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Abstract
Technology comes and goes. New technology emerges with the promise of being the “next big thing”, but despite the potential, hype and capacity, technology can fail; it can be forgotten and doomed to become nothing more than a footnote. This dissertation is investigating the benefits, barriers and perceptions of VAMR. VAMR covers Virtual, Augmented and Mixed Reality. VAMR technology has immense potential to change how people interact with the world around the and holds benefits in multiple industries; education being one of the notable examples of how VAMR can benefit. There are, however multiple barriers that face technology such as this; one, for example that will be talked further into the report, is discomfort and motion-like sickness caused by VR based technology. The method of data collection has been collected in a qualitative approach, using the phenomenological method. It comprises of a combination of both interviews and online focus groups. Generally, many participants felt positive about the future of this kind of technology, however, many stated that it has a long time before it will integrate properly into society, with some saying that it will forever remain a gimmick.
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Chapter One
1.1 - Introduction
The potential of digital technology is seemingly endless. Almost every day, new innovations are made, capabilities are increased and barriers are broken in an effort to push the boundaries of what is possible.  Certain technology once seen as Science Fiction has been achieved and even outdated. However, with any new technology, invention or innovation, a number of barriers and filters present themselves that threaten its adoption and integration into society, becoming no more than a foot note in the ever-increasing list of doomed ventures. Year after year, new technology is created, or innovations are made to current technology; however due to a variety of different factors, many of these new technologies fail. 
According to Marr (2016) “25 percent of technology projects fail outright; 20 to 25 percent don’t show any return on investment; and as much as 50 percent need massive reworking by the time they’re finished”. So, what kills these various projects? Many of the barriers that prevent adoption of technology will be discussed further into this paper, however, according to Astro Teller (2016), director of Google X’s laboratories many projects are left “on the cutting room floor”. Teller (2016) explains that ‘enthusiastic scepticism is not the enemy of boundless optimism’; stating that, instead, it unlocks potential in big ideas.
If successful however, technology can be adopted into a society and become a standard of living; a staple that one cannot “live” without; almost an extension of our body. There are many examples of these technologies over the centuries and decades; however, one that commonly springs to mind is the invention and constant innovation of the mobile phone, or more specifically to recent times, the ‘Smart Phone’.


 In its fledgling days, the thought of a “mobile” phone evidently cast doubt on many people’s minds, seen as a commodity, subtly described as affordable only to the extremely wealthy. This is perfectly encapsulated by the Milwaukee Sentinel (1973) “Carry it to the beach, the supermarket, the yacht, the fox hunt, the golf course, the hideaway where you went to get away from it all”. Fast forward to the current day, and the total number of people that own a mobile phone is around 4.93 billion, according to Statista.com (2018); with those numbers expected to rise to over 5 billion by 2019. To put this number in perspective, a report from the World Bank Group (2016) concludes that the world’s poorest households are more likely to own mobile phones, rather than access to electricity or improved sanitation.
1.2 The Purpose of this Study 
When considering the success of technology such as mobile phones, it brings to question the driving factors that determine a technology’s success, or failure. What are the potential benefits and barriers? How much of an impact do barriers such as consumer perception play in a technology’s development and adoption? This paper aims to provide an answer to these questions through qualitative means. Agyekum et al (2015) suggests that it is important to understand consumer perceptions as a product’s success is somewhat influenced by how consumers process information and stimuli, as well as influences from varying attitudes and beliefs. This paper also concerns itself with not just how technology might be successfully introduced, but its long-term success and what factors may impact it. 
1.3 - The Focus of This Study
The technology in which this paper will be focusing on is VAMR (Virtual, Augmented and Mixed Technology); a term that covers three main types of this technology: augmented, virtual and the still fledgling ‘mixed’ reality. 


1.4 - Augmented Reality
“Augmented Reality is a system that supplements the real world with computer-generated virtual objects, which seem to coexist in the same space.” Bimber, 2005 and Azuma et al., 2001 (as cited in Maad, 2010). Zlatanova (2002) describes that as a user moves around a real “object”, the virtual, computer generated object reacts in a way that integrates it with the real world. 
1.5 - Virtual Reality
In contrast to Augmented Reality, Virtual Reality, is defined by Burdea and Coiffet (2003) as “a high-end- user- computer interface that involves real-time simulation and interaction through multiple sensorial channels”.
1.6 - Mixed Reality
Mixed reality takes these concepts and mixes elements of both Virtual Reality and Augmented Reality together to create an environment where objects aren’t just superimposed onto real life but can also be interacted with. Arguably, Mixed reality is much closer to AR than VR. This is due to Mixed reality obtaining almost all of the elements of AR, only using some of the interactive elements of VR in the process. It could be suggested that this distinction will be important in understanding where Mixed Reality has come from in terms of AR and where it’s going in future. 
1.7 - A Brief Origin Story
The origins of these technologies are decades old and evidently emerge from an original source. Its creation was credited to Ivan Sutherland, also known as the “father of computer graphics”, a computer scientist. Whilst working at Harvard, Ivan Sutherland created the first head-mounted display, which, according to augment.com (2016) he used to display simple computer-generated wire drawings. In the years after its invention, government agencies, companies and universities furthered its development. Javornik (2016) states that early uses for Augmented and virtual reality were used for aviation, military and industrial purposes. The first commercial use of AR didn’t happen until 2009, when a magazine ad, developed for BMW’s Mini, held in front of a computer screen could be manipulated so that different angles of the car could be observed. 
1.8 - An Observation of the Current Environment
In recent years, Augmented Reality, in its various forms has been garnering mainstream attention; a notable example of this is the IOS and Android application, Pokémon Go; a free to play game that allows people to explore the real world, locating and catching virtual monsters to be trained and battled against other Pokémon. Pokémon Go has become a phenomenon, breaking continuous records, and immortalised by the likes of Guinness World Records. Swatman (2016) states that during its first month, Pokémon Go generated over $206.5 million (US); this was achieved despite the game being released in staggered stages across the world. It has also been recognised as holding ‘most downloaded mobile game in its first month’ as well as most charts topped simultaneously in its first moth for both download and revenue and additionally the fastest mobile game to gross $100 million (US). In contrast to AR, Virtual Reality has seen a decline in recent times. 
The technology has up until recently, been the subject of conversation for many industries, most notably, the games industry; with technology such as Facebook’s Oculus Rift and HTC’s Vive, not to mention Sony’s PlayStation VR headset being amongst the biggest competitors on the market. Despite Facebook’s $3 Billion acquisition of Oculus rift in 2014, according to Taylor (2017), its sales trailed behind PlayStation’s VR headset, selling 210,000 units compared to PlayStation’s 490,000. Sales figures from HTC and Facebook have not been released, and prices for this technology have been slashed, presenting suspicion around these companies on whether or not their ventures are not going to plan. According to Rottgers (2017), Tom Fuller, Director of YouGov Research, stated that adoption of VR has effectively plateaued. Mixed Reality is still very much in a development stage, but promising technology such as Microsoft’s Hololens are leading the charge on MR; leading many in the tech community to ask the question; is Mixed Reality the future of computing? 

1.9 Aims and Objectives
Aims
· To investigate the potential benefits of the various reality-based technology; what industries may benefit and how it is already being used? Is it Commercially viable?  
· Is technology such as this viable in industries such as construction, aviation and medicine and if so, could it save lives?
· To investigate whether this technology can sustain long-term success. Are these technologies a revolutionary disruptor?
· To investigate the barriers of entry for reality-based technology and assess whether this technology is more of a gimmick rather than revolutionary.
Objectives
· Research and evaluate literature and research surrounding the different forms of VAMR.
· Research and analyse the previous success or failures of technologies already established, such as VR or AR. 
· Research the industries that may benefit or already use reality-based technology.
· Conduct Qualitative interviews with a range of people that have an interest in, have used or have worked with technology such as AR or VR
· Reach a conclusion on whether technology such as this truly is the future of computing. 





1.10 - Contribution of Research.
One would hope that the research this paper would contribute comes two-fold; that would help current or future organisations and industries determine whether or not technology such as this would benefit them and bring a new dimension of innovation. It is important to note, that though the focus of this paper is centred around reality-based technology; it serves to discuss the many factors that affect a new technology. Therefore, this paper may serve as a tool to be utilised by individuals and organisations in determining the potential pit-falls and barriers of new technology; possibly assisting in the development of strategies that may help such organisations such as tech start-ups highlight themselves from other competition. 









Chapter Two
Literature Review
2.1 - Introduction
The primary aim of this chapter is to review and discuss the literature that relates to this study. There will be sections that will consider what scholars have written on Augmented, Virtual and Mixed Reality, as well as the potential barriers and benefits of the technology in question. The sections will briefly discuss and review the literature in accordance with the aims of the paper. For more specific information about VAMR technology and the Reality - Virtuality Spectrum, please refer to the appendices (A1 – A5.2).

2.2 -VAMR: Science (non) Fiction
VAMR, in one form or another has been an intriguing topic within pop-culture for decades. VAMR technology that would have once been considered science-fiction is becoming, pardon the pun a “reality”. There are plenty of examples of VAMR being used in all forms of media; from T.V series such as Star Trek’s ‘Holodeck’, to movies such as ‘The Matrix’ and most recently ‘Ready Player One’, as well as games such as Assassin’s Creed. VAMR, in particular VR are have been a source of imagination for Science Fiction writers for decades. Arguably, Science Fiction of the past may have itself inspired the conceptualisation and development of technology today.
Basset et al, (2013) states that Science Fiction has been engaged with technology such as this as far back as the early 20th century, though the “device” to create these virtual worlds were through more “psychic” or ethereal powers, and then later developed into more machine-based technology. ‘Virtual reality can be seen as a metaphor for the inter-leaving and inter-penetration of imagination and reality. It is therefore not surprising that it has, from the beginning of SF, been deeply entwined with the innovations which Ted Nelson, at the beginning of the personal computer era, called “dream machines”. (Basset, 2013). Basset puts fourth an intriguing point, of the imagination that can be inspired from virtual reality. Virtual Reality can in this context be a gateway, limited only by imagination or by the laws of the reality in which you take part. 
Society’s fascination with alternative reality brings into question as to why Virtual reality is such an attractive place to visit and, in some cases, live. Immersing within a virtual world is not after all exclusive to technology; roleplaying games such as Dungeons and Dragons encouraged players to create their own character within a world that also created and dictated by a player. Since then, immensely popular computer game based virtual worlds such as World of Warcraft, Second Life and Eve Online have been created that share aspects of real life, such as an economy, politics and social relationships. Bartle (undated) suggests that immersion within a virtual world but does deliver what a player truly wants, affirmation of identity.
Bartle (undated) underlines what is possibly the big attraction to ‘soft’ roleplaying, such as World of Warcraft ‘not only does the player change to fit the character, but the character changes to fit the player. The very aim of soft role-playing is to align character and player: to find a “you” that you like to be. This statement can arguably be extrapolated and transferred to fit VAMR in general; that people can immerse themselves in a separate reality or augment their own so that the physical or social laws of reality no longer apply.
2.3 - Consumer Psychology 
Understanding a consumer’s psychology is arguably an important aspect for companies and organisations to consider, especially when considering any technology that has the potential to change the way we interact with the world around us. ‘Public acceptance is obviously a key driver for the successful introduction of a new product, specifically its technology. Therefore, it is essential to unveil the factors that may influence public acceptance.’ (Siegrist et al, 2015). Consumer Psychology is defined by Jansson-Boyd (2010) as “about understanding why and how individuals and groups engage in customer activities, as well as how they are affected by them”. 
Consumer Memory
Memory is an important aspect to consider in dealing with perceptions towards a particular product or new technology. “Memory is an active mental system that receives, stores, organises, alters and recovers information.” (Baddely, 1990, cited in Jannson-Boyd, 2010). It is suggested by Alba, Hutchinson and Lynch (1991, cited in Jannson-Boyd, 2010) that without understanding of memory, it is impossible to appreciate how consumers reason and make decisions or solve problems. Purchase decisions can be made from hours to month after exposure to a product, with limited recall of specific attributes. To remember any information about the product, a consumer must store and encode the information. Jansson-Boyd (2010) suggests that to encode the information, a consumer transforms the stimuli into a representation which is stored as a memory. If the stimuli are not clear or it is ambiguous, the information can be forgotten. It could be suggested from this then that if memory is capable of altering information and the stimuli used to process it were ambiguous, this may present a reason why people may not trust a new technology without a greater deal of exposure to it. An example of this could be suggested through the divide from older people, who on average have less exposure to current technology than younger generations.
Consumer Perception 
According to Jannson-Boyd (2010) perception and attention are integral to understanding processing and choice. ‘The way in which consumer stimuli are evaluated is guided by our perception which is linked to previous experiences’ (Jannson-Boyd, 2010). Everything we pay attention to is guided by processes involved in perception. Jansson-Boyd (2010) states that products and services are influenced by the way they are marketed, personal experiences and social surroundings. Perception is defined as the way “in which information acquired from the environment via the sense organs is transformed into experiences of objects, events, sounds, tastes, touch etc”. (Roth, 1986, cited in Jannson-Boyd, 2010). “Our perception is an active process that continuously categorises and interprets the information provided by our senses.” (VanRulen and Thorpe, 2001, cited in Jannson-Boyd, 2010). This is done by linking experiences with stimuli which consumers come across; the information of which is coordinated into a pattern which is stored in memory.
The Emotional Consumer 
Jannson-Boyd (2010) states that since the 1990’s, researchers acknowledge that consumers are driven by emotion and not always rational. Some researchers argue that emotion plays no real function and from this perspective, there is no reason why emotional impact on consumption should be not be ignored, however, other say otherwise and that emotions do take a role. The latter could be argued to be true. Especially if, say, a service or product is in some way impactful on someone’s emotions, perhaps through experience. For example, one who cares deeply for the environment would have strong emotional issues towards a car that heavily consumes fossil fuels and thus harms the environment. Emotion is defined as “a feeling that comprises physiological, behavioural and cognitive reactions to internal and external events.” (Carlson and Hatfield, 1992, cited in Jannson-Boyd, 2010). 
Attitudes 
Attitudes are evaluations; evaluations of people, of objects, and of ideas. “Such evaluations are something that we learn over time and can therefor vary drastically from one person to another.” (Fishbein and Ajzen, 1975; Oskamp, 1977, cited in Jannson-Boyd, 2010). A near infinite number of sources can shape a person’s attitudes. Attitudes are useful in their capacity “to steer us towards consumer products and services that we view in a favourable way, without putting too much mental effort into analysing the pros and cons of them” (Jannson-Boyd, 2010). It is stated that attitudes are either cognitively, affectively or behaviourally based. Cognitive attitudes are based on facts and classify pros and cons of any product for categorisation for either use or non-use. 
Affectively based attitudes are based on certain elements. Jannson-Boyd (2010) states that consumers may find it hard to rationalise why they like a particular product because it is their emotions which are guiding them. Affective attitudes are a result of people’s values, religion and morals. Behavioural attitudes are people’s observations of how they behave toward a person or stimuli. Jannson-Boyd (2010) suggests that if someone were that if someone were to purchase a product because they like them and always have purchased them continuously over a period of time, then this describes behavioural attitudes, contrary to cognitive attitudes which are based more on an objective reason. An example of this could be shown between games consoles; of which, many are almost indistinguishable from each other and usually bought by people through emotional attitudes, taking on an almost tribal mentality.

















2.4 - Benefits and Uses of VAMR
Introduction 
Reflecting upon the aforementioned imagination that can be applied to VAMR, it is possible that it can be applied to almost every industry; it is not difficult to imagine a variety of scenarios where VAMR may be useful and even lifesaving. Below are a small sample of important, potential uses for this kind of technology from a variety of different industries.
Entertainment 
Entertainment is by far the most common current use for reality-based technology. Everything from games to cinema have potential for an element of VAMR. As previously mentioned, according to Swatman (2016) Pokémon Go, a free to play Augmented Reality game allowing the pursuit and capture of Pokémon generated over $206.5 million USD in its first month. According to theverge.com (2017) PlayStation VR has sold around 2 million units, despite being in competition with a variety of dedicated VAMR technology. Karthika et al (2017) suggests that Microsoft HoloLens will be delivering fully immersive gaming in the form of holographic representation, as depicted in the products introductory demo; bringing the fully rendered 3D models from VR whilst imposing it and rendering it onto reality as is seen through AR. 
Karthika et al (2017) states that this opens up new genres for other forms of Mixed Reality entertainment “leveraging both real and virtual content to achieve the effect on the user. Roller coasters, haunted houses, movies, and laser tag could all be the basis of entirely new kinds of experiences”. (Karthika et al 2017). This notion of “creating an augmented/mixed reality for entertainment in your own home” has already started to be explored in terms of music gigs and concerts; a notable example of which lately is the band Avenged Sevenfold, who paired up with Universal Music Group in anticipation of their new album ‘The Stage’, “along with their Universal-owned record label Capitol Records and VRLIVE. The stream will be accessible through the VRTGO app, which is available for both iOS and Android. Additionally, 50 Samsung Gear VR headsets will be distributed to those in attendance so they can experience the show from the stage rather than the floor.” (Loudwire.com, 2016).
Military Purposes 
As with any technological innovations, there are a multitude of applications that, for better or worse can be adopted for military purposes. Fox et al (2009) states that early forms of VR flight simulator have been utilised for the military as a safer and more cost-effective way of providing training for pilots. According to Lynch (2017) the use of AR Heads Up Display’s (HUD’s) will become standard issue for regular troops. HUD’s may become an essential piece of technology in the coordination and survivability of military personnel by relaying data such as mission parameters, enemy markers, mapping information and topographical data. The use of HUDs is not new and more uses for HUD’s are being implemented into commercial use, such as that in cars and various workplaces.
Healthcare
The development of the HoloLens has brought with it a plethora of almost Science Fiction defying possibilities. A major potential use for this technology is within healthcare. Specifically, Jana et al (2017) states that combined with a data platform such as HealthVault, an application used for personal and business uses for a user to store and share information, scenarios arise where practitioners can use a “holographic application that connects and pulls data from HealthVault to visualise a patient’s progress and health in one complete view, rather than going through multiple medical reports.” (Jana et al, 2017). 
Mental Health
A major use for technology such as VR is through the application to mental health. “Psychiatric researchers realized that VEs could be used to treat patients suffering from a specific anxiety or phobias. In the virtual environment, patients are gradually introduced to the negative stimulus in a virtual setting until they become desensitized or are able to cope with their fear or anxiety.” (Fox et al, 2009, p100). Fox et al (2009) go on to say that these virtual environments extend to a range of other strategies, such as CBT (Cognitive Behavioural Therapy) for a range of other mental health conditions, such as addiction, eating disorders and depression. 

Education and Training
As technology continues to develop, there are more emerging ways to interact with it from an educational standpoint. According to Gilakjani (2011) there are three general learning styles; that is, a learning style defined by Brown (2000, cited in Gilakjani, 2011) as “as the manner in which individuals perceive and process information in learning situations”. People tend to gravitate towards one, whilst integrating other styles. These styles are visual, auditory and kinetic. Arguably, Visual learning has been the default learning style in which we are taught, especially in academic settings; that is with the use of text, taking notes, instruction and body language. Auditory is understandably learning through listening and interpreting information by examining pitch, emphasis and speed. Kinetic learners take more of a hands-on approach; using interaction with the physical world. Most of the time kinaesthetic learners have a difficult time staying on target and can become unfocused effortlessly (Ldpride,n.d, cited in Gilakjani, 2011). 
It brings to question of what could be achieved with VAMR technology. “Virtual Reality can be used to make the learning more interesting and fun with the purpose of improving the motivation and attention, decreasing costs when using the objective and the real environment no matter how expensive the simulation is.” (Piovesan, et al 2012). This could be aided and tied into the concept of gamification. Gamification is “using game-based mechanics, aesthetics and game thinking to engage people, motivate action, promote learning, and solve problems.” (Kapp, 2012, cited Kiryakova et al, undated). Arguably, gamification is a concept that is already used in forms of education, especially when engaging with younger children, however, interaction through VR for example could be a more immersive experience that may greatly reinforce what is being taught. “Gamification is an effective approach to make positive change in students’ behavior and attitude towards learning, to improve their motivation and engagement” (Kiryakova et al, undated). Additionally, VAMR, especially VR could potentially open pathways to education that would otherwise be impossible. Piovesan, et al (2012) states that with the use of VR technology, students would be able to experience things otherwise impossible, such as stepping onto the surface of Mars; traveling inside a human body or seeing the universe on a molecular scale. More than likely, possibilities like these would improve learning through virtual interaction.
Preparation for School Shootings 
Arguably, one of the most important uses for VAMR in modern times; it is a scenario that no teacher, nor any school staff should have to train for, but in increasing uncertain times, it is becoming increasingly necessary to prepare for such travesties that are less probability than inevitability. According to Axios.com (2018), since the Columbine school shooting of 1999, there have been over ten mass school shootings and over 122 people killed, most recently of which was the Parkland, Florida shooting. Griffith et al (2017) states that in a Mass Casualty Incident (MCI) such as a school shooting are significant events, requiring coordination between on-scene respondents such as fire, rescue, medical and law enforcement as well as the command from a Unified Command Post (UCP). The use for VAMR in this scenario would be through immersive simulation; a tactic the Army heavily employs to train in a safe environment. 
Griffith et al (2017) states that the purpose of the virtual school environment would be to prepare teacher, administrators and staff on how to respond and work with law enforcement in an almost video game-like simulator. Arguably, simulations like this could be some of the most important, lifesaving simulations to be available; simulations that could be extended to search and rescue and disaster relief. A simulation of a school shooting may produce multiple, and continuously updated variables, such as location, quantity and weapons equipped to shooters and varying AI behaviour that may truly save lives.
Historical Recreation
The thought of being able to recreate a fully rendered castle from a ruin in real time is a very attractive prospect to heritage organisations the world over. Wang and Schnabel (2006) states that this is possible with the use of rendered photographic images, combined with VR imagery and united with Mixed/Augmented Reality technology (I. e though scene generation and tracking) “it would be possible to add visual information to the framework construction or components”. (Wang and Schnabel, 2006, p125). It could be suggested that this could even be taken further again, relating back to the use of simulations, it may be possible to deliver such things as virtual re-enactments.

Social Benefits
Arguably applying more towards non-tethered VAMR applications, such as Augmented Reality; VAMR could hold social benefits and even help people who may be described as introverts socialise with a variety of people. This is of course not the first-time technology has reinforced social skills. Daz et al (2017) states that in a 2008 Pew survey, 76% of teenagers played video games with others, either internet or in person, whilst only 24% played alone. It is stated that furthermore, it sparks mutual interest amongst players; making conversations and ultimately, friendships. Daz et al (2017) goes on to say that in comparison to traditional video games, AR games may be inherently more social; using Pokémon Go as an example, “Pokémon GO and other ARGs have many features that promote social interaction between players. PokéStops and PokéGyms function as meeting places where players can congregate to gather resources” (Daz et al 2017). 
It is also noted that numerous anecdotal reports emerged after Pokemon Go’s release talking of the numerous benefits granted by the game. “Children with autism had newfound courage and confidence to explore local areas and interact with their peers. It is thought that the repetitive tasks of collecting Pokémon and improving their skill level might appeal especially to these children and provide them with a common interest with their peers.” (Daz et al, 2017).








2.5 - Barriers of VAMR
Introduction
In this section, we explore the challenges and barriers to the adoption of VAMR. The literature will assist in determining VAMR’s benefits over its challenges to assess whether or not to what degree VAMR can sustain itself. 

Health Issues in VAMR
Carvalho et al (2017) states that one of the biggest challenges currently facing VR is discomfort caused by continuous use of its applications. “in point of fact, experiencing discomfort as a side-effect of using these applications has been one of the biggest threats to widespread VR adoption over the past decades, as few people accept a technology that causes them to suffer while using it, and in some cases long after using it”. (Carvalho et al 2017, p495). The discomfort is often categorised as motion sickness, simulator sickness or Cybersickness and have varying characteristics:
Motion Sickness – Defined by Carvahlo et al (2017) as adverse symptoms and signs caused by exposure to real and/or apparent motion. Factors such as age, experience, illness, postural instability and mental rotation ability all bare on the frequency and severity of motion sickness, “however, nearly all individuals experience it if exposed to enough motion stimuli”. (Carvahlo et al, 2017 p496).
Simulator Sickness – As a subset of motion sickness, Carvahlo et al (2017) states that it is typically experienced by pilots in simulators, however the same effect can be reached with the use of HMD’s. “Apathy, sleepiness, disorientation, fatigue, vomiting and general discomfort are the symptoms to which users can be submitted to after the use of simulation” (Carvahlo et al, 2017, p496).
Cybersickness – Cybersickness is sickness caused not from physical movement, rather the experience if witnessing movement within VR. “It is visually induced motion sickness resulting from immersion in a computer-generated virtual world.” (Carvahlo et al, 2017, p496). Symptoms caused range in nausea, eye strain and dizziness.
Carvahlo et al (2017) suggests that though technology has significantly evolved over the decades, the number of disorders have been related to VR and are caused by a number of causes such as position tracking errors, lag and flicker.
Another possible issue would be injuries caused through immersion. Costello (1997) states that in fully immersed VR with a HMD, you become effectively blind from the physical world; without keeping a bearing on the surroundings, it is more than possible for one to injure themselves whilst fully immersed.
Aversion to Change and the 
Existential Threat of Technology
A large suspect in the barriers of technological adaption is the resistance to change as well as fear of the unknown, chiefly by what the future would look like as technology becomes more advanced. Technology that potentially changes the way we interact with the world around as well as society as a whole may result in resistance toward certain technology and hence prevent its adoption. This existential threat is often illustrated in a variety of science fiction books, games and movies that depict a dystopian future, where mankind has been the architect of its own destruction due to its unquenchable thirst for more advanced technology.






Viva la Resistance.
[bookmark: _Hlk514684999]People are generally inclined to resist change and may at times engage in extreme measures to avoid it (C. Ford, 1996; Jermier et al., 1994; Jones, 2001; Piderit, 2000, cited in Hon et al 2014). According to J. Ford et al., 2008; Kotter, 1995 (cited in Hon et al, 2014) research indicates that most people resist change at times as it is often associated with a greater since of urgency, pressure and risk than normal activities. Oreg (2003, cited in Hon et al,2014) suggests that there are six manifestations of aversion to risk:
· Reluctance to lose control.
· Cognitive Rigidity (tendency to be close-minded).
· Lack of psychological resilience.
· Intolerance to adjustment period of change.
· Preference for low levels of stimulation and novelty.
· Reluctance to give up old habits.
Crowder and Friess (2013) suggest that some encouragers of change are trust and empowerment. ‘Empowerment allows people to develop and make decisions with confidence. Trust is very similar. Trust and empowerment go hand in hand. “These give way for humans to make change that results in more change.” (Crowder and Friess, 2013). The notion of trust could apply heavily to new technology and arguably fear of that technology is what is discussed next.





The Existential Threat of Technology
As mentioned above, countless depictions of apocalyptic, dystopian futures where mankind is extinct or sub-servient to a race of sentient machines is nothing new; everything from the Terminator franchise to the Matrix franchise warns of the danger of allowing technology to replace humans as the apex predator. A technology such as VAMR may hold the same reservations by people resistant to change, to innovation and the end of status quo. Each year seems to bring us closer to a future where humanity and machinery live as one. One might even suggest that successful implementation of VAMR would be humanities first steps towards this singularity between flesh and machine.
The Simulation Argument
Successful integration of VAMR has even brought into question, “if we can successfully create a virtual world, indistinguishable from our own, who’s to say we’re not already living in one?” It may sound nothing more than the plot to The Matrix, but it is a question that is being asked more and more the closer we get to a perfect virtual world. Bostrom (2002) argues that should a technologically “posthuman” society would have significantly more computing then there are three propositions that are likely to be true; either (i) the human race becomes extinct before this capability, (ii) a posthuman society is unlikely to run simulations of its ancestry or (iii) we are almost certainly living in a simulation. It’s an amusing thought experiment, but one that is echoed by even the most revered minds such as Elon Musk vouching for its validity. The argument is somewhat worryingly unfalsifiable and humanity though it is arguably a fear that may further penetrate people’s minds in future.

The Threat of AI
AI is here and now, though not perhaps not with the capability that is often presented in Science Fiction. It is used in everything from Smartphones to laptops and, yes VAMR.  This presents significant concern for the future. Elon Musk, a man who even owns his own AI business has cited AI as our greatest threat, stating “I’m increasingly inclined to think that there should be some regulatory oversight, maybe at the national and international level, just to make sure that we don’t do something very foolish.” (Erler, 2016). The late Stephen Hawking also expressed concerns for AI; “Success in creating AI would be the biggest event in human history, unfortunately, it might also be the last, unless we learn how to avoid the risks.” (Erler, 2016). Erler (2016) states that optimistic estimates for advanced AI are predicted for 2028. It is possible that the closer man and machine get to emergence, the more people may resist further technological advancements.
Technological Barriers to Adaption
[bookmark: _Hlk514841552]Mandal (2013) suggests several technological barriers to adaption. These challenges include; implementation of better tracking systems, finding more natural ways for users to interact within VR and decreasing the time it takes to build virtual worlds. Another valid point, Mandal (2013) states that many systems rely on encumbering hardware that inhibits a user’s physical tethers. “Without well-designed hardware, a user could have trouble with his sense of balance or inertia with a decrease in the sense of telepresence, or he could experience cybersickness, with symptoms that can include disorientation and nausea.” (Mandal, 2013, p308). An additional limitation is “the fact that it is computer-based and requires high-end hardware for successful presentation. Inadequate computing gear can dramatically limit the response time for navigation and interaction in a virtual environment, possibly destroying its sense of presence for users and damaging or destroying its usefulness as a simulation of reality.” Onyesolu (2011).
Moore’s Law
The previous limitations of current VR bring us to a challenge that may inhibit the growth of all forms of computing over the coming decades. In 1965, then research director and soon-to-be Dell founder, George Moore gave a prediction; that engineers would be able to insert ever more devices into microchips, and that this would double roughly every year. Sure enough, his prediction was right and Moore’s Law was born. “The effect of Moore's Law on daily life is obvious. It is why today's $3,000 personal computer will cost $1,500 next year and be obsolete the year after. It is why the children who grew up playing Pong in game arcades have children who grow up playing Quake on the Internet.” (Mann, Undated)
However, with this comes a problem. The process of computers getting smaller, cheaper and more powerful will one day meet its physical end. According to Kurzgesagt (2015), transistors; components that control the flow of electrons, are reaching molecular levels – about 14 nanometres, 500 times smaller than red blood cell. At this size, Quantum physics start to play strange roles. The smaller these miniature “gates” get, the more likely an electron will be able to phase through it using a process called “quantum tunnelling”

[image: https://upload.wikimedia.org/wikipedia/en/thumb/9/9d/Moore%27s_Law_Transistor_Count_1971-2016.png/800px-Moore%27s_Law_Transistor_Count_1971-2016.png].  Moore's Law courtesy of ourworldindata.org

Paolo Gargini, chair of the road-mapping organization, cited in (Waldrop, 2016) suggests that this technological limit may occur as soon as the early 2020’s. effects are already being felt, ‘The doubling has already started to falter, thanks to the heat that is unavoidably generated when more and more silicon circuitry is jammed into the same small area. And some even more fundamental limits loom less than a decade away.’
Unless remedies are sought, this may put a ceiling on the exponential growth of technology predicted by Moore. The full implications for this are not yet known, though it may squander any tech enthusiast’s dream of living in a truly immersive Virtual Reality. Innovation will not cease however. David Reed, a computer scientist and vice-president for research at the university of Iowa (cited in Waldrop, 2016) states that ‘Innovation will absolutely continue — but it will be more nuanced and complicated’. 
Aside from the possible threat of a technological plateau, Moore’s law does bring another barrier that may hinder people from investing in new technology if Moore’s Law continues. This threat stems from the fact that new phones, computers and now even games consoles are outdated and replaced by newer devices over short periods of time. It raises the question of whether or not people would be less inclined to invest in technology such as VR or MR if the perception was that it may be replaced in a short time.
The Price of Progress
As with many types of technology, many forms of VAMR tech is not cheap. A development version of Microsoft’s Hololens (a product still very much in development) costs around US$3000 (£2,719). VR and MR technology is inherently the most expensive; even well established, commercially available technology that has been available for the past couple of years would still arguably be considerable investment. Most current forms of VR or MR technology also require a computer that can handle the specifications. Taking Oculus as an example, the minimum specifications required to run Oculus is:
· NVIDIA GTX 970 / AMD 290 equivalent or greater
· Intel i5-4590 equivalent or greater
· 8GB+ RAM
· Compatible HDMI 1.3 video output
· 2x USB 3.0 ports
· Windows 7 SP1 or newer
[image: ]Most computers these days can handle most of these requirements, bar one factor, the graphics card. O’Donnell (2016) states that, originally, the minimum requirements for VR performance is either Nvidia GTX 970 or better, or an AMD R9 270 or better. Whilst not delving into the specifics of these graphics cards, it is worth noting that the price of these parts, at the time of writing this paper are between £195 and £300, making the process of building a VR or MR rig an expensive venture. It is also worth noting the aforementioned “at the time” factor. Linking directly with Moore’s Law is the fact that as technology advances, prices diminish. 
source: assets.weforum.org

This is demonstrated in the above graph, courtesy of businessinsider.com and statista.com. For this reason, cost is something that is arguably less of a barrier than a matter of time. As previously observed in this paper, even devices that have become almost an extension of the human experience, such as smart/mobile phones were once thought of as a commodity for the rich and famous, but as time progressed and advances in technology made prices cheaper, technology that once would have only been affordable to the most affluent, becomes available on a much larger scale. 




Chapter Three
Methodology
3.1 - Introduction
The purpose of this chapter is to outline the methodology that will be utilised to satisfy the objectives of this research. Kothari (2005) deems research a “voyage of discovery”, one that takes us from the known to the unknown. “Research is, thus, an original contribution to the existing stock of knowledge making for its advancement. It is the pursuit of truth with the help of study, observation, comparison and experiment.” (Kothari 2005, p.1). There are a number of approaches to research; for the purpose of this paper, Qualitative research will be the approach selected. “Qualitative approach to research is concerned with subjective assessment of attitudes, opinions and behaviour.” (Kothari (2005, p.5). This approach has been selected due to the focus of this study being based around perception and its importance in determining success of a technology. Elements of a quantitative approach were considered as a possibility to be integrated into this paper, however, the topic at hand is more concerned with understanding perceptions of consumers; a lot more detailed information from this approach can be researched in comparison to a qualitative/ quantitative approach.
3.2 - Research Methodology 
“It is necessary for a researcher to design a methodology for the problem chosen.” Rajesekar et al (2006, p.5). The Method that will be used for this research will be based mainly around Phenomenology. “The purpose of the phenomenological approach is to illuminate the specific, to identify phenomena through how they are perceived by the actors in a situation.” Lester (N/A). Phenomenology is concerned with the perceptions, experiences and attitudes of a participant and data is usually collected in the form of in-depth interviews and discussions with participants. “It is through the participants descriptions of the phenomenon being investigated that the researcher is able to uncover the invariant structures or essences of the phenomenon being investigated.” Eddles-Hirsch (2015).
 The Phenomenological approach has been selected as it is evidently the most appropriate method in understanding a participant’s attitude and experiences in regard to VAMR. Reality technologies such as AR, VR and MR are by their very nature, a phenominon, going beyond the confines of something such as a computer screen, stimulating multiple senses at once and producing unique experiences that are useful in data collection. It is these experiences, perceptions and attitudes that people have of these technologies will help determine its validity and long-term success or failure. 
3.3 - Phenomenological Methods
The Phenomenological approach gives a variety of different ways of capturing data. For this research, there will be a combination of interviews as well as online interviews and focus groups to provide further supportive data. A combination of both interviews and focus groups have been selected so that a full, rich understanding of consumer perceptions and attitudes can be acquired. Interviews will take a semi-structured format. DiCico- Bloom and Crabtree (2006) state that a semi-structured interview in generally focused around a set of open-ended questions, with other questions sometimes emerging from the conversation, either from the interviewer or interviewee. This format has been selected as it allows the interview to be in-depth guided around pressing questions cantered around perception and attitude toward VAMR, but also allows a certain freedom in allowing interviewees to expand further in expressing their attitudes, beliefs and concerns surrounding VAMR.
Focus groups in comparison do not offer the same in-depth content that can be achieved from interviews. However, Gill et al (2008) suggest that focus groups are useful for generating collective views as well as the meanings behind them. The Focus groups will be held, utilising tools such as social media to collect varying thoughts, perceptions, opinions and attitudes toward VAMR and will comprise of known associates who have used VAMR for uses such as gaming purposes. Holding a focus group online, in the form of a discussion on a Facebook page for example presents many benefits; most notable of which is that it loses time constraints, allowing people to comment at any time. Also, according to Jeff Hancock, during a TEDx Talk (2012) people are more inclined to tell the truth online, allowing for a more accurate gathering of information from participants. It is evident that social media can be a powerful communication tool that is proven to work for even the biggest businesses as a way for easy, direct communication with consumers. 
In an interview with Chris Brandon, Director of Communications at Domino’s Pizza Ltd (as cited in Murray, 2014) It is stated that “I think people realize that Domino’s has legitimately used social media for the last few years to truly listen and gain feedback from customers, fans, and followers.” This was following a tumultuous time when the future of Domino’s was uncertain. Domino’s received harsh criticism from its customers and lost business to competitors. In response to this, Domino’s used social media as a tool to communicate and listen to its customers, resulting in domino’s bettering its products. This resulted in an increase of customer satisfaction score, from 69% to 81% as well as the increase in value of stock to over 400% thus proving that social media can be an appropriate communication tool in finding out people’s attitudes, beliefs and perceptions to any given subject.
3.4 - Sampling 
The interviewees have been selected from a group of individuals with varying backgrounds and disciplines, who either have experience with this kind of technology or have worked with this technology. For example, individuals who have had experience using augmented reality apps such as Pokémon Go can be considered potential interviewees. In terms of social media, there are a number of associates and acquaintances that have used or purchased one form of VAMR or another. To gain data from individuals on these pages, and to avoid complications with breaches in ethical issues; invitations will be set up so that individuals may use personal messages to join an online focus group to share their thoughts on the subject. 
3.5 - Data Collection
Data will be collected through six interviews with various participants of different ages to build a broad view of perceptions of VAMR. The interviewees consist of an independent software developer, a business graduate, an older generation student support worker, a university lecturer of business, a theme manager, currently working on an AR project in a zoo, and a tech enthusiast and gamer. Focus group participants consist of a wide variety of acquaintances, mainly consisting of university graduates between the ages of 21 and 30 who all take an interest in some form of VAMR technology. The transcribed interviews and messenger focus group will be available in the appendices. 
3.6 - Ethical Issues
When conducting research, it is paramount to consider the ethical issues of any participant that may contribute to the research process. Behi and Nolan (1995) state that knowledge of ethical considerations is a responsibility that researchers should undertake to ensure ethically acceptable investigations. Burton and Steane (2004) state that there are a number of stakeholders involved in the production of a research paper, including; the researchers themselves, participants, the university, the supervisor and the examiner. A student of a university can be seen as the “face” of the university and must take care in adhering to the policies and regulations of that institution. Burton and Steane (2004) state that the need for ethics was raised significantly after World War II, in which unethical medical experiments were carried out by the Nazis on unwilling subjects. The result of which was the development of the Nuremberg Code; an international effort to establish guidelines for medical, scientific and social research. According to Burton and Steane (2004), there are five main principles to consider in ethical research; Informed Consent, Honesty, Conflict of Interest, Privacy and nonmaleficence. 







When conducting interviews, the following process will be taken to ensure ethical considerations are met:
· Participants have full control over location and time. Participants also have the option of conducting interviews via Skype.
· A summary of the research being conducted will be given to participants with outlining information about the research.
· Full anonymity is guaranteed to all participants.
· Participants are free to cancel or leave the interview at any time.
· With the permission of the participants, interviews will be conducted with a recording device on the condition that full disclosure is given to the participant in regards to the use and future disposal of the content. 
In terms of social media focus groups, Murray (2014) states that there are a number of concerns to address when considering social media as a medium to collect data. Issues regarding consent, anonymity, risk of harm and privacy. To avoid the many pitfalls and potential risks to participants, invitations will be set up on social media, so that individuals may contact through personal message to join a focus group to share their information. The participants will be reminded that the information they are providing will be used for research purposes and that other people on the focus group chat will be able to see their comments. 
The participants are free to leave the focus group at any point. The purpose of having participants request permission to join a focus group is two-fold; to provide control over how many participants can join at one time, but also allowing participants to be vetted for any potential disruptive, or underage individuals trying to join the conversation. It also shows a sense of interest from the participants who actively want to talk about their experiences, perceptions and attitudes toward VAMR. Both interviews and the focus group will be required to sign an ethics permission for before partaking.

Chapter Four
Presentation of Findings
4.1 - Introduction 
[bookmark: _GoBack]This paper will serve as an investigation into the benefits, barriers and consumer perception of VAMR technology. Interviewees will be represented as a numbered participant (P1, P2 etc) and focus group members will be numbered (e.g. FG1, FG2 etc) Within the literature review, it is observed that there are many potential benefits of VAMR technology. However, as with any “new” technology, there are a number of potential threats that could spell its failure. VAMR, and especially Virtual and Mixed reality could have the potential to change the way we interact on a day to day basis. 
The aim is then to investigate a variety of people’s thoughts, opinions, attitudes and perceptions towards VAMR. VAMR of course, covers a wide spectrum of reality-based technology, yet are all linked to each other through the spectrum of VR (please refer to Appendix, AP2). The questions can be chalked up to four different segments that derive from the questions; i) experience of VAMR; ii) barriers to VAMR; iii) benefits, uses and industries that could benefit VAMR and finally, iv) whether they believe that VAMR could integrate into society and what would be required, in their view to reach that level. 
4.2 - Experience with VAMR
The first question and the one most logical was: What experience do you have with VAMR? Unsurprisingly perhaps was that most people’s experiences from both the Interview questions and focus group, was that six out of the ten participants first “real” experience with any sort of VAMR technology was through Pokémon Go. The interviewees who stated this were either parents themselves of children who wanted to play, or among the generation of people who grew up with Pokémon. This is thus unsurprising, as Swatman (2016) had stated that Pokémon Go had generated $206.5 million USD in its first month and had a massive marketing campaign to suit. Arguably, Pokémon Go is a great way to experience the spectrum of VR for the first time. 
When asked about how the experience felt, the participant, P4, a university lecturer, stated that “it was a bit of an escape, it was exciting; you see Pokémon appear and they look like they are sitting there in the grass. From my son at the time, (13) it was a good way of getting him out, because he was very much Xbox this, Xbox that.” P4 saw a massive benefit from Pokemon Go as it allowed her and her son to seemingly spend time with each other socially, as well as socialise with other people; this is backed up by Daz et al (2017) in the social section of the literature review which states that “Pokémon GO and other ARGs have many features that promote social interaction between players”.
Other than that, most people on the list have had few comparatively low experiences of VAMR, other than through Pokemon Go, or through an HMD, using a device such as Oculus or HTC. Only two of the ten respondents owned their own piece of technology (outside of their smartphones or tablets) and both were the PSVR (PlayStation VR). when asked about the experience, P6 responded “When I first used it, it absolutely blew me away. It really impressed me. I’ve owned it since December, and I use it pretty regularly. You are no longer controlling the character, you are the character. I didn’t expect it to be that immersive. It really made me go wow.”. 
4.3 - Barriers of VAMR
A number of barriers were identified that participants spoke of throughout the interviews and focus group. Namely, these have been categorised into barriers of suspicion and aversion; barriers of price; and technological barriers. The question asked was: what do you believe are some of the barriers of this kind of technology? 



Suspicion and Aversion to Change
P5, who works as a theming manager at a popular zoo is currently working on a new exhibit; one that is pushing for augmented reality to be integrated into the exhibit. “we decided to go more for Augmented reality rather than virtual reality to enhance the experience as you walk around this aerial walkway in the trees.” What he said was a notable barrier was convincing his managers that this was the right direction. Aside from the cost, P5 stated that, “secondly are people who don’t understand the technology or see the value and they take a lot of convincing; it’s a big ship to turn around at the Zoo, there isn’t enough money to risk.” This of course links in with cost as an issue for VAMR, however, this is also evident of aversion to change; referring back to J. Ford et al., 2008; Kotter, (1995 cited in Hon et al, 2014) research indicates that most people resist change at times as it is often associated with a greater since of urgency, pressure and risk than normal activities. 
P2, a recent graduate and mother of two states that she too is wary of technology, “especially with everything that has happened with data being stolen lately, I wouldn’t want another piece of technology that could potentially be taken advantage of by unsavoury people”. This of course was in reference to the recent scandals involving Cambridge Analytica, a data analytics firm that builds political campaigns and targets voters online, of which recently had been exposed collecting data of over 50 million Facebook users without consent to be used to build voter modelling system. Additionally, P1, an independent software developer states that anything that is interactive such as this comes under risk of being scrutinised by multiple sources, including government, media and consumers themselves, citing that “video games are going to turn our children into murdering sociopaths, despite there being no evidence and in fact, more evidence that in fact it could help peoples’ issues”. This is backed up by an article by the University of York, who claim that ‘In a series of experiments, with more than 3,000 participants, the team demonstrated that video game concepts do not ‘prime’ players to behave in certain ways and that increasing the realism of violent video games does not necessarily increase aggression in game players.’ (york.ac.uk, 2016) 

Barriers of Price
One of the more obvious barriers for any technology such as this is the price. Of course, many people these days own smart phones capable of running certain VR and especially, AR applications, however, dedicated VR and MR headsets are not cheap. Six of the ten total participants stated cost as a barrier. As P6, a tech and gaming enthusiast states; “Cost is the biggest problem at the moment. A PSVR is the same price as the console itself, and that’s the affordable version. At the moment, there isn’t enough on [any] VR system to justify its price, for most people”. This is backed up by FG3, a recent business graduate and tech and game enthusiast, stating “PSVR is around £250 and that needs £240 PS4 and £30 PlayStation move controllers to works as well. The Oculus rift is £300 and HTC Vive is around £500 At the moment VR is just far too expensive for consumers.”. 
P5, who is currently campaigning for funding for an AR-infused Zoo exhibit has previously talked about how convincing people to use VAMR technology was difficult, especially with cost as a risk. According to P5; whilst in conversation with a company who could aid in the design and execution of the exhibit, dedicated VR technology would be very expensive in the long run due to the possibility of both the hardware and software becoming obsolete; “We were told that the way to future proof this, would be not to invest in a lot of expensive hardware (and by extension software) that needs to be bolted down and instead have people rely on their own technology”.
Barriers of Technology 
By far, arguably one of the more pressing of barriers identified, especially by participants with experience of VR and MR HMD’s, the technological barriers presented in VAMR, namely VR and MR could be the Achilles heel in terms of issues for VAMR. Barriers of technology identifies two main points; namely the current technological software barriers and hardware barriers and is summed up neatly by P1; “At the moment, I don’t think I could justify spending hundreds of pounds on a piece of technology that 1, doesn’t have a whole lot of uses at the moment; and 2, I get motion sickness very easily, and I don’t think at the moment, especially regarding VR, I could use one for more than 15 minutes without being monstrously sick!”

Software Barriers - As with price, this is arguably an issue that resolves with time and innovation, though it is also arguable that if the crucial interest isn’t present from consumers, then innovation is difficult. P6 states; “at the moment, there isn’t enough on [any] VR system to justify its price, for most people.”. FG3 states that a stagnation of innovation could lead to the drop support of VAMR products; “also considering Sony's poor track record with support products other than PlayStation consoles like the PSP and Vita there is a decent chance in 2 or 3 years Sony will be providing next to no support for the PSVR.”
Hardware Barriers – in terms of hardware, the two most frequently mentioned issues with VAMR technology are design and discomfort issues. “Without well-designed hardware, a user could have trouble with his sense of balance or inertia with a decrease in the sense of telepresence, or could experience cybersickness, with symptoms that can include disorientation and nausea.” (Mandal, 2013, p308). Many of the participants who have had experience with VAMR have mentioned this as an issue. FG3 States “Many people will experience headaches and other problems and that’s going to of course limit its market”. FG2, a business owner and recent graduate states “I think the difference in depth perception caused to feel unwell in my experience with VR, for this reason I do not feel encouraged to invest in VR technologies personally.” In terms of its design, FG1, an undergraduate and technology enthusiast stated, “For example, I have experienced video games through V.R. and found it to be clunky and awkward as you are meant to move by you own choice through a level.”





4.4 - Benefits, Uses and Industries of VAMR
Evidently, VAMR can have a plethora of benefits and industries it could apply to. All participants were not short on imagination to what they believe were some of the potential uses of VAMR. Of course, entertainment was mentioned a number of times, but this in most cases was expanded into other benefits and industries. P5 cites many benefits of VAMR, in this occasion, AR to be used in his exhibit. Mentioned is the overall reduction in cost of using AR software as opposed to using real actors and large props. The main benefits he states is through conservation and heritage; “so through augmented reality, we could show possible futures; a flood plain; a huge housing estate, a re-planted forest, (pointing at sustainability) yeah, you get to choose; this is a choice, you have to make it. It has a very serious conservational aspect to it.” This of course ties with both education and heritage which have been talked about throughout the literature review. Education is evidently a sub-theme throughout the interviews and Focus group, of course education can be subdivided into more conservational education, academic education, or education for people with learning difficulties. P3, an interview participant who works in student support states; “Working in the world that I do, with students that have specific learning difficulties; I think it could help them; we could devise [virtual] technology that would enhance their learning experience, working on all their senses.”. P4, a university lecturer states that as an educational tool “There are lots of different ways in which it can be used to get a better understanding either through learning of development of knowledge or that empathetic element.”. Other benefits mentioned were benefits on the care and medical sector, military uses and social benefits.




4.5 - Integration into Society 
The final part of the interview and focus group process was asking whether VAMR will be integrated into society or fade into obscurity, and if it does survive, what needs to happen to ensure this? For the most part, most participants believe that VAMR could be integrated into society; seven out of ten, whilst three of the ten believe that it will remain a niche market; P6 states “I think it will always be around in one form or another, and might even be used in things like surgery, or military etc, though I don’t think it will ever go further than a gimmick for the most part.” An example he uses to back this up is through Google Glass, a pair of “smart glasses”; computerised eyeglasses that had elements of AR and ultimately failed in its first try.  Others were much more optimistic about its eventual success, if not cautious. 
P2, though cautious about technology states “, I think that technology such as this IS going to be a major part of our society and probably much sooner than I would like; I don’t think we can stop society progressing in that way, despite how much I would like to. As much of a novelty as I think it is at the moment, I don’t think it will stay this way for long and may, for better or worse become a big part of our future”. P1 is more positive about its success, however doesn’t believe it will be a central part of society for a long time. “Because I think people don’t want virtual reality; they want “VIRTUAL REALITY”. You know what I mean; they don’t want 2d monsters popping up on a screen, or a half-baked virtual roller-coaster to ride on; hell, they probably don’t just want a virtual battlefield to shoot their friends in. They want The Matrix; they want Total Recall, Ready Player One.”





4.6 - Findings Summary Chart
A summary of findings has been collated highlighting the experiences, barriers and benefits, as well as to whether participants believe it will survive.
	Participant
	Experience 
	Barriers
	Benefits
	Will it Survive?

	P1
	Pokémon Go
	Not enough content to justify price.
Discomfort and sickness
	Climate change and sustainability awareness.
Education.
	No. Not for a long time.

	P2
	Pokémon Go
	Fear of technology; breaking it, or it been abused for criminal purposes.
	Entertainment.
A social tool, perhaps for people with mental health
	A novelty at the moment but believes it will become a big part of our future.

	P3
	Early versions of VAMR, such as rides and exhibits.
	Cost.
Fear from older generations
	A learning tool for people with learning difficulties.
a stimulation tool for people with mental health, such as autism, or people with dementia
	Thinks it will stay in some iteration and will potentially become a major part of society.

	P4
	Pokémon Go
	Suspicion and fear.
Cost. 
	Education, Tourism, Heritage, Healthcare
	It will grow; the way in which we view and use may change but it will get stronger.

	P5
	Pokémon Go.
VR through family.
	Cost
Fear and resistance to change.
	Sustainability, education and conservation
	Now that we can successfully use it, it will stick around.

	P6
	Pokemon Go
Owns PSVR
	Discomfort and sickness
Cost
Not enough applications
	Entertainment
Medical Applications
Military
	No, it may stick around as a gimmick but will never fully integrate.

	FG1
	HMDs such as Oculus 
	Discomfort and sickness
Lack of tactile feedback
	Education
Architecture
	Will not fully integrate and will probably stay as a gimmick

	FG2
	Use of PSVR
	Discomfort and nausea 
	Entertainment
	Thinks it will stay as a gimmick

	FG3
	N/A
	Cost
Lack of continuing support from companies
Discomfort and sickness.
	Entertainment, mainly gaming.
	It will remain niche.

	FG4
	Pokemon Go.
PSVR.
	Lack of continuing support from companies.
Discomfort and sickness.
	Entertainment, specifically, the games industry.

	Thinks it will become a major part of society.




Chapter Five
Discussion
5.1 - Introduction
Throughout the course of this paper, an investigation has been carried out into the benefits, barriers and perceptions of VAMR technology. VAMR covers a wide range of reality-based technology but is characterised by Virtual, Augmented and Mixed reality. The results and implications of this paper will now be discussed.
5.2 - Discussion of Research and Findings.
Through secondary research, it has been discovered that VAMR has a plethora of benefits and multiple industries it can apply to. Currently, most VAMR applications are used for entertainment. However, it is evident that VAMR, if integrated appropriately could very well change the way we interact with the world and each other on a massive scale. Equal to these benefits are barriers that arguably stop VAMR in its tracks. From the literature, one of the most imposing barriers to this kind of technology, namely VAMR that requires some form of HMD (Head Mounted Display) is the discomfort and possible health risks that arise from short time of use. 
In discussion with participants, it was evident that most participants saw great potential in the technology, with emphasis of benefits based around education, conservation, sustainability and social elements. Most participants’ experience with VAMR consisted of Pokémon Go. In terms of barriers, participants cited cost, discomfort and sickness and fear from lack of understanding or resistance to change as the biggest barriers. In terms of whether VAMR will survive and integrate into society, most participants were pretty positive that VAMR in one form or another will survive and even thrive long-term. Interestingly however, it is evident from the findings that those who own or have had significant experience with VAMR technology either believe that it will eventually integrate into society over a long period of time or won’t integrate properly at all and will either remain a gimmick or fade entirely. 
5.3 - Discussing the Main Themes
Breaking Down the Barriers
Price - First let us examine what is arguably the lowest barrier in terms of progression – price. Price is undoubtedly a contemporary issue with participants. Rightly so, as discussed throughout this paper, VAMR technology, especially that of HMD technology is not cheap and unless using a phone-adapted HMD, requires a competent PC to run it on. Just from typing “VR ready PC”, a range of computers are presented with an average price of around £600, the cheapest at £399. If an average were to be taken from that, plus an average price for HMDs, and the price for a set up alone can be anywhere between £600 to £1000. That of course does not take into account other expenditures. However of course there are quite a few alternatives to technology such as Oculus of HTC Vive. First, of course to consider is that phones are becoming ever more powerful; more powerful than certain PCs and Laptops from just a few years ago. Many companies such as Samsung offer HMDs that use their phones as the display, meaning that, though you may not have the highest quality experience, anyone with a smart phone has at least some access to different forms of VAMR. 
As put by P5 “The small argument is “what if people don’t have smart-phones?’ I said, who? they are £20 in Tesco’s”. Additionally, is secondary research conducted around Moore’s law. “The effect of Moore's Law on daily life is obvious. It is why today's $3,000 personal computer will cost $1,500 next year and be obsolete the year after. It is why the children who grew up playing Pong in game arcades have children who grow up playing Quake on the Internet.” (Mann, Undated). Effectively, due to Moore’s law, the price of technology will continue to diminish as time progresses. Inevitably, prices of technology such as this will continue to diminish until it can appeal to a bigger market.
Fear and Lack of Understanding - Perhaps, a barrier that can be reduced over time, but especially in recent events, one that could prevent people from making the jump. The world is growing ever closer to a technological singularity of emergence between human and machine. Existential threat of the “rise of the machines” is nothing new, but with dramatic advancements in technology as well as recent abuse of data from companies like Cambridge Analytica, caution is warranted. After all, Cambridge Analytica used data to create targeted adds that effected millions of people; a similar use of strategy delivered to people fully immersed in VR brings about its own existential fear. It may not be the AI apocalypse that was previously mentioned by Elon Musk, but an existential crisis all the same.
Discomfort and Sickness – Arguably the most pressing barrier and Achilles heel of VAMR, especially that of VR It is an issue that was by every participant that has experience of VR. Most participants who used VR have talked of the sickness it causes, as well as the clunky and, over a period of time – uncomfortable nature of the headsets themselves. Fortune.com (2018) states that between 25% to 40% of consumers experience some form of sickness, which as documented by certain participants, cuts usage time to a fraction of other forms of media. This presents a problem the further to the “fully immersed” side of the VR spectrum mentioned. “In point of fact, experiencing discomfort as a side-effect of using these applications has been one of the biggest threats to widespread VR adoption over the past decades, as few people accept a technology that causes them to suffer while using it, and in some cases long after using it”. (Carvalho et al 2017, p495). However, arguably, as previously mentioned, this would affect mainly VR, and arguably wouldn’t affect more Augmented or Mixed reality elements.
According to Steven LaValle, a former oculus scientist (fortune.com, 2018) it is due primarily to the controllers themselves “Every time you grab onto a controller, you’re creating motions that are not corresponding perfectly to the physical world. And when that’s being fed into your eyes and ears, then you have trouble.” This may be mitigated however, companies such as MONKEYmedia R&D are working on BodyNav software; “Instead of using hands to navigate in a virtual environment, users can maintain equilibrium by leaning their head or torso in the direction of movement. This user interface mimics the natural way people tilt their heads down when moving forward to walk or run.” (fortune.com, 2018). 



5.4 - Do the Benefits Outweigh the Barriers?
One aspect that was commonly mentioned from participants, both with extensive and non-extensive experience in VAMR was that it put a user into an almost literal empathetic role. Education as a whole could have massive benefits from VAMR in a variety of ways for a variety of different aspects. Many of the benefits listed in the literature review as well as many benefits listed by participants fall under the umbrella of education. In terms of academic and school learning, Gamification, “using game-based mechanics, aesthetics and game thinking to engage people, motivate action, promote learning, and solve problems.” (Kapp, 2012, cited Kiryakova et al, undated) in conjunction with VAMR could massively stimulate learning capacity in students. A future where, instead of just learning about the human heart through text and diagram, you virtually travel through it could bring massive interest to explore further. 
According to an article by tes.com (2018), Google will be bringing virtual reality to over one million students in the UK and offering free training to teachers. Google’s CE, Mr Pichai states "Virtual reality can spark students' imagination and help them learn about topics like how blood flows through the human body or the impact climate change is having on the Great Barrier Reef, in an engaging and immersive way,". This ability to “put people in the environment” could arguably be the key to climate change awareness. As participant 5 explains “Another idea would be to show a landscape of a potential future. The view is of the Severn Valley, so through augmented reality, we could show possible futures; a flood plain; a huge housing estate, a re-planted forest, (pointing at sustainability) yeah, you get to choose; this is a choice, you have to make it.”. 





5.5 - A personal Thought on the Benefits
Of course, there are also benefits to consider in training. Multiple participants touched on the benefits that could arise from medical training with VR; from the use if training to surgery this could be expanded to all medical aspects using all forms of VAMR in some way. On a more personal note comes an issue discussed in the literature review; preparation for school shootings. Perhaps surprisingly, no participants made reference to this use but it is undoubtedly an important one and one that may save lives in the future. Mass shootings in America are something that will undoubtedly continue to happen; discussions over gun control and the second amendment are controversial and massively dividing. 
Despite what side of the argument people fall on, whether for or against control, most would agree that there is more to be done, immediately to reduce loss of life. VAMR could be a major benefit that could save lives through an immersive, if not somewhat morbid experience. VAMR will not stop tragedies such as shootings, by any means, though under the right circumstances and the right technology, training and communication through responders, perhaps deaths can be reduced through immersive technology. As previously mentioned, “Griffith et al (2017) states that the purpose of the virtual school environment would be to prepare teacher, administrators and staff on how to respond and work with law enforcement in an almost video game-like simulator.”








5.6 - Will it Survive? 
From reading secondary research and interaction with the participants, it could be concluded that VAMR will survive and could have potential for many uses in the future, however it is evident that it is a technology that is still finding this place and has a long way to go before being seen in everyone’s home. As previously stated, the benefits for education are arguably enough of a reason to pursue innovation in this kind of technology. Technology such as Microsoft’s Hololens which can bring virtual elements to the “real” world have exciting prospects for the future and a multitude of However, from reading and talking to participants, a casualty that may appear as time goes on is VR. VR, though a source of immense imagination for media and a very attractive prospect for anyone who wants to live in a virtual world is just not at a point and may never be at a point where it can be any more than a gimmick.
The first reason to consider this is the pure limitations incurred from placing a person’s mind into a different world than their body – sickness. It is an issue that even with advancement, may never go away, and though fortune.com (2018) states that only between 25% and 40% are inflicted with this sickness, the thought that this may be an issue after spending a significant amount of money may be enough to put people off. Until we reach a point where this issue is resolved, VR will arguably always remain a gimmick. The second issue is the limitations of current technology. Though Moore’s law is still currently going strong, it will be a long time before we will have immersive VR to the point that we could just “jack in” and play a game with our friends on the same scale as a normal, non-VR game. Until this point is reached, then VR will arguably remain a gimmick to be used on occasion. Taking gaming as an example, there are not many full-fledged VR games and very few of those could be considered more than demos - a proof of concept. 



5.7 - Strengths, Limitations and 
Future Development. 
The overall purpose of this paper has been achieved. Using a wide variety of people as participants with varying ages, a profile of perceptions has been built up around the benefits and barriers of VAMR. A notable strength of this paper is that in contrast with many other papers talking about technology, it does not delve too deeply into the technical specifications of VAMR technology. Instead it examines what perceptions people have of technology such as this and thus may provide an idea of how people will react and deal with a technology that perhaps holds potential to change the way we interact in society. 
In terms of limitations, due to time constraints and complications outside of this paper, not as many elements were explored that would have been beneficial. The result is that the subject had to be drastically changed and broadened out to take a general view of the benefits, barriers and perceptions of consumers. Originally, the subject was purely based around developing an app for a heritage organisation that would have had augmented reality integrated into the system, however due to complications and personal factors, this could not be viably achieved. It would have been better if also more action-based focus groups could have been conducted with VAMR technology such as VR headsets, and AR apps. The Facebook group focus chat worked well as proof of concept, however, not as many people participated as one would have liked. Future focus groups will be conducted over a longer period of time. Unfortunately, also due to time constraints certain interviewee’s who had experience or have worked in VAMR couldn’t participate. 
In terms of future development, the aim would be to add elements that couldn’t be explored in this paper. Further research will take a more action-based approach to this subject, using different elements of VAMR. The aim in future papers will integrate more quantitative measures into the research as well as quantitative. Focus groups will have much more action orientated elements including observations of participants using technology and recording their reactions and perceptions. More exploration will be conducted into the effects of cyber sickness caused by VR.
5.8 - Personal Thoughts 
When thinking about the future of VAMR, it is possible that it will never reach the point that every household uses it as part of their everyday life; we never immerse ourselves in virtual fantasy world where the only limits are our imagination. As an interviewee put it “I think people don’t want virtual reality; they want VIRTUAL REALITY”. When people think of what VR should be, many would conjure up images of a completely immersive world where anything can happen and one can be whoever they want. 
It brings to mind a film that was recently released, Ready Player One. The film brought to life the life exactly what people want from a virtual reality; a universe of opportunities; a fantastical paradise where one can be whoever they want to be and aren’t judged by race, wealth, gender or culture. Though this may never come to fruition, Ready Player One stands as an important symbol of what we want to achieve, for better, or for worse. 
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Appendices 
A1 - The Nature of VAMR
VAMR, as previously state, is not a new technology. Gobetti and Scateni (undated) state that the seed of emergence that would become VAMR was introduced in Ivan Sutherland’s seminal paper, “The Ultimate Display” (1965). Within it, Sutherland introduced the key concepts of emersion within a simulated world. ‘A display connected to a digital computer gives us a chance to gain familiarity with concepts not realizable in the physical world. It is a looking glass into a mathematical wonderland.’ (Sutherland, 1965). Though the paper arguably serves as a prediction, fully aware of the limitations of technology of the time, it provides a clear vision of what could be achieved through this kind of technology.
Sutherland’s first attempt at a reality-based technology, and arguably the most famous of early attempts at virtual reality was ‘The Sword of Damocles’, an HMD (Head Mounted Display) that had to be mounted to the ceiling that was capable of tracking the position and eyes of the user, updating images within its stereoscopic view according to position. Sutherlands description of what would go on to become all forms of reality-based technology evidently appropriately encompasses the essence of VAMR; a virtual or augmented world, free from the constraints of our ‘real’ physical reality; concluding that ‘With appropriate programming such a display could literally be the Wonderland into which Alice walked.’ (Sutherland, 1965). 
Though Sutherlands ‘Sword of Damocles’ is arguably the first attempt at virtual reality technology that would arguably be an ancestor to today’s technology, it was not the first piece of “virtual” reality technology to be created. Truly the first attempt at virtual reality was achieved by the ‘Sensorama’, ‘in years 1960-1962 Morton Heilig created a multi-sensory simulator. A prerecorded film in color and stereo, was augmented by binaural sound, scent, wind and vibration experiences.’ (Mandal, 2013). Though the Sensorama wasn’t interactive, it arguably characterises the overall purpose of reality technology, in that it aims to immerse the user in a virtual world via the stimulation of multiple senses. 





A2 - Reality / Virtuality
It is important to establish what relates forms of reality-based environments (virtuality) to each respective form and real environments (reality). The book, ‘Mixed Reality: Merging Real and Virtual Worlds, Milgram and Colquhoun Jr (Ohta and Tamura 1999) argue the importance of defining Real and Virtual Environments and where aspects of VAMR lie between these two terms. Milgram and Colquhoun Jr (Ohta and Tamura 1999, p6) state that ‘although both real environments (RE’s) and virtual environments (VE’s) certainly do exist as separate entities, they are not to be considered alternatives to each other, but rather as poles lying at opposite of a Reality-Virtuality (RV) Continuum. The RV Continuum is a scale that can be used to represent where different forms of reality would be situated between the two opposite ends, ‘Real Environment’ and ‘Virtual Environment’. 
[image: ]

Figure 1 Simplified Representation of a RV Continuum. Milgram et al 1994


[image: Image result for reality-virtuality continuum and ewk]The left side of the continuum ‘defines any environment consisting solely of real objects and includes whatever might be observed when viewing a real-world scene either directly in person, or through some kind of a window, or via some sort of a (video) display. The case at the right defines environments consisting solely of virtual objects, examples of which would include conventional computer graphic simulations, either monitor-based or immersive.’ (Milgram et al, 1994). Parallel to the Reality-Vituality Continuum is the Extent of World Knowledge (EWK) Continuum. In using EWK, ‘we are referring to the extent of knowledge present within the computer about the world being presented’. (Milgram and Colquhoun in Ohta and Temura, 1999). 




Milgram and Colquhoun (Ohta and Temura, 1999) state that in terms of mixing or combining real or graphic images, an example such as Augmented Reality would be placed somewhere toward the middle of the scale. Following on from this, it is possible, using this scale to plot where different forms of VAMR lie within, with full virtual technology, such as PlayStation VR being placed further toward the end. 
A3.1 - An Observation of the Types of VAMR 
From the observation of the above continuum, it is evident that all forms of VAMR can be classified in one form or another under an umbrella of the aforementioned continuum. However, there are definable characteristics that separate it into forms that can be applied to the continuum that define Virtual, Augmented and Mixed reality. 
A3.2 Virtual Reality 
Vergara et al (2017) States that VR covers a wide range of applications from the relatively simple, such as didactic virtual libraries, to highly complex systems such as immersive virtual reality training. Generally, VR is classified into two groups; Non-Immersive (or Window in the world), where the users vision into a virtual realm is via a computer screen and Immersive, where the user is immersed in a virtual world, for example with the use of a HMD (Head Mounted Display) and perhaps haptic gloves. Vergara et al (2017) suggests that these categories are then divided into their own subcategories; Non-immersive are classed by device type that interact with a virtual world by (i) by using traditional devices such as keyboards and a mouse etc or (ii) by using specifically designed interaction technology that mimic real control, such as machine operation consoles or vehicle control cockpits. Immersive categories can be subdivided into (i) using equipment such as the HMD (Head Mounted Display) which uses active screens placed properly in front of the users’ eyes and (ii) consisting of technology such as the virtual CAVE (Cave Automatic Virtual Environment) where a virtual world is projected onto the entire surface of a room with the use of stereoscopic projectors.
A3.3 - Levels of immersion within VR
‘Immersion means the extent to which high fidelity physical inputs (e.g., light patterns, sound waves) are provided to the different sensory modalities (vision, audition, touch) in order to create strong illusions of reality in each.’ (Mandal, 2013). Ernest Adams (as cited in Mandal, 2013) suggests that immersion can be separated into several categories:
• Tactical immersion – ‘Tactical immersion is experienced when performing tactile operations that involve skill. Players feel “in the zone” while perfecting actions that result in success.’ (Mandal, 2013)
• Strategic immersion – ‘Strategic immersion is more cerebral and is associated with mental challenge. Chess players experience strategic immersion when choosing a correct solution among a broad array of possibilities.’ (Mandal, 2013)
• Narrative immersion – ‘Narrative immersion occurs when players become invested in a story and is similar to what is experienced while reading a book or watching a movie. Staffan Björk and Jussi Holopainen, in Patterns in Game Design, divide immersion into similar categories. They call them sensory-motoric immersion, cognitive immersion and emotional immersion, respectively.’ (Madal, 2013)
 In addition to these, they add three new categories:
 • Spatial immersion – ‘Spatial immersion occurs when a player feels the simulated world is perceptually convincing. The player feels that he or she is really “there” and that a simulated world looks and feels “real”. (Madal, 2013)
• Psychological immersion – ‘Psychological immersion occurs when a player confuses the game with real life.’ (Madal, 2013)
 • Sensory immersion – ‘The player experiences a unity of time and space as the player fuses with the image medium, which affects impression and awareness.’ (Madal, 2013)
A3.4 - Examples of VR Technology
Over the decades, there have been many examples of VR technology, however, as of the time of this research, there are a few notable examples of VR technology:
Oculus Rift - By far, one of the most famous examples of VR Technology on the market today is Oculus Rift; one that arguably revived VR and gave it mainstream appeal, Oculus was designed by “VR enthusiast” Paler Luckey and began as a Kickstarter campaign in 2012 selling prototype developer versions. Oculus continued to be refined until its acquisition by Facebook in 2014 for $2 Billion USD. From March 2016, Oculus was released commercially; from then, also in 2016, other companies have entered the market with their own, similar technology, including the HTC Vive and the Samsung Galaxy Gear VR and VR2.
PlayStation VR -  In many ways, the cheapest path to VR (Many other VR headsets are more expensive and require relatively powerful PCs to operate) PSVR was released in 2016 and is the only dedicated games console VR on the market. 
Mobile Phones – Perhaps not the most technological or enjoyable way to view VR, VR app developers have turned an eye to the smart phone industry making phones the most accessible way to experience VR. Headsets that hold a smart phone to represent VR range from simple, cheap cardboard HMD’s that cost a few dollars to intricate displays that can cost hundreds. Whilst not being the most advance VR, it does present a level of accessibility to anyone who possesses a Smartphone.


A4.1 - Augmented Reality
Contrary to the aim of Virtual Reality which is to immerse and almost trick a participant into a different world/ reality; Augmented Reality has the aim of integrating Virtual Reality elements into reality by overlaying computer graphics on the real world. However, Augmented reality can be ‘closer to abstract, virtual, imagery worlds in which gravity, time, space obey different laws’. (Zlatanova 2002). 
Silva et al (undated) states that there are three main aspects in the design Augmented Reality; (i) a combination of real and virtual worlds, (ii) real-time interactivity and (iii) registration in 3D. There are a combination of ways to achieve this; either though a HMD (Head Mounted Display) that operates through a “clear” screen to project graphics, or, for example, through the use of smart phones and tablets. Silva et al (undated) also suggests that another important aspect of Augmented Reality, especially in comparison to Virtual Reality is through portability. Most Virtual Reality systems do not allow for the participant to move freely due to the devices limitations, however many AR applications can very often require the user to move over a large real-world environment, meaning that portability is an equally important aspect and one that is almost exclusively at this point associated with Augmented Reality. 
A4.2 - AR Components 
· Scene Generation – This is a device or software that renders the scene within an AR environment. Silva et al (undated) states that rendering is not a significant issue within AR as very few virtual objects need to be drawn and don’t necessarily need to be rendered realistically for their purpose.
· Tracking System – Arguably one of the most important aspects and the biggest problem for AR designers to achieve is tracking.  ‘The objects in the real and virtual worlds must be properly aligned with respect to each other, or the illusion that the two worlds coexist will be compromised.’ (Silva et al, undated). A notable example where this is paramount is Pokémon Go which uses tracking to map the player in relation to the Pokémon in that area. 
· Display -  Silva et al (undated) states that there are two main options available for Augmented reality; either through optical or video technology. ‘Each of them has some trade-offs depending on factors like resolution, flexibility, field-of-view, registration strategies, among others.’ (Silva et al, undated). It is claimed by Silva et al (undated) that display technology is a limiting factor as there is as of yet no sufficient see-through displays that have decent brightness, resolution or contrast enough to blend a real and virtual environment.

A4.3 - Examples of AR
AR is arguably the most accessible form of reality technology and covers a wide range of applications. Many of the most successful examples of AR are not through standalone devices, but rather through applications or as an attribute of other technology. By far the most successful use of augmented reality to date is through Pokémon Go, an app that encourages players to explore the real world around them to find and capture Pokémon that appear, superimposed onto their Smart device. Many uses for VR come in the form of product sampling such as Dulux’s ‘Visualizer’ app, that allows viewers to see the walls of their house virtually painted. Social media has recently embraced augmented reality with examples such as Instagram’s AR face filters which can superimpose graphics to change the appearance of a user whilst using the front or back camera of a device.

A5.1 - Mixed Reality 
Mixed Reality is a difficult form of reality technology to define as in many ways, as previously mentioned, it is evidently in many ways a continuation of Augmented Reality. Arguably, until recently, Mixed Reality was indeed classed as a form of Augmented Reality, however recent developments in reality technology have put mixed reality into a class of its own. In many ways, it could be considered the “natural” evolution of AR and VR as opposed to a separate form on the continuum.
‘Mixed reality (MR) represents the controlled collision of the AR/VR and IoT trends. With MR, the virtual and real worlds come together to create new environments in which both digital and physical objects—and their data—can coexist and interact with one another.’ (Kunkel and Soechtig, 2017). This shift has meant that Augmented Reality represents a more specific segment of the continuum, one that is perceived to be a more simplistic technology by simply overlaying graphics onto the real world. 
[image: Image result for VR continuum]
This separate classification of MR somewhat contradicts the visualisation of the continuum by Milgram (1994), however, it is evident that perceptions of the classifications of reality technology have changed over the two and a half decades since Milgram’s work. 
A5.2 - Examples of MR
True “dedicated” MR technology is arguably still very developmental. Many of the commercially available MR technology, such as Acer, Dell, HP and Lenovo mirror that of VR constraints, with the use of wired HMD’s and controllers as a way to interact. Arguably, it is the development of technology, such as the Microsoft HoloLens which are truly defining the term ‘Mixed Reality’. Currently one of the most expensive pieces of reality technology available and only as a development model, the HoloLens is far from being commercially available but is arguably one of the most promising pieces of technology in development. Similar to AR, HoloLens can project virtual elements onto a real-life environment, what makes it different to AR is that HoloLens can project 3D “holographic” graphics that can be interacted with similarly to that of VR technology whilst also differentiating itself from VR by not needing to be wired to a computer or needing controllers to interact with the applications.                           











Interview transcriptions
A6
P1 = Participant One
FG1 = Focus Group One
P1 
1) My main experience with any sort of VAMR technology is with Pokemon Go, though I am immensely interested in technology like this and when I actually have some money, I want to buy some.
2) I had a love-hate relationship with Pokemon go, though the “hate” part was quite arbitrary. Basically, I was a Pokemon nerd growing up, and like many things, Pokemon Go was hyped to the point that it couldn’t really live up to. I wasn’t expecting the pokemon to actually jump out of the screen, but I think they hyped it to a point that people were expecting perhaps a bit more of the augmented than the reality. On the love side of it, what can I say? I felt like a pokemon aster, and this was the first time, really it has come this close; and the fact that it was augmented reality that did that made me feel amazing. I have two kids, so it was wonderful to go out for hours, aimlessly wondering around having loads of fun and not hearing “can we go home soon?”. I also loved how much of a community it built. To see and meet loads of random people that had never met, suddenly all talk and laugh together without the need for alcohol was amazing. In the really volatile times we live in, where people are constantly arguing over politics, religion and all that jazz, it was nice to just hang out with people, with a common interest and just have a nice time.
3) I do not, though I guess my phone could count. In terms of actual dedicated technology, no, but I do want something, eventually. I mean I already would if I could, but I think, realistically, for a non-rich person like me, there just isn’t the justification. At the moment, I don’t think I could justify spending hundreds of pounds on a piece of technology that 1, doesn’t have a whole lot of uses at the moment; and 2, I get motion sickness very easily, and I don’t think at the moment, especially regarding VR, I could use one for more than 15 minutes without being monstrously sick!
4) I think there are a lot of barriers to get over. I think I have named two already, in that there just isn’t enough content to justify the cost and that VR technology especially can make people really sick. When it comes to AR, I think the biggest barriers are technological; how much more can Augmented Reality do? When does it start becoming mixed reality and does that mean then that Mixed is just continuation and that augmented is just going to outdate itself? I think one of the biggest barriers by far, again especially when it comes to anything that involves the changing of reality are people’s fears. Games get enough crap from the media, consumers and even politicians *Coughs* TRUMP *Coughs* who claim that video games are going to turn our children into murdering sociopaths, despite there being no evidence and in fact, more evidence that in fact it could help peoples issues. Imagine, even just one bad press statement about some fantastic, reality-bending VR app allegedly causing some psycho to kill a load of people, whether if it actually did or not. Even Pokemon Go got flack because people, and I mean adults, not just children, were stupid enough to blindly watch their phones without watching the environment and falling off a cliff or getting run over by a car. However, not being too biased; I think that the psychological effects of prolonged VAMR exposure should be investigated as I think we are heading into some pretty unexplored territory.
5) I think there are probably more possible benefits than I could possibly name. As someone who cares a lot about the environment and hates climate change deniers, this could be a powerful tool for putting someone in that situation, so they can almost touch the very things they are killing off. Imagine being able to watch a dolphin be born, follow it through its daily life, only to see it tragically snared in a load of floating plastic. Imagine the impact of being able to stand in a virtual future, where the environment is utterly ruined and the sky is blotched out. Hell, maybe, this kind of technology could help bring about world peace. People seem to forget or go into denial about what happened in the past, which makes things happen in the future. Imagine if we all grew up knowing a fraction of what it actually would be like in a war? Or god forbid, what our world would look like if there was a nuclear war? Aside from that, I think technology like this would be really good in for education, both academically for children, all the way up to university as well as vocational education, like learning how to operate on someone without the risks. I think in terms of education and training, it could probably save a lot of money too.
6) I think this could be used in almost everything. I’m pretty sure there isn’t an industry out there that wouldn’t benefit in some way from some sort of augmented, virtual or mixed reality.
7) Cost needs to come down, definitely. Like I said, I want one, but I can’t remotely afford one on y current pay, and as previously stated, even if I could, I don’t think I could justify it. There needs to be loads of applications, like a phone can do before it, you know, yeah; I think it needs to take a page out of the mobile phone’s book. It needs to have loads of uses; it needs to appeal to a lot of people and it needs to become almost an extension of ourselves. We can obviously live without mobiles, games consoles and laptops; we did for thousands of years. But to do so, these days is almost unheard of, even for older people. VR, AR and MR, in some fashion needs to find a place where people treat it as the norm; an irreplaceable piece of kit that they absolutely need.
8) [bookmark: _Hlk514868023][bookmark: _Hlk515114488]Short answer? No. No, I don’t think it will. Not for a long time anyway, as much as I would really, really love it to. Why is that? Because I think people don’t want virtual reality; they want “VIRTUAL REALITY”. You know what I mean; they don’t want 2d monsters popping up on a screen, or a half-baked virtual roller-coaster to ride on; hell, they probably don’t just want a virtual battlefield to shoot their friends in. They want The Matrix; they want Total Recall, Ready Player One. I think people want and might have even expected by now something like those movies I just mentioned, but we can’t do that; not for a long time anyway. Maybe in the future but not now. Maybe something like that Microsoft Hololens I’ve seen about. I think the idea of wearing some goggles and having your environment become the computer screen and playing games where monsters pop out of the walls would be great; like a much better pokemon go basically, but even Hololens sort of reminds me of that Google Glass they brought out for some reason. I think it could end up going the same way, and I reckon it’s because people put too many eggs in one basket, you know? I think it VAMR will be around in some fashion – forever, but as a revolutionary technology? Not for a very, very, very long time.

P2 
1) My main interaction with VAMR is with Pokemon Go, but that’s about it for experience with VAMR technology.
2) I really enjoyed it, though that could have been because the kids enjoyed it so much; but I liked it a lot as well; being able to get out with them whilst playing a game and even being able to take photos with it.
3) No, I don’t own a piece of VAMR technology. I don’t think I would particularly want to either. A part of me is scared that I would get too addicted and prefer it over my own reality.
4) [bookmark: _Hlk514687530]I don’t really know why, but a barrier for me personally is that I am much too wary over technology; especially with everything that has happened with data being stolen lately, I wouldn’t want another piece of technology that could potentially be taken advantage of by unsavoury people. I would be afraid of doing something to break it; something that costs a lot of money (I’d fuck it up).
5) I think it would potentially be massively useful across the board; not just for entertainment and gaming but for example, as a social tool. Perhaps it could help people with, for example, social anxiety or phobias get over and desensitise themselves to those fears. That’s where I see some of the biggest benefits.
6) I think the biggest industries to benefit from this technology would be the health service and education. It could bring new approaches to educating children through things like virtual reality where you’re not just reading it in a book, but actually seeing it. However, I don’t think that children should have uncontrolled access to it as I fear there could be some unanticipated psychological effects that could manifest.
7) I’m not sure if I would really want this kind of technology integrated into society that much. I don’t like the thought of people becoming too reliant on a reality that isn’t theirs and neglecting their own in the process. I think our over-reliance on technology is making us losing touch with our humanity. 
8) [bookmark: _Hlk514867830]Despite that though, I think that technology such as this IS going to be a major part of our society and probably much sooner than I would like; I don’t think we can stop society progressing in that way, despite how much I would like to. As much of a novelty as I think it is at the moment, I font think it will stay this way for long and may, for better or worse become a big part of our future.
P3
1) My experience of reality technology is limited, I’m of the older generation, near retirement age, but I went to Disneyland Paris with my young son of 5-6 at the time, we went on a ride which went around the world. We were sat in a locked in seat and it had the feeling of you flying, taking a bird’s eye view of the world and it took us across the Alps, you felt the woosh. We were entranced by it, and so we went back and did it a second time. On a personal level, I don’t have very much experience of reality technology. I feel it is important and it will be part of the future.
2) You really thought you were there. It enhanced the experience as opposed to watching it on a flat screen and that was what was wonderful to feel as both a 5-year-old and an older person. It engaged most of our senses bar smell, however we went to York, to a Viking village where it engaged our scent senses. When it engages these senses, it really gives you stimulation that isn’t just your eyes. They make things very memorable.
3) I don’t have a piece of technology. The price would be what determines whether I would invest. I have it in my head, whether true or false, that to engage in this reality technology would cost more than I would be willing to pay for it. 
4) Other than cost, I think for us older generations, its not knowing what it’s going to do to us. You get to a certain age and you wonder how it is going to help you when you haven’t needed it thus far.
5) [bookmark: _Hlk514851053]Working in the world that I do, with students that have specific learning difficulties; I think it could help them; we could devise [virtual] technology that would enhance their learning experience, working on all their senses. Students I have can speak their essays; this may take that steps further. It would be useful for people in care [with autism etc] to have something like this that engages all the senses, or black certain senses that they may find overwhelming. They could have better control over their own reality. Even, for example, it was taking people with, say, dementia back to a time they knew (escapism?) so that they can then pick up on it and be happy. The long-term memory seems to hold out on average a whole lot better, why not make them happy and transport them to a place that they can be familiar with and make them happy, rather than just sit there, glazed over, where as this could take them back to a familiar place. I think anyone with Phobias; virtual reality could really help; the fear of flying, drowning spiders. it could desensitise people to their phobias without actually having to expose them to the thing they are afraid of.
6)  To summarise, education, special needs and training. Well I wouldn’t want it just to be for entertainment; I would want it to do more social good than just entertainment. I would want more of a holistic approach. I think it could be used for anything; aeroplane simulators, space flight simulation to open up an experience to really make that experience real. 
7) I think it will be like the mobile phone, which started off as a huge thing. The market decided this was a good thing, you could make money out of it and they have added and enhanced phones, getting smaller, more user-friendly; cameras – what ever you want and I think that will begin to happen with [reality] technology. I think it will come down in size and price and they ill add more bits to it and then it will become the norm. we are seeing “little old ladies” now able to use [smart] phones and can actually go on Facebook and talk to their niece (etc) in different places around the world. I think it has to be opened up and friendly to all generations. Lower costs and better applications. That’s what happened with phones. 
8) This is all about integration. The phone stayed with us, the keyboard stayed with us. I’d like to think that it will remain in some iteration, even if it was a surgeon learning to operate virtually, doing a heart bypass. The cost of training could be cut significantly. I think for training purposes, it would cut so much cost and so much time. I can see a real use for this technology.

p4
1) Well I might have experiences that I don’t I realise that I have, I suppose. Things that I know that I’ve got are things like Pokémon go, my son was really excited about Pokémon go coming out a couple of years ago and I got a little bit addicted to it at the same time. That’s seemed to have waned now, but we had a lot of fun in the first summer when it came out. Would geocaching count? (yes). I’ve not got experience of the fully immersed.
2) [bookmark: _Hlk514674830]Going back to the Pokémon go, it was a bit of an escape, it was exciting; you see Pokémon appear and they look like they are sitting there in the grass. From my son at the time, (13) it was a good way of getting him out, because he was very much Xbox this, Xbox that.
3) What is a piece of reality technology? (classified as htc vive, psvr, oculus rift?) No. (what would make you invest?) I would pay for it if it had some learning aspect in it, definitely. I would want to make sure that it doesn’t have a violent element, but something he can learn from. 
4) Suspicion, I would say. That people that I know of, when second life was popular, there was a lot of suspicion over ‘well, why do you want a second life? What’s wrong with your first life? Why do you need to create a different identity for yourself?” some people might say, you need to be honest to yourself rather than create something different.  
lack of understanding, I mean, I just said, I wouldn’t want my son to do anything violent. You know there are people of an older generation who would imagine that the only possible reason you would use virtual reality was to do things you shouldn’t be doing in life. And well, cost, of course. It’s the same with any technology I suppose; ‘What’s this? Why do we need this?’ it’s that resistance to change and progress. 
5) [bookmark: _Hlk514851115]I think there are a huge amount of benefits really. As I said before, in terms of learning, in terms of empathy, to put yourself in someone else’s situation and understanding. There are lots of different ways in which it can be used to get a better understanding either through learning of development of knowledge or that empathetic element. Also, in terms of Pokémon go, it’s about getting out there and doing something different. Rather than think that technology has to be fixed in one place, its actually taking it out and using it somewhere else. 
6) Industries? Realistically, you could look at it across the board. People need to start realising ho it could apply to them education, tourism, heritage, but also, within healthcare, in terms of rehabilitation, regeneration.
7) Well one thing would be to actually legitimise it. Take education, there would sceptics out there that would think that any gamification is playing rather than learning, but as a lot of literature has found out in terms of younger age groups, that people learn through play, so it’s taking that forward through all stages of education, whether it’s right through to degree level, or short courses; and just pushing through the legitimisation of using different approaches. People are a bit scared to do something different.
8) I think the reason a lot of technologies fail, is because they move on too quick; there is always something else. In terms of, say, Blu-ray, we suddenly had digital downloads at a time when Blu-ray didn’t have time to establish itself; suddenly, we were using a different method. If you think about virtual reality, it might be different technologies that use it change quickly, but in itself as a concept, I think will just grow. The way in which we experience it at the moment might change; in terms of going right back, we had Betamax, then VHS, to DVD’s to Blu-ray so on but it still has the same output in that we can watch something we choose in a visual way. So, the technology that we use to view vr may change, it itself will just go and get stronger and stronger. 

p5
1) ‘I don’t have much conventional experience with VAMR’, however, I have played Pokémon go and experienced a virtual reality headset. Through it, I visited Venice and other major cities. I decided I could actually visit these cities if I wanted to, so thought about things I couldn’t do, so I stood on top of Everest for about 4 hours, which of course is impossible and unlikely that I’ll ever visit. I have also, and I’m not sure how I got into it but it was my idea. I saw that there is an augmented reality thing on the isle of white that’s a bit like Pokémon go, except with dinosaurs. You download the app, you go to certain markers and dinosaurs appear. I thought that would be really cool, I would really like to use that on our new exhibit. However, our head of learning said that it was expensive and we shouldn’t have it just for the sake of it, so then we went into committee, and asked whether it was going to add value to the exhibit. At the end of the day, we are putting wolves and bears into the same paddock; people are going to come see that, how are we going to educate them? what’s the story? The story of the exhibit is ancient British woodland. We’ve had people to come out who can build the app, they will add these sections on as we want them, with the view of expanding the app to a wild place, rather than just the exhibit specifically.
2) It blew my mind. But that was put to good use.
3) I probably wouldn’t be too interested myself in buying technology such VR/MR headsets for personal use as I don’t spend much time inside as it is. 
4) [bookmark: _Hlk515029366][bookmark: _Hlk514684794]The small argument is (in regard to the app being built) “what if people don’t have smart-phones?” I said, who? they are £20 in Tesco’s, but just for that, we will have ranges with iPads for people to use. Another problem I have is, one, the cost, secondly are people who don’t understand the technology or see the value and they take a lot of convincing (aversion to change) it’s a big ship to turn around at the Zoo, there isn’t enough money to risk. Justification and cost are the biggest barriers. When you get passed that, there is another layer of barriers such as “when is it going to be ready; when is it going to be obsolete?
5) [bookmark: _Hlk514684643][bookmark: _Hlk514786922][bookmark: _Hlk515110011][bookmark: _Hlk514850482](referring to the Zoo app development) I thought that if they don’t get the money, it [the augmented reality] would be the first thing they drop, but apparently, it’s the one thing they want to invest more in, the less money we get, because we won’t have money for the bigger, practical props, but surprisingly, this worked out at a reasonable price, so we decided to go more for Augmented reality rather than virtual reality to enhance the experience as you walk around this aerial walkway in the trees. We wanted to put in an Oryx, something that’s been completely wiped off the face of the earth. The ins- and out of it is probably going to be a wire frame, so you can see the scale of it and super-impose the image over the top. The company we are going to use specialise in architecture and design. We were told that the way to future proof this, would be not to invest in a lot of expensive hardware (and by extension software) that needs to be bolted down and instead have people rely on their own technology. Another idea would be to show a landscape of a potential future. The view is of the Severn Valley, so through augmented reality, we could show possible futures; a flood plain; a huge housing estate, a re-planted forest, (pointing at sustainability) yeah, you get to choose; this is a choice, you have to make it. It has a very serious conservational aspect to it. It’s not cheap, so we have to make sure that it is adding value. I think that if kids can visualise these aspects, it will become a really viable tool for learning. What we don’t want is for people to visit, walk around the exhibit whilst only looking through a screen, so instead we want pockets where people can see AR. We also want perhaps a Neolithic settlement, where the huts and environment were real, but the fires and people walking around were virtual; staffing it would cost a small fortune when AR/VR can actually be cheaper. For the Zoo, augmented reality can add value to those exhibits in the way I described. In terms of VR, we can put a child or adult, we can put them anywhere in the world, so its one thing for me to design and theme and replicate nature as best I can, as immersive as I can. I want to make people feel as immersed as I can. I think it will become cheaper to make vr environments than it would be to make real ones in the future. Use it to put people in the environment to see the problems for real to address the problem. Pokémon Go was the game changer. We actually opened the Zoo over 2 evenings, specifically for Pokémon Go, because there were Pokémon in the Zoo and people complained that they couldn’t get to them, so we opened the Zoo at night time and charged £3 as a suggested donation.  we were only going to open for one night; We had a capacity of 2000 people but had to open it a second night as we had to turn people away the first night. There was a que around the block. It thought ‘we don’t even need animals anymore’. 

the educational implications are huge. If we can get people to care more by placing them within a virtual environment, then so be it. I think it could benefit people who are getting older, who may want that escape, see the world a little bit (who perhaps don’t have the money to do it for real). You could escape your own reality to experience someone else’s. that is going to be a be a big benefit to people. They can actually interact with it, though it may have repercussions down the line that we may not know about, but it is good. I have friends that I haven’t seen for 15 years, (because I don’t need to). I can always see how they on FB when this becomes part of reality, and it will, it may almost become the death of actual reality in a lot of ways. (though FB is already arguably the death of reality).
6) Education, any sort of interactive themed environment. (Louise: heritage). Architects, machinery manufacturers, property developers who want to put their clients actually into the environment so you can really sell it. Its going to be huge for sales
7) Most is a novelty. The costs need to come down mainly (and other previous). It is a slow start for technology. It usually starts in military, then as it tarts to trickle into society, it picks up momentum, costs come down and spreads wider.
8) I think the platform of putting yourself into a virtual world or adding virtual (augmented) aspects to your world will always stick around now we can do it. I had a conversation with a friend about how it is impossible to leave your house without your phone no, not because you may need to make a call, but because of the instant accessibility to vast amounts of information in no time, that may be what happens with one or more iterations of [VAMR]
p6
1) My first proper experience of augmented reality was with pokemon go, which I was quite addicted to it for the first 2 momnths of its relase. Then the whole idea of it died for me after the first couple of months. It was very impressive, it was very fun; especially in Cardiff where there were a lot of pokestops and people would be battling constantly. It was great and a lot of fun, getting a lot of people that may be shy, involved. It’s died down a lot now, and I don’t play it now, mainly because of the location I live in now. In terms of virtual reality, I own a playstation VR, which is my first proper experience if it with vr. 
2) [bookmark: _Hlk514677742]When I first used it, it absolutely blew me away. It really impressed me. I’ve owned it since December, and I use it pretty regularly. You are no longer controlling the character, you are the character. I didn’t expect it to be that immersive. It really made me go wow. The problems I found with it is when you move, it can be very sickening. Something that uses teleportation is better but moving can make you feel very ill. I’ve always been fascinated by VR; things like The Matrix made me very excited; the notion of “you can do anything”. Being able to actually control it and being there, without much of a controller. Even (ancient) tech like the eyetoy was amazing because you can control things with your body. It blew me away. Ive always been a sucker, though I do sort of see them as more of gimmicks, mostly. I think of PSVR as a gimmick, but it’s a proof of concept; where as traditionally it was thought that VR could only be used on super-computers, now we know it can be used successfully on a games console. on many ways, PSVR is the first [dedicated] affordable VR headset available that actually works properly. I think its incredible technology.
3) 
4) [bookmark: _Hlk514785491]Do I think we’ll get aa Startrek holodeck? I don’t know, I doubt it. Its nothing that is overly advanced, when you think about it; nothing mystical, just screens, wires, smoke and mirrors. I don’t see it going too much further, to be honest. I don’t think we will reach the Holodeck. Any time soon, who is going to be able to invest or afford something like that? Cost is the biggest problem at the moment. A PSVR is the same price as the console itself, and that’s the affordable version. At the moment, there isn’t enough on [any] VR system to justify it’s price, for most people. I think the technology will probably be available [to make immersive VR like the Startrek holodeck], or at least we will have the capacity to do it, perhaps we already can, I don’t think you could really justify owning it, not for a long time anyway. Not until it is commercially viable, which I don’t really think it ever will be, not in the foreseeable future anyway. I don’t think it will reach the same level as smart phones or games consoles, where everyone owns one.
5) I think it could potentially be very useful for medical based aspects, such as surgery. I think It could be used in many applications for the military, however commercially I don’t see it going much further than the level it is at now. I think its mainly going to be the entertainment industry that thrives for the moment, and I don’t see it going much further than that.
6) –
7) I think in many ways it doesn’t need to be integrated any more than it is. I think it is a very niche, specialist market. I think it’s there and will continue to be there for those who know about it and want it. At it’s current capability, you must ask, would you be able to sit there and watch a movie for 2 hours with a VR headset on? The technology would have to be much more comfortable; not make you feel ill and have a lot more applications before it would remotely go from gimmick to household essential.
8) [bookmark: _Hlk514861171]I think it will always be there in one form or another, and it will even keep improving, but I think it will remain niche, only for those who take an absolute interest in it. How cool would it be to actually be in the middle of a Lord of the Rings battle? The question is whether you could sit for two hours with a large headset on? 2 hours in a large headset, where you are constantly getting motion sickness? I don’t think we will ever realistically be able to find a solution to those problems for the foreseeable. It brings up the question that if we could reach that point, can it survive long enough with constant investment and innovation to reach that point. Look at Google Glass; it was hailed to be the next big thing; that everyone would be using one, and had they, perhaps it would be a lot more advanced by now, but nobody used it – not enough people saw it as anything other than a gimmick, despite it having promising other applications, and it’s dead. The same could be said for Pokemon go; vastly popular and used by millions but now, it doesn’t have remotely the same appeal as it once did, and barely lives in comparison. Why? Because it was a gimmick and couldn’t reach a point where it could sustain at the same level. What people want is for this technology to culminate into something like The Matrix, or Startrek’s Holodeck. Industries want thi to become the next phone – the next thing you cant live without. I would love nothing more than to step into a Holodeck; to be completely immersed in a different world. However, I don’t ever think we will reach that point. Like I said, I think it will always be around in one form or another, and might even be used in things like surgery, or military etc, though I don’t think it will ever go further than a gimmick for the most part.

Focus group transcriptions 
FG1
[bookmark: _Hlk514845955]Hello Mark I hope this information is useful to you. I have experience, primarily, with virtual reality through the use of head sets (Oculus rift style). These have been used in various contexts and I would say that the context and content within the V.R is what dictates my reaction to it. For example, I have experienced video games through V.R. and found it to be clunky and awkward as you are meant to move by you own choice through a level. On the other hand, I have also experienced V.R. as an educational device, just as is used in the United Nations plaza in New York. When I was there I was seated to be educated by footage and combined narration in the headset based media. This experience left me feeling proud and supportive of the U.N. and the work within, as it showed an interactive and engaging presentation through the medium of V.R. My own phone is my V.R. device. Since the expansion of technology it is now relatively simple to gain some V.R. device. Again I believe that the kind of media would be the selling point for me as YouTube now has V.R. videos and I rarely seek them out because they don't interest me. In regards to A.R. products, I own a Nintendo 3DS, the handheld came packaged with A.R. cards where games and the like were to be played with them. I believe that tactile feed back is the biggest barrier for these kind of devices, so far (as far as I am aware) we are only able to have vibrations...but that's it. I believe surveyor or architecture could benefit from such tech as it would allow those who cannot explore a building, visit virtually. This is a tough one....hmmmm It kinda depends on what you mean by integrated. Could it be a marketable toy, probably or something used for education, it's on it's way there. But these examples are so widely spread that it doesn't raise hope for me in the world of VAMR. I don't think VAMR will ever come near mobile phones in its current state. Perhaps after some tweaking and a vibrant add campaign it could, but still i don't have much hope for it. I think of it truly as a gimmick...but then even gimmicks have their place in the world.
hope this helps
FG2
[bookmark: _Hlk514842297]I have single use occasions on virtual reality via the PS4 VR and my phone using 360 videos with a headset to watch the video while tuning my head to view whats going on. Both of which made me feel quite a bit of nausea. The only experience I have with augmented reality is also on my phone via Pokemon Go and an app on my camera. Beside the apps on my phone I do not own any serious hardware for VAMR. Though If you're asking if I would invest money into companies developing VR technology, I may consider it as I can see how it would appeal to others. I would be more interested in trying augmented reality kits, such as the Microsoft Hololens as I feel being able to use it within a real environment would be more pratical and have more applications such as the applications shown in the Hololens trailer (I cant be bothered to type all the ones showed in the trailer, just look it up). I see it primarily beneficial for entertainment and believe that t will most likely stay that way. I think it will primarily stay as a gimmick.
FG3
[bookmark: _Hlk514786344]At the moment VR especially has some massive barriers it will have to overcome in order to succeed. First is Price. PSVR is around £250 and that needs £240 PS4 and £30 Playstation move controllers to works as well. The Oculus rift is £300 and HTC vive is around £500 At the moment VR is just far to expensive for consumers. Also considering Sony's poor track record with support products other than Playstations consoles like the PSP and Vita there is a decent chance in 2 or 3 years Sony will be providing next to no support for the PSVR. Yes cheaper experiences like Google VR are out there but they have made little impact on the market.
Second VR comes with Health risks. Many people will experience headaches and other problems and thats going to of course limit its market. Finally when it comes to Games especially VR has to show it can make games better not just more immersive experiences. Motion controls made games more immersive but on few occasions did they make games better and As such motion controls died off. AR has a much better prospect because its cheap and can be used for a number of applications. I could play Pokemon Go or Take pictures of world famous landmark and learn more about with an AR app. AR is cheaper and more importantly does not induces illness in people. At the moment VR focus is limited the world of video games. In theory I could use VR in a museum to show off an historical event but few are looking upon VR like that. Innovation takes when it makes life better or easier the mobile phone is prefect example of that. At the moment VR could succeed as a niche product among more well-off consumers but its not even close to becoming a mass market products.


FG4
I’ve had experience with VR solely through gaming. Getting it out of the way first; I’ve played Pokemon go on and off since it’s release. I still like it, though it dropped off the radar pretty quickly. I don’t think it was quite what people were expecting. I am a massive gamer and pretty much saved exclusively for a VR kit for ages. Originally, I was either going to go for an Oculus or a VIVE, but instead opted for the PSVR as it was a lot cheaper and I already had a PlayStation and didn’t have a particularly impressive computer. I loved it from the second I put them on and I’m really excited for the future, but they didn’t entirely live up to my expectations. There obviously a huge amount of games and since its release, there hasn’t been as much development of games for the PSVR. It is a real shame as I was hoping for a lot more now (like two years on). But I think its died down now. In terms of the PSVR, I think companies are playing it safe and just developing the usual triple A COD, Battlefront, FIFA games, instead of trying to innovate and push the boat out a little. Maybe if they actually did put effort in and get more games out, then it would be better and ore people would join. My other problem is that I can’t play it for more than a couple of hours without feeling like I’ve been a passenger in a race car, going 300 MPH whilst reading! I think that is like the biggest barrier and I think it will be until we can do some matrix thing and fully “jack in”. 
I’m pretty sure there are loads of benefits that it could be used for but as a gamer, I think it could have the potential to entirely change the games industry. The obvious problem is the whole motion-sickness-thingy, but I think they are thinking too close minded. Like a square trying to comprehend a cube, I think were just not thinking outside the box and are trying to create the same, usual “first-person shoot ‘em up” experience. I like what Hololens is doing and think that might be the way forward for gaming instead of VR, because you don’t really get sick. In VR, your brain is trapped in another place whilst your body is in real life, whereas, the Hololens sort of brings them to you. I think it would be cool to play a game of Warhammer with your friends, like with figurines, except in this case, the figurines can move and actually battle each other, and your whole living room is the battlefield. That would be cool. So yeah, I think it could be hugely beneficial for the game industry, they’ve just got to think out of the box a bit I think. Like I said, Hololens is the way to go. Most of us played Pokemon Go; I played it for like a day and got rid of it because they made it out to be this super awesome experience and it just seemed like a combination of a load of already made games but with more microtransactions; what if they did Pokemon for the Hololens? What if, instead of seeing your character and a pokemon on a little screen, it was a virtual hologram that you could battle with your friend’s virtual holograms? That’s what I think the problem is; they aren’t thinking big enough.
I think it could be integrated and become a major part of our society but like I said, they need to think bigger! At the moment, I don’t think they want to risk it. I think if the Hololens makes head-way, it could really be huge. I think its got a couple of years, but I think it’s the way forward. I reckon that when Hololens or its equivalent starts making big waves, more basic tech like Augmented reality and Virtual Reality will die out and merge into the Hololens sort of technology. Then again, I think this kind of technology is still pretty unexplored and is running out of steam. At the moment I think it is mostly a gimmick, especially the PSVR – sort of in the same way as the Knect for Xbox was, but hopefully in a few years, it will be just as much a part of people’s homes as doors and windows!
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E3 FORM


	
APPLICATION FOR ETHICAL APPROVAL – BA level 

CAIS AM GYMERADWYAETH MOESEGOL – Lefel BA


	

	Mae'r ffurflen hon i'w chwblhau gan bob BA myfyrwyr. Rhaid i bob ffurflen gael ei ystyried gan diwtor y modiwl.
Dylai un copi o'r ffurflen yn cael ei roi ar y ffeiliau Gyfadran ac un copi cadw ar y ffeil myfyrwyr.
	This form is to be completed by all BA students conducting research, projects or productions. This form should be completed by the student. All forms must be considered by the Module tutor. A copy of the form must be kept centrally and on the student file.

	
ADRAN 1 – MANYLION MYFYRIWR		     
	
SECTION 1  -  STUDENT DETAILS


	Enw Llawn
Full Name 
	Mark Henry Ralph Price

	

	Ysgol/Cyfadran/ 
School/Faculty
	Carmarthen Business School 
	Rhif Myfyriwr Student Number
	1501759

	

	Cydlynydd prosiect / Tiwtor 
Module Tutor/ Programme Co-ordinator
	Alex Bell
	Enw'r Gradd
Name of Degree
	BA Hons Business Management 

	
Teitl dangosol yr Traethawd Hir:
	
Indicative Title of Dissertation:

	Blurring the Lines: Novelty or Revolution
A QUALITATIVE STUDY OF THE BENEFITS, BARRIERS, CONSUMER PERCEPTIONS AND ATTITUDES OF VAMR.




	ADRAN 2 – MANYLION CYFRANOGWYR / CYNULLEIDFA
	SECTION 2 - PARTICIPANT / AUDIENCE DETAILS



	Pwy yw’r cyfranogwyr arfaethedig?

	Who are the intended participants?
	Ydw / Yes
	Na / No 

	Myfyrwyr / staff Y Drindod Dewi Sant
	Students / staff of Trinity Saint David


	X
	

	Oedolion (dros oed 16 ac yn gymwys i gydsynio)
	Adults (over the age of 16 and competent to give consent)

	X
	

	Plant a phobl ifanc dan oed
	Children / legal minors

	
	X

	Cleifion neu gleientiaid gweithwyr proffesiynol	
	Patients or clients of professionals	


	
	X

	Rhywun sy’n cael ei gadw yn y ddalfa neu y mae’r llys wedi cymryd cyfrifoldeb amdano
	Anyone in custodial care or for whom the court has assumed responsibility

	
	X

	Aelod o unrhyw sefydliad lle mae’n bosibl bod angen i unigolyn arall hefyd gydsynio.
	A member of any organisation where another individual may also need to give consent.

	
	X

	Eraill:  Nodwch: / Others: please identify:



	

	Nifer, Oed a Ffynhonnell y Cyfranogwyr 
Rhowch fanylion yr demograffeg y cyfranogwyr / gynulleidfa.
	Participant / Audience Number and Age
Provide details of the demographics of the participants / audience.

	Nifer o Gyfranogwyr / yn y Gynulleidfa

	Participant/ Audience number
	7-8

	Grŵp oedran y Cyfranogwyr/y  Gynulleidfa

	Participant/ Audience age group
	18- 70






	ADRAN 3 – GWEITHGAREDD YMCHWIL

	SECTION 3 – RESEARCH ACTIVITY  



	1.
	Ydy’r prosiect yn cynnwys:
	Does the project include:
	Ydy / Yes
	Nac ydy/No 

	Defnyddio holiadur neu offeryn ymchwil tebyg 
	Use of questionnaire or similar research instrument 

	
	X

	Defnyddio prawf ysgrifenedig neu gyfrifiadurol 
	Use of written or computerised test


	
	x

	Cyfweliad (cysylltwch gwestiynau posibl) 
	Interview (attach provisional questions) 

	X
	

	Dyddiaduron
	Diaries

	
	X

	Arsylwi ar gyfranogwyr a hwythau'n ymwybodol o hynny
	Participant observation with their knowledge
	X
	

	Arsylwi ar gyfranogwyr a hwythau ddim yn ymwybodol o hynny
	Participant observation without their knowledge

	
	X

	Recordio fideo neu sain
	Video or audio-taping

	X
	

	Mynediad i wybodaeth bersonol neu gyfrinachol heb gydsyniad penodol y cyfranogwyr
	Access to personal or confidential information without the participants specific consent

	
	X

	Defnyddio unrhyw gwestiynau, ysgogiadau prawf, cyflwyniad y gallai rhai cyfranogwyr eu profi fel rhywbeth sy'n achosi niwed / tramgwydd corfforol, meddyliol neu emosiynol
	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive

	
	X

	Cyflawni unrhyw weithredoedd allai achosi embaras neu effeithio ar hunan-barch 
	Performance of any acts which may cause embarrassment or affect self-esteem

	
	x

	Ymchwilio i gyfranogwyr sy’n ymwneud â gweithgareddau anghyfreithlon 
	Investigation of participants involved in illegal activities

	
	X

	Gweithdrefnau lle defnyddir twyll 
	Procedures that involve deception

	
	X

	Gweini unrhyw sylwedd, cyfrwng neu blasebo 
	Administration of any substance, agent or placebo

	
	X

	Dull arall o gasglu data neu fformat cyflwyno (esboniwch)
	Other method of data collection or presentation format (please explain)

	
	X




	  2. 
	Restru eich dull o gasglu data
	List your method of data collection:


	
Interviews
Online Focus Groups




	3.
	Risg Posibl:
(corfforol, seicolegol, cyfreithiol, cymdeithasol neu economaidd)
	Potential Risk: 
(physical, psychological, legal, social or economic)


	A oes unrhyw risg bosibl i:  
	Is there any potential risk to:
	Ydw / Yes
	Na / No

	A

	Cyfranogwyr?
	Participants?
	
	x

	B

	Ymchwilydd?
	Researcher?
	
	X

	C

	BrifYsgol/Cyfadran?
	University?
	
	X




	4.
	Rheoli Risg: 
Os oes, beth yw'r risg a sut y bydd yn cael ei reoli?
	Management of Risk:
If yes, what is the risk and how will it be managed?


	






	5.
	Os ydych yn delio â phlant a / neu oedolion agored i niwed, rhaid i chi gyflwyno eich tystysgrif DBS i'ch tiwtor goruchwylio i'w cymeradwyo cyn i unrhyw gysylltiad â cyfranogwyr hyn.
	If you are dealing with children and/ or vulnerable adults you must present your DBS certificate to your supervising tutor for approval before any contact with these participants.


	
	Ydw / Yes
	Na / No

	A

	Ydych chi wedi gwneud cais am dystysgrif DBS?
	Have you applied for a DBS certificate?            
	
	X

	B

	A yw eich tiwtor weld a'i gadarnhau eich tystysgrif DBS?
	Has your tutor seen and approved your DBS certificate? 
	
	x









	6.
	A fyddwch yn cael cydsyniad gwybodus ysgrifenedig gan eich cyfranogwyr?
	Will you obtain written informed consent from your participants?

	

	Ydw / Yes
	Na / No

	A

	Os na fyddwch, pam hynny?
	If no, why not?
	x
	

	B

	Os byddwch, sut byddwch yn sicrhau cydsyniad gwybodus?
	If yes, how will you secure informed consent?

	
	

	Rhowch eglurhad / Please explain: through the use of a consent form.

	Cynhwyswch gopi o’r ffurflen gydsynio os ydych yn defnyddio un.
	Please include a copy of the consent form if you are using one.

	
	
	
	
	
	




	ADRAN 4
	SECTION 4  

	CEFNOGWYD /APPROVED
	
	NIS CEFNOGWYD/ 
NOT SUPPORTED
	

	Datganiad
Mae'r wybodaeth a gynhwysir yma yn gywir, hyd eithaf fy ngwybodaeth a’m cred.   Rwyf wedi ceisio dynodi unrhyw risgiau a phroblemau sy’n gysylltiedig â’r prosiect / ymchwil neu gynhyrchiad ac rwyf yn cydnabod f’ymrwymiadau innau a hawliau’r cyfranogwyr. 
	Declaration 
The information contained herein is, to the best of my knowledge and belief, accurate.  I have attempted to identify any risks and issues related to the project/research or production and acknowledge my obligations and the rights of the participants.

	
	

	Llofnodau  
Dylai'r ffurflen hon gael ei chwblhau a'i llofnodi gan y myfyriwr a'r Cydlynydd y prosiect /Twitor 

	Signatures
This form should be completed and signed by the student and the Module tutor/Programme Co-ordinator.

	

	Myfyriwr / Student

Mark Price                                                                                                                                              
	                                                                                 
	Dyddiad: / Date:

06/11/17

	
	
	

	Cydlynydd y prosiect /Twitor 
Project co-ordinator / Tutor

	
	                                                                                                                 Dyddiad: / Date:
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	Cyfranogwr Rhif Adnabod: 
Participant Identification Number:
	

	
CWESTIYNAU CYFWELIAD SAMPL 

	
SAMPLE INTERVIEW QUESTIONS 


	TEITL Y PROSIECT: / PROJECT TITLE: Consumer perceptions of the benefits and barriers of augmented reality technology: case study of the heritage sector.




The Interview is semi-structured. Questions are open-ended and more as a form of guidance.

	1


	
What Experience, if any do you have with VAMR? (Includes Pokémon Go, gaming VR, Second Life, Virtual tech such as Oculus Rift)

	2


	What did you feel in reflection of your experience with VAMR? For example, did you enjoy it?

	3


	1) Do you own a piece of reality technology? If not, what would entice you to buy one?


	4


	2) What do you believe are some of the barriers to this kind of technology? 


	5


	3) What do you believe are some of the benefits (whether that is sociability, economic, medical benefits etc) that could stem from VAMR?

	6


	4) What industries do you believe could utilise VAMR?

	7


	Most potential applications of VAMR are still in conceptual or early development stages, with most VAMR based around entertainment and could be considered, mainly a novelty. What do you believe needs to happen to allow this technology to be successfully integrated into society?

	8


	There have been many inventions and forms of technology that promise to be “the next big thing”, VAMR is no different; Do you believe at least one form of VAMR technology will be successfully adopted and developed into society and used for a variety of purposes? Or remain a novelty?




	ENW A CHYFEIRIAD YR YMCHWILYDD
	NAME & ADDRESS OF RESEARCHER
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	Cyfranogwr Rhif Adnabod: 
Participant Identification Number:
	1501759

	
FFURFLEN GANIATÂD CYFRANOGIAD
	
PARTICIPATION CONSENT FORM

	TEITL Y PROSIECT: / PROJECT TITLE: Blurring the Lines: Novelty or Revolution?
                 A Qualitative Study of the Benefits and Barriers of Virtual, Augmented and Mixed Reality



Name of Researcher:										         	
Please initial box

1.	I confirm that I have read and understand the information sheet dated XXXX for the above study. I have had the opportunity to consider the information, ask questions and have had these answered satisfactorily.

2.	I understand that my participation is voluntary and that I am free to withdraw at any time, without giving any reason.

3.  I understand that any information given by me may be used in future reports, articles or presentations by the research team.

4.  I understand that my name will not appear in any reports, articles or presentations.

5.	I agree to take part in the above study.



________________________	________________	_____________________________
Name of Participant	Date	Signature



_________________________	________________	_____________________________
Researcher	Date		Signature

You may decline to participate in this study. You may end your participation in this study at any time. If you decide to remain anonymous, maintaining your anonymity will be a priority and every practical precaution will be taken to disguise your identity. If you prefer anonymity, there will not be any identifying information on audiotapes or transcripts of this or any interview. No-one will hear any audiotapes or see any transcripts without your prior consent. All materials generated from this or any interview will remain confidential.
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Perhaps surprisingly, we do in fact agree that AR and VR are related and that it is quite valid to consider the
two concepls together. The commonly held view of a VR environment is one in which the participant-
observer is totally immersed in a completely synthetic world, which may or may not mimic the properties of
a real-world environment, either existing or fictional, but which may also exceed the bounds of physical
reality by creating a world in which the physical laws governing gravity, time and material properties no
longer hold. In contrast, a strictly real-world environment clearly must be constrained by the laws of
physics. Rather than regarding the two concepts simply as antitheses, however, i is more convenient to
view them as lying at opposite ends of a_ continuum, which we refer to as the Reality-Virtuality (RV)
continuum. This concept is illustrated in Fig. 1 below.

[ MixedRealityMR) |
|_>—|
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Real Augmented Augmented Virtual
Environment  Reality (AR) Virtuality (AV) ~ Environment

Reality-Virtuality (RV) Continuum

Figure 1: Simplified representation of a RV Continuum.

The case at the left of the continuum in Fig. 1 defines any environment consisting solely of real objects, and
includes whatever might be observed when viewing a real-world scene either directly in person, or through
some kind of a window, or via some sort of a (video) display. The case at the right defines environments
consisting solely of virtual objects, examples of which would include conventional computer graphic
simulations, either monitor-based or immersive. Within this framework it is straightforward to define a
generic Mixed Reality (MR) environment as one in which real world and virtual world objects are presented
together within a single display, that is, anywhere between the extrema of the RV continuum.? 1 update s ready to instal
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Source: Milgram, P., & Kishino, F. (1994). A Taxonomy of Mixed Reality Visual Displays.
[IEICE Transactions on Information Systems, 77(12).
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Moore’s Law — The number of transistors on integrated circuit chips (1971-2016)
Moore'slasw descrbes the empirical regularity that the number of transistors on integrated cicuits doubles approximately every two years
“This advancement is important a other aspects oftechnologieal progress - such as processing speed or the price of lectronic products - are
strongly linked to Moore's law.
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Long-Term Price Trends for Electronic Goods and Services
Consumer price indexes for televisions, computers, software and related items in the U.5.*
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