivering an otherworldly experience. 

While the growth of immersive narratives can benefit from historical artforms, 

like that of cinema, it may take some time until the full potential of this new 

medium becomes identifiable and mainstream. Another scholar, Rob Wittig, 

explores the intersection of literature, drama, mass media, games, and new 

media through the theoretical potential of Network Improv Narratives, known 

as ‘Netprovs’. Netprovs allow participants to interact with the narrative 

elements, influencing the direction of the story and delivering a uniquely 

improvised experience. These experiences begin to move towards a relative 

framework with the potential to be applied into virtual environments, as the 

interactivity between participant and narrative elements becomes the 

foundational structure with which the story is told. 

As has been identified, many techniques exist to enhance, direct, or alter a 

narrative within virtual environments. This research aims to explore the 

impact photo-realistic procedural weather has on narrative structures in 

virtual environments through ethnographic observation of natural interactions 

with two separate mediums of delivery.  

The Importance of Environment in Real-Time Storytelling 

When expressing stories situated in a real-time environment, it is expected 

that the viewer will actively search for any information that will be beneficial 

to them in understanding the world they have entered. This is an instinctual 

reaction as part of the notion of adaptation. This pursuit for information 

means the audience will experience and process environmental elements 

first. The concept of ‘environmental storytelling’ has been defined by Harvey 

Smith and Matthias Worch as the act of “staging player-space with 
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environmental properties that can be interpreted as a meaningful whole, 

furthering the narrative of the game.”199 

It is apparent that designers of game spaces have been convinced that 

environmental storytelling is important in creating immersive experiences. 

Henry Jenkins clarifies this further, stating “Environmental storytelling 

creates the preconditions for an immersive narrative experience in at least 

one of four ways: spatial stories can evoke pre-existing narrative 

associations; they can provide a staging ground where narrative events are 

enacted; they may embed narrative information within their mise-en-scene; 

or they provide resources for emergent narratives.”200  

Finally, as expressed by Bucher, designers of immersive experiences across 

all mediums of VR, AR, and MR (collaboratively referred to as XR) must 

“consider the impact of environmental elements in their narratives in order to 

provide the most realistic and immersive stories.”201 This focus is becoming 

prominent within the discipline of interactive storytelling and immersive 

environments, but more specifically, Bucher refers to other scholars, stating 

“Much has been said about the role of and need for photo-realism in 

environments, characters, and objects in VR space.”202 The fundamental 

purpose of this research is encapsulated within this statement, with a direct 

focus on photo-realistic virtual environments and their impact on storytelling 

in the medium of virtual reality. 

199 Harvey Smith and Matthias Worch, "What Happened Here? Environmental Storytelling" (paper 
presented at the Game Developers Conference, 2010). 
200 Jenkins, "Game design as narrative." 
201 Bucher, Storytelling for Virtual Reality. 
202 Ibid.,  
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Methodology 

To sufficiently understand the users’ interaction to weather within virtual 

environments, two comparative 3D videogames were developed. This 

involved the development of an interactive environment that both suited the 

ideology of a “real-life” simulator (with the capability to have differing levels 

of weather attached) and classified as a videogame. These environments 

have also been identified as “ecological simulators” as they attempt to 

represent the ecological accuracy of the real world.203 To simulate a real 

environment, it was a requirement that the virtual environment be “open-

world”. This meant the user must be able to explore and access all areas of 

the environment unhindered. Ideally, to maintain focus on the change in 

weather, the environment would have limitations to keep the user from 

entering areas that were not developed to their full potential (namely the 

ocean); however, due to the requirements of the experiment the users were 

given full access to all areas of the virtual world. 

The key design goals were to create rich environments that were believable 

and easy to navigate. It was established early in the project that the 

experimental trial required a control environment (with simple unchanging 

visual weather) and a rich complex weather simulation (with rich changing 

visual weather simulation). This created the need for multiple environments 

that contained perfectly mirrored details and design prior to the 

implementation of weather. Two videogame environments were designed 

and developed with these capabilities. 

The videogames were built using the Unity game engine (build 5.1.3f1). Each 

environment was developed from a “core build” that had been populated by 

a variety of rich 3D models to simulate grass, rocks, and man-made 

structures. These 3D models were modelled and textured in 3D Studio Max 

203 Alenda Y Chang, "Playing the environment: Games as virtual ecologies,"  (2009). 
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2015 and exported as FBX objects to maintain all texture and animation data. 

Two trees used within the scene were taken from the standard asset library 

that is provided with Unity3D game engine. A basic “stepping” audio track 

was added to the game. When the character was walking or running the 

sound would play. This was to provide feedback to the participant to promote 

movement. 

No interactive objects were contained within either videogame. The purpose 

of the environment was to get the participant to experience and experiment 

with the environment provided without the distractions of having a goal to 

achieve or a destination to reach. The only changing variable in these 

environments was the differing weather systems. These weather systems 

played a role (as part of the environment) but were not an active part of 

gameplay, thus enabling analysis to be undertaken purely on the impact of 

weather richness (changing visuals/simulations) in relation to immersion and 

experience. 

The Control Environment 

The Control Environment was created as the more “generic” version of the 

videogame, with a majority of the development being the core build. 
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Figure 26. Character Starting in Familiar Surroundings 

All players experienced the system with consistent hardware and interaction 

devices, and an island environment was chosen as a “limited” yet “open” 

space for exploration. The concept was to provide the participant with an 

environment that would provoke all desired feelings and natural responses 

without having to explore the entire region. Having the island also kept all 

participants in the same area of the videogame, so as to provide a consistent 

experience for every participant. 

The Control Environment was completely static, with all models being 

stationary at all times. The environment was developed to feel like it was, or 

had been, populated by humans, as seen in Figure 26. A static skybox was 

used within this environment to provide completeness to the overall design 

without providing any changeable weather. Also, no environmental audio 

was included within the Control Environment as there was no wind, rain or 

thunder and therefore no impact on any flora and fauna. 
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The final build of the Control Environment mimicked “fine, sunny weather”, 

seen in Figure 27, an environment commonly experienced within real-life 

situations. In essence the Control game world represented a basic world with 

static/unchanging but realistic weather. 

 

Figure 27. Build 1 – The Control Environment 

The Weather Simulation 

The Weather Simulation environment was an extension on the Control 

Environment, with the skybox and flora being the only existing objects in the 

scene to change over time. This guaranteed consistency between the two 

environments. To get a vivid contrast between the two weather simulations it 

was decided that this environment would emulate a storm. This allowed for 

the implementation of additional, sensory provoking, objects in the 

environment. 

To simulate a storm, the skybox changed from clear and sunny to dark 

rainclouds, as seen in Figure 28. The detail of the skybox was relatively low; 

however, it was included to be a constant grey cloud cover. A strong wind 
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simulation was then added to interact with the trees and grass. Gusts of wind 

were frequent, to closely represent the natural occurrence of wind during 

storms. Further additions to the scene were rain, created as an animated 

plane that would always be visible in front of the user (main camera), audio 

of thunder that would occur intermittently, puddles of water with interactive 

splashes from the rain, and light glares as seen in Figure 28. 

Figure 28. Build 2 – The Weather Simulation 

The functionality of the main character was unchanged from the Control 

Environment. The participant could still walk, run, and jump the same in both 

videogames. The visual capabilities of the camera were significantly affected 

by the inclusion of the storm, with the field of view and draw distance being 

reduced considerably. Overall the weather simulation added the feature of 

changing weather that altered the environmental experience but did not 

actively alter gameplay. 



96 
 
 

 

 

All experimental trials were conducted within approved ethical clearance 

protocol 2015/673 defined as Negligible Risk (NR): Applied Computer 

Games in Safety and Learning. 

Experimental Trials 

To test the impact of videogame weather systems an experimental control 

trial was carried out. This trial involved 37 (n) participants in total 

(nControl=18, nWeather=19). Participants ranged in age from 18 to 54 years 

and were made up of 17 female and 20 male participants. 

In the trial each participant was provided with one “build” (randomly allocated 

from either the “Control” or the “Rich Weather”) of the videogame as 

executable files, and a set of instructions for setting up each videogame to 

test. The instructions also provided character movement controls, so the 

participant could navigate the 3D environment. The participants were given 

basic instruction to play the game for a period of their choosing (allowing 

them to explore the environment at their desired pace). Participants were 

then observed interacting with the environment without any further instruction 

or intervention. 

As the videogame was purpose built for this trial, the participants had no prior 

experience with this particular 3D environment. Once the participant had 

played their videogame, they were asked to complete a series of establishing 

questions (age, gender), as well as questions related to their experience, 

based around cognitive absorption (CA) identified by Agarwal and 

Karahanna.204 Throughout the trial the activity and environment remained 

consistent leaving the only changing variable to be the weather system in 

each build. 

                                                            
204 Agarwal and Karahanna, "Time flies when you're having fun: Cognitive absorption and beliefs 
about information technology usage." 
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Results 

The study results are broken into two sections. The first covers the statistical 

analysis, utilizing data collected during the trials and questionnaires that 

measured the users’ perception of their level of immersion, realism, 

playability, and environment for each videogame. The second section looks 

at the qualitative observational study, including participant responses, 

perception of, and reaction to, the differing game environments, described 

here as Build 1 (representing the Control game) and Build 2 (representing 

the Weather enhanced game). 

Statistical Results & Analysis 

Results from the experimental trial are presented as charts showing average 

result values with the addition of error bars showing the 95% confidence 

intervals for those results. The statistical results are based on the users’ 

responses to questions as rated on a 7-point Likert scale where 1 

represented extremely poor and 7 represented extremely good. 

For the quantitative element of this study the results are analysed using an 

independent samples T-Test approach, comparing the two game 

environments in their interactive task. Initially looking at the effect size (d) 

and then for values that demonstrate large levels of effect, looking at the p-

values (p) to identify if that effect is statistically significant. This was carried 

out as the p-values on their own are valuable but provide only part of the full 

statistical picture.205 The p-value gives an indication of whether there is a 

statistically significant difference and the effect size gives an indication of 

how large the effect is. In combination the two provide a more complete 

picture, giving an indication of whether the element has an effect and how 

big the impact of that effect actually is. 

205 R. Nuzzo, "Statistical errors," Nature 506, no. 7487 (2014). 
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The first key area of analysis was in terms of user ratings of experience for 

the games presented. The average rating of experience for the Control group 

(Build 1) was 4.2 with the average rating for the Weather group (Build 2) 

being 6.1 (on 7-point Likert scale). 

These results showed that there was a strong (effect size (d)=1.9) and 

statistically significant (p)=0.034) preference for the Build 2 (Weather-based 

game) over the Build 1 (Control-based game). 

It is interesting to note that although there was a very strong preference for 

the Weather based game (Build 2) overall, when analysed at a more specific 

level (in terms of user ratings for realism, immersion, environment and 

playability) the Weather based game was preferred (with higher average 

levels on all measures, see Figure 29), but that level of preference was not 

statistically significant in any of these specific measures (note how 

confidence intervals all cross). 

 

Figure 29. Comparison of Impact in Videogames 
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As Figure 29 shows the effect size was most notable in the Realism category 

where the Weather based game (Build 2) was rated 0.8 higher than the 

Control. Given that a difference of 1.0 represents a one-step change (on the 

Likert scale – representing the difference between good and very good), this 

indicates that users found the Weather system to be an important feature in 

terms of Realism. It is also important to note that the effect sizes for Realism 

(0.8) and Immersion (0.55) were different, indicating that Realism plays a role 

in immersion, but it is not the only factor. This difference in effect sizes is also 

evident when comparing the users rating of Environment to Realism. The 

difference between Weather and Control in terms of user rated “Realism” 

being 0.8 but in “Environment” being only 0.35, again this shows that the 

environment plays a role in the sense of realism, but that realism is also 

influenced by other factors. 

Each environment also requires analysis of fractal complexity of both the 

topography and the rendered screen as a visual presented to the viewer at 

any given moment. Each analysis has an important role to play in calculating 

expectation of user experience and providing the most accurate virtual space 

to interact. As the virtual environments in each build contained the same base 

geometry, there is to be no variation between the two. However, the 

complexity of the terrain represented as a D-value can provide greater insight 

into user interaction. 
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Figure 30. Landscape heightmap 

Firstly, the landscape heightmap was analysed as having an overall D-value 

of 1.7967D, sitting considerably higher than the comfortable traversable 

value range of 1.3D to 1.5D for screen-based media. Even with the inclusion 

of a variable increase in complexity due to the nature of creative and digital 

savvy personalities preference of slightly higher complexities, a value 

approaching 1.8D provides insight into the feedback provided. This D-value 

was significantly higher than the predefined D-value range of comfort in 

traversability,206 therefore it can be interpreted that participants had difficulty 

traversing the landscape, in turn increasing frustration with the environments 

and ultimately influencing negative feedback. 

206 Juliani et al., "Navigation performance in virtual environments varies with fractal dimension of 
landscape." 
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Observational Results from Trials 

The observational study revealed a number of interesting findings. One of 

the most relevant related to the length of time that users interacted with each 

of the two builds. On average the Build 1 (Control) was interacted with only 

slightly less than the Build 2 (Weather) system indicating that the change in 

weather quality did not alter the time players wanted to experience the world. 

This may be related to the fact that the users rated the Playability levels of 

both systems as quite similar, thus the weather did not enhance playability 

and as a result the time spent playing in both worlds was similar. 

Observation of unexpected behaviour within the virtual environments was 

also noted. Whilst navigating Build 2 (the Weather simulation), a number (5 

of 19) of the participants suddenly stopped when they first witnessed the rays 

of sun splitting through the rain over the ocean. This pause in interaction 

lasted between 10 and 60 seconds. This reaction did not occur in Build 1 

from any participant. This observation highlights the fact that weather 

“features”, when implemented well, can become visual entities that engage 

the user and help build their relationship to the space (e.g. stopping to enjoy 

the sunrise enhances immersion). 

The second observational section allowed users to complete three open-

ended questions regarding the game builds. For their videogame experience 

the participant was given the opportunity to provide feedback on how the 

environment could be improved. Initial inspection of the responses provided 

little data directly relating to weather systems within each environment; 

however, further analysis highlighted the “fundamental flaws” as seen by the 

participants. Common issues between Build 1 and Build 2 include “texture 

issues on rocks”, “collision box problems” on some objects, the need to have 

“liquid inside the ocean”, and “improved gameplay/actions”. Although these 

aspects of the videogame were the same through Build 1 and Build 2, they 

appear to have had a direct impact on the scores provided by the 
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participants. This feedback highlights a key area for games designers and 

relates directly to the illusion of reality, or the breaking of that illusion through 

faults in the virtual world. In the same way that the humanoid robot is close, 

but not close enough to reality, and that triggers a cross into the uncanny 

valley, any minor fault in the virtual world can have the same effect and can 

break the illusion of reality and cause the user to have a negative feeling 

towards the space (no matter how rich other elements may be). 

Comments on the high-quality weather systems in Build 2 also noted the 

need to improve the graphics portraying the rain. Although the comments did 

not directly discuss single areas of the rain to be improved, a combination of 

comments defined the need for multisensory improvement. From a graphical 

perspective, one participant stated a need to include “Rain drops on the land” 

as well as “Make the rain drops on the water look better”. Two participants 

eluded to the rain drops “not looking very real”, whilst a third suggested 

having “interaction with slippery rocks due to the moss/slime”. Two 

participants also made note of the additional audio included in the Weather 

simulation. They noted an improvement would be to include “sound effects 

for different terrains” and “more sounds like water footsteps”. All of these 

comments again identify the need, as the virtual world moves closer to a 

realistic “real world” to avoid any elements that leave an inconsistency in 

terms of realistic quality. The illusion of life is a very fragile one, and it would 

appear that the closer to reality the illusion comes, the more fragile, and 

easily breakable, the illusion is. 

Analysis and Discussion 

The results show that richer weather systems created more desirable game 

experiences (with a statistically significant difference in user ratings of 

experience, preferring games with high quality weather simulation), yet they 

also showed that none of the specific game experience areas (environment, 

realism, playability or immersion) were statistically significantly better in high 
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quality weather than control. This may have been due to the comparatively 

small study size, but for the areas of environment and playability the effect 

size itself was quite small. This would indicate that even with a larger study 

(and potential statistical significance) the value of realistic weather 

simulations may be minimal in relation to enhancing the users sense of 

environment or playability. This finding was surprising as the expectation was 

that high-quality weather would make for a better environment, yet the user 

responses did not reflect any significant gain in this area. 

The effect sizes were larger for the areas of Realism and Immersion, thus 

indicating that higher quality weather simulations offer the greatest impact in 

terms of realism and immersion in the space. This finding is valuable as it 

indicates an area where high quality weather can be most actively targeted. 

If, as the study indicates, high quality weather can enhance immersion, that 

principal has the potential to be used not only in highly realistic “real world” 

games but it may extend beyond this research as it demonstrates potential 

to be used in informational health, educational and related games (where 

immersion can be a bigger challenge).207 208 209 

This experimental study looked at the impact of different quality levels of 

virtual weather systems (from simple and static to complex interactive and 

visually rich) in interactive 3D games, and how users rated the different 

systems in terms of their interactive experience. The study of 37 participants 

indicated that rich, highly realistic weather simulations statistically 

significantly enhanced the game players experience. This enhancement had 

the most positive impact in the areas of realism and player immersion. 

Surprisingly the weather had only a small impact in terms of game playability 

                                                            
207 Slater, Place illusion and plausibility can lead to realistic behaviour in immersive virtual 
environments. 
208 Jørgensen, "Gameworld interfaces." 
209 Patterson, "Using interactive 3D game play to make complex medical knowledge more 
accessible." 
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and environment, indicating that although the enhanced weather immersed 

the player more in the game world it did not enhance gameplay in a 

significant way. 

Overall the study found that enhanced weather has value, and it was effective 

in improving a games desirability to players, but that it is most effective when 

targeted at immersing the player in the game space and experience. This 

finding suggests weather in virtual environments has merit as it impacts 

users. Although the impact was clearly measurable, the observational impact 

was minimal, likely due to the nature of the medium being limited by the 

borders of the screen. An extended trial is required to explore the viability of 

realistic weather systems in medium of virtual reality.  
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Methodology 

This research explores the natural behaviour of viewers as they respond to 

procedural weather systems in virtual environments. This analysis delves 

into the realm of User Experience and Experiential Design practices. As 

such, an appropriate measurement tool was required to accurately collect 

and analyse the data relevant to participants experiences in virtual 

environments. The experience participants have in virtual spaces emerges 

due to an amalgamation of certain factors.210 As an example, external factors 

can provide the context for a space through a task and physical 

environment.211 The result is a physical environment producing a state of 

immersion for participants through their senses excluding direct vision, as 

well as a state of involvement from the task environment. The interaction of 

these factors is linked to the base notion of presence, or “being there”, in a 

virtual environment (VE).212 

These initial ideologies of presence213 214 215 have placed considerable 

emphasis on the sensory aspects of experience. The foundational theory 

discussed in these models is the belief that the participants engagement 

towards the sensory aspects of a VE specifies the participant has become 

present within that VE. A direct implication of this model is the connection 

between the sensory fidelity of the experience being delivered to the 

participant and the participants desire to continuously attend to the VE. 

Throughout this experiment the sensory fidelity of the experience has been 

210 Mel Slater and Martin Usoh, "Representations systems, perceptual position, and presence in 
immersive virtual environments," Presence: Teleoperators & Virtual Environments 2, no. 3 (1993). 
211 Ibid.,  
212 Slater, Place illusion and plausibility can lead to realistic behaviour in immersive virtual 
environments. 
213 Slater, Usoh, and Steed, "Taking steps: The influence of a walking technique on presence in 
virtual reality." 
214 Bob G Witmer and Michael J Singer, "Measuring presence in virtual environments: A presence 
questionnaire," Presence: Teleoperators and virtual environments 7, no. 3 (1998). 
215 Mel Slater, "Measuring presence: A response to the Witmer and Singer presence 
questionnaire," Presence: Teleoperators and Virtual Environments 8, no. 5 (1999). 
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comprehensively catered for as described in this section. However, alternate 

research into entertainment specific virtual environments concluded that 

participants’ subjective responses to a high-sensory experience could detract 

from the overall experience if the virtual content itself was not deemed to be 

“enjoyable”.216 An emergent trend is providing support within academic 

literature for a direct relationship between presence and holistic experiences 

using the framework of experiential design (ED).217 218 Experiential design is 

a design dichotomy where five defined dimensions of experience, listed in 

Table 1, are considered and advise the production of a desired user 

experience.219 

ED Dimension Description 

Sensory 

Includes sensory input (visual, aural, haptic, etc.) 

as well as perception of those stimuli. 

Represented through sensory hardware and 

software that creates the sensations. 

Cognitive 

Mental engagement with an experience, such as 

anticipating outcomes and solving mysteries. Can 

be interpreted as task engagement. 

Affective 

Refers to the user’s emotional state. Related to 

the degree to which a person’s emotions in the 

simulated environment would accurately mimic 

their emotional state in a similar real-world 

situation 

                                                            
216 Delwin Clarke and P Robert Duimering, "How computer gamers experience the game situation: 
a behavioral study," Computers in Entertainment (CIE) 4, no. 3 (2006). 
217 Giuseppe Riva, Fabrizio Davide, and Wijnand A IJsselsteijn, Being there: Concepts, effects and 
measurements of user presence in synthetic environments (Ios Press, 2003). 
218 Dustin B Chertoff et al., "Improving presence theory through experiential design," Presence: 
Teleoperators and Virtual Environments 17, no. 4 (2008). 
219 B Joseph Pine and James H Gilmore, The experience economy (Harvard Business Press, 2011). 
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Active 

Relates to the degree of personal connection a 

person feels to an experience. Associated with 

the degree of empathy, identification, and 

personal relation a person feels to the virtual 

environment’s avatars, surroundings, and 

scenario. 

Relational 

Comprised of the social aspects of an 

experience. Operationalised as co-experience; 

creating and reinforcing meaning through 

collaborative experiences. 

Table 1. Dimensions of experiential design for VEs220 

As previously discussed, the derived value of presence has historically been 

measured using questionnaires focusing on the sensory experience of the 

participant. Mel Slater spearheaded one of the more prominent 

questionnaires called the Slater-Usoh-Steed (SUS) questionnaire, which 

contains six questions that explore three themes of identifying a sense of 

physical presence.221 In more recent times, the Witmer-Singer Presence 

Questionnaire (PQ) was developed to extend beyond just immersion to 

incorporate measures for user involvement as well.222 Chertoff has since 

extended the premise for the presence questionnaires to include 

measurements for experiential design and become a more holistic form of 

analysis creating the Virtual Experience Test (VET).223 Chertoff describes the 

220 Chertoff et al., "Improving presence theory through experiential design." 
221 Mel Slater and Martin Usoh, "Presence in immersive virtual environments" (paper presented at 
the Virtual Reality Annual International Symposium, 1993., 1993 IEEE, 1993). 
222 Witmer and Singer, "Measuring presence in virtual environments: A presence questionnaire." 
223 Dustin B Chertoff, Brian Goldiez, and Joseph J LaViola, "Virtual Experience Test: A virtual 
environment evaluation questionnaire" (paper presented at the Virtual Reality Conference (VR), 
2010 IEEE, 2010). 
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VET as a “survey instrument used to measure holistic virtual environment 

experiences based on the five dimensions of experiential design.”224 

The methodology employed for this research was a combination of qualitative 

and quantitative data analysis of subjective responses from participants, and 

cognitive and objective observational information collected by the 

researcher. The virtual reality system is central to the overall user 

experience, with overall analysis and data collection being collected from 

selected questions derived from the SUS, PQ, and VET surveys formed 

through the work of Slater et al, Witmer and Singer, and Chertoff.225 226 A 

subjective survey, shown in Table 2, collected subjective data from the 

participants regarding their experience within the environments. To allow for 

the least invasive and most natural data collection, observational cues were 

developed to passively analyse participants behaviour, shown in Table 3. 

Question ED Dimension 

What are your overall thoughts about the 

experience? 
Active 

Can you explain the difference between the two 

environments? 
Relational 

Do you feel you would have noticed the difference 

if there was more interaction within the spaces? 
Relational 

What drew you to the clouds? If they were moving 

faster would you have noticed them sooner? 
Sensory 

                                                            
224 Ibid.,  
225 Slater, "Measuring presence: A response to the Witmer and Singer presence questionnaire." 
226 Witmer and Singer, "Measuring presence in virtual environments: A presence questionnaire." 
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Do you feel you would have noticed the sky if the 

towers/statues were not in the environment? 
Sensory/Cognitive 

Do you have a preference of environment? Please 

provide reasoning for your choice. 
Affective 

What is your favourite holiday destination? Active 

With the lightning occurring, in real life, would you 

seek cover or stay and watch? 
Sensory/Cognitive 

Did you feel threatened by the storm at any stage? Sensory/Cognitive 

Did you feel any lightning strikes were close? Sensory 

If the weather was swapped between the 

environments, do you believe your experience with 

each environment would differ? 

Affective 

Any other comments you would like to provide: Active 

Table 2. Final Questionnaire defined by ED Dimension. 

Observational Cue ED Dimension 

Audible comment regarding “being there”. Affective/Active 

Action or audible response demonstrating awe. Affective 

Comfort in traversing the landscape. Cognitive 

Comments regarding change of sensation (hot, 

cold). 
Sensory 
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Comments regarding haptic response to virtual 

object. 
Sensory/Cognitive 

Change of focal attention. Sensory 

Audible comment regarding journey (narrative). Affective/Active 

Speed and distance travelled on journey. Cognitive 

Attempt at cognitive interaction (hapticity). Cognitive 

Comments referencing real world Relational 

Physiological reaction to event/object Cognitive/Active 

Table 3. Observational Cues defined by ED Dimension. 

Completely replacing the “real world” with a virtual world, the adaptive 

process of telepresence should also be removed. Therefore, the only device 

used to deliver the experience to the user will be a virtual reality headset. 

This method of delivery is becoming standard for virtual experiences, 

specifically for medical research.227 

To sufficiently understand the users’ interaction to weather within virtual 

environments, two comparative 3D virtual environments were developed, 

each consisting of two weather variants. These have been identified as “The 

Island” and “The Highlands”. This involved the development of an interactive 

environment that both suits the ideology of a “real-life” simulator (with the 

capability to have differing levels of weather attached) and classified as a 

virtual environment. To simulate a real environment, it is a requirement that 

the virtual environment be “open-world”. This means the user must be able 

to explore and access all areas of the environment unhindered. This is also 

227 Karin Brütsch et al., "Influence of virtual reality soccer game on walking performance in robotic 
assisted gait training for children," Journal of neuroengineering and rehabilitation 7, no. 1 (2010). 
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an important aspect of generating a sense of awe within the virtual 

environment. 

The emotion defined as awe is one that can cause a sense of fear or 

pleasure, as it sits right on the boundary between the two.228 Experiences of 

awe can have a profound and lasting impact on audiences. As defined by 

Keltner and Haidt, there are “two appraisals central and present in all clear 

cases of awe: perceived vastness, and a need for accommodation.”229 They 

continue to define the feeling of vastness within an experience, stating it is 

anything that is experienced as “being much larger than the self, or the self’s 

ordinary level of experience or frame of reference.”230 As will be 

demonstrated in the environments for this experimental trial, they are visually 

endless. There is one limitation put in place where the teleportation system 

was built as a physical barrier to limit the participants exploration. 

Accommodation has also been defined by Keltner and Haidt as a “process 

of adjusting mental structures that cannot assimilate a new experience.”231 

This includes feeling of confusion, obscurity, and is heightened in times of 

crisis. This analysis provides insight into the experience that may be gained 

within virtual environments, in particular those that do not represent 

familiarity of the real. When the weather begins to threaten the participant, 

there is the potential for accommodation to occur. 

Ideally, to maintain focus on the change in weather, the environment would 

have limitations to keep the user from entering areas that have not been 

developed. The key design goals are to create rich environments that are 

believable and easy to navigate. It was established early in the project that 

the experimental trial will require a control environment and a weather 

                                                            
228 Dacher Keltner and Jonathan Haidt, "Approaching awe, a moral, spiritual, and aesthetic 
emotion," Cognition & emotion 17, no. 2 (2003). 
229 Ibid.,  
230 Ibid.,  
231 Ibid.,  
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simulation for each variant. This creates the need for multiple environments 

that contain perfectly mirrored details and design prior to the implementation 

of weather. Two virtual environments are to be designed and developed with 

these capabilities.  

The virtual environments were built using the Unreal game engine (build 

4.18). Each environment was developed from a “core build” that was 

populated by a variety of rich 3D models to simulate grass, rocks, and man-

made structures. The environment did not contain interactive elements like 

those of people and animals, instead using structural props. These 3D 

models were modelled and textured in 3D Studio Max, with materials created 

in Substance Designer, and exported as FBX objects to maintain all texture 

and animation data. Sounds have also been included within each build to 

simulate the weather events, as well as ambient sounds to replicate a natural 

environment. This was to provide feedback to the participant to promote 

movement. The only variation of sound is to relate directly to the weather, 

including rain drops, strong gusts of wind, and thunder. The same objects 

were contained within each virtual environment. The purpose of the 

environment was to get the participant to generate their own active storyline, 

becoming the narrator and actor within an evolving scene. 

A basic learning curve is to be implemented into each virtual environment, 

with a “passive narrative system” directing the participant to explore certain 

land marks, commonly experienced with first-person role-playing games. The 

user will be directed to different areas of the environment through a subtle 

wayfinding system. This process of direction within the virtual environment 

aims to reduce researcher intervention if the participant asks for direction 

within the environment. 
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Testing Process and Data Collection 

All experimental trials were conducted within approved ethical clearance 

protocol 2015/673 defined as Negligible Risk (NR): Applied Computer 

Games in Safety and Learning. The subjective data collection occurred 

through three major processes; the initial questionnaire (Appendix 1.1), the 

live response questions (Table 3), and the post experience interview (Table 

2). The cognitive data collection is based on the participants physically 

identifiable interactions and reactions whilst experiencing the environment, 

with the observational data being collected through observational data of, 

and verbal cues from, the participant whilst inside the headset. The overall 

testing process was expected to take between 120 and 180 minutes per 

participant. The entire trial was completed as a blind trial, with participants 

provided information stating the research was focussing on design 

methodologies for user experience within virtual reality. This allowed them to 

provide accurate information and analysis of the virtual environment without 

having a preconceived notion of the weather. In turn, it is expected that the 

reactions to the storm are genuine. 

The demographic is targeted at participants aged 18 to 65 years, any gender, 

with existing experiences in virtual environments including videogames. 

Participants were sourced through professional and cultural pathways, 

focusing on social groups that are either interested in virtual environment or 

demonstrated technical aptitude. A call for participation was put out to 

students, staff, gaming and technology groups, and the general public. This 

was accomplished through emails, social media posts, word of mouth, and 

physical posters placed around the university and local digital businesses. 

Interested parties were asked to make contact through email to begin the 

selection process. 

The testing process began with a selective mechanism. The initial 

questionnaire (Appendix 1.1) was designed to select participants that have a 
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high potential for future VR technology uptake. This questionnaire was an 

important step in identifying future audiences as the responses throughout 

formal testing would be more accurate to audiences that would naturally 

experience VR. It was specifically designed in part based on Jerald’s ‘Studio 

In-Motion Questionnaire for Evaluating’.232 The questions were purposefully 

chosen to identify current experience with VR technologies, proficiency with 

existing virtual environments, and the subjective analysis of virtual 

environment desire and satisfaction. This data was analysed to provide a 

value of potential as a percentage from 0% to 100%. Those that scored 

higher than 65% were viable participants and were asked to continue for 

testing. 

Once a participant is selected to continue with the testing process, they were 

then asked to book in a date and time to complete the test, allowing for a 

maximum of 180 minutes. Participants were provided with a consent form 

and an information sheet to complete and bring with them to the trial. 

Information provided to the participants through the information sheet stated 

the purpose of the trial was based around user experience and design 

processes, explaining in detail the mechanisms for recording data. 

Verbal prompts and questions are based on the presence questionnaire 

outlined by Slater, Witmer and Singer. Slater eloquently defines the two 

emerging notions of immersion as “system immersion” and “immersive 

response” when outlining the differences between the methods of 

analysis.233 System immersion relates directly to the device and environment 

being presented to the participant, measuring the level of immersion 

delivered to the target. Immersive response is the participants reaction to the 

medium, measuring the correlation between the base tendencies of the 

participant and their uptake of the environment. To clearly analyse the 

                                                            
232 Jerald, The VR Book: Human-Centered Design for Virtual Reality. 
233 Slater, "Measuring presence: A response to the Witmer and Singer presence questionnaire." 
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effectiveness of weather, both system immersion and immersive response 

need to be measured and may present a correlation in itself. 

In addition to the surveys, the virtual reality and desktop system will be 

tracking and recording all movement and interaction of the end user. The 

screen is to be recording the “mirror” of the VR environment, as well as a 

physical camera situated just outside the play space. The physical camera 

was positioned at the participants head height to measure popular areas of 

focus and gauge physical responses. In this manner, duration of observation 

and reaction to environmental change can be measured. This will then be 

combined with audio recording of the entire room, to capture verbal cues to 

be referenced when measuring a sense of awe and fear. 

The practical section of the experiment was created as a process to follow 

the perceptual guidelines of adaptation suggested in this research. This way 

the participants can adapt to increasingly complex stimuli, with rest time in 

between experiences. Therefore, before experiencing the trial environments, 

participants were asked to complete the SteamVR tutorial, even if they had 

already completed it. This was implemented to provide participants with 

familiarity with the play space, HMD, and controls. Once they finished with 

the tutorial, participants were asked to step out of the HMD for a minimum of 

five minutes to ensure comfort. Participants were asked if they felt any 

negative side effects, particularly due to low light in the physical testing 

environment. 

Each participant will be provided with two “builds” (one the Control and the 

other the Weather Simulation) of the same videogame as executable files, 

and a set of instructions for interacting with the videogame will be provided. 

The participants will be given time to familiarise themselves with the controls 

of the virtual reality headset and haptic controllers. The participants will be 

given basic instruction to play each game for a period of their choosing above 

a minimum time of 10 minutes per build (allowing them to explore the 
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environment at their desired pace and have the weather develop naturally). 

The first environment, whether the Island or Highlands, is to be the control 

environment to observe and record the participants natural behaviour, as well 

as introduce them to an environment with fewer stimuli. The second 

environment will be the opposite location and is to be the weather simulation. 

Participants will then be observed and recorded interacting with the 

environment without any further instruction, however there will be questions 

and prompts for further information occurring while they are in the headset. 

The style of questions constructed for this purpose are a common element 

of the Game Engagement Questionnaire (GEQ) outlined by Brockmyer et 

al,234 along with the SUS,235 PQ,236 and VET237 questionnaires. This 

questioning will be verbal and directed by the observer instead of direct 

written responses from the participant. These questions will be randomised 

to provoke natural responses from the participants. A direct example will be 

prompting “small talk” to see how accurate of a response is provided, gauging 

a value for “I don’t answer when someone talks to me”. This observational 

data will then be analysed using techniques native to Interpretative 

Phenomenological Analysis (IPA).238 

Throughout the trial the activity and realism of environment will remain 

consistent leaving the only changing variable as the weather system and 

location in each build, however each build will have different progression 

objectives. All participants will be using the same desktop computer and 

virtual reality headset to keep consistency in performance of hardware as 

                                                            
234 Jeanne H. Brockmyer et al., "The development of the Game Engagement Questionnaire: A 
measure of engagement in video game-playing," Journal of Experimental Social Psychology 45, no. 
4 (2009). 
235 Slater and Usoh, "Presence in immersive virtual environments." 
236 Witmer and Singer, "Measuring presence in virtual environments: A presence questionnaire." 
237 Chertoff, Goldiez, and LaViola, "Virtual Experience Test: A virtual environment evaluation 
questionnaire." 
238 Virginia Eatough and Jonathan A Smith, "Interpretative phenomenological analysis," The Sage 
handbook of qualitative research in psychology 179 (2008). 
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previously outlined. The hardware will be turned off for a minimum of one 

hour between each test to maintain optimum performance. As the videogame 

will be purpose built for this trial, the participants will have no prior experience 

with this particular 3D environment.  

Once the participant had experienced both virtual environments, they were 

asked to sit down for an interview and provide more information regarding 

their experience. This interview was recorded through a broadcast 

microphone and was directed by the observer. The series of questions were 

open ended, and participants were encouraged to provide as much 

information as they pleased. A list of the core questions is shown in Appendix 

1.4 and Table 2. 

Location 

As previously noted, the ideal method of providing true spatial sense within 

the virtual environment is to be able to move around naturally. The HMD was 

set up in room-scale mode, allowing for freedom of movement and better 

motion tracking. To achieve room-scale set up, a large indoor space was 

used with the layout demonstrated in Appendix 2.1. The indoor space was 

carpeted, with minimal exterior light permeating the exterior facing windows. 

The ambient temperature was controlled by central air-conditioning and set 

to 24 degrees Celsius. The active range of play was 3700mm x 3200mm, 

with buffer space of 600mm for safety. 

Creating the Virtual Environments  

The environment users find themselves in can define the context of 

everything that occurs in a VR experience. The creation of the virtual 

environments considered the participant as the focal point, generating the 

experience as it relates to the participants perspective. 
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This experiment included two differing virtual environments, each having a 

weather and non-weather variant. Participant feedback from the Console 

Experiment noted boredom and disinterest in the second environment 

explored, as it was the same as the original with the weather effects either 

added or removed in the second environment. This feedback was consistent 

across all participants, whether the starting environment was the static or 

weather build.  

Each environment was designed using similar design aesthetics, with 

different fundamental scenes to convince the participants that they are 

experiencing separate locations that generate similar sensations of realism. 

The two locations chosen for this experiment were an island, and highlands 

as shown in Figure 31. 

Figure 31. Two chosen 3-dimensional open-world locations. 

The realism of the scenes was developed through a multitude of processes; 

each an important step in creating a comprehensive virtual environment 

using game development techniques. The major elements identified within 

the environment were the terrain, water, ground cover, audio, navigational 

markers, and system of movement. These elements were then further 
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enhanced with clouds, day/night cycle, and rain/storms for the weather builds 

only. 

Terrain 

The aim of the environment was to generate a landscape that mimicked a 

real environment as close as possible. Therefore, the terrains for both 

environments were created using heightmaps generated in software called 

“World Machine”. Using generative fractal algorithms, the main body of the 

landscape was created, then manipulated with erosion, rockiness, and 

smoothness. These maps were then exported as black and white 

heightmaps and imported directly into the landscape in Unreal. 

As the island environment was surrounded by a body of water, no further 

distance landscapes were required. The highlands environment required 

eight low-poly land masses to surround the traversable landscape providing 

the required open world sensation. The traversable space in both 

environments was limited to the equivalent of 1.75 kilometres along each 

edge, totalling 3.0625 square kilometres. 

Water 

Water was only present in the island environment, as the highlands contained 

no body of water. Previously tested bodies of water (console experiment) 

were met with criticism with participants articulating it as being unrealistic 

through interaction and visual aesthetic. The water system used to 

demonstrate the ocean was based on the ocean created by the Epic Games 

community and consisted of three major design elements; physical waves, 

landscape collision foam, and depth transparency. Due to the nature of the 

teleportation system, participants were not able to teleport into the water at 

any time, instead being able to teleport right up to the edge of the water. 

The physical waves visible in the environment were adjusted in height based 

on the terrains heightmap. Low points of the terrain allowed for larger waves, 
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with the waves getting smaller and the ocean becoming calmer as it 

approached terrain at sea level. This was to provide depth and realism of the 

waves hitting the beach, as the ocean in the previous trial was interpreted as 

being unrealistic due to the coastal fluctuations of the waves. 

Ground Cover 

The ground cover and landscape textures were designed to add significant 

complexity to the landscape and enhance the aesthetic realism. The base 

texture maps were procedurally generated across the surface of the 

landscape, calculating overall height and slope to place the correct texture.  

The island environment required grass to be placed at higher altitudes, and 

sand for lower altitudes, with the main transition occurring slightly above the 

natural horizon, or sea level. The higher altitudes were then analysed 

according to surface slope, with flat areas maintaining grass, and heavily 

sloped areas containing rocky textures. The same calculations were used to 

populate variations of physical grass and boulders in flatter areas, with 

sloped areas being vacant of all physical objects. 

The highlands map contained similar calculations, with the only major 

difference being the absence of sand. The physical grasses and rocks were 

a lot more varied in the highlands environment, with sections of lavender and 

wild flowers appearing through the use of a low turbulence noise map. Extra 

props were placed throughout both environments as points of interest, 

generally leading to other major landmarks, and consisted of rubble, broken 

crates, ropes, and broken carts. None of the props had the ability for 

interaction. 

Audio 

Audible cues have become an important aspect of virtual environments as a 

way of delivering full sensory immersion. The audio tracks included within the 
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environments were generated in a way that they would be believable and 

unobtrusive. The two environments chosen had very few audio elements that 

were similar, however due to the nature of each environment, they needed 

to include mostly different sounds to portray their natural counterparts. 

Common audio between the two environments included gusts of wind and 

burning coals. The gusts of wind were compiled as an array of ten different 

wind gusts, ranging from very light to moderate, to combined with the inbuilt 

grass swaying animation. Each track was altered to fade in and fade out to 

prevent any audible jarring. Each randomly selected wind gust was played 

on a randomised timer that began once the previous gust had finished 

playing. This allowed for a more natural and unpredictable occurrence of 

wind throughout each environment. This audio cue was universal, and able 

to be heard equally by the participant in all locations of all environments. The 

burning coals audio track was a single audio loop. It contained many 

variations of burning and crackling to prevent the need for mixing and 

blending different tracks. The burning coals audio cue was defined as spatial 

audio, getting louder and quieter based on participant location to the physical 

object. No audio was required for movement, as the method of traversing 

was teleport only, preventing any “steps” being taken. 

The island environment contained audio specific to a beach location. This 

solely consisted of waves gently splashing on the sand. The variations of 

wave audio were compiled into an array, consisting of four different tracks. 

These were played in sequence, one directly after the other, to demonstrate 

the wave sets approaching the beach. Due to the relative circular nature of 

the island, an inverted spatial audio cue was created and positioned in the 

centre of the island. This meant that when the participant was standing in the 

middle of the island, they couldn’t hear the waves lapping at the beach, 

however as the moved closer to the coastline the waves became louder. 
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The highlands environment also contained only one audio cue specific to 

mountains. A very occasional insect noise was included in randomised 

spatial locations. This allowed for the audio to occur in unpredictable 

directions and volumes, with it often not being heard by the participant due 

to the location of the viewer and the audio cue. 

Finally, the audio of the storm was broken up into three major parts; the rain, 

strong wind gusts, and the thunder. The rain was a simple loop consisting of 

moderate rainfall with heavy patches mixed throughout, fading in and out at 

the beginning and end of the storm. This was timed to occur at the same 

moment the rain drops became visible to the participant. The wind gusts were 

also a single loop, implemented as a universal audio cue, with inbuilt 

fluctuations. The thunder was considerably more complex, as lightning 

strikes occurred within the storm boundaries identified as 20km2. Fifteen 

different forms of thunder were compiled into an array, including crackling, 

booming, and clapping variants. The strength of each thunder clap was 

determined by the proximal distance of the lightning strike to the participant, 

meaning close strikes caused very loud audio cues (not exceeding 105 

decibels) and distant strikes generated less threatening audio cues. 

Navigational Markers 

To demonstrate the possibility of the non-linear narrative, navigational 

markers were positioned around each environment. They were developed as 

ancient ruins stylised as belonging to a fantasy environment as seen in 

Figure 32. The ruins were built at a large scale to be prominent in the natural 

environment. Visibility was enhanced using spiralling blue lights to represent 

an unknown magical force, and fire braziers. The spiralling lights were used 

to promote large distance traversing, reminding participants of their 

geolocation through landmarks. The fire braziers were created for short 

distance traversing, with them only being referenced through standard line of 

sight.   
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Figure 32. Ancient ruins as navigation markers. 

As participants were unable to be damaged within the environment, they 

were built purely as points of reference. The starting position for the island 

environment was on a jetty, demonstrating the scale of the island and 

surrounding body of water. The jetty was pointing directly at a large tower in 

the distance, perched on top of the highest peak. The starting position for the 

highlands environment was close to the highest location on the terrain, facing 

down into the main valley. These locations were designed as spatial markers, 

providing dominant locations throughout the environments, placed towards 

the central areas to promote movement. 

System of Movement 

As previously identified, the teleportation mode of traversing is preferred, as 

some participants may not be familiar with movement in virtual environments, 

particularly in an HMD. The teleportation system allows for rapid movement 

across large environments. Destinations are calculated through a projectile 

system, where a vector is generated from the participants controller in the 

direction it is pointing. This vector is then manipulated over time by a 
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gravitational force, emulation the trajectory of a thrown object. Where the 

object lands will become the target destination of the new spawn point. 

The projectile path is represented as a pulsing blue path (see Figure 33), to 

identify the movement that will occur. This is combined with a marker sitting 

on the landscape to represent the destination. The marker is designed as a 

rectangle boundary, with an internal circle and arrow pointer showing the 

direction the participant will be facing once they arrive at the destination. This 

directional arrow was controlled with the trackpad of the controller, with the 

top of the circle representing forward, the bottom as backwards, and the rest 

of the circle representing the 360 degrees of rotation. 

 

Figure 33. Teleportation traversing. 

Both controllers had the ability to complete the teleportation, with the only 

limiting factor having teleport disabled during the fade in and fade out 

process. The controllers were represented as humanoid hands to extend the 

sensation of having a virtual presence but keep a disconnect between the 

real and the virtual. 
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Clouds 

The fundamental objective of this research is to implement a weather system 

that emulates physical skies. The creation of the clouds is the most important 

aspect of the weather system being implemented, therefore, it is critical that 

the clouds are generated as physical elements within the virtual environment. 

As previously stated, physical clouds are both fractal and non-fractal, with a 

combination of the two creating seemingly accurate clouds. It is, however, 

noted that the shape of clouds is mathematically indefinable due to their 

fractality.239 240

Physically based design mechanisms exist to simulate clouds appearing and 

disappearing over the course of a perceived life-cycle.241   

The clouds were built on a “previous state, live state, future state” process 

that understands the currently generated state of the environment as well as 

the progressive update to occur. This progressive update has been 

connected to a single variable that alters all design elements within the cloud 

layer. The major parameters for the clouds are cloudiness, cloud base (as 

altitude), cloud height, sectional width, wind direction, wind speed, density, 

persistence, and diffusivity. Exploring each parameter in more detail clarifies 

its importance to the overall generation of the clouds. 

Cloudiness 

The entire system for creating clouds is formed from the concept of transition 

from the base layer of the clouds to the top layer. This means the cloud starts 

at the base layer and generates itself upwards. The cloudiness parameter 

sets the amount of cloud visible in the base cloud layer. Using a Perlin noise 

239 Petr Man, "Generating and real-time rendering of clouds" (paper presented at the Central 
European seminar on computer graphics, 2006). 
240 Mandelbrot, The Fractal Geometry of Nature. 
241 Gustav Taxén, "Cloud Modeling for Computer Graphics,"  (1999). 
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calculation (see Figure 34), the positive and negative areas are identified 

using through Boolean outputs that are generated from float values. 

        

Figure 34. Variations on Perlin Noise. 

Cloud Base 

This parameter sets the altitude from the horizon to the base cloud layer. The 

location of the base cloud layer in relation to the participant is of paramount 

importance, as the higher up the clouds go, the less threatening and realistic 

they become. The same can be said for clouds that are too low. This value 

is measured in kilometres but can be altered in relation to the environment 

unit system. 

Cloud Height 

This parameter sets the upper transitional plane for the clouds. Cloud height 

defines the highest point each cloud can go, with a blended transition 

occurring from the base cloud layer to the top cloud layer through a process 

of degradation. Large bodies of cloud that exist on the base cloud layer have 

more potential to reach the top cloud layer, with the opposite true for small 

bodies of cloud. This value is also measured in kilometres. 

Sectional Width 
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Sectional width defines the general spread of the clouds. Where cloudiness 

defines how many clouds appear, sectional width adjusts both the x and y 

width values to “spread” or “compress” the cloudiness calculation across 

larger or smaller sections of sky. When this value is used correctly with Cloud 

Height, the end result is a natural perspective for the viewer. If these are set 

incorrectly, the clouds become alien and can trigger the emotions 

experienced in the uncanny valley. 

Wind Direction 

Wind direction provides a simple measurement to move the clouds over time. 

Ultimately it provides a vector direction for an incremental X and Y offset to 

the noise map explained in the cloudiness parameter. 

Wind Speed 

Following on from wind direction, wind speed controls the distance travelled 

between each X and Y incremental offset. This is also linked directly to time. 

As time passes, the increments continue to move the clouds along as if wind 

was pushing it and the base noise map evolves to demonstrate the evolution 

of the cloud mass. 

Density 

As the cloud transitions from base layer to top layer, the density parameter 

controls how much of the cloud is lost. This is represented through a float 

variable ranging from 0.0 to 1.0 with 0 representing a complete loss of original 

mass and 1 representing no loss of the original mass. 

Persistence 

Persistence relates directly to the fractality of clouds and refers to fractal 

persistence. Fractal persistence is demonstrated through natural (and 
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unnatural) objects that repeat their fractal pattern as you explore the entire 

object.242 Clouds repeat using a fractal method of calculation, however the 

degree of persistence within different clouds differs greatly. This parameter 

is also defined as a float ranging from 0.0 to 1.0. It will directly affect the 

amount of ‘wispiness’ in the clouds as they continue to replicate themselves 

at smaller and smaller scales.  

Diffusivity 

Diffusivity is the final float value ranging from 0.0 to 1.0. It alters the edges of 

each cloud body, defining the level of diffusion, which alters the concentration 

of mass between the centre and edge of the cloud. This will ultimately set the 

edges to either more transparent or opaquer based on the level of diffusion. 

Each of these parameters can be manipulated over time to demonstrate 

progression of clouds from a sunny day to a threatening storm. The clouds 

generated through this system are physical representations and as such 

create cloud shadows on the terrain. By having multiple interactive scene 

elements, it is thought that participants will notice the effects of the skyscape 

early on in the experiment and keep track of the skies evolutionary progress 

over time. 

Day/Night Cycle 

Time has been found to be a significant influence in our daily life. It has an 

impact on our behaviour and can simultaneously affect our emotional states. 

By visibly advancing time through procedural methods, similar states may be 

encouraged. Therefore, the progression of time was a major inclusion into 

the chosen environments for this experiment. 

242 Gabriell Máté and Dieter W. Heermann, "Persistence intervals of fractals," Physica A: Statistical 
Mechanics and its Applications 405 (2014). 
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Implementing the day/night cycle was critical to portraying a sense of time 

progressing. A complete day/night cycle was set to 72 times the speed of 

natural time, or 20 minutes, with 12 minutes dedicated to day and 8 minutes 

for night. When experiencing other open world games with a day/night cycle, 

like Minecraft, it was found that 20 minutes was a commonly used cycle time. 

The time of day is represented via a directional light, with shadows, light rays, 

and ambient lighting being set a real-time. The directional like was required 

to be a dynamic light type due to the shifting nature of time. Although day 

and night were represented by a single light, another static directional light 

was placed in the environment to provide a small amount of illumination 

during the night.  

Storms 

Storm generation and occurrence is based on a single value, the S-value. As 

it is hypothesised that a virtual storm will cause a reaction from the participant 

that diverges from their natural behaviour, the storm must generate itself from 

these behavioural trends. The S-value ranges between 0 and 1.2, with a 

value of 1 triggering a storm event. It is based on a rate of change resulting 

from the participants movement speed and completed discovery (or lack 

thereof) in direct relation to time. Therefore, the faster the participant is 

moving through the environment, the more likely, and sooner, a storm will 

occur. The rate of change will not exceed a 45-degree angle, either up or 

down, as demonstrated in Figure 35. As weather events experienced in the 

real world occur over time, and a virtual representation must follow similar 

laws, the rate of change limit prevents the storm from generating too quickly 

and clouds from appearing too suddenly. 

 
Figure 35. Rate of change calculation for S-value 
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The S-value is directly tied to both the clouds and the storm event. For a 

predictable storm to occur, the clouds must develop in a way that is naturally 

observed in real environments. This means the S-value acts as a multiplier 

to the parameters for cloud generation. As an example, a high S-value will 

provide increased cloud coverage, taller cloud layers, and increased 

diffusivity. As previously stated, a storm is triggered at an S-value of 1. Once 

the value goes above 1 it takes on an automatic rate of change calculation 

based on value degradation. This is to prevent storms for perpetually existing 

within the environment and allow for event resolution. The major reason for 

causing storms to take a uniform structure was to cater for the General 

Adaptation Syndrome curve identified by Hans Selye and analysed by 

Khabarova and Dimintrova.243 This curve is representative of the S-value 

change while the value sits above 1 and is purposefully created in this 

structure to mitigate negative effects on participants both during the trial and 

as a future audience member. These negative effects were found to occur if 

a stressor, specifically caused by meteorological events, impacted the 

individual for an extended period of time. By reducing the time frame of a 

persisting storm, it is believed the negative effects will be minimised.  

A measure was also put in place to allow for recovery time after a storm, 

therefore, to prevent another storm occurring instantaneously once the S-

value goes below 1, it doesn’t reactivate until it has reached the Safety buffer 

at a value of 0.7. 

                                                            
243 OV Khabarova and S Dimitrova, "On the nature of people’s reaction to space weather and 
meteorological weather changes," Sun and geosphere 4, no. 2 (2009). 
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Figure 36. S-value curve when generating a storm 

If this system was to be used in a practical sense, the S-value would include 

small random fluctuations to account for the variability of weather. However, 

this research requires the observation of reactions and must purposefully 

cause a storm to occur. By adding a constant to the end of the equation, a 

storm was guaranteed to occur. 

The visual aesthetics of a storm include rain, lightning, dynamic puddles and 

wetness, and environmental fog. The rain was built as a small section 

surrounding the camera to save on processing power. The particles mostly 

fell straight down, with randomised fluctuations of direction to suit the gusty 

winds. Their purpose was to be present and generally impede the 

participants view, especially view depth. 

Lightning has many variations that largely depend on the type of storm. This 

research focused on a common type of storm that includes a mixture of both 

striking and sheet lightning. If the lightning was determined to be more like a 

sheet, it would have more branches and higher branching angles. Each 

lightning strike was produced in a randomly defined X and Y location within 

the constantly shifting 10km2 storm boundary, whilst simultaneously 
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triggering a thunder audio cue. All lightning strikes were coloured white, with 

a strong glow shader to make it visually threatening. 

As the rain continues to fall, the ground textures shift from their dry variants 

to wet. This is completed through an extra layer mixing with the base textures 

to add reflections and puddles. The feeling of wetness during a storm is 

paramount to convincing the participant of the environmental change that has 

occurred. Finally, the environmental fog significantly reduces visibility within 

the scene, darkening peripheral vision and obstructing the standard 

landscape. It is hoped that the navigational markers become more prominent 

when a storm is fully engrossing the participant as shown in Figure 37. 

 

Figure 37. The middle of a storm 

The culmination of the two environments is the result of many design 

elements combining to generate a rich, complex, and potentially awe-

inspiring experience. To confirm the complexity and accuracy of the designed 

environments, they are to be analysed for their fractality.  
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Fractal Analysis 

Each of the environments was produced using fractal calculations. 

Therefore, it is anticipated that the resulting fractal complexity would match 

that of a real environment. The analysis is divided into two sections: 

landscape traversability and visual complexity.  

Landscape Traversability 

The island environment was built to connect to an infinite plane, having “zero 

edges” all around the outside as demonstrated in Figure 38. This flattening 

of the plane impacts the overall fractal dimension, even though the landscape 

underneath sea-level cannot be accessed by the participant. The traversable 

area all sits within 50% of the overall tonal space due to the height of sea-

level. 

Figure 38. Island landscape heightmap 

The fractal dimension of the heightmaps was calculated using “FracLac” and 

“imageJ”. Using the box-counting technique the images were analysed to 

provide a fractal dimension (D). The generated value for the Island landscape 
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was 1.5305D, sitting slightly higher than the optimum range of 1.3D to 1.5D 

defined by Juliani et al.244  

The same method of calculation was applied to the landscape heightmap for 

the Highlands (Figure 39), generating a fractal value of 1.6859D. The 

increase in complexity is largely due not having “zero edges”, with the 

landscape continuing its undulation throughout. This value is far more 

accurate to natural landscapes (approximately 1.7D) and should provide a 

level of complexity similar to real environments. Level of comfort when 

traversing the landscape will be impacted and behavioural reactions will be 

noted. 

 

Figure 39. Highlands landscape heightmap 

                                                            
244 Juliani et al., "Navigation performance in virtual environments varies with fractal dimension of 
landscape." 
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Visual Complexity 

The complexity of the visuals displayed to the participant will fluctuate with 

the transformation of the environment. There are numerous versions of the 

scene to capture as each environment exists with static and procedural 

weather systems, and the procedural weather environment will look different 

during clear weather and stormy weather. Therefore, the analysis considers 

one static image and two weather images from each environment, totalling 

six analysed images. 

The Island environment produced a range of fractal values that were slightly 

above expected results. The static image (Figure 40), was calculated as 

1.7807D. This can be attributed to the positioning of the static light in the 

scene, as well as the apparent gradient from the light flare. Overall this 

demonstrates a highly complex scene, which was maintained throughout the 

entire experience. 

 

Figure 40. Island static weather fractality 

The weather variant for the Island environment produced more appropriate 

results, with ‘fine weather’ images (Figure 41) ranging from 1.5282D to 

1.7107D based on angle of the sun. The Islands ‘storm’ image was calculated 

at 1.6651D demonstrating a lower complexity, and by association less visual 

stress, than the static weather variant. 
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Figure 41. Island procedural weather fractality 

The Highlands environment produced values that are more consistent with 

natural environments, with the static variant calculating as 1.6845D, whilst 

the ‘fine weather’ image (Figure 42) equalled 1.758D and the ‘storm’ image 

equalled 1.8805D. This progression in complexity is in line with natural 

occurrences and is a clear indicator of the level of realism achieved by each 

environment. The clear weather environment is more complex than the static 

and the stormy environment is the most complex visual calculated in this 

research. All calculated fractal dimensions are included in Appendix 1.5.  

Figure 42. Highlands procedural weather fractality 
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Conclusion of Fractality 

For the purpose of this research, it is argued that participants identified as 

potential audiences for VR possess creative personas, therefore having a 

preference to slightly higher levels of complexity. This is also altered by the 

medium of delivery, with HMDs completely replacing the perspective of the 

participant, the mode of movement and peripheral vision can allow for higher 

fractal dimensions for terrain and overall visual complexity. 

Results 

The study results are broken into two sections. The first covers the statistical 

analysis of quantitative data, from subjective responses and cognitive 

measurements, collected during the trials. The second section looks at the 

qualitative observational study, including participant verbal cues, physical 

reactions, and perception of the differing game environments, described here 

as the Control (location randomly selected as Island or Highlands) and the 

Weather enhanced environment (opposite location as Control with weather 

implemented). 

Statistical Analysis 

This trial involved 24 applicants in total. Throughout the process of initial 

screening through the potential for VR use questionnaire, the number of 

participants was reduced to 13. Due to bias control factors, 3 of these 

participants were removed from the trial group resulting in 10 (n) participants. 

Participants ranged in age from 18 to 45 years and were made up of 2 

females and 8 male participants. Participants reported time spent gaming per 

week to average 15.1 hours, ranging from 2 hours to 40 hours, and a 40% 

subjective satisfaction rate when considering actual amount of gaming in 

comparison to preferential amounts. Furthermore, 4 of the 10 participants 

reported having previous experience using HMDs for VR experiences, with 

3 of those having extensive experience. 
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Overall Participation Duration 

Each participant was instructed to experience each environment as they 

desired for a minimum of 10 minutes each. Participants were given a verbal 

notification when the 10 minutes was reached and instructed further to 

continue until they would like to stop. The average duration of experience for 

the static weather environment was 16 minutes and 22 seconds, with a 

minimum of 11 minutes 10 seconds and a maximum of 25 minutes 46 

seconds. Comparatively, the average duration for the procedural weather 

environment was 13 minutes and 10 seconds, with a minimum of 10 minutes 

14 seconds and maximum of 21 minutes 34 seconds. This demonstrates a 

significant reduction in time spent in the procedural weather environment in 

comparison to the static weather variant. 

The main conclusion that may be derived from these results is that the 

participants appear to have a lower level of tolerance when experiencing 

more complex environments. As discussed in the earlier section on fractal 

complexity, this level of complexity can generate stronger physiological 

responses. Another important aspect of participant tolerance is their current 

level of adaptation into these environments. As a majority of participants were 

inexperienced VR users, they may have been able to tolerate a more static 

environment without having undertaken significant steps towards adaptation 

to the procedural environment.  

Angle of Perception 

The focal point of the participants was analysed as an average for each 

fifteen second block throughout the experience, divided into four sections: all 

above (value = 3), mostly above (value = 2), mostly below (value = 1), and 

all below (value = 0) the horizon. This measurement was defined as integers 

on a scale of 0 to 3 inclusive and aims to determine if the movement of 

weather was able to manipulate the focal point of the participant. This was 
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calculated in broad measurements, defined by time spent looking above the 

horizon or below the horizon.  

Figure 43. Focal point from horizon in static environment 

As demonstrated in Figure 43, the static weather environment produced an 

average value of 0.8 demonstrating minimal participant focus above the 

horizon, with all of the focus extending above the horizon being on the 

spires/ruins. The majority of time was spent observing ground cover, props, 

and exploring the teleportation mechanism. Comparatively, the weather 

environment produced an average value of 1.33 demonstrating only a small 

increase in time spent focusing above the horizon, with the majority of focus 

still being below the horizon as shown in Figure 44. The slight shift in focus 

can be attributed to the weather, as participants were observed to be 

perceiving movement of the clouds, rain streaks, and strikes of lightning. 
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Figure 44. Focal point from horizon in weather environment 

Average Presence Question Response Delay 

Each participant was asked a single question midway through experiencing 

each environment to loosely measure their sense of presence using the 

Witmer and Singer system.245 This question was audibly delivered to the 

participants in a non-critical moment of the experience to prevent impact on 

cognitive tasks. The aim was to collect this information authentically through 

objective measurements instead of retrospective subjective responses 

provided by the participant. The graph shown in Figure 45 demonstrates the 

time taken to respond to the question, with “no response” being displayed as 

a value of 0 and being discarded from average calculations. The average 

response time was calculated as 1.24 seconds for the static environment and 

1.4 seconds for the weather environment.   

                                                            
245 Witmer and Singer, "Measuring presence in virtual environments: A presence questionnaire." 
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Figure 45. Response time per environment 

Timeframe Before Storm 

Due to the implementation of the S-value, the development and initialisation 

of the storm was largely based on movement speed throughout the 

environment. As participants were required to experience the storm within 

the trial, a constant increase towards a storm was also included making a 

storm inevitable. The average time for the S-value to reach 1 (when a storm 

occurs) was 8 minutes 23 seconds, with the shortest timeframe being 7 

minutes 37 seconds and the longest timeframe being 10 minutes 43 seconds. 

The disparity between shortest timeframe to average timeframe, and longest 

timeframe to average timeframe is attributed to the capping of the S-curve 

(rate-of-change) and the very low number of teleports completed by the 

participant of the longest timeframe. 

Teleport Frequency 

Participants movement speed throughout the environment was measured by 

number of teleports per minute. Each movement ranged from 20 centimetres 
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to 2000 centimetres based on the trajectory of the teleport projectile and 

height difference of current location to teleport destination. Only the weather 

environment was analysed, as both clear weather and stormy weather was 

incorporated in the same environment. Participants averaged 302.1 teleports 

through the entire experience of the weather environment, with a minimum 

of 62 and maximum of 633 teleports. The four participants with prior VR 

experience significantly increased the teleport count, with the median being 

199 for the duration of the experience.   

Figure 46. Total Teleports by Participant 

The teleports were broken down into minutely divisions to demonstrate 

movement and distance travelled at each point throughout the experience 

shown in Figure 47. Each participant was measured and plotted individually, 

with 0 being the least teleports recorded for a single minute, and most 

teleports per minute recorded as 101. The graph portrays a clear difference 

of movement patterns between participants, however between 8 minutes and 

11 minutes there is an apparent reduction in teleports with the faster moving 

participants getting closer to the slower moving participants in the range of 5 

and 19 teleports during the 10th minute. 
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Figure 47. Teleport Frequency per minute (Weather Environment) 

To gain a clearer picture of teleport frequency by participant type, the 

information was divided into ‘VR Experienced’ and ‘VR Inexperienced’ 

graphs. The variation in habits of movement between the two groups is 

significant, with each participant in the experienced group following a similar 

trend (Figure 48), and the inexperienced group following no form of pattern 

or trend (Figure 49). The arrival of the storm has a visible impact on 

movement speed in the experienced group, with an average teleport 

reduction of approximately 50% between ‘fine weather’ and ‘stormy weather’. 

A similar impact on movement due to ‘stormy weather’ was not calculated for 

the inexperienced group. 
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Figure 48. Teleports Frequency per minute (VR Experienced Participants) 

 

Figure 49. Teleports Frequency per minute (VR Inexperienced 

Participants) 
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Environment Preference 

Participants were asked if they could determine a preferred environment 

between the two experienced within their trial. It is noted that an even 

variation of weather and non-weather combinations was given to the 

participants, therefore half of the participants experienced a static weather 

island environment and procedural weather highlands, whilst the other half 

experienced the procedural weather island environment and static weather 

highlands, with the weather variant always being experienced last. This 

preference was employed as a counter-measure to pre-existing bias and 

aimed to explain any disproportionate levels of content within the 

environments. 

It was documented that only three participants were able to clearly identify a 

preference of one environment over the other, with two of those participants 

identifying the procedural weather island as their preference, with the last 

participant identifying the static weather highlands environment. Of the other 

seven participants, four were able to identify a preferred environment after 

much deliberation and thought, with the remaining three participants unable 

to identify any form of preference. It is noted that out of all weather and 

environment variations, the procedural weather island environment 

performed the best for user preference.  

The participant that identified a clear preference for the static weather 

highlands environment did so due to self-proclaimed feelings of anxiety and 

unease during the storm in the island environment. The participant continued 

to explain the thought processes within and derived meaning of the stormy 

environment to portray a significant threat and active level of danger. This 

participant was closely monitored during their time in the procedural weather 

island environment as they expressed notions of unease very early into the 

experience. Due to the nature of response from this participant to the 

procedural weather environment they were reminded of their ability to 
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withdraw from the trial at any time, however they were comfortable enough 

to complete the experience. 

Emergent Narratives 

It is important to note the VEs did not contain any forced form of narrative or 

story, instead relying on the participants to construct meaning and purpose 

whilst exploring the environments. A lose connection can be made between 

this form of open world exploration and the tasks we completed in everyday 

life. The previously mentioned ‘navigational markers’ were placed in varying 

locations around the immediate environment to provide wayfinding 

mechanisms, horizon focal points, and assisted in directional orientation. 

Seven participants were documented and observed performing a soliloquy 

of objectives, purpose, and meaning when exploring different areas of the 

environments. Although participants were asked to audibly explain the 

experience as they were immersed in the environment, these soliloquies 

were presented in a manner entirely separate to standard narration and 

documentation. Most statements were made as a quiet whisper, with 

common notions referring to the solitude of the environments, potential for 

people to be present in certain structures, desires to find a boat or water 

vessel, etc. These comments occurred frequently for those participants that 

were observed expressing them.  

The two environments demonstrated a clear starting optional narrative. The 

spawn point on the Island environment was situated at the end of a pier, 

looking towards a large tower dominating the landscape. Alternatively, the 

spawn point of the Highlands environment was most of the way up the largest 

hill overlooking an expansive valley. It was observed that the initial actions of 

all participants in the Island environment travelled from the pier towards the 

large tower, stopping to explore varying finer details along the way. This trend 

was less apparent in the Highlands environment, with six participants moving 
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to the highest point of the largest hill to get a better view before moving down 

into the valley, and the other four participants moved straight into the valley. 

A potential correction to this would be repositioning the initial view direction 

depending on whether the preference is for viewers to go up the hill or down 

into the valley. 

After this initial journey, all participants diverged into varying directions 

looking for other aspects of the environment to peruse. The processes of 

movement were documented as being very similar amongst participants in 

the static weather environment. Participants would remain stationary, 

exploring the landscape for a new navigational marker, then commit to the 

journey. Once they had reached their destination and explored the 

environmental prop, the same process was repeated. Very few times did the 

participants veer off their journey between navigational markers, 

demonstrating a clear requirement for important elements within these virtual 

environments to be prominent within the landscape. This behaviour of 

movement was drastically altered in the weather environments, as the storm 

hindered visibility and significantly affected the ability to find any navigational 

markers or traverse the terrain. 

One participant noted a professional background in constructing narratives 

for interactive entertainment and literature. This participant demonstrated 

tremendous ability to form a comprehensive storyline encapsulating past, 

present, and potential future narrative possibilities within the environments 

during the experience. It was apparent from early stages of the experience 

that the participant had a clear connection to the stylised fantasy design of 

the spatial markers within the environments. The first notable comment 

surrounding a narrative was “This one seems to have an active tower. There 

seems to be a faint glow coming from the top.” 

The participant drew on this connection and history to begin generating a 

comprehensive back story, developing reasoning and explanations for why 
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these objects existed within the virtual environments. Further commentary 

found a connection with Chess, commenting “This tower has fires. A circular 

tower that resembles a chess rook. I guess the other tower resembled chess 

as well, almost like a Queen. Looks like a King and Queen when viewed from 

a distance.” 

Finally, the participant came across the final populated area of the island 

environment, with an extended conversation surrounding the fantasy style of 

the spatial markers. The comments continued as follows: 

“Ok, I can see an angel ahead. Is that a goat-man? Yes, it is. The angel and 

the goat-man.” 

“It seems as though the energy that was coming out of the top tower is 

draining down into the goat-man. Am I going to have to fight the goat-man in 

a later world?” 

“Oh, it’s raining! I’m going to huddle by this nice warm brazier. Now I hear 

the nice fire sound. Maybe I should huddle under the angel’s wings.” 

“I can go for a wander for a bit longer. Oh! Thunder and lightning.” 

“Ok, so we have the angel, goat-man and fire tower. I wonder what the 

chronology might be. It’s not like suddenly I’ll find that there were the Pagan 

folk who worshipped the goat-man, sacrificed souls to try and reanimate him, 

which in turn meant they all died, and the land became abandoned?” 

It should also be noted the storyline developed by the participant played a 

part in instilling a sense of fear and anxiety, demonstrating clear potential for 

the objects populating a virtual space to provoke emergent narratives that 

may draw on all variations of human emotion and response. 
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Observational Analysis 

The observational analysis of participants’ experience is critical in 

understanding the cognitive actions and reactions to specific VE’s. Each 

participant was observed and recorded, through both aural and visual media, 

as they explored each environment. The exploration was to be authentic in 

relation to the storm, as participants were unaware of the difference between 

the static and weather environments prior to experiencing them. This section 

of the results explores the observational information regarding physical 

movements, audible cues, and facial expressions.  

Adaptation Time 

During the experimental trial participants were given instruction to explore 

three different virtual environments; the SteamVR tutorial room, the static 

weather environment, and the procedural weather environment. The trial was 

built to minimise adaptation time by the time participants were experiencing 

the procedural weather environment. 

With the first VE being the SteamVR tutorial, those participants with previous 

experience in VR were comfortable, and occasionally becoming impatient, 

when completing the tasks assigned within this environment. The VR 

inexperienced group were observed as being hesitant and nervous when 

moving in physical space. Hand controls were comfortably comprehended by 

both groups, with all participants able to follow and complete all in-game 

instructions without external prompting. A general sense of enjoyment and 

satisfaction was observed by all participants when completing the interaction 

section of the tutorial, which included the tasks of shooting lasers from the 

controllers and creating interactive balloons. Some participants, all VR 

inexperienced, demonstrated a sense of awe at the realism of movement and 

clarity of visuals when creating the balloons, followed by a genuine 



151 

expression of excitement when they realised they could shoot the balloons 

with the lasers. 

The static weather environment was created as a control environment to 

allow freedom of movement through exploration and overcome teleportation 

or motion sickness issues. The starting point in both environments provided 

a clear perspective of the available space to demonstrate the size and 

opportunity within the environment. Every participant took a considerable 

amount of time to orient themselves before completing their first teleport, with 

the fastest teleport occurring after 16 seconds, and the longest occurring 

after 1 minute 24 seconds. The experienced group was able to start exploring 

the environment much faster than the inexperienced group, as demonstrated 

in the teleport frequencies by group. All participants demonstrated a 

hesitance to movement in the first three minutes, with everyone becoming 

comfortable by the fifth minute. 

When starting the procedural weather environment all participants had 

demonstrated a comfortable level of control with the movement system, 

however the amount of movement was still lower in the first minute. This can 

be attributed to the variation of the environment, as the participant was 

presented with the opposite environment to their first environment (either the 

highlands or the island). This delay in movement was not observed as 

adaptation to movement or the medium in general, instead participants were 

observed in a clear state of awe at the environment with audible gasps and 

expressions of overwhelming size. By the third minute all participants had 

reached a high level of comfort within the environment. 

All participants were given as much rest time as they required between each 

environment, taking a minimum of 5 minutes to ensure no effects from the 

previous environment were being carried into the next. Most participants 

were ready to experience the next environment directly after the 5-minute 

rest, with two participants taking up to 10 minutes rest between each 
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environment. There were no comments regarding motion sickness in any 

environment, with one comment regarding a short frame drop that had no 

impact on comfort as reported by the participant. 

Audible Cues 

As previously mentioned, room-scale and in-game audio of all environments 

was recorded to analyse verbal responses from the participants. This related 

to different areas of observation: environment perception, enjoyment, fear or 

shock, and descriptions of the environment. Some of these reactions relate 

directly to the sensation of awe, with Keltner and Haidt explaining that awe 

is generated from two aspects: vastness and accommodation.246 Other 

reactions are clear emotional indicators for enjoyment or frustration, while 

more again relate directly to explanations for specific reactions or 

undertaking certain tasks. 

Initial Reactions 

Initial audible cues observed when the participant first experienced the 

environment related directly to realism and vastness. All participants made 

mention of the new environment they found themselves in, with a direct link 

to a real environment. First impressions of the Highlands environment were 

expressed through a sense of shock or enjoyment, with participants audibly 

commenting “Wow! This is huge!”, “This is something else”, and “Oh! This 

looks so nice and green.” Eight of the ten participants had the same reaction 

by explicitly saying “Wow” within the first minute of exploring the environment. 

Initial reactions to the Island environment were different, where the sense of 

awe and overwhelming size was replaced with direct recognition of the 

environment itself. Six participants immediately mentioned they were “on an 

island in the middle of nowhere”, with everyone explaining they were standing 

246 Keltner and Haidt, "Approaching awe, a moral, spiritual, and aesthetic emotion." 
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on a jetty. Whilst taking in the initial scene, one participant asked if there were 

any sharks in the water, stating they have a fear of sharks. This fear was 

immediately alleviated when they realised they couldn’t teleport into the 

water. The water and sand were large features in initial responses with all 

participants commenting on the perceived realism and making direct links to 

holiday destinations, with one participant specifically mentioning having the 

sensation of sand between their toes whilst looking at the coastline. This 

demonstrates the initial responses identifying realistic perception of the 

environments before major exploration. 

Regarding Realism 

As participants further explored the environments, it became apparent that 

some design aspects were appreciated, while others were seen as detracting 

from the realism of the environment. Nine of the ten participants noted an 

appreciated of the ground cover, including the based textures of sand, grass 

and rock, as well as the physical grass and boulders visible throughout both 

environments. This appreciation was based on the density of the ground 

cover, as well as the natural variation of both plants, grasses, and rocks. 

Furthermore, eight participants expressed their mock disappointment after 

attempts to run their hands through the grass, touch the rocks, or put their 

feet in the water. This demonstrates a clear desire for hapticity in virtual 

environments as a form of interaction. When prompted to provide more 

details on their actions, participants provided similar statements including “I 

thought it would be nice to feel the plants. They look good and I wanted to 

know what they felt like, even knowing they weren’t real.” The extreme of this 

was one participant getting down on to hands and knees and trying to crawl 

through the tall grasses. 

The detracting design elements within the environments related mostly to 

“floating”, “invisible”, and repeating objects. Three participants noticed a rope 

in the island environment that was protruding at an unnatural angle without 
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any force or impacting object. The main comment defined it as a known error, 

saying “yeah…I don’t think that’s how ropes work, and I can’t even grab it to 

fix it!” This demonstrated a point of presence reduction, where the participant 

clearly noted a break in realism. Other elements attracting audible responses 

were floating objects, that had clear visible space between them and the 

environment, and invisible objects, where the participants could teleport 

inside rocks and buildings with a clear visible path from inside out. As these 

technical issues were not part of the observational experience, participants 

were provided brief instructions to fix the error and proceed with the 

experience. As participants enjoyment levels were demonstrated as high, 

these errors did not have any visible impact on their perception of the 

environments. 

Verbal Weather Responses 

Weather was incorporated as a single skyscape, including procedural 

variants from clear sky to thunderstorm. All participants noted the complexity 

and realism of the clouds early while experiencing the weather environment, 

occurring when separate clouds were discernible. Common reactions were 

observed as mild admiration and approval due to the environment “including 

all of the small details.” Additional responses commented on the clouds’ rate 

of movement, noting the accuracy of the movement for a virtual environment. 

One comment in particular noted “the clouds are moving quickly, and they 

are giving me a good sense of time, but if they were moving any faster it 

would feel too unrealistic, or any slower and I probably wouldn’t have noticed 

them.” These initial responses to the clouds were the only direct comments 

whilst perceiving the sky itself. 

Further comments relating to the sky and weather were secondary, with nine 

of the ten participants noting “cold” and “warm” sensations. The comments 

regarding being cold occurred when the sun passed behind clouds as it 

created a darker environment, and comments regarding warmth occurred 
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when the sun came back out and the environment became brighter. These 

comments were compounded once the storm had arrived with six 

participants making direct reference to feeling “wet” when the rain was falling. 

This was generally followed by actions to find a dry location within the 

environment, and comments of displeasure upon the realisation they couldn’t 

find cover. Furthermore, three participants found the location of an open fire 

during the storm, with all making comments regarding “warmth” and “safety” 

whilst being positioned next to the fire. 

When the storm arrived, every participant expressed a level of uncertainty of 

what was occurring. Most participants lifted their hands to their face stating, 

“Is that rain?”. Those participants that observed a distant strike of lightning 

before the rain started to fall were unsure of what the flash represented. One 

participant thought it was in error, asking “There was a bright flash just now. 

What was that for?” 

Physical Observations 

All observed verbal responses occurred in tandem with physical reactions. 

Physical reactions were documented due to their relevance to freedom of 

movement, level of presence, and response to weather. Reactions were 

recorded as observed cognitive actions and subjective realised actions. 

Freedom of Movement 

Movement throughout the environments was seen to be mostly unhindered, 

with obstacles being accounted for and overcome with relative ease. 

However, whilst traversing steeper sections of the landscapes, four 

participants were observed becoming off-balance and unsteady. When 

prompted to explain their current situation, they all mentioned a disparity 

between the physical location of their feet and the perceived slope of the 

virtual environment. It was confirmed they were becoming confused between 

both virtual and real environments, with accommodation occurring soon after. 
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As an extension, three participants made similar comments regarding hills, 

stating, “It feels like I can’t get up there. It’s almost like I need to exert myself 

to reach the top.” This exertion was translated into a physical barrier for one 

participant, who chose to teleport around the hill to find a smaller slope to 

traverse. Interestingly, these three participants were observed to take a short 

break once reaching the top, visibly breathing heavier. 

Level of Presence 

Whilst navigating the environments, eight participants teleported to a location 

positioning an object very close to them. A visible physical movement was 

observed as the participants allowed space for the virtual objects. More 

prominent actions of this nature were noted when participants were too close 

to statues, with rapid head movement demonstrating a desire to move away 

from these objects.  

As previously noted, these eight participants were also observed trying to 

physically interact with the virtual environment, running their hands through 

the grass, scratching the rocks, grabbing the rope, and putting their feet in 

the water. These actions all represent a strong level of presence within the 

virtual environment, with a desired level of interactivity replicating real 

environments. 

Weather Response 

All participants began the weather environment experience in a bright, sunny 

location. Body language demonstrated during this moment was noted as 

“open body language”, defined as upright posture, open shoulders and a 

horizontal perspective. All participants physically expressed a sense of 

comfort during this initial period. As the environment evolved over time, the 

environment became darker through the occurrence of cloud shadows and 

the thunderstorm. During these darker moments, seven participants 
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demonstrated clear “closed body language”, defined as turned in shoulders 

and a reduction in posture. This body language was observed while 

participants made comments regarding feeling cold. Two participants were 

observed briefly having “shivers”, whilst another three participants asked if 

the air-conditioning had been changed.  

For the duration of the storm, all participants body language was varying 

degrees more “closed” than the “open” body language noted at the beginning 

of the experience. This was coupled with visible physical recoil at the direct 

sight of lightning strikes. Participants were observed to present shock and 

fear at seeing and hearing lightning and thunder that were perceived as being 

particularly close. 

Delay in Identifying Weather 

As the trial was completed without participants having prior knowledge of the 

weather system, the delay before recognition of the weather was important 

in determining perceptual hierarchy and importance. The importance placed 

in weather within virtual environments provides the ability for game designers 

and cinematographers to put greater emphasis on the sky during design 

processes. Two points of weather recognition were noted: the evolution of 

clouds and the arrival of the storm. 

Cloud Evolution 

When entering the procedural weather environment, participants were given 

a direct view of the clouds in the sky. All initial comments referred to the 

landscape and surrounding physical objects, with no participants first 

comments regarding the sky. Nine participants made mention of the clouds 

moving, and their perceived level of realism, between 30 seconds and 4 

minutes into the experience, with one participant making no mention, or 

physical acknowledgement, of the clouds. All recorded responses regarded 

the evolution of the clouds in a positive manner, with three participants 
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analysing the clouds and expressed attempts to predict how they were 

created. 

Arrival of the Storm 

As previously mentioned, no participants anticipated the arrival of the storm, 

with a common reaction of uncertainty and doubt being prevalent. Overall, all 

participants acknowledged the arrival of the storm within 15 seconds of it 

starting. Nine participants made physical adjustments to their behaviour soon 

after, with the tenth participant remaining stationary and critiquing the quality 

and accuracy of the storm. It was observed that all participants made no 

attempt to predict the arrival time of the oncoming storm as their focus was 

directed towards areas below the horizon.  

Documented responses and observational recordings both demonstrated a 

reaction to “secondary” effects of the storm before the storm was referred to 

directly. This includes seeing the rain falling within the participants peripheral, 

lightning striking within the visible spectrum, and hearing noises within the 

environment that portrayed rain and thunder. All participants noted a 

significant adjustment of lighting as the storm arrived, however, they did not 

correlate the shift in lighting to an incoming storm until after the storm had 

begun. 

Directing Attention 

As previously mentioned in this research, one of the design considerations 

for storytelling within open world immersive environments is directing 

audience attention towards a point of focus. In cinema this is done forcefully, 

only allowing the important information to sit within the visible frame. When 

the audience has the ability to look wherever they desire, as is the case when 

using virtual reality headsets, this becomes a more complex issue. The 

observations in this section are generalised as all participants demonstrated 

similar behaviours in relation to the design elements existing in the VE. 
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During the periods of clear weather within both variations of environment, it 

was observed that no distinct visual element was able to consistently demand 

the attention of the participants. All participants explored the foliage, 

landscape, skyscape and environmental structures at different times with no 

definable attractor. Only two distinct moments were identified as clearly 

demanding the attention of participants; the arrival of the storm and the clear 

night sky.  

The first moment, during the storm, occurred when the lightning strikes were 

visible and audible within the environment. As the environment became 

darker, the strikes of lightning were more dominant (see Figure 50). This 

contrast of brightness within a dark environment was enhanced by spatial 

audio, pinpointing the location of the lightning strike. When this combination 

occurred, participants were observed quickly reacting whilst attempting to 

see where the lightning was located. By directing participants attention to the 

strikes of lightning, as they occurred in randomised locations, the speed of 

movement was significantly decreased.  

 

Figure 50. Lightning strike across dark skyscape. 

The second definable moment, the starry night sky, was an unexpected 

outcome. Participants were observed watching the dark clouds slowly move 
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across a virtual representation of the ‘Milky Way’ (see Figure 51). A sense of 

calm and decreased levels of movement were noted during this time. This 

may be attributed to the low level of visibility due to the only light source being 

the Moon.  

Figure 51. Night sky – stars shining through the clouds. 

Discussion 

It is evident all participants experienced a high level of excitement and 

satisfaction within the provided VEs, especially when initially being 

introduced to the spaces. Participants were asked to complete a minimum of 

10 minutes within each VE, being notified when this milestone was achieved. 

The common reaction was that of mild shock that 10 minutes had already 

passed in the given time. All participants believed time to be moving more 

slowly, and a sense of disappointment was observed, even after being 

reminded they could explore the VE for any amount of time they desired. It 

could be argued that due to the nature of the experiment, participants were 

being polite and stopped exploring so as to not take up too much time. 
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In direct contrast to hypothesised actions, participants demonstrated a 

resistance to focusing on the developing and shifting skyscape in the 

procedural weather environment. This may be explained by two factors; the 

ergonomics of virtual reality systems does not promote focus above the 

horizon for extended periods of time and experiencing weather does not 

require direct attention to be given to the weather, instead relying on the 

secondary cues and effects within the environment. To verify this human 

behaviour, each of these factors must be explored in more detail. 

In his thesis, Mike Alger, a VR designer at Google, explores the ergonomics 

of user interfaces within virtual reality operating systems.247 Alger’s 

evaluation focuses specifically on the idea of volumetric spaces and 

interfaces within VR environments, identifying comfortable regions for spatial 

perception. Alger’s work builds from the existing design framework 

developed by Alex Chu.248 In his seminar in 2014, Chu describes 

fundamental values for distances, angles and spaces that relate to perceived 

depth in VR. A specific list of dimensions was produced as a guideline for 

user interfaces in particular.249 

247 Mike Alger, "Visual design methods for virtual reality," Ravensbourne  (2015). 
248 Alex Chu, "VR Design: Transitioning from a 2D to a 3D Design Paradigm/Alex Chu" (paper 
presented at the Samsung Developer Conference, 2014). 
249 Ibid.,  
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Figure 52. Defined zones in perceived virtual space.250 

Using these dimensions, Alger was able to define different zones within 

virtual environments; the comfortable content zone, the peripheral zone, the 

curiosity zone, and the no-no zone (see Figure 52). These values are then 

transformed into a 3-dimensional representation of the human and virtual 

comfort zone. This comfort zone demonstrates a majority area positioned 

below the horizon (see Figure 53). 

250 Alger, "Visual design methods for virtual reality." 

Image removed
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Figure 53. The comfortable touch UI zone by Mike Alger251 

Alternatively, when participants were questioned about their perception of the 

weather within the virtual environments, they all noted a clear understanding 

of the shift in the weather. Reasoning presented by the participants 

suggested they were able to identify the evolution of the weather through 

secondary senses instead of focusing on the clouds directly. Comments of 

interest noted the ability to track the density of clouds by watching the 

shadows crossing the landscape, peripheral focus of the horizon providing 

cues for light and dark, and audible cues announcing the arrival of the storm. 

It is suggested the reliance on these secondary senses is derived from 

experiencing the real world and the familiarity of photo-realistic virtual worlds 

allows for a direct correspondence of human behaviour. 

Another common documented behaviour was the physiological responses to 

the virtual environments, specifically comments regarding sensations of hot, 

cold, and feeling wet. These sensations were experienced during a range of 

events, starting with gentle shifts like the clouds moving in front of the sun 

251 Ibid., 

Image removed
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and causing brief moments of shadow, to debilitating darkness and torrential 

rain. These sensations also adjusted participants behaviour within the 

environments. The natural reaction to seek shelter or perceived warm areas 

like the fire braziers also points towards a clear ability to deliberately change 

emotional and physical responses of audiences within virtual reality 

environments. 

An observation of increasing interest was the navigational power of 

landscape markers within the environments. Participants were observed 

‘mapping’ journeys towards destination markers instead of loosely exploring 

the environments. After the initial perception of the space, the most common 

reaction was to identify a destination point, which was almost always a 

structural prop positioned as a navigation marker. Once the participants 

decided on a destination they were observed to plan their journeys. This 

process of ‘planning’ and ‘travelling’ was dominant with all participants. 

Interestingly, it is apparent these navigational markers don’t require any form 

of distinguishable form as the structures used within this trial were chosen 

due to their irregularity and rarity if seen in the real world, therefore creating 

a juxtaposition against the realistic environment. The proposition from this 

observation is the ability for a content creator to evaluate the purpose and 

location of positioned landmarks against their chosen narrative. Utilising 

these markers can potentially lead to a stronger delivery of a story. 

Other observations relevant to the creation of storylines were the narratives 

generated solely by the participants whilst within the virtual environments. 

These subsets of story arcs were intriguing to analyse, with associated 

meaning being assigned to inanimate objects, and environments being 

visually conceived during the process of exploration. It was an unanticipated 

result of the experiment, to analyse the humble self-utterance of participants 

whilst they were completely engrossed within the environments. Examples 

of the minor stories and associated histories include reasons for a complete 
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lack of identifiable life forms, the potential to be rescued from a deserted 

island, and a personal favourite involving significant variations of magic and 

warfare having occurred in recent history. This demonstrates the strength of 

imagination along with the ability for narratives to be contextualised to 

become unique to individual audience members.    
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Chapter 5: Conclusion 
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This research aimed to identify the role of procedural weather on narratives 

in virtual environments, focussing on virtual reality as the medium of delivery. 

The theoretical exploration of traditional forms of narrative in media provided 

the relational aspects between cinema, videogames, and virtual reality. 

Although defined as separate media, common design aesthetics exist 

between them. This includes the implementation of weather to impact 

audience response to narratives. Where videogames generally focus on 

weather as cosmetic, cinematographers have long heralded the importance 

of weather to portray stories to audiences. This demonstrates a potential 

intersection of theoretical frameworks between ludology and narratology as 

a method of delivering new experiences within an emerging medium. 

The console experiment provided data regarding user experience of weather 

within all forms of virtual environment. Specifically looking at perceiving the 

virtual space through a flat screen, it was evident that participants had a 

prevalent predisposition to weather in VE’s. These findings provided a strong 

framework for relatable design processes when moving into a device with far 

superior forms of sensory immersion. The virtual reality experiment 

introduced procedurality of the environment, along with landmarks as spatial 

markers to allow for an emergent narrative. Participants were drawn to the 

landmarks, forming their own narrative pathways throughout the 

environments. 

The impact on immersion and presence between the experiments was 

evident, as the sensory information provided from each version of the 

technology differed greatly. It can be concluded, as was originally noted in 

the background research, that virtual reality HMD’s provide considerably 

higher levels of presence and immersion. Also, of interest were the results 

regarding photorealism within the first experiment. It was anticipated that the 

level of photorealism produced when constructing the environments for the 

first experiment was far higher than was demonstrated in the data. This 
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describes the catalyst for redesigning and developing environments in 

separate software (Unity vs. Unreal) to achieve even higher levels of 

aesthetic realism, prompting the need for higher specifications of hardware 

to run the environments. 

It is evident that strong examples of storytelling in VR already exist, with the 

most prominent example being Allumette by Penrose Studios.252 It is 

interesting to note the level of empathy experienced by audiences in the 

portrayal of an emotional narrative devoid of narration. Allumette relies 

heavily on animation techniques to drive the story, and simplistic 

environments to direct the audience’s attention. When progressing into 

higher levels of realism, it was hypothesised that alternate design aspects 

are required to effectively deliver the narrative, prompting the experimental 

design processes explored within this research.  

Narrative Identification 

A considerable range of weather variants were described in the ‘State of the 

Industry’ section to outline the possibilities outside of the sunny skies and 

summer storm presented in this research. Each variation of weather, be it 

snow, dust storm, or cyclonic winds, are utilised in video games to describe 

an environmental context to the user. These variations are also prevalent in 

cinematography as a way of portraying emotion to, or triggering a behavioural 

response from, audiences. Marks and Polan define this method of appealing 

to the viewer’s senses as “narrative identification”, stating “Characters are 

shown eating, making love, and so forth, and we viewers identify with their 

activity.”253  

The direct link is drawn in human behaviour, where a viewer will directly 

relate behaviour with the character. However, this method extends beyond 

252 Studios, "Penrose Studios - Introducing Allumette". 
253 Laura U Marks and Dana Polan, The skin of the film (Duke University Press, 2000). 
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human behaviour, with it being common for cinema to evoke sensations 

through intersensory links. These links produce unexpected outcomes, 

where a visual cue can invoke a smell (food, flowers, rubbish), or an acoustic 

cue may invoke a tactile sensation (blunt force impact, chalk on chalkboard), 

and is commonly known as “synaesthesia”. Understanding which feeling, 

behaviour, or sensation is associated to a specific environment becomes a 

powerful instrument. Results from the virtual reality experiment identified 

specific situations that generated synesthetic links within each of the 

environments. The situations and their respective reactions are discussed 

below. 

Sandy Beach: The island environment contained a significant expanse of 

beach, with visuals of yellowy white sand and calm water, and audible 

lapping of water reminiscent of the ocean. Physical reactions include 

attempting to dip toes in the water, sensation of sand between toes, and the 

smell of ocean air. Audible reactions include notions of warmth and comfort. 

Mountain Top: The starting location for the highlands landscape was atop a 

large hill with a considerable view distance. Green grass, flowers, and distant 

hills populate the environment, with an audio loop of soft gusty winds. 

Physical reactions included attempts to pick flowers and run hands through 

the grass. Audible reactions include notions of isolation, feeling cold, and 

exertion when teleporting along steep slopes.  

Sunshine through clouds: The weather variant of each environment began 

with a bright, sunny day, with few clouds populating the sky. The Sun and 

clouds slowly moved through the sky. Physical reactions include participants 

using the in-game hands to shade their eyes, as the sun was noted as being 

bright. Audible reactions include comments regarding sensations of cold and 

heat when the sun moved behind and out from behind the clouds. 
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Lightning and Thunder: When the storm has set in, strikes of lightning are 

very bright, with a strong bloom effect attached to them. Lightning strikes are 

soon followed by audio of thunder, spatially directed towards the associated 

lightning. Physical reactions were similar to a jump scare in the initial 

instance. Only visual cues of lightning that were dominant in the participants 

peripheral were able to effectively capture attention, with all audio prompting 

a reaction. Audible reactions were reminiscent of awe when viewing natural 

phenomena. 

Due to the immersive nature of the virtual reality technology available, this 

research has demonstrated it is possible to generate narrative identification 

for VR storytelling. By constructing environments conducive to naturally 

perceived experiences, the experience designer has the potential to invoke 

sensations associated to previous experiences through intersensory links. 

Adaptation 

The requirement to design an environment that allows for adaptation is a 

unique scenario for the current generation of technology and viewers. As 

discussed, the results from the VR experiment demonstrate required 

timeframes to allow for perceptual adjustment between real and virtual 

worlds. Times ranged from a minimum of 16 seconds for an experienced VR 

user, up to 2 minutes for an inexperienced VR user.  

As experience designers, we must consider the users agency when 

constructing virtual environments. In future generations of VR users, this 

level of adaptation will likely be reduced, potentially by a significant amount. 

However, the recommendation from this research is to initially place the user 

in a position where the virtual environment is relatively static, demonstrating 

clear ambience and orientation within the space. After the appropriate 

adaptation timeframe has passed, the dynamic elements within the 

environment may begin to develop. 
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Freedom of Movement 

Another component for understanding user agency in virtual environments is 

freedom of movement. Initial comfort, speed, and accuracy of movement was 

significantly different between experienced and inexperienced VR users. 

When considering the total number of teleports completed throughout the 

experience, there is a clear variance of approximately 580 to 180 teleports 

for experienced and inexperienced VR users respectively. It can be 

concluded that participants with previous VR experience were more 

confident and “free” when exploring the virtual environments. 

Important to note is the level of impact of the occurring storm on the user’s 

freedom of movement. When considering the variance in the overall 

teleports, all users reduced their movement speed to similar levels of 7 – 20 

teleports per minute during the climax of the storm. As a design process, it is 

evident that freedom of movement can essentially be limited by 

environmental factors, which in this research was an intense storm. 

Emergent Narratives 

The unique form of exploration available in virtual reality prompted 

unexpected participant behaviour observed by the research team. At varying 

points throughout the experience, some participants were heard giving 

remarks through soliloquy. It is uncertain whether it was the technical 

immersion and the reduced sensation of “being watched”, or the comfort of 

the testing environment that allowed these participants to freely express their 

choices and inner monologue aloud. However, the information collected from 

this expression identified interesting deliberation over directional movement 

choices as well as the construction of emergent narratives. 

The architectural spatial markers placed throughout the environments were 

highly successful in delivering navigational landmarks and prompting 



172 

participants to continue to explore the environment. All of the architectural 

elements fit within a single theme, however without explicit context they were 

interpreted in many different ways.  

It is concluded that substantial potential exists for the impact of procedural 

weather in the implementation and delivery of narratives within virtual reality 

environments. Using aspects of experiential design, participants were 

observed interacting with the virtual environments naturally, with minimal 

intervention and prompting from the research team. Observed participant 

responses and reactions to photo-realistic environments were beyond 

anticipated levels, demonstrating clear potential for physiological responses 

to be greater than those experienced in traditional forms of media. Natural 

evolution and creation of storylines and narratives were also prevalent 

throughout this experience, with participants generating unique perspectives 

on the environments and their details.  

The results demonstrate a clear adjustment to user experience and 

behaviour when procedural weather is experienced. This adjustment 

manifests itself in the form of both emotional and physiological responses, 

clearly demonstrating the ability to manipulate user reactions and self-

directed journeys. These findings suggest a direct link between virtual 

weather systems and the delivery of a ‘story’, therefore demonstrating the 

ability to drive narrative through the purposeful use of weather in virtual 

environments.  

Serving as a basis for experiential design within VR, this research provides 

direction for additional experimental design techniques to further drive 

storytelling in VR. As the guidelines for cinematic storytelling are well-

founded through years of experimentation and testing, it is proposed that the 

evolution of VR storytelling guidelines will be founded in user experience 

design based on the analysis of human behaviour. 
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Chapter 6: Future Directions  
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The research contained within this thesis provides a foundational evaluation 

of the impact photo-realistic procedural weather has in delivering narratives 

to viewers in virtual environments. The presented observational studies 

provide a strong base position of this impact, however, there are numerous 

potential extensions to this position that will bring further clarity to the 

understanding of weathers’ impact on narratives in virtual environments. 

Specifically, the implementation of differing variants of weather may provide 

varying levels of behavioural response within their virtual environments. A 

progressive environment that evolves from a windy mountain scape to a 

blustering snow storm may provide a physiological response similar to that 

of feeling exceedingly cold. Walking through an expansive desert 

environment in the blistering sun may cause a sensation of heat and 

exhaustion. Cue a desert storm and this physiological response has 

significant potential to change, perhaps rapidly. 

There are many other possible variations of weather to be implemented 

within virtual environments, extending beyond the rolling summer storm 

utilised within this research. These environmental variants were described 

through this research as they have been implemented within commercial 

videogames. As storytelling and narrative in VR is positioned between the 

ludology and narratology dichotomies of videogames and cinema, the 

amalgamation of the two environmental designs within VR environments 

presents great potential for storytelling outcomes. To further solidify the 

accuracy of this statement, it is important to continue to develop research 

methodologies towards more concrete forms of data collection. 

It has been identified that higher levels of precision are required when 

measuring the physiological responses of participants experiencing VEs. As 

discussed in this literature, user experience has historically been measured 

through sets of surveys and questionnaires. Collecting data in this way 

introduces the possibility for subjective analysis of the participant to impact 
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on their responses and ultimately shift the set of collective data, or 

alternatively, a bias from the researcher. It is proposed that future methods 

of experimentation employ more accurate systems than those implemented 

within this research to measure participants physiological response. 

Biometric measurements can be obtained through numerous methods, with 

each providing critical information to form the entire perspective of human 

behaviour. The measurements that have the potential to provide important 

information to this research are listed in Table 4.  

Biometric Measurement Purpose of data 

Eye Tracking 

Used to detect visual attention in real-time 

situations. Colour-coded heat maps can 

demonstrate points of focus for areas of 

interest. Can also measure pupil dilation. 

Facial Expression 

Analysis 

Used to gain deeper insights into human 

emotional reactions. More difficult to 

implement when testing with HMD. 

Electroencephalography 

(EEG) 

Used to detect emotional and motivational 

processes by monitoring electrical activity of 

the brain.  

Galvanic Skin Response 

(GSR) 

Can measure emotional arousal and stress 

by measuring changes in the conductivity of 

skin. 

Electrocardiography & 

Electromyography 

(ECG/EMG) 

Used to track physiological responses of the 

cardiovascular systems. Can determine 

accurate human behaviour without relying on 

visible signs. 
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Table 4. Biometric Measurements for Human Behavioural Research. 

Further experimental trials will need to be conducted on larger cohorts of 

participatory subjects, as the final experimental trial in this research was 

conducted on a small focus group. Although incredibly useful information in 

itself, it cannot be treated as statistically significant data. However, as the 

technology continues to be developed and accepted by larger portions of the 

general public, new industries and fields will find ever evolving uses for the 

technology, meaning these findings will become more useful in defining the 

experiential design processes implemented by designers.  
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Appendix 1: Data Collection Mechanisms 

Appendix 1.1: Experiment 2 Initial Questionnaire 
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Appendix 1.2: Experiment 2 Information Sheet 
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Appendix 1.3: Experiment 2 Consent Form  
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Appendix 1.4: Post Experience Interview 

What are your overall thoughts about the experience? 

Can you explain the difference between the two environments? 

Do you feel you would have noticed the difference if there was more 

interaction within the spaces? (being able to blow up balloons and shoot 

lasers) 

What drew you to the clouds? If they were moving faster would you have 

noticed them sooner? 

Do you feel you would have noticed the sky if the towers/statues were not in 

the environment? 

Do you have a preference of environment? Please provide reasoning for your 

choice. 

What is your favourite holiday destination? 

With the lightning occurring, in real life, would you seek cover or stay and 

watch? 

Did you feel threatened by the storm at any stage? 

Did you feel any lightning strikes were close? 

If the weather was swapped between the environments, do you believe your 

experience with each environment would differ? 

Any other comments you would like to provide: 
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Appendix 1.5: Experiment 2 Fractal Dimension Values 

 

Island Static Weather 1 

D = 1.7807 

 

Island Weather 1 

D = 1.6651 

 

Highlands Weather 1 

D = 1.8805 

 

Highlands Weather 2 

D = 1.758 
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Highlands Static Weather 
1 

D = 1.6845 

 

Island Weather 2 

D = 1.5282 

 

Island Weather 3 

D = 1.7107 
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Appendix 2: Images 

Appendix 2.1 – Room Scale Setup 
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