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Abstract 

This dissertation explores the potential of a virtual reality serious game to help people understand 

the complexity of a nature-based attraction, and leverage this to cultivate a connectedness to the 

ecosystem, working towards increasing pro-environmental behaviour. Specifically, this research 

examines what design considerations are necessary in working towards these goals. 

To this end, the opportunities in the tourism space for serious games and virtual reality were 

investigated through a site visit and subsequent pilot application. The opportunities were used to 

create a set of objectives for a virtual reality serious game artefact. Through several iterations the 

artefact was developed and modified, and was used to analyse the design considerations relevant 

to building a videogame around a nature-based tourism attraction. Further to this, design 

considerations around influencing a player’s connectedness to the attraction were investigated. 

Iterations One and Two were developed as part of Associate Professor Alexandra Coghlan’s 

project on VR games and reef conservation through tourism. The final iteration formed part of this 

dissertation. 

Utilising a Design Science methodology, the artefact was developed through a series of iterative 

activities. The Design, Play, Experience (DPE) Framework, a serious game specific extension of the 

Mechanics-Dynamics-Aesthetics (MDA) Framework, is used to guide the development and 

evaluation process. While design considerations for creating serious games exists in literature, 

theory has neglected those specific to nature-based attractions and those around creating a 

connection between real-world attractions and players. Through the iterative process, a virtual 

reality serious game is created around the Great Barrier Reef, the chosen nature-based tourism 

attraction context for the work. Involvement in the project during the Pilot, Iteration One and 

Iteration Two was as a paid employee for Associate Professor Alexandra Coghlan. 

Through the first two iterations of design science, the work identifies a series of design 

considerations for creating virtual reality serious games about nature-based tourism attractions 

for visitors. From a gameplay perspective, designers can look to engage players with non-typical 

elements of the attraction, while using both completely player-controlled and completely simulated 

events and actions from the attraction to show the attraction’s complexity. Towards teaching 

visitors about the attraction, designers shouldn’t focus on accuracy but interpretation when 

representing the environment and allow the player to conduct detrimental activities so they can 

see the consequences of those actions. Designers can utilize virtual reality to showcase unique 

perspectives, both from a literal vantage point in the attraction, and to help embody the player as 

the attraction. Finally, designers can create a visual language that separates the videogame 

components and the simulated real-world components to ensure visitors know how to interpret 

various elements. 
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Through the final iteration of design science, the work identifies several more design 

considerations pertaining specifically to creating a sense of connectedness between the visitor 

and the tourism attraction. Designers should highlight knowledge about the attraction that pertains 

to its struggles or threats not necessarily to for visitors to remember, but to create emotional 

moments. Designers should find ways to evoke different emotions from a typical visit to the 

attraction or find ways to evoke similar emotions towards different elements of the attraction. 

Designers can consider the emotional journey the visitor goes on while playing the videogame and 

make clear connections to the real-world attraction through various stages of their journey. 

Designers can highlight actions that mimic pro-environmental behaviour in the videogame to help 

visitors continue those actions in the real-world. 

The findings seek to better enable videogame creators and designers to create systems around 

complex ecosystems, towards encouraging pro-environmental behaviour in players. The 

significance of this dissertation is that it gives videogame designers new lenses to look at their 

designs through, to better capture the complexity of an ecosystem into a simplified, interactive and 

educational videogame, while ensuring their videogame brings people closer emotionally to the 

attraction. 
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Chapter 1: Introduction 

1.1. Introduction 

This dissertation explores a topic that lies at the intersection of serious games and virtual reality, 

placed within a nature-based tourism application setting. Serious games (SGs) are a combination 

of games and education, where the entertainment aspects are of equal importance in achieving 

the desired learning outcomes. A vast array of subject matter can be taught through SGs, from 

traditional education aspects like maths and English, to conflict management or social change. 

Even traditional games have been linked to a range of perceptual, cognitive, behavioural, affective 

and most—importantly for this dissertation—motivational impacts (Connolly, Boyle, MacArthur, 

Hainey, & Boyle, 2012). Videogames inherently involve interactivity, and this interactivity and 

experiential learning has the potential to make videogames more compelling and motivating than 

other media (Sandbrook, Adams, & Monteferri, 2015).  

Virtual reality (VR) head mounted displays have moved from an experimental development domain 

to consumer availability in retail stores. As the technology matures, the onus for creating 

compelling, fun, or interesting experiences to make the technology worthwhile is now on 

developers and designers. A good VR experience can affect user attitudes (Chittaro & Zangrando, 

2010), engross users (Schatzschneider, Bruder, & Steinicke, 2016) or evoke rich emotion (Riva et 

al., 2007), while an unpleasant experience can cause discomfort or nausea and turn someone off 

the technology for years, if not forever (Jerald, 2015). Current VR development and research 

supports a wide range of industries, including videogames, education, arts, business and health. 

Nature-based tourism refers to tourism in natural areas, including national parks, wilderness areas 

and other ecosystem-driven points of interest. While VR is often applied to education or for 

entertainment, in nature-based tourism the technology could do both but is under-utilised. The 

opportunity to influence a tourist’s environmental attitudes is strongest when visiting an attraction, 

yet most tourism studies on positive behaviour change reveal less than ideal results (Juvan & 

Dolnicar, 2014). This is all while these nature-based attractions face varying disturbances that 

threaten their long-term survival. Literature shows that by increasing someone’s connectedness to 

a nature-based attraction (that is, how much someone’s representation of self includes the object 

in question (Schultz, 2002)) their pro-environmental behaviour may increase, too.  

With this as a catalyst, this dissertation explores the potential of a VR SG to help people 

understand the complexity of a nature-based attraction, and leverage this to cultivate a 

connectedness to the ecosystem, working towards increasing pro-environmental behaviour. 

Specifically, this research examines what design considerations are necessary in working towards 

these goals. 
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The applied context for this PhD is an iconic but threatened nature-based tourism attraction: the 

Great Barrier Reef. The Great Barrier Reef (GBR) is home to thousands of species of marine life, 

attracts two million visitors a year and direct revenue of AU$390 million a year for the Australian 

economy (Deloitte, 2013). The Australian public is more willing than ever to engage in pro-

environmental behaviours, but little is being done to show them how (Coghlan, McLennan, & 

Moyle, 2016). 

The output from this PhD is a set of design considerations to aid developers create experiences 

around nature-based tourism attractions, along with design considerations for creating a sense of 

connectedness with the player to the real-world attraction. This involves the development of a VR 

SG artefact that exemplifies these considerations under the guidance of Associate Professor 

Alexandra Coghlan. This dissertation generates an artefact that gives users knowledge about the 

ecosystem, works towards some level of connectedness to the attraction, and ultimately unpacks 

the complexity of the nature-based attraction for the audience. Through the processes outlined by 

the design science research methodology, a tangible artefact has been developed as part of the 

findings. This allows the work done to be applied for its intended purpose, and as an example for 

others looking to encourage connectedness to nature-based tourist attractions. 

Gameplay footage of the artefact, along with footage of ‘Marine Explorer’ (discussed in Chapter 4) 

is available here with permission from Associate Professor Alexandra Coghlan and Dr Leigh Ellen 

Potter. (Full link provided in Appendix 2). 

1.2. Key Definitions and Acronyms 

In this section, terms commonly used in the document will be defined. These terms are either well 

known within the academic communities they belong to or have been included to describe how 

they are used for the purposes of this dissertation. The latter definitions are discussed and 

explained more rigorously within subsequent sections of the document but are given here to 

improve document comprehension. 

Term or Acronym Definition 

Artefact In design science research, an artefact is the tangible outcome that was 

developed for the research. It represents or encompasses the findings in a 

way that allows it to be applied in the future. 

Cybersickness Motion sickness that specifically occurs due to a VR experience. 

Cybersickness and ‘simulator sickness’ are often used interchangeably, 

however the later refers to motion sickness caused by physical simulators 

rather than VR. Whether the distinction is necessary is still being debated by 

the academic community. 
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See also: Section 2.4.1.4 

Degrees of 

freedom (DOF) 

DOF refers to the way an object can move and be tracked in physical space. 

This can be position (e.g. forwards/backwards), rotation (e.g. pitch, paw and 

roll), or even size. A computer mouse is 2-DOF (forward/backwards and 

left/right); A Wii controller is 3-DOF (pitch, yaw, and roll); VR HMDs such as 

the Oculus Rift or HTC Vive are 6-DOF (forward/ backwards, left/right, 

up/down, along with pitch, yaw, and roll). 

GBR Great Barrier Reef 

Head mounted 

display (HMD) 

Refers to the hardware device that users put on their head to experience the 

visuals (and sometimes sound) of the virtual environment. 

See also: Section 2.4.1.2  

Human-

computer 

interaction (HCI) 

“A field of study that examines all aspects of the interplay between people 

and interactive technologies” (LaViola, Kruijff, McMahan, Bowman, & 

Poupyrev, 2017) 

Immersion The technological qualities of VR hardware that allow for an increased 

sense of presence. 

See also: Section 2.4.1.1. 

Magical 

interaction 

Interactions that sit in between mimicking the real world perfectly and total 

abstraction (e.g. pressing a button triggers an interaction). These 

interactions should allow a user’s previous knowledge to help them 

intuitively understand how the interaction works but allow for the speed and 

ease that comes from abstract interactions. 

See also: Section 2.4.4.1  

Place Illusion (PI) In reference to virtual reality, PI refers to “the illusion of being in a place in 

spite of the sure knowledge that you are not there” (Slater, 2009). 

See also: Section 2.4.1.3  

Plausibility 

Illusion (Psi) 

In reference to virtual reality, Psi refers to “the illusion that what is 

apparently happening is really happening, in spite of the sure knowledge 

that it is not” (Slater, 2009). 

See also: Section 2.4.1.3  

Presence or 

telepresence 

The sensation of feeling as though you are in another place and that what is 

happening around you is real, despite knowing this is not the case. 

See also: Section 2.4.1.3  
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1.3. Research Questions 

The research questions for this dissertation are: 

1. What opportunities are available in nature-based tourism for virtual reality and serious games?

2. What design considerations are relevant to a virtual reality serious game about a nature-based

tourism attraction?

3. What design considerations are relevant to a virtual reality serious game for increasing

connectedness to a nature-based tourism attraction?

Research Question One has been identified to give direction and goals for the artefact that is 

developed through Design Science to answer the subsequent research questions. Through an 

iterative process, Research Question Two and Research Question Three are answered based on 

the findings made from the design and development, demonstration and evaluation of the artefact. 

Based on the answer to Research Question One the artefact takes the form of a virtual reality 

serious game to best take advantage of the opportunities identified. Reasons for picking virtual 

reality and a serious game are discussed in Section 5.3.1.1. Research Question Two focuses on 

identifying general design considerations from building a virtual reality serious game around a 

nature-based attraction, mirroring the design focus of creating the artefact in the early stages. 

Research Question Three targets the specific design considerations related to connectedness to 

the nature-based attraction, reflecting the focus of late-stage development of the artefact. 

SG Serious Game 

Three 

dimensions (3D) 

Refers to the depth of visuals or interaction. A 2D screen presents 

information in two dimensions (height plus width, like a standard computer 

monitor), while a 3D screen is capable of rendering depth. 3D interactions 

are those that occur along the height, width, and depth.  

Three-

dimensional user 

interface (3D UI) 

A field of study falling under HCI. Specifically, 3D UI researchers focus on 

user interface and interaction methods that happen within 3D spaces, often 

also being presented in 3D to the user. 

See also: Section 2.4.4.1  

UNESCO United Nations Educational, Scientific and Cultural Organization 

Virtual reality 

(VR) 

“An artificial environment which is experienced through sensory stimuli 

provided by a computer and in which one’s actions partially determine what 

happens in the environment.” (Merriam-Webster, 2016) 

See also: Section 2.4.1 
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1.3.1. Research Gap 

Chapter 2: Literature Review and Concepts of this dissertation provides the background academic 

research around serious games, virtual reality and connectedness to nature, specifically towards a 

nature-based tourism attraction. From the exploration of these topics it became apparent that 

there is a gap within the existing research when it comes to the following: 

 The unique design considerations specific to the domain of nature-based tourism attractions

when creating a virtual reality. What does a designer need to be conscious of when developing 

a virtual reality serious game, within the context of a nature-based tourism attraction that is 

different from any other setting? 

 Designing specifically for bringing the player emotionally closer to the nature-based tourism

attraction. What can a designer do to increase the emotional connectedness a player feels 

towards the real-world nature-based tourism attraction through a virtual reality serious game? 

While these two elements are the specific gaps that that dissertation intends to cover, the 

dissertation also intends to provide more coverage of the design and development process within 

the utilised methodology, Design Science research methodology (Peffers, Tuunanen, 

Rothenberger, & Chatterjee, 2007) as published work utilising Design Science is inconsistent with 

the coverage of the work done, especially in regard to videogame design process. 

The research questions identified for this research are designed to address the discussed 

research gaps. While Research Question One provides a building block to help answer the 

following research questions, answers to Research Question Two and Three each provide 

coverage of the identified gaps. 

1.3.2. Significance of Research 

This research fits within a larger research project working towards getting tourists more involved 

with the environmental challenges that the attractions they visit are facing. This research focuses 

on a specific subset of this larger research objective: how might a videogame be used to address 

these problems; and, in working towards actual behaviour change, can a videogame make people 

more emotionally connected to the nature-based attraction? 

From a much wider viewpoint, this research is one small perspective among many thousands 

looking to tackle the concerns of climate change. Novel ways of getting people involved with 

saving the planet are needed, and this research takes the perspective that emotionally driven 

experiences, interaction, and education—all of which can be provided within a virtual reality serious 

game—may be one of many ways to get people involved. The events that climate scientists have 

been predicting for 50 years are now becoming a reality; longer and more sustained bleaching 

events on the Great Barrier Reef and catastrophic bushfires sweeping Australia will only worsen 
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with time. Every possible avenue to help slow the progress of climate change should be 

investigated. Economically, climate change threatens the $131 billion Australian tourism industry 

that is supported in-part by nature-based tourism attractions (Tourism Australia, 2020). This 

dissertation aims to provide guidance on one small subset of those possible avenues from an ICT 

design principles standpoint. 

1.4. Scope 

While there are many areas of research that can be conducted relating to designing VR, SGs and 

nature-based tourism, this research focuses on specific areas so that this dissertation could be 

completed in the allotted timeframe. This research focuses on: 

 Mobile VR HMDs that are available to the public, including Google Cardboard and similar types

of devices, and all-in-one Mobile VR HMDs, such as the Oculus Go.

 A single serious game designed to give players a perspective on a complex nature-based

ecosystem.

 The Great Barrier Reef as the specific nature-based tourism attraction as the context. While

research findings will be related to the broader field of nature-based tourism attractions, the 

artefact developed will focus on the Great Barrier Reef. 

This research will not: 

 Explore any psychological understandings for why users choose to make certain decisions

beyond what is already known in the literature, but simply take those decisions into 

consideration and design around them. 

 Look at the limitations of the hardware and improvements that could be made to better utilise

user interactions, and

 Base decisions anticipating future iterations of VR hardware or potential new features beyond

what might occur during the PhD timeframe.

It is important to note this research is being conducted from serious game, information technology 

and information system design perspectives. Technical and psychological perspectives will only 

be discussed for the purposes of applying to design, and thus this dissertation does not look to 

add to that body of knowledge. From the tourism perspective, while this research forms part of a 

wider research project set in the tourism sector, this dissertation is focused on SG and design. 

This research is looking to develop a modern VR SG and evaluate its ability to improve 

connectedness through the creation of an artefact. 

1.5. Thesis Outline 

Chapter 1: Introduction of this thesis outlines the significance and scope of the dissertation. 

Chapter 2: Literature Review and Concepts contains a literature review of the concepts required to 
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understand this dissertation through literature. Chapter 3: Research Approach will outline the 

research methodology and the intended techniques to be used through data collection and 

analysis.  

With an understanding of the literature and the approach to the research discussed, the work to 

answer the research questions will be commenced. Chapter 4: Opportunities for virtual reality 

serious games in nature-based tourism will answer to the first research question through a list of 

opportunities that one could leverage with VR available to nature-based tourism. The data and 

work done to answer questions two and three will be presented in Chapter 5: A virtual reality 

serious game based on a nature-based tourism  and Chapter 6: Changing connectedness to an 

ecosystem through a virtual reality serious game respectively. Chapter 7: Communication and 

Conclusion provides an overall discussion of the final artefact developed through the Design 

Science process. 

1.6. Conclusion 

This research will contribute to designing for virtual reality SGs in both the academic community 

and in industry. This research will focus on answering three research questions: 

1. What opportunities are available in nature-based tourism for virtual reality and serious games?

2. What design considerations are relevant to a virtual reality serious game about a nature-based

tourism attraction?

3. What design considerations are relevant to a virtual reality serious game for increasing

connectedness to a nature-based tourism attraction?

The outcome of this dissertation will be the answer these research questions, by identifying design 

considerations for designing a VR SG that creates a connectedness between the player and the 

nature-based attraction in order to improve the pro-environmental behaviour of the player. This will 

include the design and development of a VR SG artefact, with the design process being detailed to 

achieve this goal and answer the research questions. Following a Design Science methodology will 

help identify opportunities available in the nature-based tourism domain and identify design 

considerations for developing such an artefact around a nature-based tourism attraction and 

connecting the player with the attraction. The following chapters of this dissertation outline the 

work completed to answer the three proposed research questions. 



Literature Review and Concepts Lewis Carter 

Page 22 of 294 

Chapter 2: Literature Review and Concepts 

2.1. Introduction 

This chapter presents the concepts from literature related to this dissertation. It begins with a 

general discussion of serious games (SGs), various related terms and the frameworks related to 

the development and evaluation of SGs. In discussing the factors related to SG design, an in-depth 

literature review of the elements related to virtual reality and its design, educational aspects, the 

workings of a videogame, the narrative/ storytelling components and the usability factors is 

provided. From there, a review of relevant tourism literature is presented, discussing the uses of 

virtual reality and SGs within the industry. Here the term nature-based tourist attraction is 

introduced and explained. Relevant to Research Question Three, ‘connectedness to nature’ as a 

term is explained and its measurement discussed. Finally, a brief overview of what an ecosystem 

is, with examples from the GBR context of this research, is presented to give information relevant 

to the creation of the artefact in later chapters. 

The literature review begins by looking at SGs. While virtual reality is the investigated technology in 

Research Question One, this literature review begins with SGs as a frame for the rest of the 

discussion. Within the discussion of SGs the review looks at the many factors relevant to creating 

SGs, including the relevant technology platform for this dissertation, virtual reality. 

2.2. Serious Games 

Like much of the terminology in this dissertation, serious game (SG) as a concept has many 

different definitions. Ghanbari, Similä, & Markkula (2015) define SGs as “…games with a set of 

cognitive properties that provide individuals with new ways of thinking and transferring 

knowledge”, with Xu, Buhalis, & Weber (2017) adding “…instead of the mere entertainment function 

of traditional games.” At its most basic, SGs are videogames “used for purposes other than mere 

entertainment” (Susi, Johannesson, & Backlund, 2007), or “entertaining games with non-

entertainment goals” (Ratan & Ritterfeld, 2009). 

Susi et al. (2007) summarise Michael & Chen's (2005) thoughts on the major differences between 

SGs and entertainment (or traditional) games, contrasting the focuses, simulation elements and 

communication styles between the two. These definitions highlight the importance of realism and 

learning but in a way that downplays entertainment/fun, and the educational influence this may 

have. Definitions that downplay entertainment are however criticised for being too narrow (e.g. by 

Susi et al., 2007). Others try a more general approach, seeing SGs as “the application of gaming 

technology, process, and design to the solution of problems faced by businesses and other 

organizations” (Susi et al., 2007). Here, the definition focuses on the intent of the videogame, rather 

than the content of the videogame itself. If the videogame is intended to be used for anything other 
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than pure recreation, it should be considered an SG. This allows for a much broader definition of 

SGs, and does not limit what the actual videogame can be, only the motive behind its development. 

While much of the discussion around SGs in this dissertation refers to the educational domain, 

SGs have many applications in advertising, training and communication (Marfisi-Schottman, 

George, & Tarpin-Bernard, 2010). 

2.2.1.1. Traditional Games 

In addition to SGs in the wider field of videogames are ‘entertainment’ or ‘traditional’ games. 

Traditional games are videogames more commonly seen by the public, defined as those that are 

”intended primarily as an object of entertainment” (Tavinor, 2008). Budgetary challenges can 

drastically affect the scope of the SGs and thus the design regardless of domain (Marfisi-

Schottman et al., 2010). Scope and budget are factors in all videogame development, but 

traditional games don’t face as many challenges around sustainable business models, distribution 

methods and customer acceptance where SGs often do (J. Mayo, 2010) limiting visibility and 

viability in comparison. 

The premise of the term ‘entertainment game’ entertainment games’ implies that games of any 

videogame outside that category is not for entertainment or not entertaining. While not the only or 

main goal, SGs are predominantly still intended to be entertaining. For this reason, the term 

‘entertainment games’ to refer to this style of videogame will not be used in this dissertation. When 

referring to any type of digital videogame in this dissertation, the term ‘videogames’ will be used for 

simplicity. ‘Traditional games’ will only be used when required to differentiate between these and 

SGs.  

2.2.2. Entertainment Vs Education 

Many discussions around SGs pit entertainment and education on opposite poles of a single 

spectrum, and almost as mutually exclusive ideas (Ritterfeld & Weber, 2006). By looking at 

traditional videogames, which have no intended educational purpose, it becomes clear that this is 

a misleading oversimplification: Civilization (MPS Labs, 1991) has been used to help students learn 

history (Squire, 2011), and Age of Mythology (Ensemble Studios, 2002) to inspires students to 

continue learning about mythology (Gee, 2003). Beyond explicit content learning, Gee & Paul 

(2003) point out traditional games can also teach real-world skills such as decision-making, both in 

terms of actions that will impact the player’s progress (as in The Elder Scrolls III: Morrowind 

(Bethesda Game Studios, 2002)) or moral decision-making (as in traditional games like Star Wars: 

Knights of the Old Republic (BioWare, 2003)). 

Cognitive and developmental learning has been shown to occur from playing videogames. 

Learning problem-solving (Ritterfeld, Weber, Fernandes, & Vorderer, 2004), knowledge acquisition 

(Ko, 2002) and spatial abilities (De Lisi & Wolford, 2002) have all been shown to be possible and 
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common in those who play videogames (Ritterfeld & Weber, 2006). Soft skills such as 

communication and collaboration have been connected to children and teens playing videogames 

(Lenhart et al., 2008; Prensky, 2006). 

Utilising traditional games can prove useful where, firstly, a traditional game exists that offers the 

appropriate content and, secondly, a coherent learning approach is embedded to guide and 

complement the playing of the traditional game (Kelle, Klemke, & Specht, 2011). There are of 

course multiple limitations to this method. In most scenarios, the in-game objective will differ from 

the objective of the learning (Bellotti, Berta, & De Gloria, 2010). There are also not traditional games 

that exist for every possible learning outcome that one might want to teach (Boyle et al., 2016; Eck, 

2006). While challenges exist in generating videogames for educational purposes beyond 

repurposing traditional games, the outcomes are often more successful, as a custom videogame 

can target the learning objectives more directly (Boyle et al., 2016). 

2.2.3. Serious Games vs Other Related Topics 

SGs are often confused with similar yet differing ideas related to gaming and learning; e-learning, 

edutainment, educational games, gamification. Edutainment, a popular term during the 1990s, 

refers to any type of education that also aims to entertain (Susi et al., 2007). The Entertainment 

Software Rating Board defined edutainment games as “provid[ing] users with specific skills 

development or reinforcement learning with[in] an entertainment setting” where “skill development 

is an integral part of [the] product” (Ratan & Ritterfeld, 2009). The key here is that the education is 

at the forefront, with the entertainment being applied to the educational aspects. This usually 

resulted in “offspring that inherit the worst characteristics of both parents” (Eck, 2006), where the 

applications were neither a good videogame nor educational. Edutainment can be considered a 

subset of SGs, with the latter applying to a greater range of videogames where there is purpose in 

addition to entertainment (Ratan & Ritterfeld, 2009). 

Likewise, ‘educational games’ as a term is used to refer to a specific subset of what can be 

considered edutainment. Educational games are predominantly focused on primary or secondary 

education and the learnings that are important to that demographic, such as geography in Where 

in the World is Carmen Sandiego (Broderbund, 1985) and maths in The Castle of Dr. Brain (Sierra 

On-Line, 1991), while SGs have a much wider audience and thus look to educate on a wider variety 

of topics (Susi et al., 2007). SGs range in topic from team management as in Pacific: Serious Game 

on Leadership and Team Management (Game-learn, 2016) through to HIV prevention and risk 

reduction as in PlayForward: Elm City Stories (Play2PREVENT, 2012). 

While SGs take gaming ideas and ground them in educational topics, gamification is the process 

of taking software and applications and grounding them in videogame design ideas and tropes. A 

perfect example of this Is Duolingo (Duolingo, 2011), an application that uses challenges, rewards 
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and progression to help motivate the learning of a new language. The primary difference here is 

that these game-based mechanics are added around the main component of the application—

learning a language—rather than learning a language integrated within the game mechanics itself 

(Deterding, Dixon, Khaled, & Nacke, 2011). Deterding et al. (2011) go on to summarise gamification 

as “the use of game design elements in non-game contexts”. 

Another important differentiation between SGs and other similar terms is how they relate to ‘play’. 

The concept of play can be summarised as having two distinct components (Berger, Caillois, & 

Barash, 1963). ‘Playing’ refers to more improvised play, while ‘gaming’ refers to more structured 

rules and progression of goals (Deterding et al., 2011). While both are required for traditional and 

SGs (with the added focus of ‘learning’), gamification only focuses on adding gaming to an 

application. Through this lens, edutainment games would be primarily driven by neither playing nor 

gaming, but by learning first and gaming second. 

Game-based learning (GBL) or digital game-based learning (DGBL) is defined as “a branch of 

serious games that deals with applications that have defined learning outcomes” (Susi et al., 

2007), although it is more often used as a synonym to refer to the same thing as SGs (e.g. Eck, 

2006). Tang, Hanneghan, & El Rhalibi (2009) describe SGs as a more modern term for game-based 

learning, but also clarify SGs as the term used in a wider array of fields, most notably in training 

and creating awareness of social or environmental issues, not just direct education. 

For this dissertation the term serious game (SG) will be used, as based on the discussion above is 

the most applicable term for the intended purposes and outcomes. While ‘game-based learning’ 

would suffice, SGs has been chosen as this dissertation is focused on designing an entertainment 

product that also provides other lessons, as per the definition of SGs previously given, “entertaining 

games with non-entertainment goals” (Ratan & Ritterfeld, 2009). 

2.3. Serious Games and Social Change 

SGs that target social (or environmental) change represent approximately 14% of SGs (Ratan & 

Ritterfeld, 2009). These videogames range from advocating political issues, fighting world poverty 

or protecting the environment (Ratan & Ritterfeld, 2009). Madani, Pierce, & Mirchi, (2017) discuss 

SGs looking to educate on environmental management issues, including SGs looking to “explore 

attitudes toward environmental conservation”, “Make decisions to confront global climate change 

at home”, “create a thriving and environmentally healthy catchment” and “promote awareness of 

actions… in regard to climate change”. Of the 25 SGs released between 1994 and 2013 they 

investigated, eight per cent sought to teach about ecosystem ecology, while another eight per cent 

were more generally environmental education. No evaluations on effectiveness or pedagogical 

foundations for these SGs were available (Madani et al., 2017). 
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Evidence suggests SGs can positively influence social change under the right circumstances. A SG 

looking to raise awareness of flooding policies was “somewhat successful” according to the 

researchers, with players seeing the SG as an accurate source for flood risk and prevention 

strategies (Rebolledo-Mendez, Avramides, Freitas, & Memarzia, 2009). However, learnings were 

only surface level, with the authors suggesting more could be done in presenting accurate 

information and how they convey it. The SG Darfur is Dying (Interfuel, 2006) was used to 

experiment with modes of information delivery and their effectiveness to elicit willingness to help 

refugees (Peng, Lee, & Heeter, 2010). Results showed that playing the SG, compared to reading 

plain text or watching someone play the videogame, created the greatest willingness to help. 

Willingness to help was measured by a behavioural intention questionnaire immediately after 

playing the SG for an average period of five minutes. Finally, Sandbrook, Adams, & Monteferri 

(2015) highlight the potential of videogames and biodiversity conservation, suggesting a number 

of ways the two could be linked at a conceptual level, including behaviour change, fundraising and 

citizen science. With regard to climate change, Abraham & Jayemanne (2017) found that while 

many traditional games could be read into for human-environmental relationships, there is “a 

relative dearth of explicit engagement” in climate change as a topic. When it comes to social 

change, SGs become an intervention tool where education is but one possible function that can be 

utilized towards the desired outcome (Wells, de Salas, Lewis, & Berry, 2016). 

The artefact developed and evaluated in this dissertation takes the form of a SG. Aspects of the 

videogame focus on environmental change and is set within a nature-based tourism attraction, 

categorised as a social change SG. 

2.3.1. Serious Game Design Frameworks 

Many SG frameworks exist in literature (e.g. de Freitas & Jarvis, 2006; Marne, Wisdom, Huynh-Kim-

Bang, & Labat, 2012; Westera, Nadolski, Hummel, & Wopereis, 2008). The discussion in this section 

will focus around those relevant to this dissertation. To properly understand SG frameworks, it is 

best to investigate a prominent traditional game framework first. 

2.3.1.1. MDA Framework 

To help researchers understand videogames and bridge the gap between videogame design and 

research, Hunicke, LeBlanc, & Zubek (2004) developed the MDA framework. The framework 

discusses the relationship between designer and player through mechanics, dynamics and 

aesthetics, shown in Figure 1. 
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Figure 1: An amalgamation of concepts and diagrams presented in Hunicke et al. (2004) 

Mechanics are the specific components of the videogame, in terms of actions, behaviours and 

controls available to the player. Dynamics are how the mechanics behave when the videogame is 

being played, based on player input and how individual mechanics may interact over time (Hunicke 

et al., 2004). Aesthetics are the goals for how the videogame (Xu, Weber, & Buhalis, 2013). 

While commonly cited and used in academia, MDA has more recently been criticised for neglecting 

aspects outside of mechanics, including narrative, educational or experience-driven videogames 

(Walk, Görlich, & Barrett, 2017). Of particular concern to this dissertation, the framework “focuses 

on the design of videogames for entertainment…” while “designing serious games offers a unique 

set of design challenges that are not encompassed in the MDA framework” (Winn, 2008). While 

MDA may serve well to critique or categorise traditional games (e.g. Xu et al. 2017) it may 

ultimately hinder the scope of the learning objectives if applied to the design and analysis process 

for SGs in this dissertation. 

2.3.1.2. DPE Framework 

The DPE (design, play, experience) framework (Winn, 2008) expands upon the aforementioned 

MDA framework with the intent of widening the types of videogames that the latter can be 

appropriately applied to, with explicit focus on learning and SGs. Figure 2 shows the relationship 

between the various concepts within the DPE framework. 
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Figure 2: A modified DPE framework diagram (based on Winn, 2008). 

Similar to the MDA framework, the relationship between the designer and the player can be seen. 

However, through DPE the designer only has direct control over the design, and the player brings 

their experience to the SG to create what occurs in the middle, play. Each of these contains layers 

falling under the headings learning, storytelling, gameplay and user experience. All of this sits over 

the technology the SG is deployed on. While the technology is not being designed by the designer, 

the technology selected dictates decisions and outcomes at every point, and must be considered 

at all times (Winn, 2008). For ease of discussion, technology will be considered one of the layers 

relevant to design considerations throughout this dissertation. 

When designing using DPE, Winn (2008) suggests first defining the goals followed by designing, 

prototyping, playtesting. Prototyping helps test the theories from design and how they change in 

play, while play-testing will show how a player’s experience affects how the SG plays. In each 

stage, the designer should think about the design/play/experience through the layers. These 

layers, while distinct, will affect each other (Winn, 2008) and should not be designed in isolation but 

as an aspect of the SG as a whole. While learning is important to SGs as otherwise it is simply a 

videogame, no layer should be treated as more important than another. Any design decision made 

within one layer may influence another, either positively or negatively. A solution to poor learning 

outcomes, for example, may be fixed with a change to any number of the other layers (Winn, 

2008). 

The DPE framework can also be used to both analyse the outcomes of a SG as well as to guide the 

design process. Winn (2008) states as much, writing “the framework gives a structure to 

decompose the elements of design. For example, a student of serious game design can playtest 

and critique an existing serious game, breaking down and discussing its learning, storytelling, 

gameplay, user experience, and technology, as separate components”. The author goes on to state 
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that analysis can go deeper by looking at each layer through design, play and experience, then 

determine the experience goals for the SG and evaluate if they were met. 

Critiques of the framework confuse it with gamification, suggesting instead to use more common 

and modern gamification models (such as Walk et al., 2017), however gamification is a different 

focus area and not the topic of this dissertation. Being a decade old, there is work being done to 

update the model (Pereira de Aguiar, Winn, Cezarotto, Battaiola, & Varella Gomes, 2018), however 

this is still in progress at the time of writing and thus would be ill-advised for applying to this 

dissertation at this time. The framework as it stands in Winn (2008) is strong enough to aid design, 

analysis and discussion of the artefact for this dissertation. 

The Learning Layer 

The learning layer refers to the content and information transaction that happens from the SG. A 

designer designs for certain content and pedagogy, which then teaches the play when they play, 

which hopefully leads to a set of learning outcomes (Winn, 2008). Thinking about learning can be 

made easier by following any number of learning taxonomies, but the emphasis is on defining 

learning goals early and rigorously (Winn, 2008). Information on learning related concepts from the 

literature is presented in Section 2.4.2. 

The Storytelling Layer 

The storytelling layer refers to the setting, character, narrative and level design and how these 

elements interact. At the design stage, the designer thinks about character, setting and narrative 

elements. Some videogames have a strong story element, while others (such as arcade games) 

have very little (Winn, 2008). At the play stage, the designer takes the story elements from the 

design and looks at how that story is told when the decisions and interactions the player makes 

are involved. The result of this is the experience of the player and the story they perceive (Winn, 

2008). A linear videogame for example may result in a very similar designer story to the player’s 

story, while a more sandbox-style videogame (E.g. Minecraft (Mojang, 2011)) affords the player 

many possibilities, and thus results in unique player stories. Information on storytelling related 

concepts from the literature is presented in Section 2.4.5. 

The Gameplay Layer 

The gameplay layer defines what the player can do, the choices they can make, and the 

ramifications of those choices (Winn, 2008). At the design stage, the designer defines mechanics, 

which are the rules for the gameplay, or what can and can’t be done in the videogame, as well as 

the challenges the player may face and the player’s goals. When the player engages with the 

mechanics in the play stage, the resulting behaviour from interaction and how the mechanics 

combine refers to the dynamics. The emotion the player feels refers to the affect in the experience 

stage. This layer closely resembles the definitions from the MDA framework, albeit with slight 
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changes to language for clarity. Information on gameplay related concepts from the literature is 

presented in Section 2.4.3. 

The User Experience Layer 

In DPE, the user experience layer refers to the user interface the designer creates, including visuals, 

interactions, control system and sound. The player is immersed in the interactivity while they play 

and reflected on their experience through their engagement. Information on user experience 

related concepts from the literature is presented in Section 2.4.4. 

The Technology Layer 

All decisions in the above layers will be influenced by the technology used by the videogame (Winn, 

2008). Most notably, user experience is tightly coupled with the technology, where often a decision 

made for one platform or technology will not translate directly to the new platform. While it is not 

necessary to address technology directly in the design process, technology must be considered 

throughout as it will greatly influence decisions made in the four other layers (Winn, 2008). 

Information on technology related concepts from the literature is presented in Section 2.4.1. 

Each of these areas will be useful in answering the research questions as different perspectives to 

think about in the design process, analyse the data collected and communicate the proposed 

design considerations through. The DPE framework will also aid in structuring subsequent 

chapters of this dissertation. More discussion on this can be found in Chapter 3: Research 

Approach. 

2.4. Factors when Designing Serious Games 

Based on the five layers presented above from the DPE framework, this section investigates the 

many topics and background concepts specific to each DPE layer. As the base for all the other 

layers, technology is discussed, with focus on the technology the artefact is developed for in this 

dissertation, virtual reality. This is followed by an examination of learning, gameplay, storytelling 

and user experience, regarding the concepts more generally as well as the specific considerations 

for SGs. 

2.4.1. Technology (Virtual Reality) 

The concepts and topics related to the technology of a SG vary wildly depending on the specific 

devices and platforms the SG is built for. As this dissertation focuses on a VR SG, only those 

concepts related specifically to VR will be discussed. An understanding of VR as the technology 

base for SGs is particularly important as what is possible in this domain is still being explored 

within literature as the technology is adopted. 

Many definitions have been given for virtual reality (VR) in both academia and in media. Some 

definitions imply the system of delivery is the representative element (Cruz-Neira, Sandin, & 
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DeFanti, 1993; Pausch, Proffitt, & Williams, 1997), including those from popular pieces of fiction 

The Lawnmower Man (Leonard, 1992) and more recently Ready Player One (Cline, 2011). Others 

broaden the definition and focus on the simulation and environmental aspects, regardless of the 

technology being used (Rheingold, 1991, cited in Cruz-Neira et al., 1993; Schroeder, 2008). 

Together, these definitions give a sense that VR is an artificial environment that is interacted with 

and perceived via technological means. Merriam-Webster (2016) defines VR as “an artificial 

environment which is experienced through sensory stimuli provided by a computer and in which 

one’s actions partially determine what happens in the environment”. Jerald (2015) focuses on the 

technological underpinnings that create VR and define it as “a computer-generated digital 

environment that can be experienced and interacted with as if that environment were real”. 

Other definitions of VR focus on the user’s experience of the environment. Steuer's oft-cited 

definition defines VR as “a real or simulated environment in which a perceiver experiences 

telepresence” where telepresence is “the sense of being in an environment,  generated by… 

mediated means” (1992). Each definition, regardless of perspective, directly or indirectly highlights 

the importance of feeling ‘present’ or ‘being there’. This is referred to as presence or telepresence 

which will be discussed in more detail in Section 2.4.1.3 of this dissertation. 

A virtual environment is the environment that a player or user inhabits when engaging within any 

3D digital medium, in much the same way ‘virtual worlds’ is used (LaViola et al., 2017). Often VR 

and virtual environments are used interchangeably (such as Bowman et al., 2006; LaViola, 2000; 

Schroeder, 2008). In more recent times virtual environment has been used as subset of VR (Jerald, 

2015), referring to the environment experienced within VR, to liken the usage to a real-world 

environment in a non-virtual reality. In this paper, virtual environment refers to the digital 

environment that is presented through the HMD. 

Figure 3: The Virtuality Continuum, from Milgram and Kishino (1994) 

The relationship between reality and VR is discussed by Milgram and Kishino (1994) where they 

outline the virtuality continuum, presented in Figure 3. They demonstrate that virtual realities can 

appear as a gradient between a full real environment with no artificial overlays or virtual elements, 

to a completely virtual environment. Milgram & Kishino refer to realities that involve any amount of 

both realities as “mixed reality” (MR). This includes augmented reality (AR), where a predominantly 

real environment is overlayed with virtual items (Azuma et al., 2001) or augmented virtuality (AV), 
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Real 
Environment 

Augmented 
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where a predominantly virtual environment contains elements of real objects (e.g. a conferencing 

application that uses a webcam to bring a user’s physical body into an otherwise virtual 

environment (Regenbrecht et al., 2003)). While Milgram and Kishino (1994) and much of the 

literature refer to VR and AR as a subset of MR, in industry the terms are often used to mean 

different things. Microsoft refer to the HoloLens as delivering an MR experience avoiding using VR 

and AR for “immersive” and “holographic” respectively (Microsoft Corporation, 2016a), while many 

VR news websites and developers use MR to refer to combining footage of a user and the virtual 

environment (such as Upload VR, 2016). Google has offered their interpretation of the terms, 

excluding MR altogether (CNet, 2017). The term XR has also been presented colloquially as a quick 

way of referring to all versions of reality that are not a real environment. 

This dissertation focuses on those experiences that fall within the virtual environment definition on 

the continuum. In much of the modern literature, this is referred to as virtual reality, and thus will 

be the term used in this dissertation. 

2.4.1.1. Immersion 

The term ‘immersion’ is often conflated with ‘presence’ (Cummings & Bailenson, 2016). Even in the 

literature the term has been used to mean both the same as presence (Pausch et al., 1997) as well 

as something different. This research will use immersion as Slater and Wilbur (1997) define it, as 

“a description of a technology, [characterising] the extent to which the computer displays are 

capable of delivering an inclusive, extensive, surrounding and vivid illusion of reality to the senses 

of a human participant”. Immersion is a description of immersive system’s technological quality. It 

is an objective measure, where the hardware’s ability to shut out reality, or offer higher fidelity 

simulations would increase the amount of immersion. Field of view (Lin, Duh, Parker, Abi-Rached, & 

Furness, 2002), screen resolution and refresh rate are all known to affect an individual’s level of 

immersion to varying degrees (Cummings & Bailenson, 2016). With increased hardware quality a 

system is more immersive, which therefore increases the likeliness that a participant will feel 

present (Cummings & Bailenson, 2016). For the purposes of this dissertation, immersion will used 

be to describe the capabilities of one HMD/hardware compared to others based on the 

characteristics presented above. In the development of the artefact, immersion was a major 

consideration when selecting the platform for artefact development. 

2.4.1.2. VR Hardware 

Modern HMD technology falls into three categories: mobile, standalone and external (also referred 

to as ‘tethered’ or ‘PC-based’). External HMDs connect to external hardware that powers the unit. 

These devices offer the most detailed and immersive experiences as they are not limited by the 

space requirements of include processing power and battery units within the HMD itself. Current 

external consumer HMDs include the HTC Vive, Oculus Rift and Sony PSVR, which connect to 



Literature Review and Concepts  Lewis Carter 

  Page 33 of 294 

either a PC or gaming console. While these HMDs use cables to connect to the external hardware, 

in the future it is expected that data transmission could be done wirelessly. Positional tracking is 

done using outside-in tracking, with external sensors or cameras capturing the position of the 

HMD and relaying this to the software (Ribo, Pinz, & Fuhrmann, 2001). Input typically utilises 6-DOF 

controllers. 

Mobile HMDs have been available to consumers for the longest; the most well-known of these is 

Cardboard from Google. These HMDs are essentially lenses and a cradle that hold a smartphone 

to deliver the VR experience. Interaction techniques differ from traditional mobile apps for these 

HMDs, as direct screen contact is not always possible when the device is in the Cardboard HMD. 

In most cases, interaction is supported by a single capacitive button placed externally on the 

Cardboard HMD that can be pressed to change the VR environment, or a small segment of the 

screen is made available to act as the single point of interaction. Higher-end versions of mobile VR 

exist, including the Gear VR (Samsung) and Daydream (Google), which utilise specific hardware to 

increase performance or a set minimum specification level respectively. These HMDs do not have 

any positional tracking, and thus you cannot move through the virtual environment without input 

abstraction. 

In more recent years, standalone devices have entered the market, characterised by being mobile 

devices without requiring any external computing to run. These devices vary in processing power, 

ranging from the Oculus Go, mirroring the capabilities of a Mobile HMD, to the Oculus Quest, which 

attempts to give a higher-end experience. These HMDs house the processing power in the HMD 

itself, rather than relying on a phone or external device for processing. Input ranges from 3-DOF 

controllers as common with Mobile HMDs to 6-DOF controllers with the higher end systems. Some 

HMDs utilise ‘inside-out’ positional tracking, where a camera on the device scans outwards, and 

uses image recognition to orientate the virtual world based on alignment to physical objects (Ribo 

et al., 2001). Others do not do any positional tracking, such as the Oculus Go. Both the Oculus Go 

and Cardboard HMD are involved in the iterative development process to develop the artefact in 

this dissertation. 

2.4.1.3. Presence 

Like many of the terms discussed in this document, a unifying definition of what is referred to as 

‘presence’ is difficult to come across in the literature. Presence is one of the key reasons VR is 

touted as a revolutionary technology by industry (Variety, 2014), and yet its definition varies 

depending where you look in academia. Presence is often given as person’s sense of feeling 

present in their current environment, commonly described as the feeling of ‘being there’ (Draper, 

Kaber, & Usher, 1998; Held & Durlach, 1992; Sanchez-Vives & Slater, 2005; T.B. Sheridan, 1992; 

Thomas B. Sheridan, 1996; Slater & Wilbur, 1997), however there is much debate over the 
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definition. Presence has been used to refer to this sensation in many media (Lombard & Ditton, 

1997), however it occurs most dominantly in more immersive forms of media (such as VR) or 

when discussing more broader communication technologies (Sanchez-Vives & Slater, 2005). When 

referring to VR specifically, the term ‘telepresence’ was often used in literature, but has fallen out of 

fashion in recent times (Thomas B. Sheridan, 2016).  

A literature review by Lombard & Ditton (1997) found six related but distinct ideas of presence at 

that time. 

1. Presence as social richness: when interacting with other people, presence is the extent to 

which a medium can convey a sense of sociability, warmness, sensitivity, personality or 

intimacy. 

2. Presence as realism: How well a medium can reproduce accurate representations of objects, 

events and people using the senses. 

3. Presence as transportation: the medium can transport you, either to another place (‘you are 

there’), environments are transported to you (‘it is here’) or two or more people are transported 

together (‘we are together’). 

4. Presence as immersion: how well the technology obfuscates all senses from the real world. 

5. Presence as social actor within a medium: overlooking the artificial nature of what a medium 

presents to interact or respond to it (e.g. answering Dora the Explorer even though she cannot 

hear you).  

6. Presence as medium as social actor: much like the above, except the medium itself is the 

social actor rather than what is being presented on the medium (e.g. having a discussion with 

Siri when the robot answers in a communicative and intelligent way, as though you are 

conversing with your phone). 

Using these characterisations, the most common definition of presence (i.e. ‘being there’) is one 

element of presence as transportation, where ‘co-presence’ is used when referring to a shared 

space i.e. ‘we are together’ (Schuemie, Van der Straaten, Krijn, & Van der Mast, 2001). The desire to 

understand presence appears to revolve around wanting to better measure or design for it in 

differing contexts. Rather than give a single definition of presence, many researchers have 

attempted to break the term down into individually distinguished segments (e.g. (Heeter, 1992; 

Lombard & Ditton, 1997; A. McMahan, 2003; Riva, Waterworth, & Waterworth, 2004; Schloerb, 

1995; Slater, 2009; Waterworth, Waterworth, Riva, & Mantovani, 2015). While these definitions 

overlap with each other, there is still confusion and much discussion about what the term 

presence encompasses, and it is still being used differently by different researchers (Lombard & 

Jones, 2015).  
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Not looking to add specifically to the presence literature or pick a side in this dissertation, this 

research will use the terms that are more commonly cited and are more readily applicable to the 

type of SG being designed. This research will use Place Illusion (PI) and Plausibility Illusion (Psi) as 

Slater (2009) defined them. PI is defined as “the illusion of being in a place in spite of the sure 

knowledge that you are not there”, while Psi is defined as ““the illusion that what is apparently 

happening is really happening, in spite of the sure knowledge that it is not”, where if both are 

experienced then one should also respond realistically to the virtual environment (Skarbez, Neyret, 

Brooks, Slater, & Whitton, 2017). This dissertation uses presence to refer to both sensations but 

will otherwise refer to each definition specifically as independently through this report. 

Presence is important to factor into design choices for VR as it relates to how a user connects 

with the virtual environment (Bowman, Kruijff, LaViola, & Poupyrev, 2001). There is a level of 

engagement and ‘suspension of disbelief’ that comes with elevated levels of presence. While a 

loss of PI can be temporary, often a loss of Psi is permanent (Slater, 2009), resulting in a loss of 

believability of the VE and waning engagement from the user (Busch, Lorenz, Tscheligi, 

Hochleitner, & Schulz, 2014). 

Regarding presence and the context of this research, social change VR applications can utilise 

presence towards attitude change (Tussyadiah, Wang, Jung, & tom Dieck, 2018). Colloquially, VR 

has been referred to as an “empathy machine” (Hassan, 2018), because of the ability to make 

users feel as though they are in the shoes of another person. Regarding the GBR context 

specifically, for those who it is possible to do, full immersion into the environment through 

snorkelling or diving is core to the experience. Presence allows for an almost simulated version of 

that immersion into water, while still feeling like users are there. 

Characteristics of PI and Psi 

PI is experienced when a user successfully probes the immersive characteristics of a system 

(Skarbez, 2016); that is to say, the user’s actions are supported by the system. In the case of this 

research, PI would refer to a user’s ability to complete an intended action through the head-gaze 

input or controller, that the HMD allows them to see and understand the interface they wish to 

interact with, and the HMD refresh rate is enough to see when interactions begin and finish, 

amongst potential others.  

While PI will be a factor when designing for this research, is it is Psi that will have a much greater 

influence on design decisions. Where PI arises when probing immersive characteristics, Psi arises 

when probing the behavioural characteristics of a system (Skarbez, 2016). Skarbez gives 

examples of what these behavioural characteristics may be: “the extent which the appearance and 

behaviour of a user’s virtual body matches their real body, the extent to which objects in the 

scenario can be interacted with and the degree to which those interactions are correct or 
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predictable” (Skarbez, 2016), amongst others. Events beyond the user’s control also influence their 

sense that the environment is actually happening (Slater, 2009), adding to the illusion of the world 

exists outside of the user’s own inhabitancy, much like reality. 

Psi allows for magic interactions (discussed in Section 2.4.4.1) as long as the virtual environment 

is consistent with the rules that it sets for itself (Carter & Potter, 2016). The scenario that is being 

presented in the virtual environment will determine whether the behavioural characteristics 

presented evoke or decrease Psi (Skarbez, 2016). This is an important distinction to make, as it is 

common for videogame designers to believe realism will increase the sense of presence. The 

popularity of VR videogames such as Superhot (Superhot Team, 2017) where the rules of time are 

fundamentally different from the real world are evidence of this. Expectations will also influence 

Psi; should a user expect realistic behaviour coming into a VE, they will be more likely to feel Psi if 

the simulation matches those expectations (Nunez & Blake, 2003). In terms of how this affects 

videogame design, it is important to set expectations early in the VE, and design consistent 

gameplay and interactions that behave the same over the play session.  

The difficulty of Psi is that when the illusion is broken, it can be difficult to recover (Slater, 2009). A 

break in PI means a loss of an immersive characteristic (Slater, 2009) such as positional tracking. 

Upon regaining the characteristic, PI would resume, as it is simply a perceptual trait temporarily 

inhibited (Slater, 2009). However, a break in Psi means a loss of a behavioural characteristic, and 

thus a user’s acceptance of the virtual event, the environment, or even of the videogame, is 

tarnished.  

Presence makes a user feel like the world is real and that it is worth interacting with. Part of 

designing for VR is ensuring participants do not feel a break in presence, both PI and Psi. Should 

videogame systems behave erratically, strangely or inconsistently, users lose presence and 

disengage from or become uninterested in the VE. While PI plays a role in decisions around the 

technology when developing the artefact, Psi also influences design decisions within the other four 

DPE layers. 

2.4.1.4. Cybersickness 

A major factor that influences designing for VR systems is Cybersickness. Cybersickness (also 

known as virtual environment sickness) refers to motion sickness that is caused by interacting 

with virtual environments (LaViola, 2000). If not considered when developing interfaces and 

interactions for VR, the user may begin to feel nauseous and uncomfortable using the system. 

Along with nausea, symptoms include changes in skin temperature (Nalivaiko, Davis, Blackmore, 

Vakulin, & Nesbitt, 2015) and instability while standing (Golding & Gresty, 2015). Cybersickness is 

known to primarily happen when a sensory conflict between visuals and the vestibular system 

occurs (Duh, Parker, Philips, & Furness, 2004; Shaw, Wunsche, Lutteroth, Marks, & Callies, 2015). In 
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HMDs specifically, cybersickness will occur more often when peripheral vision is entirely occluded, 

compared to if the user can see parts of their external environment (Moss & Muth, 2011). There 

are many factors that can cause cybersickness, and while it is more likely to occur during 

navigation tasks (moving from A to B within the simulation), identification of any potential factors 

is important when designing all types of interactions for VR. 

As detailed by Stanney, Kennedy, & Drexler (1997), cybersickness is not the same as simulator 

sickness. Simulator sickness refers to sickness caused by systems such as flight or naval 

simulators, where the virtual environment is delivered through physical and realistic 

representations of a cockpit or other complex system (The Oxford Dictionary, 2016). While the 

similarities are present, the profiles of those suffering symptoms were different enough to 

consider the two separate (Rebenitsch & Owen, 2016; Sharples, Cobb, Moody, & Wilson, 2008). It 

has been suggested the differentiation was made only due to inaccuracies in measuring methods 

(Smart, Often, & Stoffregen, 2007), however for the use cases presented in this report the 

differentiation is moot. This dissertation uses cybersickness to specifically refer to sickness 

caused by VEs. 

Factors such as field of view (Moss & Muth, 2011) and low frame rates (Jarvis, Løvset, & Patel, 

2015) can cause a sensory conflict to occur when using an HMD for an extended period of time. A 

lack of positional tracking, which allows an HMD to map physical location in the real world to a 

space within the virtual environment (Borrego, Latorre, Llorens, Noe, & Keshner, 2015) can also 

result in nausea for users (Llorach, Evans, & Blat, 2014). Mental distraction can serve as a way to 

lessen the effects of motion sickness (Bos, 2015). The more time spent using an HMD, the more 

prolific the nausea symptoms (Kennedy, Stanney, & Dunlap, 2000). Cybersickness is a 

consideration related to the immersive qualities of the HMD, and thus has implications on the 

technology choice when creating the artefact in this dissertation. 

2.4.2. Learning 

While learning may take place in any videogame, designers must still design with intent if they are 

looking to purposefully teach. With intent, the problem changes from ‘if’ a player learns to ‘what’ 

they learn and for “how long”’ (Ritterfeld & Weber, 2006). In devising strategies for planning and 

executing learning, there are many theories and frameworks, including the principles of 

instructional design (Gagne, Wager, Golas, Keller, & Russell, 2005), the taxonomy of educational 

objectives (Bloom et al., 1956), commonly referred to as “Bloom’s taxonomy” and Keller’s ARCS 

model of motivational design (Keller, 1987). These highly cited educational design taxonomies are 

commonly utilised in educational games, but often don’t appear to be used to design SGs (Gunter, 

D, Kenny, & Vick, 2006). Looking at Gagne’s principles as an example, while most of the steps 

intrinsically occur through traditional game design practices, often event three (stimulate recall) 
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and event nine (retention and transfer) are missing (Gunter et al., 2006). Both these steps require 

the player look to information or content outside of the current videogame’s content, which is 

typically undesirable by both player and designer due to causing a break in presence (discussed in 

Section 2.4.1.3) or flow (discussed later in Section 2.4.3).  

When designing SGs, Winn (2008) highlights the importance of taking the time early on through 

development to define learning objectives when utilising the DPE framework. While there are many 

frameworks for designing educational content, learning objectives are an idea most prominent in 

Bloom’s taxonomy (Bloom et al., 1956). 

2.4.2.1. Bloom’s Taxonomy & Revised Taxonomy 

Bloom’s taxonomy (Bloom et al., 1956) was initially created as a way to exchange objectives for 

testing between faculty at universities, but was intended to be used in much wider applications, 

creating a common language about learning (Krathwohl, 2002). In short, the taxonomy identified 

knowledge, comprehension, application, analysis, synthesis and evaluation as the six concepts for 

learning, with mastery of each step expected before progressing to the more complex. Using these 

as guides, objectives for learning could be written as a verb and noun phrase, to fall under each 

concept. E.g. “Remember the economics of law of supply and demand” (Krathwohl, 2002). 

“Remember” here would fall under knowledge. The taxonomy also includes the idea that there are 

different types of information to be learnt, separated between three categories, summarised as 

specifics, dealing with specifics and abstractions. 

Since the conception of the original taxonomy, revisions have been suggested throughout the 

relevant literature. The most robust, devised in the same manner as the original, is the revised 

taxonomy (Krathwohl, 2002). The updated taxonomy focuses on dividing the concepts between 

two dimensions and a clarification of the different levels. The cognitive process dimension harks 

back to the original six phases of Bloom’s taxonomy, with a switch from nouns to verbs for each 

phase. The knowledge dimension expands the types of information previously mentioned into four 

knowledge areas covering the three concepts mentioned, plus metacognitive. For a given learning 

objective, it will also fall somewhere on the process dimension. For example, information in the 

‘apply’ phase may fall within the factual knowledge or metacognitive dimension, depending on the 

content being taught. A brief explanation of the concepts in each dimension is given in Table 1. 

The relationship between Bloom’s and the revised taxonomies is given, while demonstrating the 

change in language used. 

Table 1: Summary of Concepts in the Revised Taxonomy and their relationship to Bloom’s Taxonomy, based on 

Krathwohl (2010) 

The Cognitive Process Dimension 

Remember  Retrieving relevant knowledge from long-term memory 
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The major concepts from Bloom’s taxonomy still hold true in the revised taxonomy; learning 

objectives should be identified, and help identify how information could be taught or, if objectives 

are already identified, areas that may have been missed. While it is not required to match an 

objective to every knowledge-process dimension pairing, categorising objectives within the table 

can help identify different ways of presenting the same content or highlighting missing elements 

that weren’t clear previously (Krathwohl, 2002). The taxonomy table presented in Krathwohl (2010) 

(formerly ‘knowledge’) Related terms: recognising, recalling 

Understand  

(formerly ‘comprehension’) 

Interpreting the meaning of oral, written or graphic 

communication 

Related terms: interpreting, exemplifying, classifying, 

summarising, inferring, comparing, explaining 

Apply 

(formerly ‘application’) 

Doing or using a procedure in a given situation 

Related terms: executing, implementing 

Analyse  

(formerly ‘analysis’) 

Separating information into parts and distinguishing how 

they relate to each other and their purpose 

Related terms: differentiating, organising, attributing 

Evaluate  

(formerly ‘‘evaluation’) 

Making judgements based on criteria 

Related terms: checking, critiquing 

Create 

(formerly ‘synthesis’) 

Putting elements together to form an original product or 

novel whole 

Related terms: generating, planning, producing 

The Knowledge Dimension 

Factual knowledge  

(formerly ‘specifics’) 

Basic elements that must be known to discuss a topic or 

solve problems about it. 

E.g. terminology, specific details and elements 

Conceptual knowledge  

(formerly ‘dealing with specifics’) 

Relationships between the basic elements, and how they 

functional together. 

E.g. classifications, categories, principles, generalisations, 

theories, models, structures 

Procedural knowledge  

(formerly ‘abstractions’) 

How to do something, whether it be a method, algorithm 

or a technique. 

E.g. subject-specific skills and techniques, criteria for 

determining when to use appropriate procedures 

Metacognitive knowledge  

(new) 

Awareness of one’s own cognition 

E.g. strategic knowledge, contextual and conditional 

cognitive knowledge, self-knowledge 
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is suggested in this process as a quick visual tool for identifying gaps or new avenues for teaching 

content.  

In applying the revised taxonomy to SGs specifically, some work has been done towards aligning 

specific videogame genres or mechanics to each cognitive process or knowledge dimension 

(Arnab et al., 2015; Lameras et al., 2017). In creating a SG, however, the categorisation of 

gameplay elements or genres is less important than simply evaluating if the genre delivers the 

learning objectives. The learning objectives should be identified early in the design process and 

incorporated through the story, gameplay and user experience (Winn, 2008). 

While this dissertation will utilise the revised taxonomy (Krathwohl, 2002) to aid the discussion of 

concepts regarding the learning design process when building and analysing the artefact. 

However, the strict evaluation protocols that this and other educational design methodologies lay 

out will not be used. While learning objectives are set to aid the design process, they will not be 

definitively evaluated as either successful or failed in the evaluation activity. Unlike educational 

games, SGs are not typically implemented with strict regard to these protocols. The goals are also 

different from many SGs; while education is beneficial, the focus is on creating connectedness 

with a nature-based tourism attraction, not rote recitation of information about said attraction. 

Connectedness and its measurement are discussed in Section 2.6.1. Future research using the 

artefact might include more rigorous examination of learning outcomes (see Section 7.5.3). 

2.4.3. Gameplay 

The three elements of gameplay presented by Winn (2008) are the mechanics, dynamics and 

affect. When thinking about these elements from the designer’s perspective, creating mechanics 

will inform how the dynamics may emerge to create the overall affect(s) (Hunicke et al., 2004) 

for/on the player. However, designers need to know what affects they are aiming to achieve first, 

so they can design mechanics and thus create dynamics that achieve those goals. It is helpful to 

consider the player’s perspective and the effect of changes in both directions when designing 

(Hunicke et al., 2004). 

Discussed below are several other ideas to consider when designing or analysing gameplay. It may 

be difficult to consider all of these concepts at once while designing, however Schell (2019) 

suggests using each as a lens through which a design can be considered, one at a time. While 

there are many concepts and lenses through which gameplay can be viewed, those presented 

below are typical and considered in later chapters of this dissertation. While Winn (2008) only 

discusses rules, challenges and goals as relating to mechanics and thus gameplay, all the 

following concepts contribute to the mechanics of the videogame. How the player engages with 

these concepts as they are implemented in the videogame are the dynamics, while how the player 

responds to the concepts is their affect. Goals, rules, rewards, challenges, progression, flow and 
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emotions will be discussed during the design and evaluation stages in the iterative process of 

creating the artefact through this dissertation. 

Goals 

In a videogame, a goal is an aim or purpose set by the videogame for the player. While players can 

also set their own goals, often the driving force, at least initially, are goals set by the videogame. 

They are used to guide the player, who may not otherwise know what they are supposed to do, or 

what they should be working towards. While in traditional applications goals are dictated 

extrinsically from the user—where they seek something to help them achieve that goal—goals in 

videogames are often dictated from within the videogame (Susi et al., 2007) e.g. Microsoft Word 

(Microsoft Corporation, 2016b) is used to fulfil a writer’s goal of writing a paper, versus The Sims 

(The Sims Studio, 2012) informs users their goal is to look after a simulated family. A videogame 

can have a single goal (e.g. ‘build a reef that supports a reef shark’) and/or sub-goals (e.g. ‘get five 

parrotfish living in your reef’). Goals can act as rewards or be the catalyst for receiving a reward 

when achieved. Schell suggests designers ask themselves these questions when thinking about 

the goals in their videogame: 

 What is the goal of my game? 

 Is that goal clear to players? 

 Do players have a chance to decide their own goals? (Schell, 2019) 

Rules 

In a videogame, rules act as both the limits of the simulation as well as constructed boundaries for 

the player. The rules are designed by the designer to create a set of limitations that are both 

interesting and challenge the player. While in a board game the rules must be understood by some 

if not all the players for the game to proceed, in videogames rules are enforced by the system. The 

player must make decisions within the limitations of the rules while working towards their/the 

videogame’s goals. Schell suggests that designers consider the following for rule writing: 

 What are the foundational rules of my game? How do these differ from the operational 

rules? 

 Are there different modes in my game? Do they make things simpler, or more complex? 

Would the game be better with more or fewer modes? 

 Are the rules easy to understand? Or are they confusing? If confusing, should I change 

the rules or explain them more clearly? (Schell, 2019) 

Rewards 

Rewards act as incentives or motivation for the player. While not always, they are often tied to 

goals, and given to the player when they have achieved a goal. Rewards always have value to the 
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player, but that value can range from functional, to be used advantageously in the core videogame 

activities, to a purely emotional, like a visual collectable. Rewards can take many forms and it is up 

to the designer to decide what is relevant to the player in a given videogame. When thinking about 

including rewards in a videogame, Schell asks designers to consider:  

 Are the players excited when they get rewards in my game or are they bored by them? 

Why? 

 Do players understand their rewards? 

 Are the rewards my game gives out too regular? Can they be given out in a more variable 

way? (Schell, 2019) 

Challenges 

In videogames, a challenge is anything that the player must overcome to achieve their/the 

videogame’s goals. This could be a mental challenge, such as a puzzle, quiz, or quick decision 

making; or more physical, such as precise timing or physical movement (especially relevant to VR). 

Most commonly a challenge in videogames will be a mixture of the two but varies between 

videogames. Challenges must be completed or overcome within the boundaries of the rules to 

successfully pass them. The difficulty of a challenge is dependent on the player’s skill level. For 

example, a player who is new to city building videogames may struggle with managing the many 

different components to begin with, while a more seasoned player may not find that challenge 

difficult and might progress more quickly. Schell’s challenge lens poses the following questions for 

designers to consider: 

 What are the challenges in my game? Are they too easy, too hard or just right? 

 How does the level of challenge increase as the player succeeds? 

 Is there enough variety in the challenges? (Schell, 2019) 

Progression 

Progression in videogames refers to advancing through the videogame. If a videogame is 

separated into stages, this can be visualised as moving through those stages sequentially, 

eventually reaching the last stage. While progression can be represented as physical movement 

through an environment in some videogames, it doesn’t have to be so literal. Progression in 

SimCity (Maxis, 2013) for example is represented by the size/scale of the city being built or the 

number of residents living within. It is expected as a videogame progresses, the player will face 

more challenges, more goals might be set, and different rewards may be earned. The lens of 

Progression asks designers to consider the following when thinking about progression in their 

videogame: 

 What does it mean to make progress in my game? 
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 Is there enough progress in my game? Is there a way I can add more interim steps?

 What progress is visible, and what progress is hidden? Can I find a way to reveal what is

hidden? (Schell, 2019)

Flow 

Flow is a psychological term defined as complete absorption with a given (current) activity 

(Csikszentmihalyi, 2013). Often colloquially referred to as ‘being in the zone’, flow involves a 

comprehensive concentration in a situation, often to the disregard of all else. Criteria for flow 

include being involved in activity with set goals and ability to progress, immediate feedback and 

challenge that adequately match the person’s skill level to complete the current task 

(Csikszentmihalyi, Nakamura, & Abuhamdeh, 2005). It is the delicate mix of player’s current skill 

level and the challenge they face that will result in flow. Presence also aids a person in reaching 

flow state when completing a task (Annetta, 2010). It is obvious, then, that videogames have great 

potential to be a task that might elicit flow in a player. 

Flow is a goal in videogame development as it acts to maintain the player’s focus. A videogame is 

a set of artificial challenges, goals and progression that a player needs to accept to enjoy. Should a 

player unable to buy into that fiction, then the act of playing can lose appeal. Schell suggests 

considering the following when designing a videogame with flow in mind: 

 Does my game have clear goals? If not, how can I fix that?

 Do parts of the game distract players so they forget their goal? If so, can these

distractions be reduced, or tied into the game goals?

 Does my game provide a steady stream of gradually increasing challenges?

 Are the player’s skills improving as expected? If not, how can I change that? (Schell, 2019)

Emotions and ‘Fun’ 

Many players will describe videogames as being ‘fun’, however using fun as the design intent or 

goal is ambiguous and often unhelpful. It also restricts the field of what a videogame can be; a 

movie can be ‘scary’ or ‘sad’, and while no one would describe those experiences as ‘fun’, they are 

still sought after by many and considered valid for the genre. Instead, it is better to consider 

emotions as the goal of a videogame on top of simply making a fun experience (Freeman, 2004). 

Winn (2008) while presenting the DPE framework refers to the fun a player will experience as 

stemming from the systems in the videogame (the gameplay) created by the mechanics. 

Extrapolating from fun to emotions more generally, the gameplay component becomes a key 

ingredient when attempting to evoke emotions from the player. In the context of an SG, this 

becomes even more important as the intentions of the videogame are not just entertainment, but 

education, behaviour change or something other than entertainment (Ratan & Ritterfeld, 2009). To 
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evoke the intended emotions from the player, they must be engrained in the gameplay. Schell 

suggests designers ask themselves various questions when thinking about emotion for their 

videogame: 

 What experiences would I like my player to have?  

 What emotions are players having when they play now? Why? 

 How can I bridge the gap between the emotions players are having and the emotions I’d 

like them to have? (Schell, 2019) 

From the psychology literature, there are many ways to measure emotion. Pekrun, Vogl, Muis, & 

Sinatra (2017) introduced the “Epistemically-Related Emotion Scale” (EES), a self-report measure 

based on investigating 7 frequent epistemological emotions; surprise, curiosity, enjoyment, 

confusion, anxiety, frustration and boredom. The instrument is designed to be simple for 

participants and quick to complete to successfully examine fluctuating emotions. As such, EES 

can be utilised during, pre or post data collection session to compare variances in a participants 

emotional state (Pekrun et al., 2017). 

Curiosity 

Curiosity is the wish to know about something. It is a psychological state that “…is characterised 

by a preference for uncertainty that motivates responses such as exploring, manipulating, and 

questioning” (To, Ali, Geoff, & Hammer, 2016). When implemented appropriately in a videogame, 

gaps in information can lead to the player investigating the videogame in a positive manner, with 

an intrinsic reward upon being successful. However, designers must be mindful as these gaps can 

also lead to helplessness, frustration or anger (To et al., 2016). Curiosity can lead to players setting 

their own goals and learning something new about the videogame when successful. If a designer 

looks for chances to make the player ask themselves new questions, then the designer can look to 

add the answer so the player has something to find. The lens of curiosity tells designers to ask:  

 What questions does my game put into the player’s mind? 

 What am I doing to make them care about these questions? 

 What can I do to make them invent even more questions? (Schell, 2019) 

Curiosity, while an attribute of gameplay, will also be relevant within the learning layer. Curiosity is 

discussed in several iterations of the artefact in the evaluation stage. 

2.4.4. User Experience 

User experience refers not just to the interface in which users interact with a videogame, but the 

entire experience a user has when interacting with the interface. These interactions are the only 

form of communication between the user and the system (R. McMahan, Kopper, & Bowman, 2014) 

or, from the point of view of a videogame, the player and the videogame design. The job of 
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interactions then is to “…make that entertainment accessible” (Winn, 2008). When designing 

interactions, the focus is on behaviour, both in terms of behaviour of the user and behaviour of the 

system (Cooper, Reimann, Cronin, & Noessel, 2014). Inherent in the interactions is an 

understanding of the users of your system and their goals (Sharp, Rogers, & Preece, 2011). In 

videogames, interaction goals are often player-driven, created as sub-goals subconsciously based 

on achieving the overarching goal(s) set by the videogame. Designing a successful user 

experience should remove any barriers from hardware or even human limitations, and allow users 

a high level of performance and comfort during interaction (R. McMahan, Lai, & Pal, 2016).  

Norman (2013) introduced the cycle of interaction (Figure 4) to better show the stages that occur 

during an interaction. As presented by Jerald (2015), the stages are described as follows: 

1. Form a Goal. What do I want to accomplish? E.g. Move a boulder blocking an intended route of 

travel. 

2. Plan the action. What are the alternative set of action sequences and what do I choose? E.g. 

Navigate to the boulder or select from a distance to move it. 

3. Specify an action sequence. What is the specific order of actions of this sequence? E.g. Shoot a 

ray from the hand, intersect the boulder, push the grab button, move the hand to a new 

location, release the grab button. 

4. Perform the action sequence. Can I act now? E.g. Move the boulder. 

5. Perceive the state of the world. What happened? E.g. The boulder is now in a new location. 

6. Interpret the state of the world. What does it mean? E.g. The boulder is no longer in the path of 

desired travel. 

7. Compare the outcome with the goal. Is this okay? Have I accomplished my goal? E.g. The route 

has between cleared so navigation along the route is possible.  
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Figure 4: The Cycle of Interaction. Norman (2013) adapted from Jerald (2015) 

Not all the stages are done consciously by the user, but it is important for designers consider their 

requirements, intentions and desires at each stage (Jerald, 2015). Failure to consider each 

component may create a user experience where the user has a goal to achieve but cannot see 

how to execute it, or where an interaction has occurred but the user cannot understand the results 

(Norman, 2013). 

When designing a user interface, Norman (2013) identifies six principles for interactions: 

 Affordances referring to the relationship between the parameters of a user interface object, or

‘control’, and the abilities of a user. Stone, Jarret, Woodroffe, & Shailey (2005) see affordance 

as the obviousness of how a control is used. A user may understand what the control should 

do, but it may lack affordance if they do not understand how to use it (LaViola et al., 2017). 

Affordances will change between users. Jerald (2015) gives the example of a light switch, 

where the height on the wall and the height of the user changes the affordance between users 

depending on their ability to reach the object and interact. 

 Signifiers, referring to “any perceivable indicator that communicates appropriate purpose,

structure, operation and behavior” to the user for a given object (Jerald, 2015). This relates to 

what Stone et al. (2005) refer to as “visibility” the idea that it should be obvious what a control 

is used for. A user should know exactly what an object should do before they ever interact with 

it (Norman, 2013), and signifiers are the elements used to communicate this. 

 Constraints, referring to limiting the actions or possible behaviors of an object. Being done to

aid usability, this should be applied to make appropriate interaction more feasible, accurate, 

precise or efficient (LaViola et al., 2017). Simple constraints include stopping a slider from 
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moving along more than one axis, while more complex constraints look at semantics, such as 

only allowing picture frames to be hung on a wall, while desk lamps are allowed only on 

horizontal surfaces (LaViola et al., 2017). 

 Feedback, referring to communicating to the user that an action has taken place, the results of 

the action, or the current status of an action (Jerald, 2015). The aim of feedback is to ensure 

the user has understanding at every point of an interaction, or that it is “obvious when a control 

has been used” (Stone et al., 2005). Every user action should give some sort of feedback to the 

user, and it should be informative (Shneiderman, Plaisant, Cohen, & Jacobs, 2010, as cited by 

LaViola et al., 2017). 

 Mappings referring to the relationship between multiple objects (as opposed to affordances, 

the relationship between an object and the user) (Jerald, 2015). This can refer to the mappings 

between hardware input, position to the VE, or in-world objects affecting other in-world objects. 

It is easiest to learn the relationship between objects when there is an obvious mapping 

concerning input method actions that occur and their intended result (Sharlin, Watson, 

Kitamura, Kishino, & Itoh, 2004). Norman (2013) gives an example of light switches in a lecture 

theatre, where different switches affect different lights. It is more obvious how these relate if 

labels, position or other signifiers are used to make the mappings evident. 

 Compliance, better understood as consistency (Sharp et al., 2011), referring to “the matching 

of sensory feedback with input devices across time and space” (Jerald, 2015). Interactions and 

interfaces should behave consistently within the same application. Designers should also keep 

in mind that compliance can come from external influences. A object that looks exactly like a 

button may break compliance if the intended use is to pull rather than push (Norman, 2013). 

Elements of the cycle of interaction and the principles outlined above will be referenced during 

design and evaluation stages of building the artefact. 

2.4.4.1. User Interaction in VR 

When looking to implement a user interface in a 3D space like VR, a unique set of problems quickly 

arise. Users can find it difficult to perform actions in 3D spaces, even though the world people live 

in everyday is 3D (Herndon, van Dam, & Gleicher, 1994). It will always be difficult to match the 

affordances and constraints offered by the physical world and the intrinsic understanding its 

inhabitants have of such systems. How can a designer create a reasonable 3D UI, let alone an 

efficient and effective 3D UI, when the possibilities within a 3D design space are theoretically 

unlimited (LaViola et al., 2017)? 3D input devices like those used for VR behave very differently to 

the 2-DOF input devices many people are used to. It would be unwise to assume that transferring 

conventional interaction styles to a VR environment will lead to good interaction design in a 3D or 

VR environment (Bowman, Kruijff, et al., 2001). UI and interactions when done for VR environments 

will always be 3D interactions since they are happening in a 3D space (LaViola et al., 2017). If a 
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player has a ‘VR smile’ (colloquial term) the user cannot help but smile as they engage with the 

experience. While an easy way to identify an enjoyable experience, it can also be simply because of 

the novelty of VR, especially on users who are not familiar with the technology, and thus designers 

must be cautious to use it as a measure of success. 

Sharp et al. (2011) considered the two sides of designing interactions for VR. On one side there is 

realism, where “…objects give the illusion of behaving and looking like real-world counterparts”, and 

on the other is abstract, where objects “…appear as abstractions of the objects being represented”. 

Should a computer desktop look like a real desktop, or would an abstracted version be more 

effective? This is known as “interaction fidelity” (McMahan et al., 2016). Realistic interactions and 

interfaces are coupled closely with real-world analogues, while non-realistic interactions are those 

that relate in no way to reality. An example of this is pushing a button to shoot lasers from your 

eyes (Jerald, 2015). There is no real-world analogue for this to be possible, and thus has low-

interaction fidelity. Neither is intrinsically more desirable than the other; realistic interactions might 

be easier to remember, while non-realistic interactions might be easier to complete. 

With regard to the specific technology of VR that the SG will be developed for, there are other 

considerations for user experience and interactions to consider. LaViola et al. (2017) identify 

several factors: 

 Perception; users need to be able to have a spatial understanding of the application. Visual 

perception and 3D depth cues allow the user to perform 3D selection, manipulation and 

navigation tasks. Designers must understand the differences in how users perceive depth and 

account for this (Boyd, 2000). 

 Ergonomics; differences in spatial abilities and general physical abilities in general for users 

need to be understood. Designs should consider basic human anatomy and design around 

standard human ergonomics. 

 Cognition; cognitive planning of actions in a spatial environment becomes more complex, and 

while designers can utilise spatial knowledge, they need to consider situational awareness, 

cognitive mappings of a space and a user’s mental load.  

 Time perception; VR can play with a user’s sense of time (Lozano, 2016). This plays into both a 

user’s flow and their level of presence. 

2.4.4.2. Accessibility 

A factor that is important in all interface design but is a major issue for VR is accessibility thanks 

to the increased mobility and coordination required (LaViola et al., 2017). Stone et al. (2005) 

describe an accessible design as “usable by all intended users, despite handicap, access device, or 

environmental conditions”. Johnson (2010) as cited by LaViola et al. (2017) define accessibility as 

“the design principle that an interface is usable by all intended users, despite disabilities or 
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environmental conditions”. There can be a range of factors that influence accessibility needs, such 

as vision, hearing or mobility impairments (LaViola et al., 2017). In non-VR videogames, accessible 

design may mean alternative input devices, adapted colour or font settings, alternate text for 

images or other elements (Teófilo et al., 2016). For VR, there are many other factors that will 

influence accessibility. While much work has been done to make people aware of accessibility 

issues and accommodate them in standard practices for non-VR videogames, the adolescent 

state of VR when compared to videogames for web and mobile means there are many practices or 

unknown issues that can arise from common implementations (LaViola et al., 2017). 

Anecdotally, the author has seen many games and heard complaints about some of the current 

releases that do not take even more obvious accessibility factors into consideration. Many early 

games that required two-hand interactions were not reversible (e.g. firing a bow from an arrow) 

and made it difficult for left-handed players to engage without physically swapping controllers. 

Many games build the environments at a fixed height, which disallows wheelchair users to reach 

objects. Job Simulator (Owlchemy Labs, 2016) allows users to switch to “Small Human Mode”, 

which brings the height down of all desks and benches in the environment. Where possible, 

solutions should be found that do not make users who require accessibility options feel as though 

they are different or exceptions to the norm. For example, if users can pick an object up before 

using it, they can select which hand they would like to hold the object with, as opposed to 

accessing a ‘left-handed mode’ option in a menu. VR Diner Duo (Whirlybird Games, 2016) asks you 

to set a desired height for benches at the beginning of the game so that the player’s height is 

always accommodated. Savidis & Stephanidis (2004) refer to this as designing universally 

accessible interactions. 

Many accessibility options can be included with a design through general HCI principles i.e. 

affordances, signifiers, constraints, feedback, mappings and compliance. Issues arise from the 

large varying parameters that might come into play when designing for accessibility and, for some 

designers, simply not knowing where issues may arise (Savidis & Stephanidis, 2004). For VR, 

iteration is key to exploring and designing accessible systems (Bowman, Gabbard, & Hix, 2002; 

Bowman, Johnson, & Hodges, 2001). 

In the creation of the artefact for this dissertation, accessibility concerns are discussed during the 

design and evaluation stages. 

2.4.5. Storytelling 

Storytelling is when “artists relay a subset of reality from the standpoint of a certain subjective 

perspective, to trigger emotional responses” (Lugmayr et al., 2017), or to put more simply, “story is 

the narrative of an event […], crafted in a way to interest the audience” (Bernard SC, 2011 in 

Lugmayr et al., 2017). Storytelling in videogames can be used as motivation or reward, primarily 
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focused on creating emotions in the player for the in-game protagonist (Padilla-Zea, Gutiérrez, 

López-Arcos, Abad-Arranz, & Paderewski, 2014). Winn (2008) warns that, by including storytelling 

in SGs, it can often complicate the learning outcomes for the player. Examples include deviating 

from actual historic events when teaching history, or including science fiction in videogames that 

teach science to serve the story when the fiction overlaps with the non-fiction (Winn, 2008). 

In creating a structure for storytelling, a pattern has been highlighted, often known as the hero’s 

journey. Campbell introduced the first version of the hero’s journey (Campbell, 2008) while Vogler 

introduced a revised, more condensed version (Vogler, 2007). Vogler’s hero’s journey (referred to 

as the ‘hero’s journey’ from this point forward), breaks down the structure of story into 12 stages, 

summarised in Table 2. When crafting stories, the steps do not need to be ordered in the same 

way or even included, but serve as a way to understand common events in a story’s structure 

(Vogler, 2007). While the stages are often represented visually with visual changes for the 

protagonist, they represent an emotional change (Batty, 2010). 

Table 2: The hero's journey, based on Vogler (2007) summarised 

Stage Description Emotional Journey 

1. The ordinary 

world 

Introduces the common way of living, to contrast 

surprising events later. Any specific problems that the 

hero will need to surmount later are introduced 

(Delmas, Champagnat, & Augeraud, 2007). 

Think about: What is going on in your hero’s current 

world? (Patrick, 2019) 

Negative feelings 

towards their current 

situation (Batty, 2010). 

2. The call to 

adventure 

An event or series of events that pushes the hero to 

leave their world for an adventure (Delmas et al., 2007). 

Think about: What is the quest, problem, new world, or 

shift that piques your hero’s attention? (Patrick, 2019) 

Hope of removing 

negative emotions of 

current situation 

(Batty, 2010). 

3. Refusal of the 

call 

The Hero refuses the call to adventure, until incentives 

or motivations force no alternative (Delmas et al., 

2007). 

Think about: What objections might your hero be having 

and how do you answer them? (Patrick, 2019) 

Trepidation between 

selfishness vs 

selflessness (Batty, 

2010). 

4. Meeting the 

mentor 

An item, mentor or source imparts skills or knowledge 

to the hero that will aid them on their journey (Delmas 

et al., 2007). 

Think about: How can you convince your hero that you 

are experienced, credible, and trustworthy enough for 

them to follow you? (Patrick, 2019) 

Mentor offers 

reassurance, 

emotional guidance 

and wisdom (Batty, 

2010). 
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5. Crossing the 

first 

threshold 

An event, decision or action marks the hero’s entry into 

the unknown (Vogler, 2007). 

Think about: How do you invite your hero to commence 

the journey with you? (Patrick, 2019) 

Commitment to 

selflessness, 

regardless of 

conflicting emotions 

(Batty, 2010). 

6. Tests, allies, 

enemies 

The hero is tested and comes across both helpers and 

adversaries (Vogler, 2007).  

Think about: What is the small test you can give your 

hero they can accomplish, and the experience a “win”? 

Who are your hero’s friends? Who are your hero’s 

enemies? (Patrick, 2019) 

Battle fears towards 

releasing negative/ 

conflicting emotions 

(Batty, 2010). 

7. Approach The hero and allies prepare for the major struggle 

(Vogler, 2007). 

Think about: What is the deepest inner struggle your 

hero will face on their journey? (Patrick, 2019) 

Battle darkest fear, 

failure, a test of 

emotional limits 

(Batty, 2010). 

8. The ordeal The hero faces their great fear (Vogler, 2007). 

Think about: What is the biggest struggle your hero will 

go through? What will they get when they win? What will 

be lost in the process? (Patrick, 2019) 

Through emotional 

turbulence, affirmation 

of new emotional 

state (Batty, 2010). 

9. The reward In overcoming the ordeal the hero receives a reward, 

tangible, such as an item; or intangible, such as self-

realisation (Ascough, 2018). The reward includes the 

threat of loss (Vogler, 2007). 

Think about: What big commitment does your hero 

need to make to make the final big win? (Patrick, 2019) 

Celebrates emotional 

transformation, 

physical reward 

representing internal 

growth (Batty, 2010). 

10. The road 

back 

The hero is determined to complete their adventure, 

taking the reward back to the ordinary world (Vogler, 

2007). 

Think about: How does your hero continue on with 

enthusiasm despite setbacks? (Patrick, 2019) 

Hero has emotional 

balance, duty to share 

with others (Batty, 

2010). 

11. Resurrection The hero is tested once more, utilising the reward and 

resolving the conflict that caused the call to adventure 

(Vogler, 2007). 

Think about: How has your hero been reborn into 

someone new? (Patrick, 2019) 

Show others 

emotional 

transformation (Batty, 

2010). 

12. Return with 

the Elixir 

The hero returns to the ordinary world with an item or 

knowledge to improve it (Vogler, 2007). 

New emotional state 

reconciles with 

ordinary world, bring 
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While most narrative media involve the style of story discussed above, where the author of that 

narrative writes or creates a story that the viewer/reader/player witnesses directly or indirectly, 

videogames include a second story component. Rouse III (2010) separates these into the 

designer’s story and the player’s story. The designer’s story in more general terms could be 

considered the narrative of the videogame, much in the same way a movie has a narrative and 

follows plot points. The player’s story, on the other hand, occurs when the player interacts with the 

videogame and the experience they have (Winn, 2008). Events, actions and thoughts that are 

unique to their session that are created between the player and the videogame form the narrative 

of the player’s story (Rouse III, 2010).  

Schell (2019) refers to similar concepts using different terminology; story (designer’s story) and 

“story machine” (player’s story). They succinctly articulate what the player’s story is as “a […] game 

[…] that generates stories when people play it”. When thinking about the player’s story, Schell 

(2019) suggests considering these questions; 

 How can I add more player choice? 

 How can I let players personalize the story? 

 Are players excited to tell the story of what happened in the game? (Schell, 2019) 

When looking at the player’s story through the lens of the hero’s journey rather than the designer’s 

story, an almost meta-view of the experience (the third heading in the DPE framework) the player 

has is created. Instead of the hero being the videogame protagonist or the player’s character in the 

videogame, the player is the hero (Champagnat, Delmas, & Augeraud, 2010). The mentor from 

stage four then becomes the videogame. This a particularly helpful lens in the context of SGs; the 

videogame itself has non-entertainment goals, and thus to obtain those goals becomes the call to 

adventure, and what the SG game-as-mentor attempts to help the player to achieve. The 

gameplay, specifically the affect (an aspect of gameplay in DPE) it has on the player, then creates 

the threshold, tests, ordeal, reward, and resurrection for the player to create their own story, 

hopefully gaining the elixir of knowledge or behaviour change. The hero’s journey becomes the 

player hero’s journey, which will be referred to as the ‘player’s journey’ from this point forward. 

Through this dissertation the discussions of storytelling will relate predominantly to the player’s 

journey, especially in Iteration Three, as the style of artefact discussed in later chapters does not 

focus on narrative storytelling. 

Think about: What is your utopian happy ending? 

(Patrick, 2019) 

the two together 

positively (Batty, 

2010). 
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2.4.6. Conclusion 

In this section the relevant factors to consider when designing SGs have been discussed, through 

the five layers in the DPE framework. These five layers will aid the design and analysis of the 

artefact. Beyond technology, learning, gameplay, user experience and storytelling, the setting and 

context for the artefact and research must also be investigated. 

2.5. Artefact Setting: Nature-based Tourism 

In this section the setting of the artefact, nature-based tourism is introduced. There are several 

synonyms or adjacent related terms for nature-based tourism that exist in literature, including 

‘nature tourism’ and ‘eco-tourism’ (Kuenzi & McNeely, 2006). Valentine (2005) defines Nature-

Based Tourism as being “…primarily concerned with the direct enjoyment of some relatively 

undisturbed phenomenon of nature”. They go on to state that for this style of tourism to be 

sustainable ecologically, locations must ensure no permanent degradation occurs to the 

attraction. While this should be true, one could argue that the industry has under-delivered on this 

front. Direct experience at the location supposedly provides opportunities for learning and to 

influence tourists’ environmental attitudes and behaviours (Kiss, 2004). Yet there is a gap between 

behaviour change and knowledge that is common in much pro-environmental tourism studies 

(Juvan & Dolnicar, 2014). 

2.5.1.1. Virtual reality and tourism 

Virtual reality as an element of tourism is relatively new. Guttentag (2010) highlighted the potential 

of VR within tourism, specifying areas such as planning and management, marketing, 

entertainment, education, accessibility and heritage preservation as being ripe for technological 

intervention. Since this time, interest has grown in both academic and industry circles. There is 

now a large array of VR applications that fit within the tourism categories Guttentag (2010) 

outlined. 

Mobile VR is a prominent way of delivering VR in tourism, as mobile phones are a ubiquitous piece 

of technology for tourists. Mobile VR experiences are often used as an alternative, or in addition to, 

a visit to a tourism attraction. Heritage sites use technology to represent artefacts (e.g. 

Abdelmonem, Selim, Mushatat, & Almogren, 2017) or to provide extra imagery and information 

about the location (e.g. Fabola, Miller, & Fawcett, 2015). Fabola et al. (2015) also highlight similar 

use cases for museums and education institutes, citing “high quality graphics, 360-degree videos 

and the responsive head-tracking” as the appealing properties. Heritage sites that have 

successfully used VR include the Uffizi Gallery in Florence (Uffizi Gallery, 2019) and a digital time 

travel experience in Edinburgh (Rhodes, Miller, Davies, Oliver, & Kennedy, 2019). An experience 

shown at the Hellenic Cosmos Interactive Museum was criticised however as being a bolted-on 

addition to the site and not integrated thoughtfully (Costa & Melotti, 2012). Han & Dieck (2019) 
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warn against using VR purely for gimmick as users quickly realise when technology is not 

providing value or detracting from their tourism experience. 

Even before a person pays for a holiday, they may be given a chance to experience VR. Itchy Feet 

(Ingo et al., 2010) offered a virtual world where tourists can find travel information and talk to other 

tourists to make travel decisions. Applications such as these allow brands to develop their identity, 

providing an experience that is enjoyable, informative and above all interactive (Griffin & Dimanche, 

2017; Huang, Backman, Chang, Backman, & McGuire, 2013; Marasco, Buonincontri, van Niekerk, 

Orlowski, & Okumus, 2018; Pakanen, 2014). VR as a destination marketing tool can be incredibly 

effective when time is given for tourists to familiarise themselves with the technology and care is 

taken to provide clear cues for interaction (Pakanen, 2014). 

Existing destinations can be accompanied by a VR experience to positive effect (Jung, Chung, & 

Leue, 2015). Historic or offsite scenes allow tourists to explore the destination from new angles or 

through difference lenses, e.g. simulated theme park rides (Jung et al., 2015), simulated tour 

guides (Li & Hu, 2012) or with additional educational content (Minocha & Roberts, 2008; Zejda & 

Zejda, 2018). VR can allow otherwise inaccessible sites to be open to the public, or open up regular 

attractions to a new audience, such as those with mobility constraints or panic disorders 

(Sambhanthan & Good, 2013). 

While VR is being used in tourism at multiple levels, current experiences offered often have little to 

no interactivity, creating a very passive engagement until the experience is over. Ali & Frew (2013) 

and more recently Polese et al. (2018) have been unable to identify VR being used in the tourism 

industry with high levels of interactivity, where users have agency and influence the experience. 

Virtual tour-style experiences where users are shown passive video or a move through a series of 

360-degree photos often criticised for not being genuine VR but “simply panoramic photographs 

that do not permit any free navigation” (Wiltshier & Clarke, 2017), reflected by this dissertation’s 

definitions of both VR (Section 2.4.1) and presence (Section 2.4.1.3). VR, rather than video or photo, 

could allow for the heightened interactivity (cause and effect) required from the experience to fully 

engage the user (Jung, Dieck, Moorhouse, & Dieck, 2017) and increase their level of connection to 

nature (Ahn, Bostick, Ogle, Nowak, McGillicuddy & Bailenson, 2016). 

An important note to make on the use of VR in tourism papers is that it does not always match this 

dissertation’s understanding of what VR is. While many papers use the term in the same vein as 

the author does, others use it to simply refer to a light and sound show, or a multimedia display 

(e.g. Costa & Melotti, 2012). Others confuse a virtual world for VR when in reality it is delivered on a 

traditional 2D display (e.g. Gärtner, Seidel, & Berger, 2008) 
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2.5.1.2. Gaming and tourism 

In tourism, videogames can drive loyalty, create ambassadors for the attraction through social 

media sharing, increase sales conversions when booking and raise brand awareness (Xu et al., 

2017). Mobile videogames in particular are relevant to tourism, enhancing the social, emotional 

and immersive aspects of the experience (Xu et al., 2013). Videogames can be seen in varying 

aspects of the tourism industry (Xu et al., 2017). 

Gamification and location-based concepts are increasingly common in tourism. SUMMIT (Lim, 

Taylor, & Gallacher, 2016), which allows hikers to collect rewards as they hiked, uses location data 

to determine when rewards would be awarded which translates into discounts in local businesses. 

The connection of tourists and business in the application proved positive enough for Edinburgh 

Zoo to get involved after release (Lim et al., 2016). In a similar vein, participants of a study by 

Nunes & Mayer (2014) were able to visualise their route on a nature trail through AR, collecting 

badges as they found interesting locations. In Smileland Thailand (Tourism Authority of Thailand, 

2011) tourists can discover local business and share them on social media for rewards. The same 

concepts also apply to Pokemon Go (Niantic, 2016). While not created to be used as a tourism tool, 

Pokemon Go is often used as an interactive travel guide by tourists (Aluri, 2017). A narrative-driven 

location-based videogame has been used in Laurisilva Forest on Madeira Island, taking the form of 

a treasure hunt (Dionisio, Nisi, Nunes, & Bala, 2016). 

Heritage sites are the most common tourism attractions to be tied to a videogame. Those include 

videogames such as: 

 REXplorer at Regensburg in Germany (Ballagas, Kuntze, & Walz, 2008)  

 Amazing City Game Norway (Wu & Wang, 2011)  

 Walk Like an Egyptian at the UNESCO-listed heritage sites of Egypt (Gabr & Abdennadher, 

2015)  

 NosfeRAtu at Orava Castle in Slovakia (Mesároš et al., 2016)  

 MIGHT at Kellie’s Castle at Perak in Malaysia (K. L. Tan & Lim, 2017) 

 Haunted Planet for Irish and New Zealand’s cultural heritage (Haahr, 2017) 

To make videogames a success in tourism, specific domain knowledge is required. Tourism as a 

domain can be challenging; designers must understand their audience as tourists and gamers, and 

blend the, sometimes conflicting, requirements of those users (Xu, Tian, Buhalis, Weber, & Zhang, 

2016). If done correctly, however, gameplay elements such as challenge, reward and curiosity can 

create an enjoyable way to discover and learn new things about the destination (Xu et al., 2016). 

Using the classifications from Ratan & Ritterfeld (2009), many of the tourism applications 

discussed primarily fall under the category of marketing as their purpose. This dissertation looks 
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to go beyond marketing as the purpose, and focus on a SG that would be classified under social 

change.  

2.5.1.3. Nature-based tourism attractions, virtual reality and serious games 

Investigating SGs based on nature-based tourism attractions is not a simple task, as SGs in this 

domain don’t often use the term nature-based tourism, instead focusing on the environment or the 

ecosystem in question. As videogames and VR applications related to tourism generally have 

already been discussed, this section focuses on two common nature-based tourism attractions 

specifically: oceans and forests. 

Bleached Az (Choas Theory Games, 2019) is a mobile serious game, based on the comedic 

cartoon series Beached Az. Players protect three personified coral from plastic and pollution, 

where failure results in the coral being bleached. While ecologically inaccurate, the SG shows users 

facts about climate change and uses ad revenue and in-app purchases to help Carbon Neutral, a 

tree-planting charity offsetting carbon. About that Forest (Centre for Systems Solutions, 2018) is a 

web-based SG where multiple players play as a community living in a forest, attempting to build a 

village. Players need to manage each other and natural resources, lest they face the threats typical 

of habitat destruction. The SG looks to educate about the forest ecosystem through the decisions 

the player makes or that are forced upon them by others. 

In the realm of VR, Tree (New Reality Company, 2017) depicts the life cycle of a tree from the 

perspective of the tree, including imagery of industrial logging. The SG looks to “spark 

conversations surrounding climate change, storytelling, and innovative technology” (Games for 

Change, 2017). BBC Earth: Life in (Preloaded, 2018) takes players to various marine ecosystems 

that have been “authentically reproduced” (Games for Change, 2018). Marsh, Jenson, Constantine, 

& Miller (2016) discuss the development of a VR reef experience that slowly takes users through a 

seascape, where users can bring up information on certain elements at their own leisure. All three 

experiences offer limited interactivity, and do not offer many of the characteristics that this 

dissertation has discussed to be relevant to videogames. Jupiter and Mars (Tigertron, 2019) is a 

VR SG that allows users to play as a dolphin seeking to shut off human technologies that are 

disrupting sea life. The SG offers information about the consequences of pollution, using VR to 

“submerge” players into the post-human underwater environment.  

As with most commercially produced traditional games, details are scarce on the design and 

development process for the mentioned applications. While at events such as Game Developer 

Conference (GDC) or Games Connect Asia Pacific (GCAP) some practitioners will share details of 

their processes, much of this content is not recorded or is locked behind a paywall. Some of this 

content is publicly available, but the author was unable to find talks related to the design of nature-

based tourism attractions. Even so, while these could have been informative, without academic 
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background would not have had bearing in this research. Within literature, research addressing 

design guidelines for SGs appear to focus on SGs broadly, not focusing on the environmental 

setting, let alone from the perspective of them being a nature-based tourism attraction (e.g. 

Bradshaw, Penelope Holland, & Billinghurst, 2014; Lucas Pereira & Gomes Roque, 2009; Marsh, 

2016; Yusoff & Shafiril, 2019). Instead, this dissertation will focus on a set of design considerations 

for the videogame design of a nature-based tourism attraction, taking into consideration both the 

ecological and tourism facets that this entails. 

2.6. Connectedness to Nature 

Connectedness to nature (referred to as just ‘connectedness’ from this point forward) refers to 

“‘the extent to which an individual includes nature within [their] cognitive representation of self” 

(Schultz, 2002). Ecologists have long theorised that connectedness is a key component in 

nurturing pro-environmental behaviour (Mayer & Frantz, 2004) based on the idea that if “we abuse 

land because we regard it as a commodity belonging to us, [then] when we see land as a 

community to which we belong, we may begin to use it with love and respect” (Leopold, 1950). 

Connectedness to others is a core principle in relationship closeness, where when relationship 

closeness increases so does empathy and willingness to help the other (Frantz & Mayer, 2014). 

For connectedness to nature, the goal is to increase this relationship closeness towards nature 

rather than another human. Often the environmentally conscious choice is inconvenient or comes 

at a short-term cost, but research has shown that people will engage in inconvenient behaviour for 

causes they care about (M. Frantz, 2014). Towards pro-environmental behaviour, connectedness 

to nature offers a means to get people to treat the planet the same way they might treat a loved 

one (Frantz & Mayer, 2014).  

Literature suggests a plethora of reasons for how connectedness to nature is formed and varies 

greatly from person to person (Restall & Conrad 2015). ‘Psychological and physiological response 

to nature’, ‘personal values’, ‘lived experience’ and ‘interaction with others who are compassionate 

with nature’ are just a few of the many variables that potentially lead to connectedness (Restall & 

Conrad, 2015). Education can be used to build knowledge around nature or to introduce the values 

or experiences needed to connect with nature, but should be implemented alongside other 

activities, such as direct encounters and chances to bond with nature (Liefländer, Fröhlich, Bogner, 

Schultz, 2013). Research has been done to suggest that connectedness can lead to pro-

environmental behaviours (Dutcher, Finley, Luloff, & Johnson, 2007; Gosling & Williams, 2010).  

While this research could have targeted and measured behaviour change directly, such as the 

energy conservation SG described in Wells et al. (2016), or the VR intervention discussed in Ahn 

(2011), visitors to the nature-based tourism attraction would not be able to make changes to their 

actions directly until they returned home from their visit. Instead, it was decided to work towards 
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increasing connectedness first and look to pro-environmental behaviour change in future research. 

Learning from a serious game is only one intervention strategy of the many that are required to 

directly target behaviour change (Michie, van Stralen, West, 2011). While through gameplay, 

storytelling and user experience some of the other strategies are targeted (E.g. incentivisation and 

modelling), this dissertation works towards improving connectedness, with the intention of 

delivering an immersive intervention that digitally delivers a “chance to bond with nature” 

(Liefländer et al., 2013). This is done as a pre-cursor to implementing direct intervention strategies 

in future work. 

2.6.1. Measuring Connectedness 

There are several prominent methods in the literature to measure connectedness. Schultz (2001) 

introduced the “inclusion of nature in the self” (INS) scale, a single item scale that asks users to 

choose one of seven pairs of circles, labelled “nature” and “me”, that best represents their 

connection to nature. The seven pairs of circles range from barely touching to completely 

overlapping, much like a set of increasingly intersecting Venn diagrams (the version used in this 

research is provided in 4.2.4). INS is an efficient way to measure connectedness and has been 

shown to predict motivation to protect the environment (Martin & Czellar, 2016). While the scale 

cannot be assessed for reliably as a single item scale (Schultz, Shriver, Tabanico, & Khazian, 2004), 

it does provide other advantages, including the pictorial nature of the scale aiding in understanding 

for non-native speakers (Martin & Czellar, 2016). 

To overcome the single item limitations of INS, Mayer & Frantz (2004) developed the 

“connectedness to nature scale” (CNS). The scale is designed around “…Leopold’s contention that 

people need to feel they are part of the broader natural world if they are to effectively address 

environmental issues” (Mayer & Frantz, 2004), involving 14 questions posed on a five-point Likert 

scale (from strongly disagree to strongly agree). Validity of the scale has been evidenced by a 

strong relationship with INS (C. Frantz, Mayer, Norton, & Rock, 2005; Mayer & Frantz, 2004) and 

other measures of pro-environmental behaviour (Mayer, Frantz, Bruehlman-Senecal, & Dolliver, 

2009). Both the CNS and INS scales have been used in the literature to measure pre- and post-

conditions during intervention style research (e.g. Liefländer et al., 2013; Mayer et al., 2009). 

2.6.2. Connectedness, virtual reality and videogames 

A quick survey of papers that discuss connectedness reveals that most see videogames and 

immersive technologies as something to pull people (often children) away from so that they can 

reconnect with nature. There is, however, some research on the use of virtual reality and 

videogames that seeks to improve pro-environmental behaviour through these media. 

Schneider & Schaal (2018) utilizing, measuring INS showed, found that a geo-based videogame 

that had players entering forests/nature improved connectedness post-play, noting that the 
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outdoor experience was likely the greatest driver in that improvement, with the videogame acting 

as motivation to go outdoors. Klein & Hilbig (2018) found videogames could influence pro-

environmental behaviour but warned these styles of studies can easily conflate participants acting 

out of group mentality rather than for purely pro-environmental reasons. They also note that the 

evidence of virtual experiences promoting pro-environmental behaviour is inconclusive. Tan (2018) 

employed a videogame within an aquarium context and investigated visitors’ connectedness and 

motivations to play the videogame. They found visitors’ connectedness was a precursor to 

willingness to play the videogame but that it did not significantly affect their 

empathy/connectedness compared to attendees who did not play the videogame. They highlight 

that visitors were mostly already connected to the marine world, given they were visiting an 

aquarium, and that the videogame elements introduced were not effective when visitors were 

more eager to relax (W. K. Tan, 2018). 

Fletcher (2017) examines videogames presenting conservation issues related to tropical 

rainforests, and suggested that videogames can, with the right systems, inspire affective 

commitment to environmental causes, but raised concerns about exacerbating the environmental 

values behaviour gap. They suggest “rigorous design” would be required to successfully create a 

videogame that positively influences players towards pro-environmental behaviour and avoids the 

values gap. Helderman, Anina, Ferguson, & Wang (2014) present a framework to help student 

developers create a SG about endangered North Atlantic Right Whales. Their goals included raising 

awareness of the whales and whale conservation efforts, but in later work on the same project 

(Prueitt, Bryant, Racine, Petersen, & Bujnevicie, 2015) substantive evaluation around their 

effectiveness is not provided.  

With regard to VR, much of the work has focused on non-interactive content demonstrated 

through the immersive technology. Soliman, Peetz, & Davydenko (2017) investigated pro-

environmental behaviour and connectedness post watching nature-related videos through both a 

VR HMD and on a traditional monitor. They found no change in pro-environmental behaviour, and 

an insignificant difference between improvements to connectedness between the two media. Of 

note is that the videos presented were the same for both media, with the immersive version not 

taking advantage of the potential 3D or 360-degree capabilities of VR. A more recent study that 

included 360-degree content found a substantive increase in connectedness compared to the 

content being presented on a traditional monitor (Breves & Heber, 2019). They hypothesise that VR 

is a step closer to a direct nature experience, like a nature walk, than a traditional monitor. The 

interactive experience demonstrated in Ahn (2011) revealed more positive results, where 

participants who showed high levels of presence demonstrated pro-environment behaviour when 

given full control of the interactive elements of the experience. 
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From surveying this research, it is expected that an application that combines videogames and 

virtual reality would indeed increase connectedness. However, it is unclear from these works how 

one would go about developing an experience designed specifically for improving connectedness. 

Especially from the perspective of SGs, when “substantial investment”, both in time and money, is 

often required to create such an experience (Fletcher, 2017), it would be unwise to engage such a 

development journey. This study aims to expand on this idea, motivated towards investigating the 

design considerations around connectedness for a VR SG. 

2.7. Conclusion 

In this chapter, the background concepts from academic literature to understand the context of 

this dissertation have been presented, towards outlining the gaps in the literature and thus the 

contribution of this research. Introduced is the SG design framework DPE, along with the 

fundamentals behind the five layers of the framework; gameplay, learning, story, user experience 

and technology. Here is it highlighted the many perspectives to look at a SGs design through. A 

background of virtual reality and SG applications in heritage tourism is given, with specifics on 

nature-based tourism attraction. Here, it is identified that while there are SGs that exist in the 

tourism domain utilizing VR, the area is light on design processes and guidelines for developing 

SGs in that space. To further this, the concept of connectedness is introduced and ways that it can 

be measured are detailed. Recognized through the literature review is the potential for VR and SGs 

to influence connectedness, but a gap when attempting to identify any design processes or 

guidelines to aid in this endeavour.  

In concluding the literature review, the research gap being addressed in this research is evident; 

Design considerations specific to VR SGs in the domain of nature-based tourism attractions are 

not fully understood. More specifically, considerations specific to creating a sense of 

connectedness with the represented nature-based attraction are not clear. Context specific 

information about the GBR is also provided as a reference for discussions of the artefact’s design 

to come. With the foundational understanding on topics related to this research outlined, the 

methodology must be examined and discussed. 
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Chapter 3: Research Approach 

3.1. Introduction 

In this chapter, the research approach and methodology for how the research was conducted is 

identified, detailed and justified. The paradigm utilised, ontology, epistemology and ethics of the 

research are provided, along with details of design science, the chosen research methodology. The 

structure that the research will follow in subsequent chapters will be outlined, following the design 

science research methodology (DSRM) specifically created for ICT research. 

As previously stated, this research will answer the following three research questions: 

1. What opportunities are available in nature-based tourism for virtual reality and serious games? 

2. What design considerations are relevant to a virtual reality serious game about a nature-based 

tourism attraction? 

3. What design considerations are relevant to a virtual reality serious game for increasing 

connectedness to a nature-based tourism attraction?  

How the research was conducted to answer each research question will also be discussed in this 

chapter. Involvement in the project during the Pilot, Iteration One and Iteration Two was as a paid 

employee for Associate Professor Alexandra Coghlan as part of her research project on VR games 

and reef conservation through tourism. 

3.2. Research Approach 

3.2.1. Paradigm 

Paradigms are a set of fundamental assumptions adopted by a community that allow the sharing 

of perceptions and practices (Hirschheim & Klein, 1989). They are the overarching “assumptions 

[made] in relation to the nature of science and society” (Burrell & Morgan, 1979). A paradigm will 

consist of assumptions about knowledge and how to acquire it, along with those made about the 

world both physical and social (Hirschheim & Klein, 1989). Many different paradigms have been 

suggested and used within the literature, however those introduced by Burrell & Morgan (1979) will 

be used in this dissertation, as many information systems theorists have found their definitions to 

be the most applicable within IS (Burrell & Morgan, 1979, p. 22). Iivari et al. (1998) breakdown the 

possible approaches to following a paradigm and highlight four viewpoints that, when identified, 

encapsulate the world view or perspective of the research. The ontology, epistemology, research 

methodology and ethics of this research will be detailed in the subsequent sections.  

This research will follow pragmatism as the research paradigm as this dissertation “orients itself 

toward solving practical problems in the ‘real world’” (Feilzer, 2010). By following pragmatism, as 

opposed to more common paradigms like constructivist or interpretivist, this research “…sidesteps 
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the contentious issues of truth and reality…” that are not pertinent to the topics of this research, 

and allows “…the researcher to be free of mental and practical constraints imposed by [other 

paradigms]” (Feilzer, 2010). Pragmatism allows for the world, and thus the research, to be seen 

from various points of view at once, rather than locking a researcher into just one. Data can then 

be seen “…with different elements or layers, some objective, some subjective, and some a mixture 

of the two” (Feilzer, 2010).  

Within the context of this research, pragmatism allows the answers to the research questions not 

to definitively outline ‘the truth’, but to be useful in of themselves. The design considerations that 

are the answer to Research Question Two and Research Question Three do not need to be an 

“accurate account of how things are in themselves”, but instead aim to be useful to designers, or 

“aim at utility for us” (Rorty, 1999). The practical implications of an idea, concept or design are its 

meaning and value (Goldkuhl, 2012b). Irrelevant of their perceived ‘trueness’ from the perspective 

of any other paradigm, this research is successful if the results are of value to the research 

community and the intended audience. The most important element to following pragmatism is 

that the new knowledge make a difference in action (Dewey, 1931, as cited in Goldkuhl, 2012b). It 

is to this end that the answers to the research questions be delivered to be useful as both research 

findings and actionable to practitioners. 

3.2.2. Ontology 

Ontology asks, “What is the assumed nature of an information system?” (Iivari et al., 1998) It is 

concerned with the “basic building blocks” (Iivari et al., 1998) that assemble to form the 

phenomena to be investigated. Pragmatism is not committed to any one ontological system or 

view point as it attempts to see the world “…without relying on metaphysical assumptions” 

(Morgan, 2014). In Pragmatism, ontological viewpoints are just “arguments about either the nature 

of the outside world or the world of the conceptions,” simply becoming “discussions about two 

sides of the same coin” (Morgan, 2014). 

Iivari et al. (1998) introduces two ontological positions specific for information systems. Realism 

focuses on objective facts and technological structures, viewing human beings as deterministic, 

technology as casual agents, and information as descriptive facts. (Iivari et al., 1998). Idealism on 

the other hand allows the research to see human beings as conscious and with free will, 

technology as malleable structures subject to human choice, and information as having socially 

constructed meanings with intention (Iivari et al., 1998). The information system in this 

dissertation refers to the artefact. While following pragmatism, and not being tied one ontology, 

this research will predominantly be guided by idealism, as it seeks to understand human choice, 

interpretation of and intentions toward the artefact and investigate how information can affect a 

person’s perspective. 
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3.2.3. Epistemology 

Epistemology asks, “What is human knowledge and how can it be obtained?” (Iivari et al., 1998) It 

is concerned with how knowledge is acquired from the observed phenomena, and the proper 

construction and evaluation of said knowledge (Järvinen, 2012). Looking at epistemology through 

IS research once more, this dissertation follows the understanding that Iivari et al. (1998) outline. 

Positivism sees the observer as a valid vantage point for understanding human activities, which is 

required for the researcher to use observation to collect data, while antipositivism aims to ‘occupy’ 

the individual or participant’s frame of reference to understand, which is done through interview 

techniques. Looking at the world as a positivist, where one understands the world by “searching for 

regularities, causal relationships between its constituent elements”, or as an antipositivist, where 

the world “can only be understood from the point of view of the individuals who are directly 

involved in the activities which are to be studied” (Iivari et al., 1998). Following pragmatism 

however, this research will be practical about which perspective the knowledge can be obtained 

from, not picking one perspective over another. While during the data collection participants are 

interviewed to obtain their point of view (antipositivism) this dissertation will look for regularities 

and relationships between the interview data and observations made while interacting with the 

artefact (positivism). Data collection methods are discussed further in Section 3.3.2. 

3.2.4. Research Methodology 

Research methodology asks, “What are the preferred research methods for continuing the 

improvement of each approach?” (Iivari et al., 1998) It is concerned with the methods of inquiry 

used to develop, evaluate and justify the approach. Iivari et al. (1998) identity three types of 

research methodologies: nomothetic, ideographic and constructive. Nomothetic methods focus on 

testing a hypotheses through scientific rigor, while ideographic methods focus on “getting close to 

one’s subject and exploring its detailed background and life-history” (Burrell & Morgan, 1979; Iivari 

et al., 1998). Constructive methods focus on the development of artefacts which can be 

conceptual frameworks or more physical realisations, such as software or interface. This research 

will follow a constructive approach, as this dissertation does not seek to describe an existing 

reality as both nomothetic and ideographic do, but help create or suggest a new reality (Iivari et al., 

1998). To this end, this research will employ design science as a research methodology. Goldkuhl 

summarises the essential traits of design science that overlap with pragmatism for information 

systems research: 

 The focus on utility, usefulness, and contribution to practice 

 Knowledge development through building and intervention 

 Problematic situations as a starting and driving point for inquiry and design 

 The search for what is possible and desirable 
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 Going beyond description; aiming for prospective, normative and prescriptive knowledge 

(Goldkuhl, 2012a) 

They conclude that “design [science] has found an appropriate paradigm home in pragmatism” 

(Goldkuhl, 2012a). The specifics of using design science in this research are presented below in 

Section 3.4. 

While the mixed methods data collection approaches are commonly involved in the completion of 

works following pragmatism as a paradigm, this is only in aid of finding, pragmatically, the most 

appropriate way of measuring a phenomenon. The primary question to be answered in this 

decision process is, “If phenomena have different layers how can these layers be measured or 

observed?” (Feilzer, 2010). In this way, while not following an ideographic methodology, this 

research will be employing several ideographic techniques for data collection. Ideographic 

techniques will be useful during the data collection sessions, as this is when understanding is 

required of each participant, so accurate conclusions can be drawn from the data. Case studies 

(an ideographic methodology) often employ observation, thinking-aloud and video recording. Some 

qualitative tools will be used, namely questionnaires to aid in the investigation of Research 

Question Three. More details on how this research utilised these methods can be found presented 

in Section 3.3.2. 

3.2.5. Ethics of Research 

As previously discussed in this document, a lack of immersive qualities in the hardware or poor 

design in VR software can lead to cybersickness. While the current iterations of VR hardware work 

well for many, there is still a chance that this may be a factor in making people nauseous when 

conducting evaluations. There is also a chance that testing unfinished applications, as was 

necessary in this research, can either lead to technical bugs that may cause motion sickness, or 

simply that the version of the design did not adequately consider the implications of 

cybersickness. For these reasons, it was paramount that participants in the evaluations knew of 

these risks. Participants were informed they could terminate their involvement at any time. While 

there was a strong chance that this would not happen at all, it was important to be prepared for 

such encounters.  

Participants who had previously experienced cybersickness were not excluded. Many people who 

may have tried VR at its infancy will have experienced HMDs that did not have the required 

specifications and power to be able to deliver a motion sickness-free experience. Modern 

hardware is far less likely to cause these problems. Screening for those who have experienced 

cybersickness previously would likely remove a large part of the intended audience unnecessarily. 

Because the build-up of cybersickness triggers is slow, and increases in severity over time, it was 

appropriate to ask participants if they had suffered previously, but not remove them from 
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participating entirely. With the knowledge that a participant has suffered previously, it was possible 

to monitor for symptoms more closely, and ensured the participant knew that they could remove 

the HMD should they experience any early signs of cybersickness 

Other considerations included ensuring the environment in which participants were playing was 

clear of obstacles. Ethics concerned were detailed in appropriate ethics applications within the 

university and were approved prior to commencing data collection (Griffith University Ethics 

Research Number 2017/034). Relevant information and consent were obtained from participants. 

Participant information and consent form for iterations one and two is presented in Appendix 4.1.1, 

with a slightly modified version for Iteration Three presented in Appendix 4.2.1. 

3.3. Design Science 

Aken (2004) identifies “the mission of a design science is to develop knowledge for the design and 

realisation of artefact, or to be used in the improvement of the performance of existing entities”. 

These refer to either solving construction problems, i.e. “How could we do this?”, or solving 

improvement problems, i.e. “How could we make this better?” (Järvinen, 2012). The two major 

activities that a researcher must complete when applying DS are build and evaluate (Hevner, 

March, Park, & Ram, 2004; March & Smith, 1995). Build refers to the construction of an artefact, 

while evaluate refers to determining the performance of the artefact against the objectives set 

(Järvinen, 2012). In this dissertation, the construction of an artefact corresponds to the creation of 

an SG and answering Research Question Two, with determining the performance of the artefact to 

a specified goal corresponding to Research Question Three. Design Science is an analogous term 

to ‘design-based research’ (Andriessen, 2018), often dependent on domain (De Villiers, 2012). 

Järvinen (2012) necessitates identifying a specific problem when conducting design science. The 

problem can be in the form of a research question, which is subsequently addressed by designing 

and evaluating an artefact (Hevner et al., 2004; March & Smith, 1995; Peffers et al., 2007). This is 

what separates design science from design practice; the artefact is being used as the answer of a 

research question and demonstrate feasibility, as opposed to being developed to achieve a goal 

(Järvinen, 2012). The motivation behind building an artefact should be the lack of previous 

innovation, or due to low quality of previous outcomes (Järvinen, 2012). In building an artefact, the 

ultimate objective is to develop the artefact from initial state to the goal state (Järvinen, 2012). An 

artefact may take the form of: 

1. vocabulary and symbols known as constructs,  

2. abstractions and presentations known as models, 

3. algorithms and practices known as methods, and  

4. implemented and prototype systems, known as instantiations (Hevner et al., 2004).  
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In evaluating the artefact, March & Smith (1995) highlight the importance of using the target 

audience as the baseline for judging usefulness. The research must demonstrate feasibility (March 

& Smith, 1995) by answering, “Did we achieve our stated goals in the construction?” (Järvinen, 

2012). When applying DS to HCI, it is important to avoid completing work which, while interesting, 

doesn’t add any theoretical, scientific or scholarly contribution, or where the focus was on 

engineering a solution without consideration for the human experience (Prestopnik, 2013). Ellis & 

Dix (2006) refers to these as “I did this and it’s cool” studies. This can often be seen when research 

emphasises a finished artefact but overlooks evaluation or delays evaluation to “future work” 

(Prestopnik, 2013). The importance of evaluating an artefact cannot be understated as this is what 

determines the academic contribution and novelty of the solution. 

Hevner et al. (2004), as presented in Järvinen (2012) identified seven guidelines to assist 

researchers to understand DS: 

1. Design as an artefact 

“DS research must produce a viable artefact in the form of a construct, a model, a method, 

or an instantiation” (Järvinen, 2012). 

This refers to the production of the actual artefact. Something tangible must be developed as an 

outcome of DS, in one of the forms mentioned. In this case, this research produced an 

instantiation. 

2. Problem relevance 

“The objective of design-science research is to develop technology-based solutions to 

important and relevant business problems” (Järvinen, 2012). 

There must be an identified problem domain for the artefact (Hevner et al., 2004). The problem for 

this research has been identified as gap in design considerations for nature-based tourism 

attractions when creating a VR SG, and specific considerations from the perspective of changing a 

player’s connectedness with the attraction. The domain then, is specific to a VR SG designed 

around a nature-based tourism attraction. While outside the scope of this dissertation, coming 

from an ICT design perspective rather than a business analysis standpoint, the relevant business 

problem here is around the inclusion of the videogames industry in environmental sustainability. 

3. Design evaluation 

“The utility, quality, and efficacy of a design artefact must be rigorously demonstrated via 

well-executed evaluation methods” (Järvinen, 2012). 

Evaluating and demonstrating the artefact is crucial for proving its validity. This research has two 

activities that were completed per iteration focused on evaluating and demonstration, with a goal 
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of showing the utility, quality and efficacy of the artefact and research. This is detailed further in 

Section 3.4.5 and Section 3.4.6. 

4. Research contributions 

“Effective DS research must provide clear and verifiable contributions in the areas of the 

design artefact, design foundations, and/or design methodologies” (Järvinen, 2012). 

The artefact must also be novel and innovative, either solving an unsolved problem or solving a 

known problem in a more effective way (Hevner et al., 2004). This research contributes a set of 

design considerations for creating VR SGs around nature-based tourism attractions, with several 

considerations focused on connectedness.  

5. Research rigor 

“DS research relies upon the application of rigorous methods in both the construction and 

evaluation of the design artefact” (Järvinen, 2012). 

DS is different from the practice of design in that the artefact must be rigorously defined, 

presented, coherent and internally consistent (Hevner et al., 2004). This research followed the 

activities presented by Peffers et al. (2007) to ensure the rigor of the dissertation. More details on 

how this was implemented can be found in Section 3.4.1. 

6. Design as a search process 

“The search for an effective artefact requires utilising available means to reach desired ends 

while satisfying laws in the problem environment” (Järvinen, 2012). 

The search for an effective artefact took place through several iterative stages of design. It would 

be unwise to believe a successful design could be made in a single pass, and thus the approach of 

this research was to have several iterations. The laws of the problem environment were outlined 

prior to commencing the iterative process to ensure a successful design was made. Regarding 

utilising available means, a small development team including the researcher and secondary 

supervisor, was utilised to create the artefact. This ensured the artefact was developed within the 

limitations of a typical PhD timeline. 

7. Communication of research 

“DS research must be presented effectively both to technology-orientated as well as 

management-orientated audiences” (Järvinen, 2012). 

The results of the research must be communicated academically and to the wider developer 

community to be useful. Communication of the research presented in this dissertation is 

discussed in Section 7.4. 
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Järvinen (2012) advises against stringent or mandatory use of these guidelines but suggests they 

should just be addressed in some form for DS research to be proper. This research will follow DS 

to build an instantiation artefact to aid in identifying design considerations to answer Research 

Questions Two and Three.  

3.3.1. Application of design science from the literature 

Design science is a proven choice for this kind of research, as its use is common in HCI (Crowston 

& Prestopnik, 2013; Lv, Esteve, Chirivella, & Gagliardo, 2015), where many projects can be found 

that make use of the methodology. Weinmann, Schneider, & Brocke (2016) identify the potential 

usefulness in applying DS to their future interface and interaction research, highlighting ‘new 

devices’ such as VR as potential avenues where behavioural effects need to be better understood. 

Often DS is used without referring to the concept itself (Crowston & Prestopnik, 2013), which can 

make DS research difficult to identify. In the following paragraphs examples of DS projects applied 

within the disciplines related to this research are presented. 

DS is often used for general HCI, UI, and design research. Collie, Shah, & Sheridan (2009) evaluated 

a lecture archiving system, using DS research and the user community to improve student and 

staff use of archiving technology. Reinecke & Bernstein (2013) identified that a user’s cultural 

background will determine their level of satisfaction in a UI, and used DS to evaluate an interface 

that adapts based on cultural identity. Rosselet & Renaud (2013) developed an artefact to identify 

ways where people with little musical background could contribute effectively to a performance 

with others. 

DS has also been used in evaluating and developing videogame or game-like artefacts. Crowston & 

Prestopnik (2013) applied DS when developing a citizen science initiative from scratch. The 

artefact that resulted was a videogame that allows users to match images using a touch interface. 

As with design science, they developed an artefact called Happy Moths that addressed the 

question they were looking to answer: “Will motivating users through videogame-like features 

improve data quality?” (Crowston & Prestopnik, 2013) Lv, Esteve, Chirivella, & Gagliardo (2015) 

developed a tool for rehabilitating dysphonic patients. The problem they identified was: “How 

would you gamify the rehabilitation process of Dysphonic patients?” (Lv et al., 2015) and their 

artefact resulted in a small videogame.  

VR has also been utilised when evaluating problems through DS. Huttner & Robra-Bissantz (2016) 

investigate the effectiveness of using VEs as a better method of mnemonic learning through a 

virtual memory palace, based on the method of loci. Metzger, Niemoller, & Thomas (2016) 

developed a VR-based training system for engineering technicians when they identified the 

problem of “how to effectively merge information system support and service support systems for 

technicians”. Bakar, Mat, Aziz, Jasri, & Yusoff (2016) used crowd simulation and VR to develop an 
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agent-based model when in a stressful environment, while looking to design a more accurate 

agent-based system when stressful events are triggered. 

Work has also been completed on developing 3D UI and 3D interactions for systems on the 

virtuality spectrum. McGinley, Hoshi, & Iacopetta (2015) sought to identify an approach to allow 

designers a way to organically prototype architecture through carving-like gestures in mixed 

reality. Their artefact in this case was a set of mock-ups with the intention of developing the full 

interface in the future. Haugstvedt & Krogstie (2011) developed an Augmented Reality tablet 

prototype through DS to test innovative interaction techniques for delivering historical tours 

through the medium. DS has been utilized for VR problems either directly or tangibly related to 

interaction and 3D UI. van Wyk & de Villiers (2014) apply DS to a VR mining industry training 

problem where part of the focus was on the need for realistic but simplified interactions in the 

virtual environment.  

Design science can also be seen in the development of Educational and SGs. Mat Zin & Elaklouk 

(2017) use DS as their framework for developing a cognitive rehabilitation serious game, explicitly 

stating “The Design Science paradigm works well for the development of a SG for cognitive 

rehabilitation”. While reusing a pre-built serious game, Bonazzi et al. (2013) utilized the structure of 

DS to evaluate the effectiveness of SGs to teach project management. Faria, Ribeiro, Moreira, & 

Reis (2018) create a Boccia simulator SG to help in independent training for athletes. McGill et al. 

(2017) focus on quick iterations within the DS methodology to create If Memory Serves, a SG 

working towards teaching the idea of ‘pointers’ in programming languages to students. 

As mentioned previously, there are many cases where DS principles are followed, either 

purposefully or accidentally, without mentioning the methodology (Crowston & Prestopnik, 2013). 

Kitson, Riecke, Hashemian, & Neustaedter (2015) is one such example. They investigated using a 

chair and multiple input styles for interaction to determine if the inclusion of a chair would help 

cybersickness issues when navigating virtual environments. The experiment involved the stages of 

design, development and evaluation (encompassing data collection and analysis) in much the 

same way DS conducts these stages. While their research only included one evaluation of their 

application (their artefact), the paper concludes the application is “on the right path, though its 

design needs improvement” (Kitson et al., 2015). 

Wang & Lindeman (2015) offer a new interaction method they call object impersonation for 

interacting with objects in virtual environments. They identify their problem and objectives for 

solution during the introduction by stating they wish to develop a more “efficient cross-task 

interaction” method that doesn’t “assume that the user possesses a virtual body” (Wang & 

Lindeman, 2015). While development details are scarce, the essence of demonstration and 

evaluation stages can be seen when they detail their experiment hypotheses and procedure. The 
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authors only conduct one evaluation, conceding the paper details their “first attempt”, and that 

their design has limitations that will need to be addressed in future work (Wang & Lindeman, 

2015). If the work detailed in the paper is considered a single iteration, their methodology aligns 

with DS. 

Although not following DS directly, Jiang & Benbasat (2005) investigate visual and functional 

control of objects within VR for electronic shopping. They admit their approach “does not help IS 

researchers or professionals to build virtual control applications”, and that a DS style approach 

would be “important and interesting” future research (Jiang & Benbasat, 2005). 

A summary of all of the mentioned papers above is given in Table 3, along with relevant details of 

the research to this discussion.  

Table 3: DS adjacent research that included the development or evaluation of an artefact 

Paper Category Described 

Activities 

Relation to DS Artefact as 

Research 

Collie, Shah, & Sheridan 

(2009) 

HCI Evaluation DS as Methodology Artefact not 

described  

Reinecke & Bernstein 

(2013) 

HCI Evaluation DS as Methodology Artefacts 

described 

Rosselet & Renaud (2013) HCI Design, Development DS as Methodology Artefact 

described 

Crowston & Prestopnik 

(2013) 

Videogame Design, Development, 

Evaluation 

DS as Methodology Artefact 

described 

Lv, Esteve, Chirivella, & 

Gagliardo (2015) 

Videogame Evaluation DS as Methodology Artefact 

described 

Huttner, Jan-Paul and 

Robra-Bissantz (2016) 

Virtual 

Reality 

Evaluation DS as Methodology Artefact not 

developed 

Metzger, Niemoller, & 

Thomas (2016) 

Virtual 

Reality 

Design, Evaluation DS as Methodology Artefact 

described 

Bakar, Mat, Aziz, Jasri, & 

Yusoff (2016) 

Virtual 

Reality 

Evaluation DS as Methodology Artefact 

described  

McGinley, Hoshi, & 

Iacopetta (2015) 

Mixed 

Reality, 3DUI 

Design, Development DS as Methodology Artefact not 

described 

Haugstvedt & Krogstie 

(2011) 

Mixed 

Reality, 3DUI 

Development, 

Evaluation 

DS as Methodology Artefact not 

described 

van Wyk & de Villiers (2014) Virtual 

Reality, 3DUI 

Design, Development, 

Evaluation 

Design-based 

research as 

Methodology  

Artefact not 

described 

Mat Zin & Elaklouk (2017) Serious 

Game 

Development, 

Evaluation 

DS as Methodology Artefact 

described 
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In these examples there is inconsistency in how DS research is presented or when it should be 

utilised. In many of these examples, the research states it follows a design science approach but 

offers very little detail around the design or development of the application/artefact as a part of the 

research and focus on the evaluation. While they mention that an artefact was developed, the 

design/development process is often just a description of the artefact, if it is included at all. In 

these examples, the goal is testing a scenario in given situation, where the artefact is merely a by-

product of achieving this goal. In many of these situations it could have been equally pertinent, if 

not more so, to approach the research looking to create a new or better application for a given 

situation, starting from the original idea and refining/iterating the application through design 

science protocols. To successfully follow DS the development and design of the artefact should be 

built into the steps conducted to complete the research, treated with equal importance to the 

accompanying research questions, and not an extra step to complete the research. In this way, 

this dissertation adds to the design science literature as a work that emphasises the design 

process as of equal importance in the research process and heavily influential on the outcomes. 

3.3.2. Data Collection Methods 

During the numerous data collection sessions throughout this dissertation various data collection 

methods are used. Depending on the DS activity being conducted or the research question that is 

being answered in that activity the data collection methods changed based on what is appropriate. 

Based on the nature of each research question, the relevant data collection method was applied. 

Table 4 presents the various data collection methods that were used.  

Table 4: Data collection methods used during this dissertation 

Bonazzi et al. (2013) Serious 

Game 

Evaluation DS as Methodology Artefact 

described 

Faria, Ribeiro, Moreira, & 

Reis (2018) 

Serious 

Game 

Evaluation DS as Methodology Artefact 

described 

McGill et al. (2017) Serious 

Game 

Design, Development DS as Methodology Artefact 

described 

Kitson, Riecke, Hashemian, 

& Neustaedter (2015) 

Virtual 

Reality 

Development, 

Evaluation 

Not DS, but 

structure of DS 

Artefact not 

described 

Wang & Lindeman (2015) Virtual 

Reality 

Development Not DS, but 

structure of DS 

Artefact 

described 

Jiang & Benbasat (2005) Virtual 

Reality 

Design, Development, 

Evaluation 

DS concluded as 

useful for future 

research 

Artefact not 

described 

Data Collection Method Type Research Question DS Activity 

Recording own actions 

(Järvinen, 2012) 

Qualitative RQ1 Activity One 
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These data collection methods are used pragmatically, where it makes the most sense for each 

data collection session for each research question. Qualitative inquiry methods are used to solicit 

data from the player’s experience as well as during their session of play. To aid in collecting data 

regarding connectedness for Research Question Three, several supplementary quantitative 

surveys were used to more directly probe connectedness and the player’s emotions. These are 

primarily used in adjacent with the qualitative data collection to contextualise responses. 

3.4. Methodology Structure 

3.4.1. A Design Science Research Methodology 

Design science research has suffered from slow adoption in information systems research due to 

a lack of standardised frameworks for researchers to follow (Järvinen, 2012; Peffers et al., 2007). 

Peffers et al. (2007) developed a design science research methodology for information systems 

(DSRM) to address this. Many of the DS projects above utilised DSRM. My research will follow this 

framework in applying design science. Below each of the activities as given by Peffers et al. (2007) 

are described and how the activity was implemented in this research. The flow of DSRM is 

presented in Figure 5. 

Observation (Järvinen, 2012) Qualitative RQ1, RQ2, RQ3 Activity One, Activity 

Two, Activity Four 

Video/ voice recording 

(Järvinen, 2012) 

Qualitative RQ1, RQ2, RQ3 Activity Two, Activity 

Four 

Questionnaire (Järvinen, 

2012) 

Qualitative RQ1, RQ2, RQ3 Activity Two, Activity 

Four 

Semi-Structured Interview 

(Järvinen, 2012) 

Qualitative RQ2, RQ3 Activity Four 

INS (Wesley Schultz, 2001) Quantitative RQ3 Activity Four 

CNS (Mayer & Frantz, 2004) Quantitative RQ3 Activity Four 

EES (Pekrun et al., 2017) Quantitative RQ3 Activity Four 
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Figure 5: Design Science Research Methodology. Peffers, Tuunanen, Rothenberger, & Chatterjee (2007) 

3.4.2.  Activity One: Problem Identification and Motivation 

Define the specific research problem and justify the value of a solution. Because the problem 

definition will be used to develop an artefact that can effectively provide a solution, it may be 

useful to atomizes the problem conceptually so that the solution can capture its complexity. 

Justifying the value of a solution accomplishes two things: it motivates the researcher and 

the audience of the research to pursue the solution and to accept the results and it helps to 

understand the reasoning associated with the researcher’s understanding of the problem. 

Resources required for this activity include knowledge of the state of the problem and the 

importance of its solution. (Peffers et al., 2007) 

To gather “knowledge of the state of the problem” (Peffers et al., 2007), a site visit was undertaken 

with a tourism operator on the GBR. This helped formulate an answer to Research Question One: 

What opportunities are available in nature-based tourism for virtual reality and serious games? 

along with identifying the problem for Activity One. As an early information-gathering expedition, 

data were collected through more informal processes, namely ‘recording own actions’ and 

‘observations’. The value of a solution and thus the motivations for the work will be discussed in 

Chapter 4 along with the work done to complete Activity One. 



Research Approach  Lewis Carter 

  Page 74 of 294 

3.4.3. Activity Two: Define the Objectives for a Solution 

Infer the objectives of a solution from the problem definition and knowledge of what is 

possible and feasible. The objectives can be quantitative, such as terms in which a desirable 

solution would be better than current ones, or qualitative, such as a description of how a new 

artefact is expected to support solutions to problems not hitherto addressed. The objectives 

should be inferred rationally from the problem specification. Resources required for this 

include knowledge of the state of problems and current solutions, if any, and their efficacy. 

(Peffers et al., 2007) 

Through the site visit, a problem was identified and motivations acknowledged. A preliminary set 

of objectives were outlined through a list of opportunities, to be expanded upon and solidified 

during Activity Two: Define Objectives of a Solution. To test the initial set of opportunities, a pilot 

application was created, and a study was conducted to see the opportunities identified could be 

addressed with an application. The opportunities were revised and based on these a set of 

‘objectives for a solution’ were outlined to address this activity. Data collected via the data 

collection tools observations, questionnaires, video/ voice recording and a semi-structured 

interview (Järvinen, 2012). A list of objectives for the solution and a set of opportunities to answer 

the first research question will be discussed in Section 4.5 along with the work done to complete 

Activity Two. 

3.4.4. Activity Three: Design and Development 

Create the artefact. Such artefacts are potentially constructs, models, methods, or 

instantiations (each defined broadly) or new properties of technical, social, and/or 

informational resources. Conceptually, a design research artefact can be any designed 

object in which a research contribution is embedded in the design. This activity includes 

determining the artefact’s desired functionality and its architecture and then creating the 

actual artefact. Resources required for moving from objectives to design and development 

include knowledge of theory that can be brought to bear in a solution. (Peffers et al., 2007) 

Taking the objectives outlined in Activity One and Two, Activity Three begins the iterative 

processes of DSRM in building the artefact, and the work towards answering the second and third 

research questions: 

2. What design considerations are relevant to a virtual reality serious game about a nature-based 

tourism attraction? 

3. What design considerations are relevant to a virtual reality serious game for increasing 

connectedness to a nature-based tourism attraction?  
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For iteration one and two of this activity, design and development was done in order to answer 

Research Question Two. Iteration three focused on answering Research Question Three. Iteration 

one contained the most amount of development work as the artefact is being developed from the 

start to a playable version. Subsequent iterations involved less design and development work as 

these stages focused on refining and changing what was created in Iteration one, rather than 

building anew. As most software, especially VR or SG applications, are built with teams of 

developers, so is the artefact developed for this research. Since “the serious game design process 

is often led by a team of individuals with diverse expertise” (Winn, 2008), according to Activity 

Three, the researcher’s goal within the development team was to ensure “a research contribution is 

embedded in the design” (Peffers et al., 2007). While the entire team collaboratively contributed to 

the design and development of the artefact, the researcher ensured a research contribution was 

integrated into those decisions through systematic testing and iteration of the design, done with 

research rigour by following the design science processes. In much the same way Winn (2008) 

does, the paper will use ‘designer’ rather than ‘the design team’ or ‘the development team’ for ease 

and brevity in the discussions through this dissertation. 

This was the first activity that was iterated three times in the thesis to complete the artefact, along 

with Activity Four: Demonstration and Activity Five: Evaluation. In the first iteration, a design was 

formed based on the previous two activities and the objectives for a solution that were outlined 

and was built into a functioning prototype. Each subsequent iteration focused on redesigning 

based on the findings from Activities Four and Five of the previous iteration, and updating the 

artefact based on the recommendations made. The ‘design’ and ‘development’ parts of this activity 

overlap through the creative process, as ideation occurs as the initial design is built and tested 

internally. This activity is deemed complete for the current iteration when the artefact reaches an 

appropriate level that it can be demonstrated effectively. 

To give structure to the discussion of the design and to ensure the design of the SG had rigor, the 

DPE framework was utilised. In designing the artefact, design decisions were made and discussed 

through the five layers of DPE related to the DPE Design stages; content and pedagogy, character 

setting and narrative, mechanics, user experience and technology. This formed a cohesive picture 

of the process in designing each iteration of the artefact. Following this, hypotheses were outlined 

for how the player plays the videogame, following the DPE layers of teaching, storytelling, 

dynamics and interactivity. 

3.4.5. Activity Four: Demonstration 

Demonstrate the use of the artefact to solve one or more instances of the problem. This 

could involve its use in experimentation, simulation, case study, proof, or other appropriate 
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activity. Resources required for the demonstration include effective knowledge of how to use 

the artefact to solve the problem. (Peffers et al., 2007) 

Upon the completion of Activity Three in each iteration and when a prototype artefact was finished, 

demonstration sessions were conducted to gather data and evaluate the artefact. Participants for 

each iteration are described in later chapters when specific demonstration sessions are detailed. 

For this dissertation, demonstrations were conducted by completing a series of usability 

evaluations (Gabbard, 2014). In the first iteration, usability evaluations were formative, to better 

generate new ideas and concepts for design evolution. In later iterations, evaluations were 

summative to better assess the effectiveness of the artefact.  

In line with research from Turner, Lewis, & Nielsen (2006), sessions were conducted until the data 

reached saturation. Depending on the iteration an array of data collection tools was used. In all 

iterations the ideographic gathering techniques mentioned earlier of observation, video and voice 

recording, questionnaire and post-session interview were used. The interviews were semi-

structured, in that while a list of questions were written, other questions were asked as required. In 

iteration one and two, the interview and questionnaire questions were focused on answering 

Research Question Two, while the questions in iteration three were directed towards answering 

Research Question Three. The set of interview questions for iterations one and two and those for 

iteration three are provided in Appendix 4.1.3 and Appendix 4.2.5 respectively. Iteration three also 

involved several quantitative questionnaires; INS (Wesley Schultz, 2001), CNS (Mayer & Frantz, 

2004), Schultz’s ECS (Schultz, 2000) and EES (Pekrun et al., 2017) to aid in answering Research 

Question Three. Data were recorded so that it can be more comprehensively reviewed during 

Activity Five. 

For each iteration, the conduct of each specific demonstration session is outlined. The qualitative 

and quantitative data are presented through the DPE framework for consistency with Activity 

Three: Design and Development and Activity Five. Data related to how the player engaged with the 

design are discussed through the DPE layers related to play, that is teaching, storytelling, dynamics 

and interactivity. Data about the audience and their experience are discussed through the DPE 

elements learning, story, affect and engagement. 

3.4.6. Activity Five: Evaluation 

Observe and measure how well the artefact supports a solution to the problem. This activity 

involves comparing the objectives of a solution to actual observed results from use of the 

artefact in the demonstration. It requires knowledge of relevant metrics and analysis 

techniques. Depending on the nature of the problem venue and the artefact, evaluation could 

take many forms. It could include items such as a comparison of the artefact’s functionality 

with the solution objectives from activity 2, objective quantitative performance measures 
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such as budgets or items produced, the results of satisfaction surveys, client feedback, or 

simulations. It could include quantifiable measures of system performance, such as 

response time or availability. Conceptually, such evaluation could include any appropriate 

empirical evidence or logical proof. At the end of this activity the researchers can decide 

whether to iterate back to Activity Three to try to improve the effectiveness of the artefact or 

to continue to communication and leave further improvement to subsequent projects. The 

nature of the research venue may dictate whether such iteration is feasible or not. (Peffers et 

al., 2007) 

This dissertation utilises the accepted framework for evaluation in design science research (FEDS) 

as defined by Venable, Pries-heje, & Baskerville (2014) as the process for iterative evaluation. The 

framework allows for different analytical approaches depending on the specifics of the artefact 

being developed. This dissertation follows the “Human Risk and Effectiveness” evaluation strategy, 

as this research is user-oriented and real users are evaluated in their real context (Venable et al., 

2014). This strategy focuses on more naturalistic evaluation in real situations to ensure the rigour 

of the research, while evaluation episodes (individual evaluation sessions) begin formative and end 

summative (Venable et al., 2014). By formative and summative, Venable et al. (2014) are referring 

to the purpose of the evaluations; where formative informs further design changes while 

summative focuses on assessing the stengths and limitations to validate the artefact (Bryson & 

Cullen, 1984).  

March & Smith (1995) specify that when evaluating instantiations such as this research’s artefact, 

researchers should be concerned with “the efficiency and effectiveness of the artefact and its 

impact on the environment and its users”. This refers to comparing the artefact against the 

objectives outlined from completing Activity Two. Järvinen (2012) note that research such as that 

completed by Orlikowski (1995) show that emergent, unanticipated outcomes (both positive and 

negative) can occur.  

Analysis of data follows the general systems outlined by Miles, Huberman, & Saldaña (2013). The 

authors of the paper state they do not follow any single approach, but suggest their methods 

resemble ethnography, following inductive inferences through the coding process (Miles et al., 

2013). Thomas (2006) attempts to simplify and explain the coding process for inductive analysis 

specifically when applied to evaluation data by introducing the general inductive approach. It is 

“consistent with Miles and Huberman’s analytic framework, [but] differs in providing a more 

detailed set of procedures for analysing and reporting data” (Thomas, 2006). This dissertation 

follows the analysis procedures as detailed by Thomas (2006), while utilising Miles et al. (2013) for 

more general coding and framework information. To ensure the focus is always on building a 

successful and rigourous serious game, reporting of design recommendations is done through the 
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DPE framework. Recommendations are provided where there is another iteration to follow through 

the DPE layers content andpPedagogy, character setting and narrative, mechanics and user 

interface. 

To complete an evaluation activity in each iteration, data obtained during demonstrations were 

analysed and evaluated against the objectives outlined in Activity Two. Semi-structured 

evaluations following the processes of formative evaluations (Gabbard, 2014) occur after each 

demonstration to empirically evaluate and analyse each session. After all demonstrations for the 

current activity were complete, formal evaluations were done based on the conclusions drawn 

from the semi-structured sessions. Discussion of both the analysis and findings were done 

through the DPE framework. For each iteration the findings were discussed through the lenses of  

both play and experience, as well as through the DPE elements of teaching/learning, 

storytelling/story, dynamics/affect and interactivity/ engagement. For Activity Three, the 

quantitative data collection methods outlined in Section 3.3.2 are used to inform the data analysis. 

Details on how the questionnaires are utilized is provided in Section 6.2.2.1. 

3.4.7. Activity Six: Communication 

Communicate the problem and its importance, the artefact, its utility and novelty, the rigor of 

its design, and its effectiveness to researchers and other relevant audiences such as 

practicing professionals, when appropriate. In scholarly research publications, researchers 

might use the structure of this process to structure the paper, just as the nominal structure 

of an empirical research process (problem definition, literature review, hypothesis 

development, data collection, analysis, results, discussion, and conclusion) is a common 

structure for empirical research papers. Communication requires knowledge of the 

disciplinary culture. (Peffers et al., 2007) 

The final activity is about communicating the results of my research effectively. Academic 

communication has taken the form of this completed dissertation along with work published while 

completing the work and will include further papers published subsequent to submission, including 

journal chapters and conference papers. Publications will double as a check for utility, novelty, and 

rigour of the research as per the requirements for Activity Six. To communicate to practitioners 

and communities outside of academia, to ensure the utility of the work is adequately 

communicated, various channels were utilised. Details on this activity are presented in Section 7.4. 

3.5. Dissertation Structure 

With an understanding of the related literature, including the DPE framework, and the research 

methodology, including DSRM, all background information has been presented to understand the 

work being done in this dissertation. Prior to commencing the description of the applied work, it is 

important to understand the structure of the following chapters, and how they combine DSRM, 
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DPE framework and their relationship to the research questions. Figure 6 provides a high-level 

overview of the chapters to follow with relation to the chapters of this dissertation, the research 

questions and DSRM. 

 

Figure 6: DSRM and the related Research Questions 

Previously discussed in Section 2.3.1.2 was the design, play, experience (DPE) framework, which 

was utilised to give the design, development and evaluation activities of the artefact creation 

rigour. Looking at each layer of DPE through the three stages of design, play and experience, can 

be utilised as both a way to structure the analysis of an SG as well as processes to follow in the 

design stage (Winn, 2008). In this dissertation, DPE is used this way during Activity Three: Design 

and Development, Activity Four: Demonstration and Activity Five: Evaluation. 

While the amalgamation of DS and DPE has not been seen in literature, combining the two 

provides a structure for applying each of the activities from DS. The iterative process described in 

DPE is essentially what DS outlines through Activities Three to Five. Slotting the concepts from 

DPE into each appropriate activity allows the research to take the relevant ideas about designing 

an SG and discuss them through a widely accepted research methodology. Utilising DPE allows for 

a systematic process for creating an SG, while following DSRM gives the work credibility as a 
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research dissertation. Both are required to ensure the work produced follows academic rigor and 

delivers a successful artefact.  

DPE is used as a scaffold for discussing the design process (Activity Three), guide the data 

collection process (Activity Four) and analysis of the data (Activity Five). Figure 7 shows how the 

combination of DSRM and the DPE framework is used to structure the discussion within each 

activity. 

 

In Activity Three of each iteration, the design decisions made through the five layers of DPE as they 

relate to the DPE design stage; content and pedagogy, character, setting, and narrative, mechanics 

and user interface, plus technology are outlined. Hypotheses for play are also discussed from the 

perspective of the DPE play stage through teaching, storytelling, dynamics and interactivity. As 

Design Science Iterations format using DPE Framework 
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there is no influence that can occur from the player at this point, there is discussion of the DPE 

experience stage. 

In Activity Four, data are presented from the perspective of both the DPE Play stage, divided 

between the four DPE layers of teaching, storytelling, dynamics and interactivity, along with the 

DPE experience stage investigating the participant’s experiences, broken down between learning, 

story, affect and engagement and experience. As this is where the design is tested, there is nothing 

more to say from the DPE design stage perspective, as there is nothing the designer can influence. 

Details on the operationalisation of the Activity Four are presented in the ‘Conduct of Study section 

of each iteration. 

In Activity Five, analyses and findings are detailed. At this point, the discussion of what happened 

during the DPE play stage (what happened when the designer’s design and the player’s experience 

interact) and the DPE experience stage (what the player brought to playing the artefact and their 

recount of the experience after play) come together to be analyzed, and thus are discussed 

together. The DPE play stage brings the perspective of teaching, storytelling, dynamics and 

interactivity and the DPE experience stage brings learning, story, affect and engagement and 

experience. Finally, through the perspective of the DPE design stage, a set of recommendations 

are given for the artefact’s design, from the perspective of content and pedagogy, character, 

setting, and narrative, mechanics and user interface. Recommendations are given to aid in the 

subsequent Activity Three that follows in the next iteration. For this reason, they are not given for 

the final iteration, as they would not be used. 

3.6. Conclusion 

In this chapter the research approach has been outlined and DS as the research methodology 

described. The activities of DSRM are defined and how each was actioned within the research to 

answer the research questions was described. DSRM Activity One and DSRM Activity Two pertain 

to Research Question One, while DSRM Activity Three, DSRM Activity Four and DSRM Activity Five 

were completed to build and evaluate the artefact iteratively to answer Research Question Two 

and Research Question Three. Finally, the layout of the following chapters of this dissertation, 

along with how DSRM, DPE and the research questions relate to each other was outlined. The 

subsequent chapters pertain to the applied work completed to complete this research. 
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Chapter 4: Opportunities for virtual reality serious games in 

nature-based tourism 

4.1. Introduction 

This chapter addresses the Research Question One: What opportunities are available in nature-

based tourism for virtual reality and serious games? This is done by following the structure defined 

by Activities One and Two of DSRM through the processes discussed in Section 3.4. Two 

investigatory sessions were conducted to identify the opportunities; an initial site visit using 

applications from the app store to test people’s interactions with VR, and a second with a pilot 

application to see how people engage with reef-specific videogame content on the boats. As a 

result of the site visit, a problem statement was defined to satisfy Activity One: Identify Problem 

and Motivate, and a list of preliminary opportunities were drafted. Following this, a pilot application 

was developed to conduct testing with and confirm the opportunities to satisfy Research Question 

One. Through these opportunities, the objectives to satisfy Activity Two: Define Objectives of a 

Solution were identified. 

4.2. Reef Context 

This dissertation focuses on a highly popular, but also much-publicised threatened nature-based 

tourism attraction; the Great Barrier Reef (GBR). Arguably Australia’s most iconic natural attraction, 

the GBR is the driving force behind North Queensland’s tourism sector, with on average two million 

visitors per year, employing around 5,000 people directly and 64,000 in indirect employment 

(Deloitte, 2013). Estimates by Deloitte of reef specific revenue in the region sit at AU$390 million 

(Deloitte, 2013). While UNESCO has not officially placed the GBR on their ‘in danger’ list (World 

Heritage Committee, 2014), it has previously threatened to do so (World Heritage Committee, 

2014). While the Australian public reports to be increasingly willing to engage with behaviours to 

protect the GBR (van Riper, Kyle, Sutton, Yoon, & Tobin, 2013), there is still significant public 

confusion about the health of the reef that commonly results in disengagement from the issue 

(Coghlan et al., 2016). 

Travelling out to the reef involves a two-hour commute by boat. While the trip out is often filled 

with safety instructions and demonstrations, there are less organised activities to fill passenger’s 

time on the return trip. Some operators look to utilise this time with educational or learning 

experiences, such as a talk given by a marine biologist or a ‘question/answer’ session. Links exist 

between the quality of the services supplied by operators and the resulting satisfaction of visitors 

and their likelihood to recommend the experience (Baker & Crompton, 2000; Coghlan, 2012). The 

quality of customer services provided by operators has been found to impact on visitor 
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satisfaction, with the quality of the entertainment and information provided, and the knowledge 

levels of staff providing specific opportunity to delight visitors (Coghlan, 2012). 

4.3. Site Visit 

In order to explore the application of a VR SG on the reef, an initial study was conducted looking at 

the nature of the environment itself and the social situation where an application may be 

embedded. A four-person research team made up of myself, two supervisors and an interaction 

designer conducted the site visit, analysing the environment and situation on site over two days. 

Work was done in conjunction with a leading tourism operator in the Great Barrier Reef Marine 

Park. The marine tourism operator for this visit asked not to be disclosed. The goal of the site visit 

is to satisfy Activity One and draft a set of opportunities to satisfy Research Question One. 

Trials were completed with a generic VR application to evaluate the practicalities of deploying VR 

in this environment. The trial comprised of using the Cardboard HMD along with the Google 

Cardboard application for five minutes, with the option to complete multiple sessions. Users were 

shown the various interactive demos included within the application. The devices used were a 

Samsung Note 2 and an iPhone 6. A total of sixteen people from the crew and passengers on the 

day interacted with the VR HMD. Participants were encouraged to explore the application 

themselves. 

The primary method of data collection for the site visit was observation. As the intent was to 

observe a typical visit, the team remained primarily unobtrusive to other visitors’ activities. During 

brief periods of downtime, the team would ask participants nearby if they wished to try VR. 

4.3.1. Visit Description 

Visitors were required to board the vessel at 9am for a 9.30 departure. During this time visitors 

spent time finding somewhere to sit on the vessel, as there was no designated seating, and had 

access to tea and coffee. Seating on the main deck was around tables, with forward tables 

reserved for visitors who would be participating in scuba diving at the reef destination. Seating on 

the upper deck consisted of rows of seats. The vessel was close to capacity and seating was in 

high demand, making it difficult for larger groups to sit together.  

It was observed that the visitors on the vessel were diverse, including a broad age range of both 

domestic and international tourists. The international groups that were observed represented a 

broad geographical range, including European, Asian, and American with no single group dominant 

in numbers. Most visitors were travelling in groups, either family groups or friendship groups.  

It was overcast and rainy on the day of the site visit, and for the initial part of the journey out to the 

reef destination most visitors remained inside the cabin. Most chose to sit with their travelling 

group and talk. It was noted by the secondary supervisor that if the weather was fine it could be 
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expected to see approximately half the visitors outside on the ship deck. As the vessel moved 

further away from the coast, the weather improved to sunshine and warm conditions, however 

most people remained in their seats inside the vessel. 

Several presentations were provided on board the vessel on the trip out, ranging from videos to 

talks, as well as an activity sheet for children. These included content on general boat safety, 

promotional videos, Lycra hire for jelly fish protection, a marine system interpretation talk and a 

second safety talk regarding jelly fish. Visitors were attentive to the initial safety briefing, however 

paid less attention to the promotional videos, preferring to talk amongst themselves. The later 

videos were broadcast with a noticeably lower audio volume. Visitors did not appear to listen to 

either the audio warnings in relation to stingers or to these videos.  

A crew member moved through the seats and tables on the vessel to check in with all passengers 

and confirm their swimming ability and snorkelling experience. It was observed that they took 

extra time with groups that included visitors with a low level of swimming skill, instructing them on 

how to remain safe on the reef and what to do if they found themselves in difficulty. 

The trip to the reef destination took approximately two hours. Lunch was available upon arrival, 

and approximately half the visitors elected to eat first, and half elected to move onto the reef 

pontoon and commence their selected activity. 

4.3.1.1. The Reef Destination 

The destination was a large coral reef area on the GBR where the tourism operator maintains a 

multi-level pontoon. Visitors were able to swim, snorkel, or rest on the pontoon, and the tourism 

operator also provided the opportunity for visitors to complete a short tour around the reef area in 

a submersible vehicle.  

On the day of the site visit, it was observed that most visitors to the reef took part in at least some 

of these activities. A small percentage of visitors did not enter the water, choosing instead to 

remain either on the decks of the pontoon or on the vessel. One supervisor—who is very familiar 

with the vessel and the GBR—said that this was common; people visit the reef for a range of 

reasons, not all of which involve swimming. The pontoon is a stable platform, within minimal 

movement and roll from the ocean waves, and is a comfortable environment to visit. 

The observation of the lack of attention to the snorkelling videos that were played on the way out 

to the reef were confirmed by observing experiences of visitors struggling to manage their 

snorkelling equipment and snorkelling techniques. Some visitors struggled with their masks, and 

at least one visitor was observed trying to use their snorkel upside down. Some of the visitors were 

weak swimmers, requiring assistance from the staff and the use of pool noodles to support them 

in the water. While keen to try, they tended to stay closer to the underwater swimming platform 
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rather than swimming further out. They stayed in the water and evidenced enjoyment of the visit. 

Few people who went snorkelling were able to identify the fish or coral that they had seen but were 

able to describe them in general terms after they completed their snorkel. 

It was observed that many of the non-swimming visitors took part in the short reef tour in the 

submersible vehicle. This vessel included seating for visitors and left at regular intervals from the 

pontoon. The tour moved around the edge of the coral reef, and a guide provided some additional 

information about the coral and fish that were visible through the underwater windows. Visitors 

using this vessel enjoyed the experience, however when compared to visitors returning to the 

pontoon from snorkelling, the reactions to coral and fish on the submersible vehicle were more 

subdued. People who had participated in this activity were able to identify some of the fish they 

had seen, based on the information provided by the guide on the submersible. 

The pontoon included an underwater walkway near the edge of the swimming area, however 

visibility of the reef and fish from this structure was hazy, and one side of the walkway faced the 

underside of the pontoon. It was observed very few people making use of this structure. 

Approximately two hours were spent at the reef. 

4.3.1.2. The Return Trip 

The return trip from the reef was more subdued than the trip out, and most visitors were tired for 

this portion of the journey. There were no activities provided on the return, and most visitors chose 

to sit in their travel groups and either talk or rest. It was observed many visitor groups were excited 

to talk about the fish or corals they had seen; however, most could not identify exactly the 

creatures they had seen. Some expressed a desire to know what kind of fish were there and were 

frustrated when they were not able to provide more information about their sightings to their 

companions. Photographs taken by a professional photographer during the day were available for 

purchase; these included photos from the pontoon as well as in the water of fish, coral, snorkelers 

and divers. The weather was fine for the first half of the return trip, however most visitors still 

elected to sit inside the cabin. 

4.3.2. Crew and Passenger interactions with Virtual Reality 

Visitors and staff were given three chances to interact with VR; on the way to the reef, while 

docked at the pontoon, and on the way back to the mainland. The team briefly tested the devices 

to ensure participant comfort prior to offering other visitors on the vessel the opportunity to 

interact with the technology. 

Many VR applications, including the two used during this site visit, require the user to rotate their 

head or body in order to make selections from the application menus or to interact with the virtual 

environment. From the team’s own experience, the nature of the seating configuration on the 
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vessel made body rotation difficult which then impeded certain elements of the experience. This 

was worsened by the close quarter’s nature of the seating arrangement and the restricted space 

between the chairs and tables.  

The seating arrangement also presented challenges when the team attempted to pass the 

Cardboard HMD to each other to view. When the cardboard application is launched, the orientation 

of the mobile device that is used in the Cardboard HMD will determine the front view. The 

participant can then raise the Cardboard HMD to their eyes and will be looking forward. However, if 

the Cardboard HMD is passed to a second person sitting opposite the original participant, the view 

orientation will remain, meaning that the second person is essentially presented with a rear view. 

The second person needs to either turn their body and head around, which was difficult with the 

seating arrangement on the boat, or they will need to restart the application to switch the view to a 

forward view. 

The first participant to use the technology was a member of the vessel’s crew who was interested 

in what the team were doing. They were enthusiastic about the technology, evidencing delight in 

the application and in the experience. They were keen to share the experience with their 

teammates, who were also delighted by the capabilities of the technology.  

Members of the crew used the devices for approximately five minutes each and passed the 

Cardboard HMD amongst themselves. Each member of the crew ran the demonstration activities 

in the cardboard application and were then able to view the menu. Some were also able to interact 

with the Artic Journey interactive experience on the updated version of the Cardboard application. 

Participant comments on the experience were similar across the crew, with statements including: 

“That is cool”, “That is brilliant”, “Oh my god, this is amazing”, and “Can I just get my other friend?” 

The crew member who initially tested the device later approached two of the researchers while 

taking a break from diving, again showing their enthusiasm for the experience.  

After watching the crew, other visitors to the vessel wished to try the technology. A further seven 

visitors tried the technology from across the spectrum of visitors on the vessel for the visit, 

including a young couple from Germany, and a retiree from America. A common observation was 

the expression of delight that was common to all but one of the participants. The one exception 

was the American retiree, who maintained a neutral facial expression throughout their interaction, 

however responded verbally in a positive manner to the experience after a few minutes of 

interaction. 

Participants needed some instruction in relation with interacting with the experience through the 

Cardboard HMD’s button (see Section 2.4.1.2 for description of Cardboard HMD input). All 

participants realised they could look around the VR scene by moving their heads without formal 

instruction.  
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A primary concern for using HMD VR on the vessel was cybersickness (cybersickness is discussed 

in Section 2.4.1.4). Testing on this site visit however was positive in this regard, with no one who 

used the Cardboard HMD becoming nauseous as a result of the experience. I personally spent the 

most time using the device and did experience motion sickness. Anecdotally, from ‘recording own 

actions’, I believe that this was because of the boat itself, and that using the Cardboard HMD was 

beneficial in terms of being a distraction from the boat’s movements. From my own perspective, 

using the Cardboard HMD was more comfortable than looking around inside the boat. While 

physically staring at the horizon was the most comfortable experience, using the Cardboard HMD 

as a faux horizon was far more pleasant then looking around in the boat.  

4.3.3. Discussion and Evaluation 

From the observations and recording of own actions that were conducted on the trip, it is the goal 

of this section to take the data and identify a problem as per Activity One and a preliminary list of 

opportunities to answer Research Question One. 

Both static and interactive activities were provided on the trip out to the reef, including both 

important safety briefings and general information about what visitors might find at the reef. 

However, the level of attention paid to the information provided appeared to decline as the trip 

progressed. Visitors spoke amongst themselves, and after hearing several audio promotions for 

paid add-ons to their trip many visitors appeared to disengage and filter out the more important 

safety messages. An artefact cannot replace existing activities, however there is potential to 

include important safety information and therefore improve the preparedness of visitors for the 

trip ahead. Visitors could more easily identify important material, rather than ‘switching off’ due to 

promotional content. Information about snorkelling and the danger of reef wildlife such as stingers 

should be included.  

The artefact could also include interpretive information about the fish and coral that may be found 

at the reef destination, so that visitors can be more informed prior to the experience on the 

pontoon. This could either be standalone, or in support of the existing reef briefing provided by the 

marine biologist on board the vessel. With observations revealing many visitors not being able to 

identify wildlife prior or subsequent to their experience at the pontoon, an artefact to provide an 

opportunity to more directly present information to visitors. This could be standalone, or 

supplement information provided by the crew on the vessel. This would align with the interpretive 

layering approach advocated by Coghlan & Kim (2012) as being most effective in this type of 

complex and challenging setting. The layering approach provides multiple channels (personal and 

impersonal) as well as multiple opportunities to engage with reef interpretive materials to build up 

visitors’ understanding of the reef.  
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Photos of fish and corals taken by the professional photographer were provided to visitors for 

purchase during the return trip. Imagery of reef wildlife could be provided in a more immersive way 

through the artefact if available on-board and allow passengers to engage more with the wildlife 

beyond a static photo.  

Adverse weather conditions and seating arrangements encouraged people to stay indoors during 

the site visit, even after the weather improved. This presents an opportunity for an artefact to 

provide information and entertainment to visitors inside the vessel. Moreover, there was no 

interaction or information provided on the return trip to the mainland. An artefact available at this 

time would enable an additional interactive option for visitors, providing added value to their trip 

and the opportunity for visitors to look for the fish or corals they may have seen during the day, 

and find out more information about them. 

In general, both staff and visitors exhibited a positive reaction to the VR application demonstrated, 

as evidenced by facial reactions, their ‘VR smile’, and enthusiastic comments. This indicates a 

potential demand or opportunity for an artefact in this setting. Participants described their delight 

as stemming in part from the unexpected nature of the application (3D, and immersive), and from 

the capabilities of VR itself. 

We used the VR application to test for seasickness with the team and visitors, under conditions 

ranging from calm to rough seas and found that it did not induce seasickness (Carter et al., 2018), 

echoing findings in literature (Fabola et al., 2015; Stevens & Butkiewicz, 2019). The VR application 

appeared to simulate the feeling of staring at a stable environmental orientation reference point 

(such as the horizon), which is a common technique to reduce sea sickness (Benson, 2002; Bos, 

MacKinnon, & Patterson, 2005). Were it true that VR could help offset the feeling of seasickness, 

this would be an opportunity. Nevertheless, if people don’t feel extra seasickness from VR it means 

that the technology can be utilised in the domain of sea travel. 

4.3.3.1. Challenges for deployment 

The site visit observed a cruise of 300 visitors. Operators on the reef include boat capacities from 

50 to 400 passengers. This raises issues of practicality in terms of equipping a vessel or vessels 

with an appropriate number of VR HMDs. Operators also offer trips of varying length, and thus 

each cruise would need to be considered individually to determine if a VR application would be 

deemed a benefit for visitors. 

A setting such as the GBR attracts a diverse group of visitors, both domestic and international and 

of all age ranges, demographics, and technical abilities. Any application for this setting requires 

flexibility in terms of languages chosen for the interface, and it needs to cater to very different 

levels of knowledge about the reef and water safety. Development of an application in this setting 
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needs to be designed for broad applicability. Consideration of the physical location and existing 

interactions is vital in terms of ensuring successful development. In this case, design 

considerations included provisions for the seating arrangements, as ergonomic issues, explained 

in Section 2.4.4.1, arose from the limiting seat rotation onboard.  

4.3.4. Preliminary Opportunities 

Based on the findings from the site visit, the opportunities that were found in nature-based tourism 

for a VR SG are outlined in Table 5. The site visit helped identify the problem and motivation for the 

project, as per Activity One and laid the foundation for answering Research Question One. 

Table 5: preliminary opportunities outlined based on findings from the site visit. 

Initial Opportunities After Site Visit 

What opportunities are available in nature-based tourism for virtual reality and serious games? 

 For Nature-Based Tourism For the Great Barrier Reef 

1. A VR SG provides the opportunity to 

engage tourists with safety information 

and other important briefings about the 

nature-based tourism attraction. 

A VR SG provides the opportunity to engage 

passengers even before the day of their trip, 

as well as during the return trip from the reef 

(as the trip out is already filled with important 

safety information). This offers a chance to 

engage with the reef before arriving at the 

destination, or another entertainment option 

during this potential two-hour journey. 

2. A VR SG provides the opportunity to 

engage tourists pre-arrival, during long 

periods of travel and during downtime 

between activities. 

A VR SG provides the opportunity to engage 

passengers during the long travel times out 

to the reef, offering another entertainment 

option during this potential two-hour journey. 

3. A VR SG provides the opportunity for 

tourists to revisit or reinforce information 

they forgot or missed through their 

experience at the nature-based attraction, 

through an interactive medium. 

A VR SG provides the opportunity for 

passengers to find or recall information or 

questions they had while in the water, when 

it was difficult to communicate, once they 

have finished the in-water experience. 

4. A VR SG provides the opportunity to 

distract tourists from some forms of 

motion sickness if the travel conditions 

are not optimal. 

A VR SG provides the potential opportunity to 

help alleviate seasickness during periods of 

travel on the vessel. HMD specifications 

would need to be improved from the 

technology that was tested. 
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These opportunities form an early assessment based on information gathered from the site visit. 

These will be modified, changed or added to in the following section. 

To satisfy Activity One more directly, a problem statement is required that will inform the list of 

objectives for Activity Two: Define objectives of a solution. Based on the findings and the 

opportunities outlined, the problem is proposed as:  

“Nature-based tourism attraction visitors miss out on entertainment and education options 

that a VR SG could add to the experience.” Specifically, for the context of this dissertation, the 

problem reads:  

“Tourists visiting the Great Barrier Reef miss out on entertainment and education options 

that a VR SG could add to the experience.” 

There are other factors to consider that came into play in the design process for the artefact, that 

do not fit within the ‘opportunities’ framing but were important none-the-less. From the findings, 

the following were considered: 

 Within the vessel where the application will be used, turning around to see a full 360-degree 

environment can be difficult,  

 Tourists come from all around the world and speak many different languages, and 

 It is likely that this will be many tourists first experience of interacting with a virtual reality 

application. 

These factors will be used to inform the creation of objectives to satisfy Activity Two in Section 

4.5. 

4.4. Pilot Application  

With the completion of the site visit, it was deemed necessary to more adequately probe the initial 

list of opportunities through a pilot application. Testing with the pilot application was done to 

confirm the problem state for Activity One, solidify the list of opportunities to answer Research 

Question One, and convert those into objectives for a solution to satisfy Activity Two. The pilot 

application was designed around the preliminary opportunities outlined in Table 5, with the aim of 

seeing if they could be leveraged or further refined. The pilot application’s goal was to provide 

5. A VR SG provides the opportunity to add 

more value or interaction points at a 

nature-based attraction that is less 

conditional to weather events or other 

forces outside of the tourism operator’s 

control. 

A VR SG provides the opportunity to provide 

entertainment to passengers when weather 

conditions can lessen the visibility of a 

snorkel/dive/submarine experience. A VR SG 

would be more predictable and can be 

enjoyed inside the vessel. 
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basic information and fun facts for reef wildlife, with the intent it could be used either on the way 

out or in the time returning from the reef to mainland. Development was completed by four final 

year IT students as a part of their studies, with goals and objectives set by the research team.  

Testing was conducted by the author and the secondary supervisor over two days with same reef 

operator as the site visit. Sessions were 15 minutes long, with a brief questionnaire at the 

beginning, play session post-session interview. Devices used were a Samsung Note 2, and an LG 

G2. A total of 11 sessions were conducted with groups, with a total of 35 passengers being 

involved. A brief description of the pilot application is provided in the next section for context. 

4.4.1. Application Description 

The application, known as Marine Explorer, 

loads into a seascape with the player’s view 

standing in the middle of the environment. 

Around the player are rock formations, with 

various types of coral growing from the 

formations, along with different wildlife 

swimming around the environment. Players 

move their head and, using a white dot as a 

cursor or reticle, can look at certain objects to 

interact. Objects that can be interacted with 

highlight with a blue outline when looked at, as 

seen in Figure 8. Interactions can be made by 

clicking the button on the top right of a 

Cardboard HMD. 

When an object is selected, an overlay appears 

in the form of multiple bubbles, as seen in Figure 9. These bubbles contain the name of the 

fish/coral that was selected, a brief ‘fun fact’ about the object, a real-life photo, a 3D model of the 

object, a link to a mini-game and a close button. 

Below the player is a ‘foot menu’, shown in 

Figure 10, which is available to them at any 

point while playing. The menu allows the player 

to pause the fish swimming around, change 

modes, reset the forward direction of the 

Figure 8: Screenshots from the main environment in Marine 

Explorer. Reproduced with permission from Dr Leigh Ellen 

Potter. 

Figure 9: Pop-up information sheets for Plate Coral and 

Surgeonfish. Reproduced with permission from Dr Leigh 

Ellen Potter. 
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environment and return to the main menu/ main screen if they are in a mini-game. 

The mode changer allows to the application to switch from rendering for Cardboard HMD (with 

two views on either side of the phone screen, rendering slightly different views of the same 

environment), to one single full screen view that did not require VR. This was done as a backup in 

case people changed their mind about interacting 

with the VR environment, or for whatever reason 

were unable to do so. If they wanted to 

experience the application regardless, this option 

was there to allow this. 

The first mini-game, ‘Reef Builder’, allows the 

player to place one of five types of coral, 

selected from a menu, into the environment. 

The previous environment with coral already 

placed is cleared away, leaving just the rock 

formations for the player to place coral 

wherever they choose. Once a coral is selected 

from the menu, it will appear at the player’s 

reticle in the environment. The coral highlights 

blue if it is in a position it can be placed in, or red 

if the coral is intersecting with another object or cannot be placed in the current location for any 

reason. The coral rotates slowly to allow for some variation in positioning and orientating in the 

environment. There is no goal or end-state for the mini-game; players can place as many corals as 

they want until they are no longer interested. An example of what a player might do can be found in 

Figure 11. 

The second mini-game is ‘Find the Fish’, and 

as the name implies is a simple search mini-

game. Players are shown the name, a photo 

and a 3D model of a fish that they must find in 

the environment, as seen in Figure 12. Players 

look to find the fish as pictured and click on 

the fish when they have located it. If the fish is 

wrong, they are told this is not the correct one 

and to keep looking If it is correct, they are 

Figure 12: 'Find the Fish' mini-game. Reproduced with 

permission from Dr Leigh Ellen Potter. 

Figure 10: The 'Foot Menu'. Reproduced with permission 

from Dr Leigh Ellen Potter. 

Figure 11: Before & after playing the ‘Reef Builder’ mini-

game. Reproduced with permission from Dr Leigh Ellen 

Potter. 
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congratulated and are asked to find a different fish. When all possible fish are found, the mini-

game loops back to the start. 

The experience focuses primarily on the inclusion of elements related to the learning layer from 

the DPE framework, in the form of fun facts, species names and real-life photos for reference. The 

gameplay and storytelling is rudimentary, with the experience not including elements such as 

challenge, reward, goals, rules, or progression or thought for the player’s story. The user 

experience utilises many of Norman’s principles of interaction design as discussed in Section 2.4.4, 

with care to ensure usability on Cardboard HMDs. Design and development details of the pilot 

application are not provided in this dissertation as they were not conducted by the author. 

Gameplay footage of Marine Explorer is available here (Full link provided in Appendix 2).  

4.4.2. Pilot Application Test Description 

The testing sessions were conducted with the same reef operator as the original site visit over two 

days. While the visits were a year apart, many (if not all) of the procedures were the same or 

identical from the perspective of a tourist. The boat had not been refurbished or changed, and thus 

tables, seating and fixtures were all the same as the original visit. There were fewer tourists 

onboard compared to the previous visit for both days of testing, which made finding seating easier 

for groups. Observations were made that the visitor ethnicity and background was similarly diverse 

to the initial site visit. 

Upon boarding the vessel, the crew informed the team that speaking to passengers would not be 

allowed on the way out. This was so that safety briefings, diving sessions and other business 

could be handled with the passengers before they reached the pontoon. 

Many visitors still chose to remain inside the cabin, but people did venture outside and to the front 

of the boat at times. The weather throughout both days was sunny. The same presentations were 

provided as per the original visit, and similar observations were made about visitor attention. 

Likewise, crew spoke to each group to check swimming ability and to suggest Lycra suits. The 

trips out took approximately two and a half hours. Spending two hours at the pontoon, visitors 

spent their time enjoying the activities in a similar fashion described for the first visit.  

On the return trip the research was conducted. An announcement was provided on both days to let 

passengers know there were researchers on the boat, that they would get to play a virtual reality 

application and that they would come around to the tables. The post-session interview was 

conducted as a structured interview, with a set list of questions. These questions can be found in 

Appendix 4.3. Groups that did not participate conducted themselves in a similar fashion to the 

previous trip, with some having a nap, some listening to the marine biology talk, with others 

discussing their experience and partaking in beverages from the on-board bar. 
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4.4.3. Passenger Interactions with Pilot Application 

Table 6: Data collection during group sessions using pilot application 

Data Type Data 

Pre-session 

questionnaire 

From the 11 groups, in eight all passengers had never tried VR before. One group 

had a passenger indicate they had used a mobile headset before, while two groups 

had one passenger indicate they had used a tethered headset before. 

Observations From the 11 groups, six included multiple passengers verbally exclaiming while 

playing, including “this is cool”, “oh my goodness”, “oh cool”, “oh wow” and “it’s 

cool!” Of the groups that didn’t verbalise, they responded positively when asked 

how they found the experience.  

Post-session 

interview 

Seven groups said directly “the concept is great” or it was a “good idea”, however 

felt that they could have gotten a lot more from the experience.  

Observations Play times ranged from two minutes to 10 minutes, and most players engaging for 

just four to five minutes.  

Post-session 

interview 

Five groups commented that they appreciated that the experience was interactive, 

with one specifically saying it was “better than the video[s]”.  

Observations Two groups had general problems interacting, but it wasn’t clear if these were 

confusions based on the hardware/VR or the application itself.  

Post-session 

interview 

Three groups found some of the imagery, particularly the photos of real-world 

objects and text, too small and difficult to see and read. 

Post-session 

interview 

Two groups suggested the experience needed more, with one stating it “wasn’t 

refined enough”, and another calling it “a little basic”. 

Post-session 

interview 

Three groups wished it was more “gamey”, suggesting either a “point system” or 

“score”, or for more creatures and challenges. 

Post-session 

interview 

Two groups saying the colours looked nice and “looked pretty realistic”, while two 

groups stated the looks needed work. 

Post-session 

interview 

One group commented on the lack of sound. 

Post-session 

interview 

Six groups stated outright that they found the fun facts both interesting and 

enjoyable. 

Post-session 

interview 

Participants most commonly suggested “more fun facts” when asked what they 

would like to see in the experience. 

Observations Three groups asked for more guidance on how to use or interact with elements of 

the experience itself during the session. 

Observations Players who found the ‘Reef Builder’ mini-game spend most of their time 

interacting with this. Seven groups identified this as an enjoyable part of the 

experience, including positive verbalisations such as “yeah, that’s cool”, “that is 
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amazing” “really good” and “this is fun”. One participant noted after playing 

suggested that “once it’s built fish, should come in”. 

Observations, 

Post-session 

interview 

Most groups did not remark on the find-the-fish mini-game. Of those who did, one 

stated it was “too easy”, while another found it difficult saying the fish were 

“elusive”. Two groups noted they preferred the ‘Reef Builder’ mini-game.  

Observations In all groups there was some form of participation with other members of the 

group. This took the form of either telling others in the group about what they were 

seeing or passing it back and forth so that someone could see what the current 

player was seeing. There were two groups where certain participants wanted to 

have a second go after finishing their initial play session. 

Post-session 

interview 

Eight groups stated they would see the application being useful on the way out. 

Most mentioned it would have been good as a way to get a little bit of information 

prior to going in the water. Some wanted to “make most of the trip” by knowing 

“what’s out there” before they get in the water. Some mentioned it was similar 

information to what was being presented in the TVs but delivered in a more fun 

way. 

Post-session 

interview 

One participant indicated feelings of motion sickness using the application. All 

others need to be prompted to comment if they felt ill, with almost everyone feeling 

no different.  

Post-session 

interview 

Three passengers commented on feeling slightly more comfortable in the HMD 

regarding motion sickness, including one saying it “took [their] mind off the boat”. 

Post-session 

interview 

One group included someone who was unable to get into the water for an 

undisclosed reason. They found the experience quite compelling, stating it was 

“better than [a] video”, and thought it would be easier to see certain things than in 

the water where you would keep missing things. 

Post-session 

interview 

One group pondered the bigger picture environmental concerns about the reef. 

They wanted to know more about the impact humans are having on the reef, 

asking unprompted “what can we do to care for the reef” and wondered if such an 

experience could be “the wake-up call to bring about the change we need”. 

Observations On the return trip that people had more sophisticated questions than on the 

outward trip. Outward-bound questions were more concerned with the logistical 

aspects of the day; the snorkelling location, departure time of the glass bottom 

boat tour, the time would lunch be served. On the return trip, questions were about 

what they had seen in the water, the names of fish, the exact nature of corals, the 

endangered status of coral reefs and the phenomenon of bleaching, to mention a 

few. 
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4.4.4. Discussion and Evaluation 

In this section the data presented above in Table 6, collected from observations and post-session 

interviews will be discussed and evaluated, working towards satisfying Activity One: Problem 

Identification and Motivation, Activity Two: Define Objectives of a Solution and Research Question 

One: What opportunities are available in nature-based tourism for virtual reality and serious 

games? Once again, the section discusses the data as it pertains to the creation of an artefact that 

satisfies the criteria of design science. 

Overall, while the feedback was positive, passengers were again provided with an experience that 

did not last much longer than five minutes on average; most groups had not experienced VR or 

only once or twice, and thus for such a short experience the enjoyment may have been the 

enjoyment of VR rather than the experience itself. An experience that is much longer that players 

still enjoyed would make it easier to identify if it was the VR or the application that players enjoyed.  

A finding that points towards this being more than just a VR smile was the feedback and 

observations made specifically about the ‘Reef Builder’ mini-game. Outside of the positive 

verbalisations made when initially putting on the HMD, this was where most other positive 

verbalisations were made. People also tended to point towards this as the part they enjoyed when 

asked after using the experience, and where most players spent their time. While not 

corresponding to an opportunity directly, will be important finding in the next stages of this 

research, particularly when thinking about rectifying the lack of gameplay previously discussed. 

The ‘Find the Fish’ mini-game was far less interesting to passengers. This is not to say that 

seeking or searching style gameplay would not work in a newer version, but how it was 

implemented in this experience left a lot to be desired. 

Increasing the length of the experience may also be a way to address the suggestions regarding 

the experience being basic or simple. However, this is not necessarily a complete fix; the 

experience presented could be lengthened without adding more interesting elements. While this 

would increase the possible time, users would likely lose interest when they realise it is more of the 

same. As mentioned previously, the experience presented could be described as focusing on 

learning first, with all the other layers of the DPE framework worked in as required. A better artefact 

(as per the motivations in DS) would focus on all the layers in equal amounts. Based on participant 

comments the most notable omission was gameplay, with many noticing the lack of traditional 

elements such as goals, rewards, and challenge. Focusing on designing systems around the 

gameplay layer would give players the structure they expect out of a digital, game-like experience. 

While people clearly enjoyed the educational content, the lack of progress, flow and rules gave 

players little motivation to continue engaging. 
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When developing VR applications for download at home, it may be assumed that players have 

gone through the device’s tutorials when setting them up. However, when these devices were 

deployed on the boats, this was not so. When showing the application to participants, instructions 

for interacting with the game often had to be restated. While most users understood it quite 

quickly, some had trouble, and—in a reality where the devices would be deployed on the boats—

advice cannot be given in person. These are also tourists looking to relax, and thus ensuring things 

are as simple and frictionless as possible is important. The artefact developed in later chapters 

takes this into consideration through development. The experience will need to explain itself to the 

players, including how to use the VR equipment so that players don’t struggle with the technology. 

Since most people travel with at least one other person, it was important to see how families and 

groups played the application together. Participants were looking to share the experience with 

family and friends by passing around the device. This is an obvious finding to design for, as the 

experience becomes more interesting if it can be shared in some way. However, there were some 

difficulties participants faced when attempting to share a device. For example, when a player sees 

a turtle in front of them, they may pass the device to the person across them. However, because 

that person has rotated the device 180-degrees, but the virtual environment has not, they are now 

facing in the wrong direction, and need to contort in the chair to attempt to see the turtle. This is a 

factor addressed in the developed artefact, towards satisfying the related opportunity.  

Most passengers noted this would be great to use before they jumped in the water. While 

elements were designed for this exact purpose, because of all the other things that need to happen 

on the boats on the trip out, time would likely not permit. From observations on both site visits, 

passengers are usually preoccupied with safety and getting ready for the water on their way to the 

reef, so this might be impractical. Moreover, people on the return trip were largely seeking down 

time, either dozing, reading a book or using social media. It was felt that this down time might be 

more conducive to people using an interactive experience than during the trip out, when the 

anticipation and potential nervousness about the upcoming in-water activities were much higher. 

Time on the way out to the reef is, in fact not an opportunity, and thus the related opportunity has 

been revised to focus on other periods. The opportunities takes also takes into consideration the 

potential for passengers to take home the experience as a virtual souvenir, an avenue for tourism 

applications discussed in Jung et al. (2017). On the return trip is when passengers start thinking 

about the reef itself, not just their activities while there, and thus this becomes a valuable time to 

answer questions about the reef and let them take something that will continue answering 

questions home with them. 

The quiet privacy of VR did not appear to detract from passengers social interactions, as the level 

of social interactions were much lower during this part of the trip. In fact, the preliminary testing 
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using the existing VR application found that it increased people’s social interactions as they 

passed the HMD between members of their travel party. This is an opportunity for groups or 

families, who may be looking for more chances to engage with something entertaining as a group. 

Regarding cybersickness, the results don’t offer any more insight into if VR can help obfuscate 

surroundings in order to alleviate seasickness. While promising, specific tests would need to be 

created that are outside of the scope of this dissertation to determine if VR can help with the onset 

of seasickness. Regardless, this is still an opportunity to be listed for nature-based tourism 

attractions. For the purposes of this dissertation and designing the artefact, the findings at least 

demonstrate that using VR on a boat is no more sickness-inducing than on land, and thus VR does 

not need to be ruled out as an opportunity to take advantage of on tourist boats. 

The person who was unable to get into the water highlights another important opportunity for a VR 

SG to help in this scenario; it can give passengers who may not be able to get in the water a 

chance to experience something similar. While this would never be the same as the real thing, 

many people are either unwilling to or not allowed for medical reasons to be in the water. Some 

tourism operators offer alternatives such as a glass bottom boat or submarine to help in these 

situations, but VR could easily be another immersive way for these passengers to experience the 

reef ecosystem.  

An interesting finding was the one group who began to ponder the environmental concerns around 

the reef after playing. The pilot application did not involve any information or allusions to 

conservation, yet something in it prompted this response. This highlights the potential of the 

artefact to investigate threats related to the ecosystem in question, and to educate not only on 

general facts about wildlife but on the threats that ecosystems face.  

4.4.4.1. Challenges for deployment 

While no new challenges were identified, the previously identified challenges remained. In 

summary, they were:  

 When using VR applications within this style of catamaran, the fixed seating causes issues 

with turning around to see the full 360-degree environment 

 The tourists that visit the GBR speak many different languages, with some speaking little to 

no English  

 Most tourists have not previously encountered any type of VR application, necessitating 

personal instruction 

4.4.5. Identified Opportunities 

Based on the findings from Section 4.4.4, a list of the established opportunities available for 

nature-based tourism is presented below in Table 7.  
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Table 7: Established opportunities outlined based on findings from the pilot application 

Established Opportunities 

What opportunities are available in nature-based tourism for virtual reality and serious games? 

 For Nature-Based Tourism For the Great Barrier Reef 

1. A VR SG provides the opportunity to engage 

tourists pre-arrival, during long periods of 

travel, during downtime between activities, 

and when it is safe to do so. 

A VR SG provides the opportunity to engage 

passengers even before the day of their trip, 

as well as during the return trip from the reef 

(as the trip out is already filled with important 

safety information). This offers a chance to 

engage with the reef before arriving at the 

destination, or another entertainment option 

during this potential two-hour journey. 

2. A VR SG provides the opportunity to give 

tourists information they may otherwise 

miss through an interactive medium and 

present it over a longer period of time with 

increasing complexity. 

A VR SG provides the opportunity for 

passengers to find or recall information or 

questions they had while in the water when it 

was difficult to communicate, once they 

have finished the in-water experience. Once 

they are accustomed to simple information 

like coral and fish names, more involved 

concepts such biodiversity, rugosity and 

trophic levels can be introduced. 

3. A VR SG provides the opportunity to distract 

tourists from some forms of motion 

sickness if the travel conditions are not 

optimal. 

A VR SG provides the potential opportunity to 

help alleviate seasickness during periods of 

travel on the vessel. HMD specifications 

would need to be improved from the 

technology tested with. 

4. A VR SG provides the opportunity to add 

more value or interaction points at a nature-

based attraction that is less dependent on 

weather events or other forces outside of 

the tourism operator’s control. 

A VR SG provides the opportunity to provide 

entertainment to passengers when weather 

conditions can lessen the visibility of a 

snorkel/dive/submarine experience. A VR SG 

experience would be more predictable and 

can be enjoyed inside the vessel. 

5. A VR SG provides the opportunity to add 

value for families or groups of tourists to 

engage and learn about the nature-based 

attraction. 

A VR SG provides the opportunity to engage 

groups sitting around the same table in the 

vessel, either by passing around a single 
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Several changes were made to the list of opportunities based on the findings from the pilot 

application. Compared to the initial set from the site visit. Previous Opportunity One “A VR SG 

provides the opportunity to engage tourists with safety information and other important briefings 

about the nature-based tourism attraction” has been removed as it was found that that this is not 

an area where tourism operators would be willing to complicate their procedures when important 

information needs to be relayed to passengers, as well as issues related to compliance. Former 

Opportunity Two, now Opportunity One, has been adjusted to reflect this, adding the caveat that it 

is only an opportunity when it is safe and if there is nothing else important happening. Safety 

protocols are undoubtedly involved in other forms of nature-based tourism outside of the reef, and 

thus needs to be considered in the opportunities. 

Opportunity Two has been amended to include the idea that a more the interactivity and 

progression of a videogame would allow the information being presented to slowly get more in-

depth as someone played. This would mean the experience would need to be longer and more 

complex but would allow more complex ideas and information about the nature-based attraction 

to be conveyed. This aligns nicely with the newly added Opportunity Seven, which identifies that a 

VR SG is not something that a passenger must complete while at the nature-based attraction but 

can take it home and interact with it over an extended period. If Opportunity Two is taken 

advantage of, the experience would already be complex enough that passengers would have more 

content to interact with long after their time at the nature-based attraction is finished. Opportunity 

device or playing on multiple devices and 

competing. 

6. A VR SG provides the opportunity to 

experience a nature-based attraction to 

those unwilling or unable to visit the 

location directly, or from otherwise 

impossible perspectives or over impossible 

timescales. 

A VR SG provides the opportunity for 

passengers who do not wish to or are not 

allowed to get into the water to experience a 

version of the GBR, at a scale a human would 

be unable to. 

7. A VR SG provides the opportunity for 

tourists to continue engaging with a nature-

based tourism attraction beyond their initial 

visit to the specific destination. 

A VR SG provides the opportunity for 

passengers to take a virtual GBR home with 

them as a souvenir, prolonging engagement. 

8. A VR SG provides the opportunity to show 

the threats facing a nature-based attraction 

in a unique way to tourists, and work 

towards getting them involved in more pro-

environmental behaviour. 

A VR SG provides the opportunity to link a 

user’s excitement about the GBR to what 

happens to the reef after mass bleaching 

events and other conservation challenges. 
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Seven also captures the idea that tourism operators in the nature-based attraction ultimately need 

this as a value-add for their companies, and so a VR SG that goes home with a customer gives 

them another reminder of their time with the tourism operator along with the attraction. 

Opportunity Eight is an extension of Opportunity Two, but an important area to highlight 

specifically. If the experience goes beyond basic facts and names of species, then an important 

area for players to be informed about are the threats and conservation efforts around the nature-

based attraction that they may not already know about, building towards future research goals of 

more pro-environmental behaviour in the future. While Opportunity Two is focused on the 

educational components of the application, Opportunity Eight will take a more holistic view, looking 

at the game through the lens of connectedness; how players bring their own personal values and 

lived experience of nature to the game, and if it creates a chance for players to bond with nature 

(Liefländer et al., 2013). 

Along with Opportunities Seven and Eight, Opportunities Five and Six have been added based on 

new findings. From watching groups play on a device a better sense of the group dynamics and 

how this should be utilised was gathered, captured by Opportunity Five. Seeing passengers who 

were unable to enter the water interact with the pilot application highlighted another value add to 

certain nature-based attractions, captured by Opportunity Six.  

4.5. Research Question One Conclusion 

Based on the site visit and pilot application test findings, a list of opportunities has been outlined to 

answer Research Question One. Further, to successfully conclude Activity One and Activity Two, 

the dissertation formally outlines the problem statement, and outline objectives for the artefact 

that will be developed. Both the final list of opportunities and their corresponding objectives are 

presented in Table 8. To avoid confusion with the learning objectives discussed in later chapters, 

these objectives will be referred to as solution objectives. 

Table 8: Problem Statement, Established Opportunities and Identified Objectives for the Solution 

Problem Statement (DSRM Activity One) 

Nature-based tourism attraction visitors miss out on entertainment and education options that 

a VR SG could add to the experience. 

 Opportunities  Artefact Solution Objectives 

 What opportunities are available in 

nature-based tourism for virtual reality 

and serious games? 

 

What would a better artefact accomplish? 
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1. A VR SG provides the opportunity to 

engage tourists during long periods of 

travel to or from the nature-based 

attraction location.  

SO1.1 A better artefact would engage tourists in 

one sitting long enough to make travel 

times feel shorter. 

2. A VR SG provides the opportunity to give 

tourists information they may otherwise 

miss through an interactive medium and 

present it over a longer period of time 

with increasing complexity. 

SO2.1 A better artefact would introduce basic 

concepts about the ecosystem initially but 

would progress to more challenging ideas 

through the experience. 

SO2.2 A better artefact would show information 

tourists were seeking after their real-world 

experience, rather than them having to find 

or ask for it themselves. 

SO2.3 A better artefact would allow tourists to 

interact with the ecosystem and participate 

with it in some way, rather than be a 

passive observer of the environment. 

3. A VR SG provides the opportunity to 

distract tourists from some forms of 

motion sickness if the travel conditions 

are not optimal. 

SO3.1 A better artefact would use the potential 

advantages of HMD hardware to alleviate 

discomfort. 

4. A VR SG provides the opportunity to add 

more value or interaction points at a 

nature-based attraction that is less 

dependent on weather events or other 

forces outside of the tourism operator’s 

control. 

SO4.1 A better artefact would offer a more 

predictable experience to tourists, 

especially when the ecosystem is otherwise 

unavailable. 

5. A VR SG provides the opportunity to add 

value for families or groups of tourists to 

engage and learn about the nature-

based attraction. 

SO5.1 A better artefact would be playable by 

multiple groups or people at a given time, 

either together or on separate devices. 

6. A VR SG provides the opportunity to 

experience a nature-based attraction to 

those unwilling or unable to visit the 

location directly, or from otherwise 

impossible perspectives or over 

impossible timescales. 

SO6.1 A better artefact would simulate the feeling 

of being in the water to a degree that 

passengers feel like they are under water. 

SO6.2 A better artefact would allow passengers 

who couldn’t dive see the things they would 

have seen if they were able. 
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The solution objectives were written by taking the opportunities a new artefact should leverage 

and turning them into actionable goals that inform the design process. While not quantitatively 

measurable, the objectives will allow for both reflection during the design process, and comparison 

to the data after each collection and analysis activity. Where an opportunity captured multiple 

ideas, they were separated into two or three separate objectives.  

All but one of the solution objectives will be used to guide the development of the artefact in 

Chapter 5¸ towards answering Research Question Two. However SO8.2, requiring a more in-depth 

analyse, will be the focus of Chapter 6 and is the “objective for a solution” (Peffers et al., 2007) that 

is focused on in that chapter. 

Based on the identified solution objectives, justification is given in Table 9 for why a VR SG is 

appropriate. 

Table 9: Objectives for a solution and their justification against using virtual reality and a serious game. 

7. A VR SG provides the opportunity for 

tourists to continue engaging with a 

nature-based tourism attraction beyond 

their initial visit to the specific 

destination. 

SO7.1 A better artefact would be interesting 

enough to passengers that they wish to 

keep playing once they finish on the boat. 

SO7.2 A better artefact would be an experience 

long enough that it can continue to be 

played beyond the day visiting the 

attraction. 

8. A VR SG provides the opportunity to 

show the threats facing a nature-based 

attraction in a unique way to tourists, 

and work towards getting them involved 

in more pro-environmental behaviour. 

SO8.1 A better artefact would introduce the 

threats and ideas about conservation to the 

passengers.  

SO8.2 A better artefact would create a sense of 

connectedness between the passenger and 

the GBR. 

# Solution Objective Justification 

SO1.1 A better artefact would engage 

tourists in one sitting long enough 

to make travel times feel shorter. 

VR: Time dilation, is a common response from those 

who use VR for a period time (Lozano, 2016), said to 

be caused by presence, particular plausibility illusion 

(Skarbez, 2016). 

SG: Flow often causes players to lose track of time 

(Csikszentmihalyi et al., 2005). 

SO2.1 A better artefact would introduce 

basic concepts about the 

VR: The immersive qualities of VR, primarily the total 

encompassing of a user’s field of view, disallow easy 
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ecosystem initially but would 

progress to more challenging ideas 

through the experience. 

distractions and allow users to focus on the 

educational content. 

SG: Videogames are designed to increase challenge 

as players progress. An SG combines this with actual 

information about a topic and can present content in 

the knowledge areas outlined by Bloom’s revised 

taxonomy (Krathwohl, 2002). 

SO2.2 A better artefact would show 

information tourists were seeking 

after their real-world experience, 

rather than them having to find or 

ask for it themselves. 

VR: The VR experience can recreate a sense of 

presence with the real-world experience and use 

spatial awareness to help users find the information 

they want or remind them of the questions that had 

when in the real-world experience. 

SG: The learning aspects of an SG allow for 

information to be presented, while gameplay and 

good user experience can allow players to have this 

information presented to them, or available as 

required. 

SO2.3 A better artefact would allow 

tourists to interact with the 

ecosystem and participate with it in 

some way, rather than be a passive 

observer of the environment. 

VR: VR supports an interesting and engaging 

experience when compared to traditional media, 

especially for tourists who have not experienced the 

technology. 

SG: Videogames, at their core, are about interactivity 

and user experience. Utilising SGs allows the 

principles from Norman’s cycle of interaction to be 

included in the application. Interaction aids in 

understanding for all people with differing learning 

abilities or interests (Champion, 2008). 

SO3.1 A better artefact would use the 

potential advantages of HMD 

hardware to alleviate discomfort. 

VR: While VR can cause cybersickness, it may offer 

the chance to protect against seasickness (Carter, 

Paroz, & Potter, 2018)  

SG: Some theories regarding motion sickness 

prevention involve distraction (Bos, 2015). By 

allowing the player to enter flow, a SG could distract 

the player from perceiving stimuli that will cause 

motion sickness. 

SO4.1 A better artefact would offer a more 

predictable experience to tourists, 

VR: Compared to more traditional media, VR allows 

the designer to know the general direction a user is 
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especially when the ecosystem is 

otherwise unavailable. 

looking at all times, which can provide advantages in 

showing in-experience elements at opportune times. 

SG: A digital experience can be designed so that it 

can be assumed that all players have a relatively 

uniform experience. While variability in this 

experience makes a videogame interesting, 

videogames are more predictable than real life. 

SO5.1 A better artefact would be playable 

by multiple groups or people at a 

given time, either together or on 

separate devices. 

VR: While VR experiences can be solitary, networked 

experiences using the technology can offer greater 

levels of social presence. Alternatively, some HMDs 

can be easily to passed around to share the device 

with multiple users. 

SG: Videogames offer the chance for networked 

experiences, meaning players can interact with each 

other inside the SG, or at least share the experience 

with those around them on the same device. 

Challenge and reward can drive these social 

interactions (Schell, 2019). 

SO6.1 A better artefact would simulate the 

feeling of being in the water to a 

degree that passengers feel like 

they are under water. 

VR: Through immersion, VR fully encapsulates the 

user’s visual field of view, much like putting on a 

snorkel mask. 

SG: The visuals of the videogame can easily trick a 

player into perceiving the videogame environment as 

being underwater. 

SO6.2 A better artefact would allow 

passengers who couldn’t dive see 

the things they would have seen if 

they were able. 

VR: Related to Objective 6.1, the presence a 

passenger feels when through VR gives some of the 

experience of diving. Passengers can experience the 

ecosystem in a natural way, without entering the 

water. 

SG: By simulating a reef ecosystem digitally within a 

SG, players do not need to get into the water in order 

to experience the ecosystem. While not a one-to-one 

match to diving, it is a step closer than was 

previously available. 

SO7.1 A better artefact would be 

interesting enough to passengers 

that they wish to keep playing once 

they finish on the boat. 

VR: As VR is still new in the tourism market, the 

novelty can make it more likely for tourists to engage 

with the technology, and wish to continue doing so in 

the future. 
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There are several design considerations for the artefact that do not correspond to the 

opportunities that have been outlined, based on the challenges that were identified through the site 

visit and pilot application testing. These represent additional constraints to overcome rather than 

opportunities to leverage. The three design considerations are as follows: 

 A better artefact needs to accommodate any seating scenario that passengers be have on a 

tourism operator’s boat. 

 A better artefact needs to accommodate for the tourism audience, who come from many 

countries and speak many languages. 

 A better artefact needs to accommodate tourists who are using this application as their first 

VR experience. 

4.5.1. Activities One and Two Conclusion 

From DS, the criteria to complete Activity One asks researchers to “define the specific research 

problem and justify the value of a solution” (Peffers et al., 2007). Through the site visit the problem 

was identified as ‘Nature-based tourism attraction visitors miss out on entertainment and 

education options that a VR SG could add to the experience.’ The value of a solution has been 

SG: Videogames are usually designed to be 

interesting enough that a player wishes to come back 

to it multiple times. The collection of rewards often 

compels players to come back and keep working 

towards their goals. 

SO7.2 A better artefact would be an 

experience long enough that it can 

continue to be played beyond the 

day visiting the attraction. 

SG: Many video experiences are watched in one 

sitting. A videogame can be designed to involve many 

hours of content that the player can keep coming 

back to if they chose. 

SO8.1 A better artefact would introduce 

the threats and ideas about 

conservation to the passengers.   

VR: Much like the educational content, VR can 

introduce these ideas in a more immersive way that 

disallows distractions while users engage with the 

content. 

SG: While technically most types of applications 

could do this, SGs can do so with a focus on 

interactivity, and in a way that actively engages the 

user, rather than a passive experience. 

SO8.2 A better artefact would create a 

sense of connectedness between 

the passenger and the GBR. 

For both VR and SGs, it is unclear how either can 

support connectedness fully. This is the prime 

motivator for investigating this solution objective 

independently of the others. 
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summarised through the list of opportunities available, presented above in Table 7, while also 

answering Research Question One. These opportunities show that were a new artefact developed 

taking advantage of the opportunities listed, value would be added to the experience of visiting a 

nature-based tourism attraction for tourists. The opportunities reflect both new ways of engaging 

with passengers as well as communicating the importance of conservation for the attraction. 

Beyond the connection to the findings from the site visit and pilot application, the opportunities are 

validated from more general feedback and responses from other tourists who didn’t experience 

the application, and industry support from the undisclosed company that allowed the research to 

be conducted on their vessel. 

DS Activity Two asks researchers to “infer the objectives of a solution from the problem definition 

and knowledge of what is possible and feasible” (Peffers et al., 2007). From the opportunities 

outlined to satisfy Activity One and Research Question One, a list of objectives for the artefact have 

been outlined and discussed, as presented in Table 8. These objectives are necessary in order to 

guide the next stages of DS and the creation of the artefact. 

Chapter 4 concludes the answering of Research Question One. In following the DS methodology, it 

also satisfies the conditions of Activities One and Two. In the following chapter the objectives 

identified from Activity Two form the basis for decision-making while designing the artefact 

through two iterations of Activity Three: Design and development, Activity Four: Demonstration and 

Activity Five: Evaluation. 
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Chapter 5: A virtual reality serious game based on a nature-

based tourism attraction 

5.1. Introduction 

This chapter answers the Research Question Two: What design considerations are relevant to a 

virtual reality serious game about a nature-based tourism attraction? The chapter involves two 

iterations of Activities Three, Four and Five from DSRM: design and development, demonstration 

and evaluation respectively. Each activity details the process through the DPE framework sections 

of learning, gameplay, storytelling, user experience and where appropriate, technology. Iteration 

One includes the original development of the artefact, the first user feedback sessions with 

passengers and subsequent analysis of data. Iteration Two focuses on refining the application 

based on this feedback and a second round of feedback with data analysis. The chapter concludes 

with the answer to Research Question Two, and how the decisions for the artefact could be more 

broadly applied to nature-based tourism attractions. 

5.2. Basics of an Ecosystem 

In this section the basics of an ecosystem are discussed, with direct references to the context for 

this dissertation, the GBR, provided. This section highlights the main knowledge areas required to 

understand specific design considerations discussed in later chapters during the development of 

the artefact. This section is not a wide coverage of everything to know about an ecosystem, but 

topics specific to those relevant in the artefact. The information provided is what was available at 

the time of development for the design to draw from. Presented here only as context for the 

discussions throughout the dissertation, this information was originally collected by Associate 

Professor Alexandra Coghlan. during the design process, and summarised by the author for this 

dissertation. 

In any ecosystem, there are four high level concepts that have relevance to the artefact. Those 

concepts are outlined, along with examples from within a reef ecosystem. 

Table 10: Ecosystem concepts and reef specific examples 

Concept Description Reef Example Reef Example Description 

R
es

ou
rc

e 
C

re
at

io
n 

an
d 

U
sa

ge
 

A given marine life (coral 

or otherwise) has 

resource requirements 

that will determine if it 

will flourish or perish. 

Varying factors 

determine of a reef 

Sunlight How much light a species requires or can 

endure. 

Space How much volume a species has to grow in 

and needs to survive. 

Rubble Related to space, rubble is dead coral that 

has formed substrate on the seabed. This 

creates new space for corals to grow on, as 
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ecosystem has too little, 

the right amount or too 

much of a given 

resource.  

they are unable to grow directly on sand. 

Overtime, rubble can form large walls or 

pillars which coral grow on, known as 

bommies. 

Nutrients Amount of food available to a species. 

Different species have different nutrient 

requirements and methods of collecting. 

Habitat Where a marine life can survive. This is 

influenced by sunlight and space, but also 

many other factors. 

Polyps An individual coral, pre- creating a 

colonising form. 

Polyps are produced by coral reproduction, 

and lead to new corals forming in a reef 

system. 

Paint algae 

(CCA) 

A type of algae that helps coral polyps 

secure themselves to substrate, and thus 

makes it more likely that a coral will 

successfully grow in that location. 

Sp
ec

ie
s 

In
te

ra
ct

io
ns

 

Relates to marine life 

seeking resources, such 

as a fish using coral as 

shelter from the sun, or 

one fish preying on 

another for food. There 

are many concepts that 

fall under this category. 

Coral 

aggression 

The act of neighbouring corals fighting each 

other to claim space, in their own version of 

chemical warfare (Sheppard, 1979). 

Overtopping Corals will grow above another to capture 

sufficient sunlight, causing other corals to 

not have enough. 

Encrusting Certain coral species can grow and spread 

over other corals, taking on a similar shape 

to the now smothered previous coral. 

C
om

m
un

ity
 S

tr
uc

tu
re

 

Relates to the larger 

picture of both species 

interaction and 

resources coming 

together, and how this 

effects the ecosystem. 

The number of, species 

and the relationship 

those species have all 

effect the biodiversity 

Succession The order that marine life would “move in” 

to a reef system, influenced by the 

resources available. 

Biodiversity The species and general ecosystem 

diversity in an area (Swingland, 2013). 

Rugosity The level of complexity and diversity in the 

reef’s geomorphology. 
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Beyond the topics presented above, a high-level overview of coral is required, as it is the centre 

point of many design discussions for the artefact. Coral are a prominent part of the reef 

ecosystem. Commonly, to make it easy to talk to tourists and the general public, biologists will use 

names like ‘staghorn’, ‘branching’, ‘plate’ and ‘table’ coral as ways to point out certain species of 

coral based on their shape. However, many species grow to form a similar shape. Coral can also 

grow in multiple shapes, depending on the environment that they are growing in. Acropora pulchra 

for example will grow as a staghorn when not competing with surrounding coral, but more like a 

plate coral when off the side of a bommie. 

There are other attributes that are important for coral. Coral will grow at different speeds 

depending on the species and shape that they grow in. Where a coral can grow and what shape it 

will grow in is also determinate on the orientation of the surface it grows on. Certain coral species 

can only grow at certain depths, depending on how much sunlight they require among other 

factors. 

Lastly, there are two specific concepts related to the artefact to mention: 

 The ‘Great Eight’, eight species of marine life identified by Barrier Reef Australia (2019) as the 

ones tourists most want to see when visiting the Great Barrier Reef. They include; whales, 

manta rays, clownfish, turtles, potato cod, giant clams, Maori wrasse and sharks. Whales are 

not included in the artefact as they do not frequent reefs at a proximity that they would be 

visible. 

 Bumphead parrotfish (Bolbometopon muricatum), a large prehistoric looking parrotfish. 

Parrotfish eat the algae off coral, and usually scrape some off the hard calcium structure of 

the coral too, damaging it. Due to their size, bumphead parrotfish have been known to 

and thus the community 

structure.  
D

is
tu

rb
an

ce
s 

The influencing factors 

in the ecosystem that 

can cause changes in 

resources and thus the 

whole community 

structure, usually 

negatively. 

Bleaching 

Events 

Warmer than normal water temperatures 

cause corals to expel the algae living within, 

which prevents resources and nutrients 

being gathered, causing a coral to turn 

white and die over time (NOAA, 2020). 

Sea Urchin 

infestation 

If algae growth on coral is not contained, 

sea urchins may begin to feed on it, 

smothering the coral in the process. Sea 

urchin can quickly overpopulate if not 

controlled. 
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accidentally take out an entire coral when they go to feed in a similar manner. They are often 

seen in large schools. 

5.3. Iteration One 

Iteration One is the first iteration of the Activities that are to be completed multiple times to 

successfully develop an artefact. Towards answering Research Question Two, this iteration 

includes Activity Three: Design and Development, Activity Four: Demonstration and Activity Five: 

Evaluation. Work on this iteration was conducted from February 2018 to November 2018, led by 

Associate Professor Alexandra Coghlan as part of her research on VR games and reef 

conservation through tourism. 

5.3.1. Activity Three: Design and Development 

In Iteration One, Activity Three involved the initial design and development of the artefact. Starting 

from the ground up, the five layers of the DPE framework, learning, storytelling, gameplay, user 

experience and technology were utilised to structure the design and development, demonstration 

and evaluation of the first version of the artefact. Due to this being the first iteration, with the 

artefact needing to be created from nothing, the design and development activity took the longest 

amount of time to complete. It was conducted from February 2018 through to July 2018. 

5.3.1.1. Process of Design 

In the DPE framework, the designer only has control over the design of the five layers mentioned 

above. The designer focuses on designing content and pedagogy, character, setting and narrative, 

mechanics and user interface. This section will detail the process and decisions made through the 

process of designing the first version of the artefact. During this process, there was overlap 

between learning and the other layers, as the content and pedagogy should then inform the 

decisions made about storytelling, gameplay and user experience. While the sections overlap, 

where possible, discussions have been broken up between the five layers within the design stage 

of the DPE framework. Technology considerations and choice are also briefly discussed for 

context. It is important to note that the design process is the most collaborative element of this 

research. I was part of a small team of developers, that also included my secondary supervisor, 

that worked towards creating an artefact that embedded a research contribution in the design 

(Peffers et al., 2007). 

Technology 

The first iteration of the artefact was developed for Cardboard HMDs (discussed in Section 

2.4.1.2), primarily focusing on android devices for simplicity of development. Justifications for 

using VR are given in the previous chapter in Table 9. Further to these reasons, the matter of 

portability was a priority. As the devices are mobile phone based, in the future the artefact could be 

available on passenger’s personal devices, so that they could take it with them after they have 
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finished their day out on the reef, related to SO7.1. This is the same device type used for the site 

visit and pilot application and was deemed the most appropriate based on the opportunities 

outlined at the end of Chapter 4. While seasickness and motion sickness may be a factor, which 

would necessitate a more high-end HMD to avoid, it was decided that SO3.1 can still be worked 

towards as a longer artefact and thus play-session may reveal findings that were not confirmed 

with the shorter sessions from the pilot sessions in Chapter 4. As with any technology, this choice 

influences many of the decisions made in the design process that fall within the other layers of the 

DPE framework (discussed in Section 2.3.1.2). 

Learning: Content and Pedagogy 

The first step of looking at content and pedagogy according to Winn (2008) is to develop the 

learning objectives. In creating the learning objectives, it was important to consider several of the 

objectives outlined as a part of Activity Two: Define the objectives for a solution. As per SO2.1, 

both basic, easy to understand concepts and more complex concepts need to be included. This 

can be reflected through the learning objectives by looking at the cognitive process dimension of 

the Revised Taxonomy (see Section 2.4.2.1),revised taxonomy, by introducing simple concepts 

regarding understanding and remembering, and eventually tying all the different concepts together 

in evaluating. In deciding what exactly the content should be, SO2.2 was used to justify focusing 

on information that a tourist would typically wish to know before or after their in-water experience. 

Based on this an initial set of learning objectives were identified, presented in Table 11 and Table 

12.  

Table 11: Iteration One learning objectives 

# Learning Objective Cognitive 

Process 

Ecosystem 

Concept 

Knowledge 

area 

LO1 Remember a fun fact about species of 

marine life 

Remember - Factual  

LO2 Remember the names and shapes of 

coral species 

Remember - Factual  

LO3 Explain coral aggression Understand - Factual 

LO4 Remember what a polyp is Remember Resource 

Usage 

Factual 

LO4 Explain marine life succession Understand Community 

Structure 

Factual 

LO5 Identify the multiple activities a swimming 

species may do in the reef 

Understand Species 

Interactions 

Conceptual 
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Table 12: Iteration one learning objectives categorised based on the revised taxonomy (Krathwohl, 2010) 

Each of the learning objectives helped focus on individual areas of a reef system to include in the 

artefact. The initial list was kept small to contain the scope, and let other elements emerge as the 

gameplay design happened. In the process of identifying these learning objectives it became clear 

that the expertise of the domain expert, my secondary supervisor, would be required throughout 

the design process. Decisions I made as someone who doesn’t fully understand the complexity of 

the reef could easily misrepresent the ecosystem. While the domain expert could review the work 

at certain milestones during the development, if a major misinterpretation or mistake is made then 

delay to development would be more substantial. Instead, the domain expert was embedded in the 

design team for a more active role in the design process. This is a major contributing factor 

several design considerations presented later in the chapter. 

Since several of the learning objectives involve coral information and systems, this was the first 

area of the artefact’s content and pedagogy to consider. In deciding which species of corals to 

include in the artefact, there were several factors to consider. There could not be an overwhelming 

number of different types of corals, as keeping it simple for the player was ideal, and since the 3D 

models would be simplified versions of how they looked visually, to avoid any two types looking 

homogenous. The environment players experience needed to be complex enough to later support 

disturbances, related to SO8.1, and include enough variance to support more than one play 

session, related to SO7.1. An estimate of around 6-10 corals to show off the differing types was 

LO6 Understand what paint algae does Understand Species 

Interactions 

Factual 

LO7 Explain why rubble is useful in a reef Understand Resource 

Usage 

Conceptual 

LO8 Evaluate what influences biodiversity in 

the ecosystem 

Evaluate Community 

Structure 

Procedural 

LO9 Remember what a bleaching event is Remember Disturbances Factual 

LO10 Assess what happens during and after a 

bleaching event 

Evaluate Disturbances Procedural 

 Remember Understand Apply Analyse Evaluate Create 

Factual LO1, LO2, 

LO4 

LO4, LO6, 

LO3 

    

Conceptual  LO5, LO7     

Procedural     LO8, LO10  

Metacognitive       
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decided as a good goal. An obvious but important factor was that all the coral needed to be found 

on the GBR.  

Another factor is to separate the ideas of ‘coral species’ and ‘coral shape’, specified by LO2. This is 

not something that is often communicated about the ecosystem, and thus ideal to include in the 

artefact. This influenced decisions regarding communicating the name of each species of coral. 

Since the shape is usually used as the common name for many species, scientific names were 

used instead. People are not as familiar with scientific names, however it was decided that this 

could be a chance to teach more information about each coral, and so the scientific names were 

used. While not necessarily a ‘basic’ concept, the scientific names need to be introduced early as 

each coral becomes available to the player. SO2.1 specifies to introduce basic concepts early and 

introduce more complex concepts later, but it was decided to put them in to see if scientific names 

were something the passenger audience would engage with. 

To decide on the coral, an open-source database of corals was used (Coral Traits, 2019) to narrow 

the choices down to a select few. First, all corals that do not appear within the GBR were removed. 

As the database had a categorisation system for shapes that this species had been seen growing 

as, this field was used to narrow down the selection to only those that grew in more than one 

shape. The coral was then also filtered down using the “commonness” field in the database, as 

corals that are abundant on the GBR were most ideal. 

From there, the selection process became more manual, looking at the shapes corals formed. The 

database used a total of 12 classifications to represent shape. Knowing that this would be a lot of 

information to convey, these were condensed down to six by combining overlapping shapes and 

using similar attributes to combine, the results of which are presented in Table 13.  

Table 13: Simplification of coral shapes for artefact 

Database Category Simplified Final 

Massive Massive Brain 

Submassive Submassive Rocky 

Branching closed 

Branching Staghorn 

Branching open 

Corymbose 

Encrusting long 

uprights 

Hispidose 

Encrusting Encrusting Encrusting 

Columnar Digitate Finger 
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Given scientific names were already being used, simplifying the shape names was done to try and 

adhere to SO2.1. The shape names were decided based on the most commonly in tourism on the 

GBR, as advised by the secondary supervisor. For example, ‘staghorn’, ‘elkhorn’ or ‘branching’ could 

be used to refer to a certain shape of coral, but staghorn was chosen. 

In an ideal scenario, an array of different looking corals was desirable, as well as a few that sat in 

each shape category, but without two coral species being represented by the same two shapes. 

For example, species Lobophyllia corymbosa and Montipora grisea both were categorised as 

growing as massive and encrusting, and thus ideally only one of these would be included in the 

artefact. This decision was made to keep each coral option unique for the player, hopefully 

increasing the depth of the artefact and keeping tourists engaged as per SO1.1. Finally, eight 

corals were selected as they gave a great representation of the different types of corals in the GBR 

but formed a unique combination of their two shapes compared to the others. An overview of the 

final species chosen, and their attributes is presented in Table 14. 

Table 14: Coral species attributes 

Digitate 

Laminar Foliaceous Leafy 

Tables or plates Tabular Plate 

Unlock Order Species Shapes  Max size Max Grid 

1* Acropora 

pulchra 

Plate Staghorn 5m 6 

2* Acropora 

digitifera 

Plate Finger 1m diam 4 

3 Stylophora 

pistillata 

Rocky Staghorn length 50cm 3 

4 Favites 

pentagona 

Rocky Finger 1m 5 

5 Pavona 

decussata 

Finger Leafy 20cm 2 

6 Echinophyllia 

aspera 

Encrusting Leafy 60cm 3 

7 Lobophyllia 

corymbosa 

Encrusting Brain 0.5m 3 

8 Leptoria 

phrygia 

Brain  2m diam 6 

*Plate shape coral not available until vertical surfaces are unlocked 
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These corals also served well when looking to showcase ecological succession of coral, pertaining 

to LO4. Succession is integrated through the order in which the corals would become available to 

the player. As staghorn corals are the pioneers of the reef, one of those would be the first coral a 

player is able to build. Following a typical succession pattern, the order the coral would be 

unlocked in was decided. 

Regarding coral aggression, related to LO3, players need to see how corals grow and get bigger. 

Based on the data gathered from the pilot application, it was clear that they enjoyed being in 

control of where coral would grow, and thus the player selecting where and how corals grow 

became the basis for their interactions with the artefact, corresponding to SO2.3. This is also 

justified relevant to designing for connectedness to the reef. When the player is growing and 

looking after the reef, this strengthens emotional connectedness to the ecosystem, which satisfies 

SO8.1. This would also aid in answering Research Question Three at later stages. It was decided 

early that players needed to have an active role in the growth of their coral to ensure feelings of 

ownership towards the reef. 

Knowing the reef was going to be represented via grid system (see Section 5.3.1.1 Mechanics for 

more details), each of the corals selected was researched to find their largest known size. The 

corals varied greatly, and so these numbers were simplified to a rating from ‘one’ to ‘six’, which 

represented how many squares in a grid formation on the reef their largest size would take up. 

To include coral aggression in the artefact, per LO3, attributes presented in Sheppard (1979) were 

simplified into a rating system for either a specific species where the paper mentions a family, or 

shape of coral. In order to keep it simple, a five-point rating system from low, medium low, 

medium, medium high, up to high was used. How aggression is implemented in the artefact is 

discussed in Section 5.3.1.1 Mechanics. 

Each coral species-shape combination has different attributes determined by either traits of the 

species or traits of the shape. While not directly related to the learning objectives, these 

characteristics give the gameplay more depth but need to be accurate to ensure tourists do not 

take wrong information away from the artefact. Decisions regarding these attributes included: 

 Based on where the coral typically grows in a reef environment, suitability to grow on vertical 

or horizontal surfaces in the artefact was determined.  

 Based on how large the species of coral can grow in that shape, the maximum size of the coral 

was determined. 

 Based on the average growth speed per year of a given species or coral, how fast that coral 

should finish growing when built in the environment was determined. 

 Based on the factors of aggression in Sheppard (1979), each species and shape were given a 

rank between 1-5, which combined with the current size of the coral provided a final 
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aggression rank. How this was figured out and implemented is discussed in Section 5.3.1.1 

Mechanics. 

The other major element in a coral reef system identified in LO1 is the non-coral marine life, 

including both fish and soft coral. Including other marine life is important to satisfy SO6.2, so that 

players can see things they might if they went diving. There is a plethora of marine life that could 

have been included in the artefact from the GBR, but limits on what could be included needed to be 

set to ensure the iteration could be finished on time. A large list of ideal candidates was created to 

include in the artefact. 

Later in development when 3D models and animations for the marine life were needed, this list 

was adjusted based on what was readily available to purchase, from online stores such as the 

Unity Asset Store. The ‘Great Eight’ (see Section 5.2) were included in the artefact except for the 

whale, as it was not accurate to put a whale close enough to the player’s reef to be visible. 

Including these in the artefact was a priority as they are the animals tourists most want to see and, 

as per SO4.1, the artefact can guarantee that a player will get to see them if they play long enough. 

The great eight are used to highlight the progression of the player and are unlocked based on the 

typical succession patterns. How succession, fish behaviour, commonness and species 

interactions are implemented in the artefact is discussed in Section 5.3.1.1 Mechanics. 

Working within the budget and time limitations for the first iteration, full animations to depict an 

interesting piece of information about each fish would not be feasible. Instead, to include the ‘fun 

facts’ to satisfy LO1 in a quicker and more succinct way, a pop-up box that would simply include a 

short sentence or two about a given species was added. How players interact with these is 

discussed in Section 5.3.1.1 User interface. 

Directly relevant to LO8, but generally important to all the learning objectives, is the concept of 

biodiversity. There are many attributes that contribute to biodiversity in an existing reef but would 

be near impossible to recreate in a software system. Instead, the core principles of biodiversity 

and the gameplay progression (see Section 2.4.3) to use biodiversity were utilised as a 

representation of both the player’s progress and their score at a given point in the artefact.  

To give players the information they need to satisfy LO8, players needed to see that greater levels 

of biodiversity in their reef is the desired outcome, which in turn represents greater reef resilience. 

How the player effects this should depend on both growth of individual corals and overall reef 

rugosity. How this is implemented in the artefact is discussed in Section 5.3.1.1 Mechanics. 

There were some features that were cut during different stages of the design and development 

activity to ensure the first iteration could be completed in the scope of a PhD dissertation. During 

early discussions about the design of the environment, depth requirements for coral was included 
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in the design, looking to break the level into areas based on the distance they were from the water 

surface, as well as allowing plate corals to ‘overtop’ (discussed in Section 5.2) corals that were 

growing below them. However, this complicated the design of the map, so eventually both 

concepts were scrapped. While overtopping was worked towards further into development, the 

feature was postponed to focus on more important concepts. Likewise, encrusting corals was 

removed as an option.  

Storytelling: Character, Setting and Narrative 

There is very little direct narrative in relation to the 

storytelling layer in this artefact, as it is primarily driven by 

the mechanics and content and pedagogy aspects. During 

Activity Three of the first iteration, most decisions revolve 

around the designer’s story, of which there is very little. The 

player’s story (see Section 2.4.5) emerges when Activity 

Four: Demonstration is completed, is then be evaluated in 

Activity Five: Evaluation of this first iteration. The primary 

storytelling elements relate to the setting of the artefact and 

visuals that create the environment. 

An obvious choice to address SO6.1 was to set the artefact 

from an in-water vantage point. That way, the player would feel as though they are standing at the 

bottom of a shallow reef in the water. While this could have been done from a top-down 

perspective, akin to looking at the reef like a snorkeler would, this was quickly deemed to be 

uncomfortable in VR. Focusing on a stationary perspective that one would be more likely to 

experience as a diver, also contributes to addressing SO6.2, giving snorkelers and those who do 

not get in the water a different perspective. 

The design of the environment was done with thought for both SO6.1 and SO6.2, while also 

utilising the advantages and limitations of a VR HMD. The initial idea for the layout of the 

environment is provided in Figure 13. The player stands in the middle, with an area of rock around 

them, and sand as towards the outer sections of the map. The rock area was going to be the area 

that was initially available to the player for growing, with the rest unlocking over time. To highlight 

the use of light levels/overtopping for coral, an archway features prominently on one side, with 

some vertical space on either side. The design of the environment also factored in the single 

vantage point for the player, ensuring that the player had direct line-of-sight to all possible 

interactive elements within the environment. Reasoning for a single vantage point is discussed in 

Section 5.3.1.1 User Experience.  

Figure 13: Initial concept for map layout. 

Reproduced with permission of Associate 

Professor Alexandra Coghlan. 
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While the core components hold true, through later stages of development features were cancelled 

or delayed that meant adjustments needed to be made to the setting. As overtopping was no 

longer going to be included, the archway was minimised to make way for a simpler, much larger 

bommie that players’ corals could grow on. The area that the player was able to grow corals on 

initially (the ‘rock’ on the ocean floor, shown Figure 13) was changed to be more patchy and sparse 

to subtly disallow large corals to be built early in the artefact. Players could to unlock closer spaces 

to them later in the artefact so that they did not fill as much space close to their viewpoint too 

early. These patches of rock, as well as early iterations of the environment, are shown in Figure 14. 

 

Figure 14: Top left: the first test environment. Top right: the final test environment. Bottom centre: the final 

environment in the artefact. Reproduced with permission of Associate Professor Alexandra Coghlan. 

To ensure a playable version of the artefact by the intended date, some shortcuts were taken 

regarding certain visual elements. The most prominent are the coral models. All the coral 3D 

models were made specifically for the artefact. However, the original plan was to include multiple 
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different versions of each species-shape combo, which would be selected at random to give the 

reef a more diverse feel. The intention was to also have different models for each size. This was a 

decision made primarily to keep the artefact varied and interesting visually, an attempt to keep 

players interested and further satisfy SO1.1. However, the scope was reduced to a single 3D model 

for each coral species-shape combination due to time constraints. The result still looks appealing, 

but is not as accurate as originally intended. For staghorn corals, there should be more ‘arms’ and 

they should be longer as the coral grows, but instead the base model simple gets larger. 

For the fish models, asset packs that were available to purchase online were used. Using these 

models, the available marine life in the artefact was populated. However, These packs did not 

include a bumphead parrotfish, which was required for the deleting mechanic. An existing model 

of a similar looking fish, the Maori wrasse, was modified to look like a bumphead parrotfish. 

In order to aid the player, both in terms of setting the narrative and explaining how the artefact 

works, a tutorial was added late in development. Tutorials are important to ensure players do not 

get confused early in the artefact and stop playing. To satisfy most of the solution objectives, 

people need to play the artefact, and thus anything that could be done to make the beginning 

easier is relevant to designing for these objectives. While initially the plan was to add something 

more robust, given the time constraints, basic text pop-ups that would communicate important 

elements to the player were used instead. The text pop-up system that was built for the fun facts 

was repurposed to create the tutorials. To give the tutorials more of a voice and add some 

character to the tutorials, a bumphead parrotfish was added to the pop-up. While this was a quick 
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thing to add, it made the tutorials feel like something in the environment was talking to the player 

rather than a disembodied voice issuing instructions. 

 

Figure 15: The tutorial prompt and fun fact user interface. Reproduced with permission of Associate Professor 

Alexandra Coghlan. 

For all non-hard coral life in the reef, it was decided that these would grow or appear in the reef 

without the player’s direct involvement. For non-coral marine life, this was the obvious choice to 

convey how reef ecosystems behave, while also giving the player something to look forward to if 

they kept playing the artefact i.e. new marine life appearing in their reef. Other types of corals—

chiefly soft corals—were excluded from the options for the player to build, as their relationship with 

the coral reef ecosystem and its health is much less direct. Instead, these would grow in and 

around the hard corals as the player builds, as a subtle visual indicator of the reef’s health, and to 

generally make the reef look more visually exciting, hopefully aiding SO1.1. 

Gameplay: Mechanics 

In designing the mechanics, the learning objectives discussed in Section 5.3.1.1 Content and 

pedagogy become considerations when making a design decision. Learning objectives that relate 

to the cognitive process dimensions of understanding and remembering would be presented in 

straight forward ways, most commonly as text. Since the mechanics usually involve different 

elements interacting with each other and may not be directly spelt out to the player, this will most 

often mean that the mechanics relate to analysing or the cognitive processes deemed more 

difficult. Applying can be understood as somewhere in the middle, like the player growing a coral 

(assuming they understand what it is that they are doing). Other decisions were influenced by 

technical considerations. 
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It was decided early on to have the placement of coral adhere to a square grid layout. While the 

pilot application allowed players to place coral randomly, it quickly became apparent that if this 

was also an option for the artefact, many of the features that had already decided on would 

become technically challenging. Conforming to a grid instead gives the player more structure to 

understand what they are doing and allows for more features without greater technical difficulties. 

Similarly, while there would have been more ecosystem concepts that could have been introduced 

with a grid measured not only along the horizontal surface but vertically i.e. a 3D grid, this would 

have been difficult to build within the time constraints. A flat grid where the objects would be 

different heights was determined to be enough to convey most of the pedagogy ideas discussed. 

Conforming to a grid becomes a rule (see Section 2.4.3) for the player that can be easily 

understood. 

 

Figure 16: Simplified representation of how a 2D Grid works in 3D space vs a 3D Grid and freeform placement. 

For the style of videogame that is being built, a currency was required so players would be able to 

‘purchase’ items. A currency in a simulation game such as the one being built in the artefact, 

serves to slow the player down, make them think about their actions, and ultimately make 

progression (see Section 2.4.3) more rewarding. In the pilot application, players were able to put 

down coral very quickly and efficiently, resulting in a large, coral dense reef that had little value 

because it only took five minutes. A currency needs to be earned, which gives the player a 

secondary action beyond growing coral that involves some level of challenge (see Section 2.4.3), 

and results in a large reef that has more value, since the player needs to put time and effort into 

cultivating it. It also adds to the game mechanically through the decision-making process; If the 

player only has 3 credits to spend, but several items to build, which item should they build? 
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For the artefact, this would be hard corals, where players needed to spend the currency in order to 

build in the environment, with different corals costing different amounts depending on their value 

to the player. This was a perfect way to integrate LO4, where polyps were the best analogue for the 

player’s currency in the artefact. Players need to be able to earn polyps, as they must be able to 

replenish their currency to continue building coral. Adhering as closely as possible to the real-

world, the corals themselves produce polyps over time for the player to spend. How the player 

gathers their currency is discussed in Section 5.3.1.1 User interface. The cost of the hard corals 

also increases as they become available to the player. The player is faced with the challenge of 

requiring an ever-increasing number of polyps to build coral, but will need to use their knowledge, 

standing in for skill, to grow coral effectively to keep progressing. This interweaving of the 

mechanics will increase the chances a player reaches a flow state (see Section 2.4.3). 

As the player progressed through the artefact they needed to be rewarded for their progress, as 

well as open up the artefact to new mechanics to keep them challenged (see Section 2.4.3). To 

create these points throughout the artefact, the great eight (discussed in Section 5.2) were tied to 

the player’s progression to create a set of milestones that the player could work towards. Each 

milestone would unlock the next great eight species, allowing it into the reef.  

While most marine species appear in the reef unobtrusively, not calling attention to when they 

move in, more of an event was given to a great eight species, to highlight that they are a reward to 

the player. To draw more attention to the achievement and address SO2.3 and SO7.1, ‘bubble 

unlocks’, large bubbles that players could click on to release an object into the environment, were 

introduced. which (the representation of the player’s progress). Players were able to find the 

bubble unlocks in front biodiversity meter when they were available, which was decided based on it 

being the main ‘gamey’ visual element in the environment. When a milestone was reached, the 

bubble unlocks would appear in front of the biodiversity meter, after the particle effect explosion to 

draw attention to the meter. The meter and great eight species formed a visual representation of 

the goals and rewards (see Section 2.4.3) for the player. They can see that if their biodiversity level 

increases, they will receive special rewards. It was hoped that seeing their favourite animal on the 

meter would allow players to set a goal (Section 2.4.3) for themselves to get there. 
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Figure 17: Left: A coral species and great eight species bubble unlocks. Right: a paint algae unlock in front of the 

biodiversity meter. Reproduced with permission of Associate Professor Alexandra Coghlan. 

To quantify the player’s progression (see Section 2.4.3), values were assigned to certain actions 

within the artefact, and when the player reached a given value the next milestone would be 

reached. This forms the basis for how biodiversity is represented in the artefact to achieve LO8. 

Initially, it was thought that this would be influenced by hard corals, soft corals and the other 

marine life when they were built or moved into the reef. However, because the soft corals and 

other marine life were decided based on what hard corals are in the environment, the biodiversity 

score could be simplified to be determined from just hard corals. This was a simple yet effective 

way of representing biodiversity, as it becomes a score that represents the player’s progress. 

After some adjusting, values were settled on that represented biodiversity and thus progress. First, 

every coral placed is worth a certain value, depending on how many are already in the 

environment. The starting value is 0.7, with each subsequent coral of the same species-shape 

combination being worth less. The intention was to incentivise diversity by making species-shapes 

that do not appear in the environment more valuable. Growing a coral larger was worth one extra 

coral, meaning that a 2x2 coral was worth the same as 5 smaller corals. Players needed to be 

rewarded for growing a diverse range of species, so extra points were assigned every time a 

species was grown beside another species that it had not previously been next to. These values 

are never directly shown to the player to avoid the system being gamed, but it is expected the 

player would eventually get a sense of what is giving them more points through looking at the 

biodiversity meter. 

To address SO8.1, LO9 and LO10, disturbances needed to be included in the artefact. Bleaching 

events were tied to the milestones as well as the unlocking of more grid space to grow on through 

the formation of rubble (discussed in Section 5.2). When a player reached a new milestone, they 

faced a localised bleaching event. This goes for a short period of time, progressively getting longer 

in duration with each subsequent milestone. All the corals were hit with a small amount of damage 

in order to make the bleaching event look more devastating than it actually is; all the coral will 

slowly start losing their colour, but most of them were never in any danger of dying. A subset of 
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coral in the reef, picked at random, was hit with a larger amount of damage that may kill the coral 

depending on the species. The amount of damage the bleach can do to these corals, as well as the 

number of corals that are targeted was designed to increase with each new milestone.  

Once the bleaching event was completed, any coral that did not lose all its health would begin to 

regenerate. This is when the particle effect and bubble unlocks appeared, as discussed previously. 

To introduce rubble for LO7, this moment triggers rubble appearing around the reef. The rubble 

locations were predetermined, with the player having no control over where they appear. This is 

done to control where the rubble forms and evenly spread it throughout the environment. 

While the rubble formed, the player was not able to grow on the new areas of the reef. This is so 

the player can also be introduced to paint algae for LO6. Using the analogue of paint algae, the 

player can choose to which of the 3 or 4 (depending on the milestone) rubble formations they wish 

to unlock. The paint algae were designed to act as mini-rewards (see Section 2.4.3) between each 

milestone, unlocking with less fanfare than the major milestones. By the next milestone, the player 

will have had enough paint algae available to cover all the available rubble. 

When paint algae is placed in the environment, it replicates the spread of paint algae in the real 

world by spreading quite slowly over the area of rubble it is placed in. It takes between 10-20 

seconds (randomly selected for each grid space) to grow on a given grid space and, once 

completed, spreads to any adjacent spaces and continues to grow and spread until the area is 

covered. Players can tell when a grid space has paint algae on it as it appears a strong pink colour.  

While bleaching was a disturbance the player needed to deal with in the aftermath, players were 

purposefully not given a way to manage this threat in the moment, to mimic real world events and 

highlight the struggles the ecosystem faces for SO8.1. However, other challenges were required 

that the player can more actively overcome to ensure the player can achieve flow (see Section 

2.4.3), and thus other aspects of the ecosystem needed to be used in this way.  

The primary ecological phenomenon used to create challenge for players was coral aggression, 

explained in Section 5.2. To satisfy LO3, a rating system was created that factored in a coral’s 

overall aggressive rank, as well as the size the coral was currently at. For example, a boulder coral 

was deemed a top rank of ‘5’ for its aggressive rank but would only actively work like a rank 5 when 

it was built to maximum size, which was a 6x6. Working backwards, each size down would then 

act like its aggressive level was 1/6th lower. So, a 1x1 corymbosa would be a 0.66 rank, which was 

dubbed low. This meant that players could grow everything as a 1x1 without fighting but when 

some corals got bigger would begin to start fighting. This also allowed for tactics to handle the 

aggression; larger corals of lower aggressive rankings could be put next to medium-sized 

aggressive corals, or similarly aggressive but smaller versions could be grown around larger 

aggressive corals to ensure they played nice with their surrounding coral. This set of rules for 
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aggression also meant that players would not experience it until later stages of the artefact, 

helping satisfy SO2.1. 

Another challenge (see Section 2.4.3) for the player is the sea urchin, included as an early-

gameplay disturbance for the player, relating to SO8.1 and towards keeping the artefact interesting 

for SO7.1. The sea urchins were designed to suggest the player always grow in patches of coral 

that are together rather than randomly around the environment. If a coral is left by itself for over 60 

seconds, with no other corals in any adjacent grid spaces, a sea urchin will appear on top of the 

coral. The coral will begin dying as the sea urchin attacks it. The player needs to grow more coral 

around the sea urchin for it to stop attacking the coral. The sea urchins do not typically come into 

play later in the artefact as the player quickly learns to grow coral in patches, but this does 

introduce the idea that coral is more resilient when in a formation with other coral without directly 

explaining this to the player. The mechanic of sea urchin makes use of the cognitive (see Section 

2.4.4.1) limits of a player in a 360-degree environment, where they cannot actively perceive (see 

Section 2.4.4) everything at once. Players need to be wary of sea urchins moving in behind them 

while their attention is focused elsewhere. 

 

Figure 18: Two sea urchins attacking corals that are not close enough together. Reproduced with permission of 

Associate Professor Alexandra Coghlan. 

A mechanic that is typical in videogames that involve building is allowing the player to delete or 

remove objects they no longer want in the environment or which are mistakenly placed. This would 

keep options open to the player and help with SO2.3, but the major concern was making players 

feel as though they were personally removing the coral from the environment and promoting the 

touching of coral in real life. Instead an alternative was looked for to find an excuse for the 

ecosystem to remove the coral but have the player action it. Eventually the idea of the bumphead 

parrotfish could be used to do this. The player can summon a school of bumphead parrotfish to 

swim into the reef and feed from a given coral, making the grid space available to grow new coral 

afterwards. Mechanically, this works the same as a delete button but uses the fiction of the 

artefact to create a subtle teaching moment for the player. 
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For LO4, marine life succession is closely tied to the player’s current biodiversity score. For every 

species other than hard corals available in the artefact, a minimum biodiversity value is set. This 

means that for a given species, it cannot move into the reef until the player has reached that 

biodiversity score. These values were decided based each species’ trophic level, commonness in 

the GBR and how healthy a reef will need to be for the species to be found on a reef.  

Once this value has been reached, there are a few factors that will determine if that species will 

move in. First, for each species there is a maximum number that can move in based on how 

common the species is. For species such as the shark, only one may be in a player’s reef at a given 

point. On the other hand, species such as parrotfish are more plentiful, and are allowed up to 4 (of 

each colour). There is a value set for spacing out these species moving in at different biodiversity 

scores. E.g. the first of four parrotfish may move in at score 24, but if the spacing value is set to 3, 

the next cannot move in until a score of 27 is reached. Many of the species also require the 

presence of a specific coral. If this coral is not found in the reef, or all of a given species is already 

allocated to a different species, then the new species will not move in until more of that coral is 

grown.  

To offer a diverse range of activities for marine life to work to address LO5, each species was 

assigned an abundance of attributes to determine how they act once they have moved in. Each 

fish had a base speed value to set how fast they swim, and a curve that adjusted this speed over 

time, to give the effect of the fish speeding up and slowing down while moving around the 

environment. The reef was broken up into zones vertically, from low to high, and each species was 

assigned a zone in which of they could swim. Generally, larger species swam in the high zones 

while smaller species swam closer to the coral. Species were also given a basic behaviour set to 

obey. Some species were told to hover around their ‘home’ coral. If their height setting was low, 

this can convey the species was hiding out in the coral, while a medium kept them in the area 

above. Some fish also had a value stating how far they could roam from the home coral, and 

always stay within that distance. Other species can roam around between different placements of 

their home coral, making them look like they are moving around the reef but only where their real-

life analogues would still feel safe. Other fish were simply set to move around the reef randomly. 

Numbers of species were grouped together when they are commonly seen on the GBR in pairs or 

in groups. While the artefact sees these pairs as single, they will spawn as a pair or group and 

swim around the reef together. For these groupings, a maximum radius of where they can move 

around is set, with each individual fish in the group moving slowly within this radius to appear as 

though each fish is swimming at a different speed. 

Overall, the intention of the mechanics discussed was to create enough interacting systems that 

the player would be both challenged (see Section 2.4.3) and enjoy it enough to enter a state if flow 
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(Section 2.4.3). An evaluation of this is appears in Section 5.3.2 against the relevant solution 

objectives. 

User Experience: User Interface 

The major consideration when designing the user interface was the limited input available from the 

technology the artefact is being designed for, Cardboard HMDs (see Section 2.4.1.2). These HMDs 

only have one physical button, and thus input needs to be designed to accommodate this. The 

design also needed to ensure comfort for the player per SO3.1. What the button does can change 

based on where the player is looking, or more importantly what the player is looking at. In this way, 

any object that the player can click on has the affordance of being clicked. It was important 

therefore that all objects that could be clicked have clear signifiers so that players could assume 

what would happen when that object was clicked. To make this easier for the player, a small dot, 

called a reticle, was positioned in the middle of their vision to show where their action point is, 

which is typical of most videogames designed for Cardboard HMDs. Removing the reticle was 

briefly tested during development to see if players could still accurately select elements in the 

artefact, but it proved more difficult and slowed the player down. The reticle gives the player 

important feedback on where their interaction point is. 

One of the early considerations for the artefact was deciding if the player should be able to move 

around the environment so that they can see their reef from different angles, and make it easier to 

reach and interact with different parts of the environment. Due to the Cardboard HMDs not being a 

6-DOF HMD, as discussed in Section 2.4.1.2, movement cannot be done physically with the player 

walking around but must be done within the artefact. To avoid any chance of cybersickness, and 

fail to address SO3.1, the only way to appropriately do movement is to ‘teleport’ the player from 

one spot to another. This however can be jarring for players. It was eventually decided that keeping 

the artefact to a single vantage point would be best. Primarily, this decision came down to if seeing 

the reef from different angles would increase a player’s understanding of the learning objectives. 

Movement in this way would add complexity to the artefact the player would need to grapple with, 

on top of taking in the direct educational elements about the GBR. It also was not required to 

create an artefact with the intended play time, as it was believed a single camera location could 

reach a satisfactory amount of intractable spaces within the environment. 

From the singular vantage point in the middle of the environment, the player used the reticle to 

look around and interact with any available grid spaces in the environment. To signify (see Section 

2.4.4) which exact grid space the player is looking at, a mostly transparent cube appears on top of 

the current space in the environment. This follows the players view around as they look at the grid, 

locking to the spaces where coral will grow. If a grid space is unavailable for growing, or the player 
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is unable to grow there at this point in the artefact, then the cube doesn’t appear. The cube is a 

consistent (as per Section 2.4.4). representation of spaces that coral can grow on.  

 

Figure 19: Cube that appears when the player looks at an available grid space for building. Reproduced with 

permission of Associate Professor Alexandra Coghlan. 

One issue from the single vantage point that arose was being able to clearly see behind coral as 

they got larger and larger. A large coral grown directly in front of the player, for example, would 

obfuscate the spaces to grow behind it from the player, and make growing coral, or seeing the 

environment more difficult. An ideal solution would have been to implement transparency for any 

items in front of the player’s targeted item, however this would be computationally expensive. 

Instead, a technique known as ‘dither transparency’ was used that achieves a similar result, with 

less computational overhead. This feature was used on any corals between where the player is 

and where they are pointing, within a cone shape. The result was that corals would disappear so 

that the targeted space in the environment was always visible.  

The primary task that players would complete in the artefact was growing coral. This meant that 

the user interface for doing this needed to be the most accessible. By default, when the gameplay 

starts, this is the mode that the player is in (as opposed to viewing fun facts about the fish mode). 

Looking and clicking on a grid space brings up the coral options available to the player. This is 

different from how players selected and placed coral in the pilot application; in that experience, 

players would select their coral from a menu above them in the environment, then choose where 

they would like it to be grown. In this version, the player chooses where they wish to grow before 

they select which coral they would like to grow. This reversal of choices was an important factor 

for several reasons; 
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 The player should be considering every coral they grew. With the UI in the pilot application, 

there was a default coral that was placed once the player had selected one from the UI, 

allowing them to place many with little thought. In the new design, while perhaps slower, 

players needed to consider each coral they placed. 

 In the previous version, because the menu was omnipresent, it cluttered the environment, 

especially if more options were added. In the new version, because there were other activities 

the player could do in the artefact, having the menu only appear when required meant that it 

never got in the way of something else the player might wish to do or look at. 

 Players should decide where they wanted to grow before they decided what they wanted to 

grow. While this was not going to be true 100% of the time, having players pick the grid space 

to grow in first helps shift their thinking towards this. 

 Summoning the UI after a grid space is selected means the UI can dynamically adjust to the 

options available for that space. Some corals are not available for certain grid spaces, so 

instead of choosing a coral and then not being able to place it, the player is never shown 

options unavailable for their selected grid space. 

Based on these factors, the specifics of the coral selection menu were designed. The resulting UI 

focused on showing each species, then giving the player a choice of shape after this was selected 

as shown in Figure 20. The player needed to go through Norman’s cycle of interaction (2013) as 

discussed in Section 2.4.4 twice to successfully achieve the interaction goal of growing coral. The 

player can plan which species they wish to grow, specify which one and then perform a click. They 

then go through these stages again to pick a shape. The important feedback comes through the in 

the second cycle, where they can first perceive the UI closing, polyps flying down from the 

biodiversity meter, and something raising from the ground, interpret this as a coral beginning to 

grow and comparing that to their goal, checking if it is the correct coral. 

 

Figure 20: The coral selection menu, when all the corals species have been unlocked. Left: the first tier of the menu 

when summoned. Centre: the menu when the player gazes at an available coral species. Right: the second tier of the 

menu when a coral is clicked. Reproduced with permission of Associate Professor Alexandra Coghlan. 

Early decisions regarding player control of coral growth were made because of a concern that, if 

the corals started changing without player input, they might lose that feeling of it being their reef, 
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and it would be more difficult to evoke the desired emotions from the player. This would also form 

a core component of addressing SO2.3, requiring the player have input into the virtual reef rather 

than a passive experience. However, the simple interactions and limited menus resulting from the 

Cardboard HMD’s input mechanisms needed to be adhered to. One option was to add a menu that 

sprung out of an already placed coral that allowed the player to ‘grow’ the coral bigger for a certain 

amount of polyps/currency. This meant, however, that the coral would have to expand out of the 

centre or the player would then need to select in which direction the coral would grow, adding 

more UI than was ideal. Instead, the same placing and growing methods the player would already 

be doing were used, so that the corals merge to grow into a larger coral. This meant the player did 

not have to navigate any different menus or learn anything new, other than that placing coral in a 

set arrangement would allow it to grow bigger. It also meant that the player could dictate where 

the bigger coral grows by selecting which grid spaces, rather than having to pick a direction in a 

different type of UI or menu. Players would get feedback (see Section 2.4.4), in the form of a 

particle effect emitting from the merging corals, when they were successful,  eventually leading to 

the coral becoming one larger coral. 

 

Figure 21: Diagram of the three ways considered for implementing coral growth. 

The most prominent piece of user interface in the artefact is the biodiversity meter. The meter is 

designed to be the anchor point for the player in the environment; a forward direction in a 360-

degree environment, while clearly representing the biodiversity for LO8. The meter represents their 

progress through the artefact and shows how close they are to the next major milestone. It is also 

where the bubble unlocks appear when the player receives a reward. While the biodiversity meter 

is not directly intractable, it represents a mapping (see Section 2.4.4) to the entire reef, particularly 

new coral being grown. When the player grows coral, the water level slowly raises, indicating the 

actions that increase the player’s biodiversity score. 
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Figure 22: The Biodiversity Meter, polyp count and collection button as they appear from the player's in-game 

viewpoint. Reproduced with permission of Associate Professor Alexandra Coghlan. 

While most bubble unlocks are simply unlocked when the player clicks on them, the paint algae 

and giant clam bubble unlocks require the player to choose a place in the environment for them to 

go, and thus the UI needed to allow this. When one of these bubble unlocks is clicked on, the player 

is given feedback (see Section 2.4.4), by highlighting the areas the player can place the item onto in 

a related colour (for the clam the grid appears blue, while for the paint algae it appears pink). The 

squares also act as a signifier (Section 2.4.4) to the player of where can be clicked on, juxtaposing 

the un-highlighted areas that are not available for interaction. The player can then select any of the 

highlighted squares in order to place that item, and then are returned to the typical grow mode. 

Above the biodiversity meter is where players can see how many polyps they currently have, and a 

button to collect polyps when they are available in the environment. To create feedback (see 

Section 2.4.4) when a player gathers polyps, and to show the mapping (Section 2.4.4) of which 

coral they are coming from in the reef, a small polyp icon is shown flying from the corals that have 

polyps for collecting and fly over to the polyp count indicator when the player clicks the ‘collect’ 

button. The collect button has its own signifiers (Section 2.4.4) for when polyps are available for 

clicking. When there are no polyps available to the player, the button animates backwards and 

goes dark, while when there are polyps to collect it moves forwards and becomes bigger. The 

button animates to suggest it will do something when clicked when the player looks at it when 

polyps are available. The feedback and signifiers used for this UI is intended to help the player 

figure out what polyp is beyond any text prompts for LO4. 

The other omnipresent UI in the environment are the ‘grow’, ‘look’ and ‘settings’ buttons. These are 

placed in the sand towards the bottom of the player’s viewpoint, within the area that no grid 
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spaces will unlock. These were positioned so that they would be typically out of frame when the 

player is looking at most of the environment but are available for clicking on if the player should 

need. The grow button is the default mode for the player and allows them to grow coral in the 

environment. The look button lets players summon the fun facts about the different fish by clicking 

on any that they can see in the environment. The settings button is simply a set of settings which 

was mostly used by the researchers to restart the artefact quickly. The icons on top act as the 

most obvious signifiers (see Section 2.4.4) of the actions that will occur when these buttons are 

pressed, while the buttons react to being looked at, and depending on their state give different 

feedback (Section 2.4.4) when clicked. 

 

Figure 23: The look, build and settings buttons. Reproduced with permission of Associate Professor Alexandra 

Coghlan. 

The buttons ensure the player can complete the tasks as they wish. Especially towards the latter 

half of playing the artefact, the environment becomes filled with marine life that have fun facts 

attached. Were these modes not separate, the player would have difficulty clicking on many of the 

grid spaces in the environment because a fish might be swimming in front of it. Looking at the 

problem from the perspective of Norman’s interaction cycle (discussed in Section 2.4.4), if 

differentiation was not made between these two states, the many fish in the environment would 

prevent the player from successfully performing the interaction, without necessarily being able to 

perceive why it was unsuccessful. These buttons allow the artefact to better interpret the 

intentions of the player and ignore the marine life when they want to build coral or to make it easier 

to click on marine life if that is the player’s intent. 

To keep the artefact visually uncluttered, where possible certain attributes were displayed without 

typical ‘bars’ and ‘stats’, but integrated using other visual elements. For example, every coral has a 

value pertaining to its current health. While putting health bars somewhere near the coral was 
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discussed, these more obvious feedback (see Section 2.4.4) options were omitted to instead focus 

on more subtle, in-world options. All coral instead start sinking into the ground and losing colour 

when they are losing health, to mimic what players might understand of what happens to coral 

when they are bleached. While players are not able to see what specific value of health the coral is 

at, as this is something they cannot actively change, (other than to wait for the coral to regenerate 

health) it didn’t seem important enough to show a clear numerical representation of the coral’s 

health. Especially due to the 360-degree environment, it was important the player’s cognition (see 

Section 2.4.4.1) was not overloaded with information that was ultimately un-actionable. 

When players click on a surface deemed horizontal, which was designated as any surface with a 

less than 30-degree incline, then a certain array of available coral would be presented in the user 

interface. If the surface is deemed vertical, which was all other surfaces, then the player would be 

presented with a different set of available coral to build from, and different limits on maximum 

size. For Acropora pulchra, for example, the staghorn shape is only available for vertical surfaces, 

whereas the plate shape is only available for horizontal surfaces. The difference in how the coral 

selection menu looked for each scenario when all coral is unlocked is shown in Figure 20. 

Due to development limitations, the artefact did not contain any sounds. Sounds work well as 

additional signifiers and feedback (see Section 2.4.4) to the player for events, alerting them to 

actions happening outside their field of view, or to reinforce UI feedback (such as successfully 

clicking on a button). Sound was not prioritised early in development and became an option that 

was outside the scope of this dissertation to include. If attempted again, sound is an element that 

would have been prioritised, as there is research to show positive factors of sound on motion 

sickness (Lozano, 2016) and presence (Serafin & Serafin, 2004). 

5.3.1.2. Hypotheses for Play 

Based on the design discussed in this chapter, hypotheses for what will happen when a player 

interacts with the artefact have been made. These hypotheses will help guide the data collection 

conducted in Activity Four and act as a starting point for evaluating the data in Activity Five for 

Iteration One. Hypotheses are presented in Table 15. 

Table 15: Iteration One: Hypotheses for play 

Hypothesis DPE Layer 

If players read the scientific names for the coral, they will struggle to pronounce 

them or not try at all.  

Learning 

If a player tries to communicate with the researcher or a friend about a specific 

coral, they will not use the scientific name, opting for a description instead. 

Learning 

The player’s experience will follow the steps of the hero’s journey in some way. Storytelling 
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5.3.2. Activity Four: Demonstration 

As discussed in Chapter 3, Activity Four: Demonstration involves demonstrating the artefact and 

collecting data, with the purpose of using that information to make changes in the subsequent 

iteration. In this section details of the demonstration sessions will be given, along with a 

breakdown of the data. The data are presented aligned with the five layers of the DPE framework, 

learning, storytelling, gameplay, user experience and technology. As the design phase of the DPE 

framework was completed in Activity Three, the focus in Activity Four is the play and experience 

stages. From the perspective of data collection, experience represents data on the participant and 

their experience of the artefact, while play represents the design phase combining with the 

participant and what occurs when the artefact is engaged with.  

Data in this section are separated between that relating to experience and that relating to play. 

Data collected during the pre-session questionnaire and the post-session interview are presented 

in relation to the player’s experience, both what they bring to the artefact and then how they 

experienced the artefact, while observations made during the play session, as well as reviewing the 

video recordings of the sessions relate directly to the person’s participation during play. Data are 

broken down between the DPE framework’s layers related to that stage. For play, the layers are 

teaching, storytelling, dynamics and interactivity, while for experience the layers become learning, 

story, affect and engagement respectively.  

5.3.2.1. Conduct of Study 

Sessions were conducted on two separate trips to Cairns on board Passions of Paradise reef tour 

boat. The first sessions were conducted from –1 to 7 August 2018, while the second were 

completed –5 to 14. October 2018. As with the previous trips, safety briefings and other issues on 

board the boat limited the testing window to the two hours between leaving the reef and returning 

to Cairns. In total 10 people played the artefact on the first trip while 9 people played during the 

second trip. 

Due to the forward direction of the artefact facing the biodiversity meter, players 

will find new bubble unlocks soon after they appear. 

Gameplay 

If a player does not immediately notice a new bubble unlock, they will see the 

bubble unlock the next time they go to use the ‘collect polyps’ button. 

Gameplay 

When a player uses the coral selection menu, they will eventually figure out what 

the symbols for ‘max size’, ‘aggression’ and ‘cost’ mean. 

User Experience 

If a player sees the ‘build’ and ‘look’ buttons, they will understand what each 

does and which mode they are currently in. 

User Experience 

If a player knows what bleaching is for a coral reef, they will understand the 

visual indicators used in the artefact when a bleaching event occurs. 

User Experience 
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Recruitment was initially done by approaching groups of tourists to ask if they wished to 

participate. On the second trip, the crew were asked to make brief announcements to passengers 

to seek out the ‘Griffith researchers in red shirts’ should they wish to participate in research on the 

trip back to Cairns.  

Participants were given a pre-session questionnaire to complete before playing the artefact, 

included in Appendix 4.1.2. The play time was determined by the participant. Upon finishing with 

the artefact, a post-session interview was conducted, the structure of which is included in 

Appendix 4.1.3. Play session data was recorded through observation and capturing the video 

stream from within the phones where the artefact was running. A separate phone was used to 

record players from the outside of the HMD so that their vocalisations and head movements could 

be recorded. Data collected from participants in pre-questionnaire can be found in Appendix 3.1. 

Participant names have been removed and coded based on the iteration they participated in and 

assigned an ordered character sequence from the alphabet. Participant ages ranged from 24 to 

49, with a median of 34 and average of 33. The participant pool was from 6 different countries. 11 

participants went snorkelling, 5 diving and 3 did both. The average play session length for Iteration 

One was 25 minutes. 

Gameplay footage of the artefact as of this activity is available here with permission from 

Associate Professor Alexandra Coghlan (Full link provided in Appendix 2).  

Example Session: Participant I1-AA 

Pre-session Questionnaire 

Table 16: Iteration One example participant Reponses to pre-session questionnaire 

Question Answer 

Age 49 

Nationality Australian 

Dive/ Snorkel?  Dive 

How many times have you visited a reef (around the world)? 20+ Times 

How often do you play videogames?  Several times a week 

Which platform(s) do you play games on? Mobile 

How often do you make In-App purchases?  Never 

On average, how much do you spend per In-App purchase?  -- 

Which of these VR devices have you used before?  Never used 

How often have you used the above VR devices?  -- 

Do you intend on visiting the reef again?  Yes 

Why did you come out on the reef today? Birthday present for son 

How much knowledge would you say you have about the reef? Average 
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Observations and Video recording review 

On first handing over the HMD, the participant immediately asked, “What’s the white dot again? 

How do you get it to…” while looking for a reminder on how to interact. They successfully clicked 

the ‘next’ box in the tutorial box, but accidentally did it twice to skip a section of the text, stating, 

“Oh, now I don’t know how to go back.” They read the rest of the tutorial prompts and, while the 

last was still up, started looking around at the ground. They eventually dismissed the tutorial 

prompt which then made it more obvious where they should be clicking to build coral.  

They took a moment to read the tutorial information in the coral selection menu, but then clicked 

elsewhere outside of the menu to close it. They reopened the menu, and successfully selected 

‘Acropora Pulchra’, but then and tried to click the heading section of the menu, rather than the 

staghorn shape. They eventually moved the cursor over this part of the UI and clicked on it to build 

their first coral. 

They read the tutorial box that pops up after this, which states, ‘Your coral will also start producing 

polyps now’. They then said to the researcher, “What I would say is, people don’t know what a 

polyp is. I don’t know what I’m looking for.” On dismissing the tutorial, the player selected ‘summon 

bumphead’ button to remove their only coral. After watching this occur, they opened the coral 

selection menu again. They asked, “So with the coral selection, the only one that comes up is the 

acro-poora pul-tra?” After an explanation that some more will unlock soon, they confirmed by 

asking, “So I can only do that one?” After a moment to think, they went on to say, “’Cause I did that 

before, I built a staghorn coral, and then that’s disappeared and I’m back on the acro,” not having 

realised why the previous coral ‘disappeared’. The researcher suggested continuing with building, 

and the player responded, “So I can grow more than one?” 

In attempting to grow the next coral, the player had trouble successfully opening the menu by 

looking at an empty space in the reef and clicking the screen. They described the issue, and the 

researcher suggested trying a different square, which worked. In reviewing the video recordings, 

the issue appeared to be how they were holding the phone, with a different finger resting on the 

screen, which appeared to be preventing the other touch inputs registering. The player 

coincidentally moved these fingers when the researcher suggested trying a different space, and 

then the UI began working again. 

The player grew a second coral, and a new tutorial box popped up, mentioning the ‘big gauge’ is 

their biodiversity meter. The player asked, “Where is the big gauge?” with the researcher getting the 

What do you currently know? Worked for tour company, 

Knows fish and coral names. 

Are there any questions you have about what you saw while in the 

water?  

-- 
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player to look around in the environment to find it. Upon beginning to move their head, they 

responded with: “Oh, OK, I didn’t know that,” referring to there being more stuff around the user in a 

360-degree environment. When trying to look at the gauge, because it is mostly behind the player,

they had difficulty rotating that far around due to the back of the chair being in the way. They 

finished reading the tutorial prompts and found a different spot to grow another coral. They grew 

two more to unlock the next coral, but did not know to look back around at the gauge to collect 

polyps. After building a few more, they eventually looked back at the gauge to find the new coral, 

stating, “The gauge is really hard to get to.” They then proceeded to grow one of new coral, 

Acropora digitfera. As the new coral grew, they then clicked on the coral again to see the ‘summon 

bumphead’ prompt, but a tutorial popped up before they could click it. After reading the first part of 

the tutorial, they hit ‘next’ several times quickly to get through the tutorial. Immediately realising 

what they had done, they said, “I think there’s a lot of directions I’m not reading because I’m flicking 

through.” They proceeded to grow a few more corals. They then said to the researcher, “I guess… 

what I’d be thinking now is… what am I doing? Like… maybe I need more of a reward thing. Rather 

than it being over there it should be here,” referring to the biodiversity meter behind them. They 

went on to say, “I would like to have more rewards, quickly, you know? Like stage one: done. Stage 

two: done.” 

Reflecting over their reef, they said, “So I’ve got quite a lot of these corals now, but I can’t get 

another type of coral…” and then remembered the biodiversity meter. Following this, they said, “Oh, 

you gotta go over there.” They successfully collected the new coral and read the tutorial prompt. 

They then asked, “You know how you’re calling the coral their full name, it’s hard to understand. Do 

you call them their nickname as well?” 

They proceeded to grow some more Stylophora pistilata staghorns, until another tutorial prompt 

reminded them to use the ‘collect’ button when they need more polyps. After looking around for a 

little, they found the buttons at the bottom and asked what they are for. They then say, “I also don’t 

know what the difference is between the green square and the white square,” referring to the 

placement indicator square. 

In growing more coral, the participant was faced with the ‘no more polyps!’ indicator in the coral 

selection menu. They attempted to grow the coral a few times with the ‘no more polyps!’ indicator 

appearing before they said, “Yeah, so it keeps saying no more polyps but if I don’t know what a 

polyp is how am I supposed to…?” The researcher explained how to use the ‘collect’ button. They 

remarked, “Yeah so if that was at the front that would make it easier.” Continuing to build, they 

asked, “So is the aim to make as much coral as possible?” following with, “So the more you press 

the more points you get? Right.” 
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The participant continued growing coral for a period. Eventually the tutorial prompt informing them 

that they have unlocked a new reward species appeared, but they dismissed it quickly without 

reading. They then said, “So I guess if I was doing this on the boat, as an adult, I’d be like ‘Well 

that’s enough, it’s been 10 minutes, and I don’t feel like I’ve achieved anything. I’ve got two fish and 

a bit of coral’.” (The participant had been playing for just under 20 minutes.) They continued to play 

and grow coral but did not realise there is a prompt. They once again ran out of polyps and asked 

the researcher how to get more polyps. After successfully hitting the collect button, they also 

noticed the reward bubble and clicked it. They said, “Oh, I just a clown fish,” and after a brief look 

around, followed up with: “But I don’t know where he is though.” After a little more searching they 

found the purple anemone. 

The participant continued to build a few more coral in different places around the reef. After a 

short period of silence, they asked about the meaning of the symbols on the sides of the coral 

selection menu, as they did not know what the symbols are supposed to mean, and thought they 

needed to click on them. The participant then also explained how they felt like sometimes like the 

corals wouldn’t grow when they selected them, which (from the video recording) appeared to be 

related to accidentally clicking away from the user interface, or that the coral animations take a 

second to appear when a coral is successfully selected. 

After more coral building, the participant experienced the first bleaching event. They respond with 

an “Oh!” but did not initially say anything else. They looked around for a bit as the event continued, 

and at the end read the tutorial prompt that mentioned that it was a bleaching event. After 

dismissing the tutorial prompt, they said, “So I just had a bleaching event, but I didn’t know what it 

was. It happened, and I thought ‘game over’, like is that it, but now it’s gone ‘no, no, no you haven’t 

lost it all’.” Without having seen the new rewards, they looked towards the newly formed rubble but 

could not do anything with it. They grew some more coral on the already available spaces. They 

eventually found the paint algae reward bubble, and said, “The dot’s gone pink,” and eventually 

found a spot to place the paint algae. They continued to grow some more coral from there but 

ended their session shortly after. 

Session Length: 40 minutes. 

Post-session Interview Summary 

Table 17: Iteration One example participant Reponses to post-session interview 

Question Answer 

1. Do you have any questions about what you

saw/ happened in the game? 

Thought the artefact would be more appropriate 

for kids. Parents can have a drink or a nap, while 

knowing the kids are entertained. 

2. How'd you go? -- 
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5.3.2.2. Data on Play  

Table 18: Iteration One Data on Play 

3. Were there any aspects of the game you didn’t 

enjoy? 

Thought if they got more rewards early on might 

have been keener to continue playing. Wanted 

things to happen faster. More description in the 

user interface, and more direction in what to do. 

4. Were there any aspects of the game you DID 

enjoy? 

Enjoyed the general experience.  

5. Was there anything from your snorkel/ dive that 

you recognised in the game? 

no 

6. Was there anything in the game you didn’t 

understand? 

The user interface was confusing. There were 

elements that were there that they didn’t know 

what they meant. 

7. How did you feel during the bleaching events:  Didn’t know it was bleaching until afterwards, so 

didn’t really affect. Might have stopped playing 

at that point if knew what was happening. 

8. What was driving you forward to keep building 

the reef, if anything? 

Wanted to fill the reef as much as possible. 

9. Did you learn anything new about the reef from 

the game, if anything? 

no 

10. Would you be interested in playing the game 

when it is released? 

Not for themselves, but for their child. 

11. Did the game make you want to revisit the 

reef? 

 No change. 

12. How much knowledge would you say you have 

about the reef now? 

The same amount as before. 

Data Type Data DPE Layer 

Observations, 

Reviewing video 

recordings 

Every player when they first started playing the artefact would 

read the tutorial pop-ups that would appear. Eventually players 

would start skipping them. Four players started doing this within 

the first 5 minutes of playing, missing most of the learning 

information. 

Learning 

Reviewing video 

recordings 

One player used the bumphead parrotfish to delete a coral that 

had a sea urchin on it. Later in their session they successfully 

removed the urchin by placing other corals around it. 

Learning 

Observations Two players stopped building coral for an extended period to 

watch the clownfish move in and move about in the anemone. 

Storytelling 
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Observations, 

Reviewing video 

recordings 

Two players experienced coral aggression during their session. 

Most players who finished the artefact did not experience 

aggression at all. 

Gameplay 

Observations three players had collected and stored 100 polyps by the time 

they had been awarded the second great eight species, the Maori 

wrasse. When they eventually ran out of those polyps, collecting 

would give them 100+ more polyps. One player when they 

finished their session had 1000s of polyps in reserve. 

Gameplay 

Reviewing video 

recordings 

All players who built different types of corals next to each other 

would unlock paint algae bubble unlocks in quick succession, 

sometimes right after the last.  

Gameplay 

Reviewing video 

recordings 

Three players attempted to grow on newly formed rubble as 

soon as it appeared after a milestone, before they had placed 

paint algae.  

Gameplay 

Reviewing video 

recordings 

All players’ reefs were comparatively empty to the amount of 

area they had available to available for growing. All players got 

halfway through playing the artefact with a reef that looked 

sparse or with over 50% of the unlocked grid space empty. 

Gameplay 

Observations, 

Reviewing video 

recordings 

Six players clicked on coral before they had been introduced to 

the bumphead parrotfish to delete coral. All clicked the button, 

and most did not understand why their coral was removed and 

had to ask the researcher what happened. 

Gameplay 

Reviewing video 

recordings 

Only one player was proactively building larger coral, moving 

their head to measure out distances to ensure they had adequate 

space to accommodate a larger coral. In a specific instance they 

did this to measure out a 3x3 space, and subsequently built a 

3x3 sized coral. 

Gameplay 

Reviewing video 

recordings 

The same player from above tried to build a 4x4 sized coral but 

used a species and shape that had a max size of 3, which meant 

that the coral did not form together as a 4x4 but as four 2x2s. 

Gameplay 

Reviewing video 

recordings 

Four players at different points through their session investigated 

the look, build and settings buttons at the bottom of the screen. 

The same players also took a moment to look at the starfish near 

them. 

Gameplay 

Observations Four players had noticeably poor reactions to the second 

bleaching event. While those players continued playing, it 

negatively affected their mood while playing the artefact. 

Gameplay 
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Observations Five players were able to find the biodiversity meter in the 

environment when it was mentioned in the tutorial. Four players 

did so while the tutorial was still up, then returned to the tutorial 

to finish reading. Two of those players tried to click the collect 

button after finding the biodiversity meter while the tutorial was 

still up. 

User 

Experience 

Observations, 

Reviewing video 

recordings 

Four players tried clicking on the unavailable coral selection 

menu. Two players asked what they need to do when this screen 

appeared. Five clicked on the coloured coral initially, but later 

tried the unavailable corals. No players tried this again once they 

realised the greyed-out corals would not respond. 

User 

Experience 

Reviewing video 

recordings 

Four players attempted to return to building coral while they were 

still supposed to be placing the giant clam or paint algae unlocks. 

Paint algae was the most common unlock that caused this 

problem. 

User 

Experience 

Observations, 

Reviewing video 

recordings 

Five players did not realise there was a bubble unlock available to 

them, paint algae or other, for an extended period.  

User 

Experience 

Reviewing video 

recordings 

Six players started playing the artefact facing the ‘wrong way’ in 

the environment, not facing towards the biodiversity meter as 

intended. When players did start facing the correct direction, this 

allowed them to find elements mentioned in the tutorial, such as 

the rain meter and collect button, quicker. 

User 

Experience 

Observations One player had difficultly clicking on most things in the artefact, 

including the coral selection menu. Four players had trouble 

clicking on the further away grid squares, often missing or 

needing a few goes to click on the square they wanted. 

User 

Experience 

Observations, 

Reviewing video 

recordings 

Three players tried to click on the species ‘header’ after they had 

selected a species to grow in the coral selection menu. All 

players eventually figured what to select to successfully grow a 

coral. 

User 

Experience 

Reviewing video 

recordings 

Three players either ignored or did not notice the ‘need more 

polyps’ flashing when did not have enough polyps. All players 

would try click the button multiple times. Two players figured it 

out after a few clicks, but one continued to try and keep growing 

coral elsewhere. 

User 

Experience 

Observations During one participant’s play session, they would continually 

select Acropora pulchra or Stylophora pistillata, then go back in 

User 

Experience 
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5.3.2.3. Data on Experience 

Table 19: Iteration One Data on Experience 

the UI to select the other, indicating they were getting the two 

confused. 

Reviewing video 

recordings 

Five players never used the look, build and settings buttons that 

were located below them in the environment. One of the players 

that did not notice these buttons did however attempt to click on 

a fish when they noticed a new one had moved into their reef. 

User 

Experience 

Observations Three players would bring the HMD down to the table periodically 

before returning to the artefact. Two participants who were able 

to make it to the end of the artefact would put the HMDs down 

during bleaching events to give their hands a break. When asked 

why, they said there was not anything they could do during this 

time anyway. 

Technology 

Data Type Data DPE Layer 

Pre-session 

questionnaire 

All but three international players had not heard of coral 

bleaching before. All domestic participants knew the term and 

that it was killing coral, but degrees of knowledge varied.  

Learning 

Post-session 

interview 

Three participants did not understand what was happening at all 

when bleaching happened in the artefact, regardless if they knew 

what bleaching was or was not.  

Learning 

Post-session 

interview 

No player could name which specific coral they were referring to. 

Most resorted to describing the coral by colour and the shape. 

Learning 

Post-session 

interview 

Three participants mentioned not understanding what was 

happening in the reef after a bleaching event. They eventually 

figured out that more space was available to grow on but did not 

realise rubble formed or why. 

Storytelling 

Post-session 

interview 

Three players said they experienced paint algae in quick 

succession during their play session, and that it was annoying. 

Gameplay 

Post-session 

interview 

Two players stated it was tedious when they had to rebuild after 

a bleaching event just to work back up where they were 

progress-wise.  

Gameplay 

Post-session 

interview 

Two players mentioned something to do with wanting to fill the 

entire buildable environment but being unable to do so, or that 

their reef never felt full. 

Gameplay 
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5.3.3. Activity Five: Evaluation 

Based on the data collected in Activity Four, Activity Five involves analysing the data to determine 

if the artefact is a solution to the problem. This primarily involved comparing the data to the 

solution objectives identified at the end of Chapter 4 as a part of Activity Two. To aid in the 

analysis this was examined through the lens of the five layers in the DPE framework. The layers 

are framed through the stages of play and experience of the DPE framework, as the analysis is 

relevant to the player and their interactions with the artefact. A set of recommendations for the 

next iteration are given based on what the designer can do in the design to address any issues. 

5.3.3.1. Analysis of Play and Experience 

Learning: Teaching 

Based on the information collected from the post-interviews, the majority of participants were 

learning the information that was presented directly to them, either in the tutorial pop-ups or from 

the fish fun facts. It was not clear whether the mechanics in the artefact were contributing to any 

direct takeaways or learning. From the perspective of the revised taxonomy (see Section 2.4.2.1), 

players were only able to parse information that was presented within the cognitive processes of 

‘understand’ or ‘remember’. This is potentially an issue as it was clear that the large amounts of 

text were also annoying participants to the point of not reading them. There is the potential that 

because the written text is easier to parse and ‘remember’ (versus evaluating or analysing meaning 

from the mechanics) that players were able to quickly regurgitate those elements as a response, 

rather than thinking about their answer more and giving a more in-depth response. This means 

only part of SO2.1 has been satisfied, as it was unclear if players understood any of the more 

challenging concepts and ideas in the artefact. Even if the text was the only thing teaching the 

participants about the GBR, it would not be worth keeping if only a small number of players end up 

reading them. Another way of conveying the educational content would need to be found were the 

text removed.  

Post-session 

interview 

Six players did not like the amount of text they had to read during 

the play session. Responses ranged from saying it was tedious, 

or that they skipped them. One international player who ended 

their session before the first bleaching cited lots of reading as 

the main reason. 

User 

Experience 

Post-session 

interview 

Five participants mentioned their difficulties in holding up the 

phone and HMD for extended periods of time. They found it 

difficult to have their hands raised to their face for the entire play 

session length.  

Technology 
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Table 20: Iteration One Learning Objective results from testing 

The fish fun facts did, however, provide players with some of the information they were seeking 

after their experience in-water, relating to SO2.2. While some players struggled with using the 

feature (discussed in Section 5.3.3.1 Interactivity), once familiar with it, they were able to recognise 

an animal they saw outside of the artefact and find out its name and something about it. While 

promising, it is difficult to know how effective this is, as players may have seen a fish underwater 

and not made the connection with its representation in the artefact.  

One thing that was surprising to find was how much it was assumed a tourist heading out to the 

GBR would know about reef ecosystems. It was not expected that tourists would know a great 

deal, but it was assumed tourists would at least have heard about bleaching. This turned out to be 

true for the bulk of domestic participants, but untrue for international tourists. As the tutorial and 

explanation was written in a way that assumed players knew of bleaching and that its primary 

cause is increased temperatures, players who did not know have this knowledge sometimes 

attributed the colour change to the sun coming out. Others did not necessarily notice the corals 

were turning white or understood that this meant they were dying. The artefact needs to do a 

better job of introducing the idea of coral dying, what that looks like, and then the concept of 

bleaching. For this reason, SO8.1 was not fully successful, as while some players and some 

# Learning Objective Cognitive Process Demonstrable  

LO1 Remember a fun fact about species of marine 

life 

Remember Yes 

LO2 Remember the names and shapes of coral 

species 

Remember Half 

LO3 Explain coral aggression Understand No 

LO4 Remember what a polyp is Remember No 

LO4 Explain marine life succession Understand No 

LO5 Identify the multiple activities a swimming 

species may do in the reef 

Understand Yes 

LO6 Understand what paint algae does 

 

Understand No 

LO7 Explain why rubble is useful in a reef Understand No 

LO8 Evaluate what influences biodiversity in the 

ecosystem 

Evaluate No 

LO9 Remember what a bleaching event is Remember No 

LO10 Assess what happens during and after a 

bleaching event 

Evaluate No 
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threats were successfully introduced, more prominent ones were not appropriately 

communicated. Likewise, LO9 and LO10 were not fully achieved. 

It was also thought that people would be able to figure out what polyps were for LO4, based on 

written information as well as the signifiers and feedback (see Section 2.4.4) used in relevant parts 

of the UI. This proved incorrect for some participants who needed to ask. Most understood that it 

was a currency for gameplay purposes but they did not have any idea of the analogue to match in 

the real world. These participants were told by researchers that polyps were “essentially baby 

corals”, which players understood. As with bleaching, to satisfy the learning objectives, this 

information must be clear from the artefact, not from the researcher answering participant 

questions. 

Storytelling: Storytelling 

Regarding players not understanding bleaching, it is interesting to note that some players who did 

not know what bleaching was did realise their corals were dying, and it still seemed to evoke an 

emotional response. This lends itself to the idea that perhaps understanding of a threat is not 

necessary before the threat happens but can come after it occurs. In this iteration, the artefact 

explains what an urchin does and how to fix it before it occurs, and likewise attempts to explain 

what a bleaching event is just before the player experiences their first one. If the artefact conveyed 

when coral was dying, or more generally that something negative was happening in a clearer way, 

then perhaps players could be given a chance to learn about what happened afterwards. The 

confusion could be used to evoke fear during the threat, ideally triggering the player to want to find 

solutions with the goal of avoiding or dealing with the threat in a more efficient way. This identifies 

the implementation of bleaching and thus, though SO8.1 was not achieved, there are opportunities 

for improvement. 

Many players felt a negative emotion during the bleaching event, which is what was for the desired 

outcome. However, players then also felt negatively about the rebuilding the reef just so they could 

work up to what they previously had. Once they started getting new fish and participants felt like 

their reef was better than before the bleaching event, these negative feelings abated. However, 

participants did not enjoy the period between a proportion of coral dying and rebuilding to a 

similarly-sized reef. To some extent this is a necessary evil to elicit the ideal emotions from the 

player, however this has implications for players outside of a research participation context 

(potential future at-home users) who could be frustrated enough to stop playing the artefact. While 

this could be considered a ‘refusal of the call’ from the perspective of the player’s journey (see 

Section 2.4.5), the story cannot continue if the player simply elects to discontinue play. There are 

two factors that need to be balanced here. On one side, how difficult it is for a coral reef to rebuild 

from a bleaching event needs to be conveyed, but that it is possible. On the other side players need 
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to enjoy the experience and continue playing. If anything is changed to achieve this, it will need to 

address both concerns. 

In regard to LO7, players were not able to identify that it was in fact rubble that was appearing in 

the environment after a bleaching event. This is likely a problem with the visuals of the rubble, 

where the texture/image being used did not make the objects look like rubble, rather just a weird 

mound.  

As mentioned in Section 5.3.1.2 teaching, players’ reactions to scientific names of coral being used 

was investigated to see if the LO2 would be successful. While it was expected some players would 

not know how to pronounce them, very few of the participants even tried to use the scientific 

names and opted instead for descriptors of the coral, thus failing LO2. For those participants who 

tried, they would second guess the pronunciation or say something like “the acro one”, sometimes 

incorporating the shape. Overall, this is not surprising and shows the need to include something 

that players will more easily absorb in terms of how to refer to a species of coral. While players 

might learn the scientific name with more time interacting with the artefact, given that these are 

not essential to understanding the reef, scientific names are not the elements participants need to 

take from the artefact. 

With the feedback that the tutorials were too long, a review of the pop-ups made it clear that there 

was a lot of text that is neither explaining mechanics nor conveying educational content, but purely 

flavour text to add flair. While it can be important to add character to a videogame’s in-game text, it 

is clear that what was written was adding too much bulk to what players’ need to read. Especially 

given the requirements that text be of a large enough size for players to read in VR, the number of 

pages that is required just for a few short sentences makes the tutorials tedious. Changing the text 

to focus in on only the essentials will likely help keep players engaged and reading. 

Regarding the player’s journey (see Section 2.4.5), while some of the stages were present, from the 

data collected it was difficult to see if the player experienced the emotional cues related to each 

stage. Table 21 summarises the alignment of the player’s journey to the data where possible. 

Table 21: Iteration One player's journey analysis 

Stage Player’s Journey 

1. The ordinary 

world 

Player has just experienced the GBR, either from diving, snorkelling or from 

the vessel. They may have had a positive or negative experience for a variety 

of reasons. 

2. The call to 

adventure 

Player on the boat is told via the loudspeaker there is a research team 

demonstrating a VR videogame on board the boat, and they can participate if 

they wish. For some players the call to adventure was when they were directly 



A virtual reality serious game based on a nature-based tourism attraction 

Lewis Carter 

Page 148 of 294 

The difficult element in applying the hero’s journey to videogames is a player’s ability to end 

participation at any time. In the traditional sense, crossing the first threshold is point of no return; 

should the protagonist cross the threshold, there is no going back. When interacting with the 

artefact however, the player can end their journey at any time. Thus, the artefact does not have any 

concrete ability to create a moment of ‘crossing the first threshold’. Instead, this idea could be 

transmuted into the moment a player commits, to the best of their ability, to continue playing. 

While their session might have been cut short due to logistical constraints, were they playing the 

artefact in a more traditional environment, such as at home, if they wanted to come back to the 

artefact, that would be a moment of crossing the first threshold. From the data collected, this 

asked if they wished to play, either because they were near where the research 

was being conducted or they were hovering around after the initial loudspeaker 

message. Some passengers may be excited by this prospect, others less keen. 

3. Refusal of

the call 

Player may be reluctant to play. For some passengers this meant ignoring the 

call to adventure, for others it meant hovering around where the research was 

being conducted but not approaching. Some players who immediately came and 

asked did not refuse the call. Most passengers did not continue beyond this point 

as they did not wish to participate. 

4. Meeting the

mentor 

The player is introduced to the artefact. This could also be seen as specifically 

being introduced to the bumphead parrotfish tutorial, who acts as a mentor 

within the artefact. The tutorial shows the player how to engage with the artefact. 

5. Crossing the

first 

threshold 

Either: Unclear 

OR: Player unlocks more space to grow coral in their reef, and the tutorial mostly 

subsides to let them grow and maintain the reef. 

6. Tests, allies,

enemies 

The player experiences the various disturbances, mostly a sea urchin at first 

followed by bleaching events. Player’s commitment to playing and their reef is 

tested after each bleaching event and their willingness to continue building. 

7. Approach After the first few bleaching events, the player now knows that one may happen 

at any moment. As they approach these moments, players think about what they 

can do to prepare for what will happen. 

8. The ordeal Unclear 

9. The reward Unclear 

10. The road

back 

Unclear 

11. Resurrection Unclear

12. Return with

the Elixir 

Unclear 
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moment appeared to be most commonly after the first bleaching event when the rubble formed, 

and players had more space to grow available to them. 

In this sense, the ‘refusal of the call’ can happen at any point through the play session. Because 

most players do not reach the end, it can be said they are refusing the call when they do this. This 

may be because of time constraints, boredom or any other reason, but since they do not get to the 

emotional triumph of overcoming ‘the ordeal’, this can be seen as refusing the call and thus not 

completing the hero’s journey. 

From the data collected, it is difficult to identify a single point that signifies ‘the ordeal’ and ‘the 

reward’. The closest analogue in the artefact for the ordeal are the bleaching events, but other than 

becoming stronger as the gameplay progresses, they do not change, and thus are closer to ‘tests’ 

as described in ‘tests, allies and enemies’. They do also offer rewards, however ‘the reward’ doesn’t 

so much refer to a reward in a gameplay sense (see Section 2.4.3), but more an item that 

represents an emotional change in the player.  

The reason the later sections of the player’s journey were unclear in this iteration is that there was 

no ‘elixir’ identified during the design phase. The objective of this iteration—building an interesting 

videogame around a nature-based tourism attraction—meant that identifying an emotional 

transformation to build towards (Batty, 2010) was not a consideration. The learning objectives 

could be used as a stand in here, however if designing for this while following the hero’s journey, 

the result would have ended up with a lot of the traits typical of a traditional educational game, 

such as knowledge tests, pass/fail criteria etc. This is not what was wanted for the artefact, as the 

true objective for the artefact for emotional transformation is connectedness. Connectedness is 

discussed in Chapter 6, during the final iteration of the artefact. There is no clearly identifiable elixir 

from the perspective taken here, because in the first iteration the design was not looking to 

emotionally transform.  

Gameplay: Dynamics 

One of the core complaints from participants were the constant paint algae unlocks that needed to 

be dealt with. While it was believed players would enjoy receiving mini-rewards (see Section 2.4.3) 

between milestones, rewards came so frequently that they interrupted flow, especially since to 

complete the process of receiving a paint algae the player needed to place it in the environment. 

From the observations it was also seen that players would put one down, and whether the player 

noticed immediately, a new one would appear right away, meaning that they had already earnt 

multiple paint algae since last collecting a reward. This is because bubble unlocks work as a 

queue, so they will not appear until all the previous unlocks have been collected.  

While the inclusion of paint algae was necessary for LO6, and was supposed to facilitate unlocking 

of rubbled areas over time, because the rubble was not available to players until a milestone was 
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reached, it did not serve a purpose other than to slow the player down. Players already could not 

grow in the unavailable grid squares until the rubble appeared, but then had to wait again until they 

placed the paint algae and it grew over the rubble. Removing the paint algae would still mean 

players had to wait for milestones to unlock more growable area but they could grow on all the 

rubble from that point forward without constantly placing paint algae unlocks. Some players 

already assumed that they could grow straight onto the rubble when it appeared without the paint 

algae, so the removal of paint algae would likely clarify and simplify the system. If this 

implementation of paint algae is removed, another way of addressing LO6 will be required. 

Currency is a difficult thing to get right in a videogame, since it is a determining factor on how the 

player experiences flow (see Section 2.4.3) in most building videogames like this one. When 

players ended up with too many polyps, the collecting of polyps and decision of what to build 

become far less important, which removed the challenge (Section 2.4.3) of expanding the reef 

which, in turn, disrupts the balance between challenge (Section 2.4.3) and skill that creates flow. 

The number of polyps earned over time and cost of corals needs to be revised. 

A typical session lasted around 20 minutes, while the longest play sessions (reaching the shark 

and completed the artefact) were two hours long. This delivered mixed results for SO7.2, as the 

majority of players would be able to take the artefact home and have several more sessions of 

play. However, if they played for longer, the artefact could be completed within the journey, 

meaning they would not have anything left to do in the artefact when they got home (repeated 

playthroughs were not anticipated). This is also a potential negative for SO7.1, as participants may 

have stopped playing after 20 minutes because they did not feel compelled to keep playing. Ideally, 

the player would be able to engage with the artefact outside of their reef experience for several 

hours more, and be internally motivated from curiosity to do so. Many players did however 

experience some time dilation, or at least surprise when they realised the boat was almost back to 

the mainland, meaning satisfying SO1.1 was more successful.  

User Experience: Interactivity 

Generally, players enjoyed and were able to interact with the artefact. While some players had 

trouble to begin with, the experience satisfies SO2.3, allowing tourists to interact with the GBR, 

participating in its (virtual) growth rather than simply watching. There were, however, some issues 

relating to interactive elements that players had when playing the artefact. 

If a participant had not been introduced to the delete button, when they clicked on a coral the 

option to summon bumphead would have been both confusing and likely enticing to click on. 

When participant worked out what had happened this often resulted in disappointment because 

they did not want to delete the coral, or confusion since they did not understand what had just 

happened. The summon bumphead button is explained in the tutorial, but players can still utilise 
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the mechanism before this time. Either the button should be removed until the tutorial pop-up has 

been shown to the player, or the tutorial should be a lot earlier. Before the tutorial appears, the 

mapping (see Section 2.4.4) between summoning a bumphead and it removing coral is not clear. 

Most of the time players did not end up knowing what the biodiversity meter and the collect button 

were because they weren’t exploring the environment when they first got into the HMD, and they 

were starting the artefact facing the wrong direction. This was an error on my behalf; when 

starting up the artefact fresh, the environment would be facing the correct way, where the 

researcher assisting the participant could see the biodiversity meter directly in front. However, 

because the participants were most commonly facing directly opposite the researcher, they would 

be facing the opposite direction, similar to what is described in Section 4.3.3. This results in the 

biodiversity meter being directly behind the player, and thus until they really explore the underwater 

environment, do not see it. 

In the coral selection menu, there was a large tutorial box that explained what each of the numbers 

in next to the shape of a coral meant. Only some people stopped to read these, and because it was 

a lot of text likely added to the reading fatigue most players experienced. It was also clear that 

most players did not understand the numbers next to the coral as many players would eventually 

ask what they meant, or not know that they could grow the coral bigger until it was either explained 

or they accidentally did it. The symbols used with some context might be enough to show what 

they refer to, but to clear up any ambiguity, more signifiers (see Section 2.4.4) should be used to 

help players understand what these values are referring to. If using text, this should be short so 

players do not have to read a paragraph just to understand the attributes of a coral. 

The data show that the size of the environment was problematic for two reasons. One was 

expected, in that the distance the player was from some of the outer grid spaces made it difficult 

for players to select the space they wanted, even with the ‘pro”’ feature of clicking and holding. 

When explained to some of the players, this usually proved more difficult for them to understand, 

and so did not improve usability. This is an ergonomic (see Section 2.4.4.1) issue pertaining to VR 

input generally; all people have different levels control over how their hands move on a minute 

scale, and when the target size is far away using a laser pointer style device, this small movements 

are magnified, and cause not just ergonomic difficulties but accessibility (Section 2.4.4.2) 

concerns. The second reason was due to when they unlocked more coral. Depending on how they 

built their reef, players would reach the next milestone far before they had covered even half of the 

available space to grow. This caused the reef to look sparse in many situations. In these scenarios, 

players would generally focus on closer grid spaces anyway as, even if they were able to click 

further away squares, it was still hard to see the coral. 
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To fix these issues, the values that represent when a player reaches a new milestone and could be 

changed so it takes longer, and forcing the player to grow more coral to get there. However, given 

the outer grid was difficult to grow on, it does not seem necessary to even keep it. A modified 

version of the environment that brings usable space closer to the player could increase feelings of 

making progress, and also make the reef feel more active and fuller. 

There were not enough visual signifiers (see Section 2.4.4) to show players that some of the coral 

was locked until later into their progression in the coral selection menu. While there was only one 

coloured coral in the coral selection menu, because the players do not have a reference point of 

what the corals should look like (coloured), there is no reason that they might understand that 

those are unavailable. To the player, colour was not a signifier that something was available or 

unavailable. Stronger signifiers would show that there is only one coral available to begin with and 

should prevent player confusion the first few times they open the coral selection menu. 

Technology 

Related to ergonomics (see Section 2.4.4.1), players experienced muscle fatigue in their arms from 

holding the HMD to their face after even short periods of play. Using a Cardboard HMD (see 

Section 2.4.1.2) required players to hold the HMD to their eyes and to click on the screen to 

interact, necessitating that both arms are used to stabilizes the HMD when in use. While for short 

experiences this allows players to quickly put the HMD up to their face, interact, or to pass around 

the device to let others have a turn, for extended play sessions this becomes fatiguing. Straps can 

be attached to Cardboard HMDs, but the positive traits of a Cardboard HMD—namely ease of use 

and quick sharing—are lost, and this does not fully solve the problem as a hand is still required to 

click on the screen of the device to interact. For the situation this artefact will ideally be used in, 

Cardboard HMDs may not be the most appropriate technology ergonomically speaking. 

This does however go against the current vision of SO7.2, where the participant would be able to 

download the application on their personal devices to play, and continue playing, once they have 

finished their day out on the reef. While allowing users to play the artefact at home becomes a lot 

harder, due to the aforementioned issues with the cardboard HMDs it was decided that changing 

HMD was still the best decision. Regardless, if players are getting tired quickly while playing, they 

are less likely to revisit the artefact at home. In looking to create a good experience for players, it 

was decided to change the HMD to better deliver the other solution objectives and forgo the 

cardboard HMD as an easy way to deliver SO7.2. 

Overall 

The artefact delivered a predictable experience to each of the participants. While each of their 

reefs looked different, and some struggled more than others, they were ultimately able to see a 
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virtual coral reef from the same perspective. This satisfies SO4.1, as the experience was able to be 

enjoyed by most age groups regardless of weather or other external factors. 

5.3.3.2. Recommendations for Design 

Table 22: Iteration One recommendations for design 

Recommendation DPE Layer 

To condense down the tutorial and shorten the amount of text a player must read, all 

superfluous text should be taken out. Some of the information designed for teaching 

should also be removed, so that the only text in the tutorials is telling players how to 

interact with the artefact.  

Learning 

Another mechanic that is closely related to a real-world ecological system should be 

added so that it is easier to see if players are comprehending at least some of the 

mechanically delivered learning objectives. 

Learning 

Change the names of corals in the UI to nicknames to see how players respond. Learning 

The visuals of the rubble should be adjusted to make them appear more like dead 

coral. This will need to take into consideration the fact that most players will not have 

seen rubble but have an idea of what dead coral will look like. 

Storytelling 

With the ‘elixir’ identified as connectedness for the purpose of the player’s journey, 

hold off on examining the player’s journey when interacting with the artefact until 

Chapter 6. 

Storytelling 

Remove the current implementation of paint algae and find a way to repurpose it into 

a different mechanic. 

Gameplay 

A new mechanic should be introduced to help players rebuild after a bleaching event, 

but still balance the emotions players should feel after a bleach. This mechanic could 

replace the mini-reward the paint algae was supposed to be, but mapped to the 

player’s actions more directly to also act as a goal. 

Gameplay 

The value of items and how quickly polyps are earnt should be modified to stop 

players getting too much currency too quickly. This will need to be balanced so that 

the player feels challenged at their skill level but keeps progressing. 

Gameplay 

As players were confused by the summon bumphead button if found before it was 

explained in the tutorial, the prompt should be disabled until it is explained in the UI. 

User 

Experience 

In the coral selection menu, text labels should be added to the maximum size’, cost 

and aggression symbols to more clearly show what these numbers signify. 

User 

Experience 

Because some players had ergonomic issues clicking on further away grid spaces in 

the environment, and that no player could fill the entire map, the entire usable 

environment should be made smaller.  

User 

Experience 
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5.4. Solution Objectives Review 

Table 23 below offers a description of how the artefact faired against the solution objectives 

identified as a part of Activity Two. These results will inform the decisions made in the next 

iteration. 

Table 23: Iteration One review of solution objectives 

As players wasted time clicking on corals that had not been unlocked in the coral 

selection menu, another visual signifier to show that these corals are unavailable 

should be added. 

User 

Experience 

Because the Cardboard HMDs caused fatigue, alternative devices that could be used 

to allow a less fatiguing and more ergonomic experience for players should be 

sought.  

Technology 

# Objectives Description Success? 

SO1.1 A better artefact would 

engage tourists in one sitting 

long enough to make travel 

times feel shorter. 

The artefact satisfied this objective for some 

participants, usually those who played it for 

longer. It was more obvious in passengers 

who played up until the boat was almost back 

to mainland.  

Yes 

SO2.1 A better artefact would 

introduce basic concepts 

about the ecosystem initially 

but would progress to more 

challenging ideas through the 

experience. 

Participants were able to offer information in 

the post-interview in easier cognitive 

dimensions but were unable to offer 

information presented through later cognitive 

dimensions. 

Partial 

SO2.2 A better artefact would show 

information tourists were 

seeking after their real-world 

experience, rather than them 

having to find or ask for it 

themselves. 

For participants who remembered the visuals 

of fish they saw underwater, the artefact 

satisfies this objective. However, there is no 

way of knowing if players saw a fish 

underwater, saw it in the artefact, and did not 

connect the two in their mind. 

Partial 

SO2.3 A better artefact would allow 

tourists to interact with the 

ecosystem and participate 

with it in some way, rather 

than be a passive observer of 

the environment. 

Players were successfully able to participate 

in the growth of their virtual reef, with their 

input being required for anything to happen.  

Yes 
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SO3.1 A better artefact would use 

the potential advantages of 

HMD hardware to alleviate 

discomfort. 

No players complained about cybersickness, 

however ergonomic problems arose. 

Partial 

SO4.1 A better artefact would offer 

a more predictable 

experience to tourists, 

especially when the 

ecosystem is otherwise 

unavailable. 

The artefact is predictable enough to show 

players the same animals, corals in the 

environment over a play session of varying 

length. 

Yes 

SO5.1 A better artefact would be 

playable by multiple groups 

or people at a given time, 

either together or on separate 

devices. 

Players were successfully able to talk to each 

other during the session and discuss what 

they had in their reef. Some players turned 

this into a competition. 

Yes 

SO6.1 A better artefact would 

simulate the feeling of being 

in the water to a degree that 

passengers feel like they are 

under water. 

No obvious conclusion can be made here 

based on the data collected. Potentially, 

ergonomic issues got in the way of players 

feeling this. 

Unclear 

SO6.2 A better artefact would allow 

passengers who couldn’t dive 

see the things they would 

have seen if they were able. 

While it is anticipated this is true, no 

participants during this iteration were unable 

to enter the water. 

Unclear 

SO7.1 A better artefact would be 

interesting enough to 

passengers that they wish to 

keep playing once they finish 

on the boat. 

Results were mixed. Some passengers said 

they would play the artefact off the boat 

while others said they would not. Since some 

players ended their sessions at 20 minutes, 

this may mean they were not at all interested 

in continuing. 

Partial 

SO7.2 A better artefact would be an 

experience long enough that 

it can continue to be played 

beyond the day visiting the 

attraction. 

While some players only played for 20 

minutes, since the artefact only took some 

players 2 hours to finish, it is likely that the 

artefact needs to be longer to satisfy this 

objective. 

Partial 

SO8.1 A better artefact would 

introduce the threats and 

While lesser threats like sea urchins were 

communicated successfully, international 

Partial 
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5.5. Draft Design Considerations 

With the completion of Activity Five of Iteration One, the first iteration to be completed following 

the DS methodology is concluded. In DS in general, Iteration One is usually the longest to complete 

due to the amount of work to create a first version of the artefact in Activity Three. Work in 

Iteration Two will focus on integrating the recommendations made in Activity Five. 

Based on the information gathered from Iteration One, an initial set of design considerations have 

been formulated in order to answer Research Question Two: What design considerations are 

relevant to a virtual reality serious game about a nature-based tourism attraction? Based on the 

data, analysis and recommendations for the artefact created so far, an early set of considerations 

for designing an SG around a nature-based tourism attraction are presented in Table 24. The 

design considerations will be revised at the end of this chapter based on the work completed in 

Iteration Two. 

Table 24: Draft Design Considerations based at the end of Iteration One 

ideas around conservation to 

the passengers.  

players in particular did not understand what 

bleaching was. 

# Design Consideration Justification from GBR Artefact  

1 Consider designing gameplay elements 

around segments of the attraction that 

tourists do not traditionally engage with. 

This might be for safety or logistical 

reasons. What parts of the attraction do 

tourists typically not see, think about or 

engage with? Can these be made 

interesting? 

Tourists can already take photos 

and eventually identify fish, so 

this didn’t become the core part 

of the gameplay. Instead, the 

artefact focuses on coral, that 

visitors usually only get to see 

from a distance, with fish acting 

as a component on top of that.  

Gameplay 

2 Consider dividing attraction elements 

between completely player-controlled, 

player-influenced and completely 

simulated. All three categories are needed 

to give the player agency while also 

conveying the complexity of the attraction. 

What from the attraction will players enjoy 

having complete control over? What would 

be interesting to occur because of these 

actions? What from the attraction can be 

simulated to create to show theirs more 

going on beyond what the player can do? 

Coral placement and growth are 

completely player-controlled in 

the artefact. Depending on the 

coral placement, different marine 

life will move into the reef. Marine 

life swimming patterns, 

disturbances and sand rubble 

formations are out of the players 

control to indicate there is more 

happening in the reef than what 

the player can dictate. 

Gameplay 



A virtual reality serious game based on a nature-based tourism attraction 

  Lewis Carter 

  Page 157 of 294 

5.6. Iteration Two  

To reiterate, Iteration Two is the second and final iteration completed to answer Research 

Question Two: What design considerations are relevant to a virtual reality serious game about a 

nature-based tourism attraction? In this iteration another round of Activity Three: Design and 

3 Consider the knowledge level of a typical 

tourist vs what a domain expert knows 

about the attraction. Use common 

knowledge to help players get comfortable 

with the videogame early on but work in 

new content once the player is 

comfortable. What do tourists visiting the 

attraction typically know? What 

information would domain experts want 

them to know? How can you start with 

common knowledge in the videogame and 

graduate to new information through 

progress? 

Early on the focus is on fun facts 

and coral growing behaviours, 

while later in the artefact 

aggression is introduced. Those 

first concepts are easier to 

understand, while aggression is 

likely to new to the player and 

thus is introduced later. 

Learning 

4 Consider the most advantageous 

viewpoint for the videogame. What is 

typical for tourists in this setting for real 

life? Can the player experience an atypical 

or impossible viewpoint in the videogame? 

Most visitors to the GBR see the 

reef from on top of the water, as 

with snorkelling, but the most 

engaging experience is from a 

diver’s perspective. With many 

tourists not diving, the artefact 

was able to capture the elements 

of that experience and deliver it to 

people in a more approachable 

way.  

User 

Experience 

5 Consider you/your team’s domain 

expertise. Do you know enough about the 

nature-based attraction? Have you 

experienced the nature-based attraction? 

Co-design with the domain expert and/or 

get to know the typical experience of a 

tourist before designing. 

A domain expert embedded in the 

team was required to bridge the 

design team’s 

misunderstandings or 

shortcomings. Visiting as a 

tourist to the reef over several 

days allowed an understanding of 

what a visitor typically does, so 

that something could be made 

that exists outside the norm but 

within the correct constraints. 

User 

Experience 
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development, Activity Four: Demonstration and Activity Five: Evaluation are completed to establish 

a list of considerations for creating a SG around a nature-based tourism attraction. Work on this 

iteration was conducted from December 2018 to March 2019. 

5.6.1. Activity Three: Design and Development 

For Iteration Two, Activity Three concerns the changes based on the recommendations made 

from Iteration One. While many of the changes are smaller fixes to what is currently in the artefact, 

it also involves adding several new features to adequately address the recommendations. Due to 

the limits of a PhD dissertation’s scope, the timeframe to complete the work was limited. The 

design and development activity of Iteration Two was conducted from December 2018 through to 

the end of January 2019. 

5.6.1.1. Process of Design 

Technology 

To rectify the issues players had relating to the ergonomics (see Section 2.4.4.1) of the technology, 

the type of HMD was changed to try a newer device that was not released when development 

initially began on the artefact. Like the Cardboard HMD, the Oculus Go (see Section 2.4.1.2) is a 3-

DOF device, but it comes built in with head straps and uses a 3-DOF hand-held controller instead of 

head gaze as input. Since the Oculus Go has better immersive qualities (see Section 2.4.1.1), this 

HMD, more so than the Cardboard HMD, will satisfy SO3.1 and contribute towards SO6.1. Some 

changes were made to the artefact to accommodate the controller and will be discussed in the 

appropriate sections below. 

 

Figure 24: An Oculus Go (image from Facebook (2019) and the Cardboard HMD used during Iteration One (image 

from I Am Cardboard (2019)) 

Learning: Content and Pedagogy 

In re-evaluating the learning objectives, those that fell within the ‘remember’ and ‘understand’ 

cognitive dimensions (from the Revised Taxonomy in Section 2.4.2.1) were mostly removed, so 

that the majority of remaining learning objectives fell under higher cognitive dimensions. Some of 
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the learning objectives were already in the artefact after the design of Iteration One, while others 

will be addressed through the work in Iteration Two. A new set of learning objectives is presented 

in Table 25 and Table 26. These modifications were made so that majority of the learning would 

need to come from interpreting gameplay, rather than simply reading and remembering. 

Table 25: Iteration Two learning objectives 

# Learning Objective Cognitive 

Dimension 

Ecosystem 

Concept 

Knowledge 

area 

LO1 Remember a fun fact about species 

of marine life 

Remember - Factual

LO2 Remember the name of a coral Remember - Factual

LO3 Interpret what happens when corals 

fight 

Apply Species 

Interactions 

Conceptual 

LO4 Examine what paint algae does on the 

reef 

Analyse Species 

Interactions 

Factual 

LO5 Examine why rubble is useful in a reef Analyse Resource 

Usage 

Conceptual 

LO6 Evaluate what influences biodiversity 

in the ecosystem 

Evaluate Community 

Structure 

Procedural 

LO7 Assess what happens during and 

after a bleaching event 

Evaluate Disturbances Procedural 

Table 26: Iteration Two learning objectives categorised based on the revised taxonomy (Krathwohl, 2010) 

While many of the core concepts are the same compared to the learning objectives from Iteration 

One, most ‘remember’ and ‘understanding’ learning objectives have been removed so that what 

happens during the gameplay is prioritised, not interpretation of text. This elevates most of the 

learning objectives to at least ‘apply’, if not higher on the cognitive dimension. The fun facts and 

names of the corals have been included at the ‘remember’ level as the fun facts need to be player-

actioned, while the coral names are part of the UI. 

Remember Understand Apply Analyse Evaluate Create 

Factual LO1, LO2 LO4 

Conceptual LO3 LO5 

Procedural LO6, LO7 

Metacognitive 
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In attempt to remove as much text as possible, the extra fact pop-ups that players saw when they 

clicked on a newly unlocked coral were removed. While these were informative and aided in 

teaching the player factual knowledge through remembering and understanding the corals in their 

reef, these were merely more text prompts that players would ignore. The marine life fun facts in 

look mode were kept as these were player-initiated and thus not as frustrating. The artefact also 

needed to still include relevant information passengers may want after a snorkel or dive to satisfy 

SO2.2. Ideally, the coral prompts could behave in a similar way, but the way these were 

implemented in code would make doing so difficult, so the decision to simply remove was made. 

With fewer text prompts overwhelming the player, it was hoped that players would comprehend 

more of the content delivered through ‘apply’, ‘analyse’ and ‘evaluate’ via the mechanics.  

The tutorial text was also heavily revised and shortened. Each pop-up was re-written with the goal 

of being no longer than one box worth of text, which was mostly successful except for the 

occasional two-page prompt. Important elements relating to gameplay rather than learning that 

could not be shortened further were also kept. 

Since the revised text prompts offered limited factual knowledge, a different feature was required 

based on the reef ecosystem that the player could learn from at the ‘apply’ and ‘analyse’ level in the 

artefact. The concept of rugosity (explained in Section 5.2) is used, since the previous design didn’t 

showcase the concept fully, and needed to be more explicit as it tied to LO6 and representing 

biodiversity. This was added in the form of ‘clusters’ and ‘cluster tokens’, which double as a way to 

make rebuilding after a bleaching event less difficult for players, with the discussion of how this 

was implemented is discussed in Section 5.6.1.1. 

One piece of feedback from Iteration One that is not addressed in this activity is the background 

information that participants did not have, i.e. not knowing what polyps were (no longer a learning 

objective) or what bleaching is (LO7). This was intentional, as the removal of the easy factual 

knowledge from the text facilitated better evaluation of whether players were deriving their 

knowledge from the artefact’s interactions. With less of learning related text in the tutorial pop-ups, 

the hope was that players would focus on analysing and evaluating content in the artefact, to 

comprehend information about the ecosystem from the gameplay, and higher on the cognitive 

dimension. The artefact still however needed to include some of the easier, more digestible 

learning content included in the ‘fun facts’ to satisfy SO2.1. 

Storytelling: Character, Setting and Narrative 

To rectify some of the misunderstandings related to LO5, regarding what was happening after a 

bleaching event, the visuals for the rubble were adjusted to try and convey more clearly that this 

was dead coral that was forming. The texture used in Iteration One did not signify to players what 

it was, so a more photorealistic texture was used rather than a generic texture with the colour 
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adjusted to match what dead coral typically looks like. This hopefully will convey a better the 

mapping (see Section 2.4.4) between a bleaching event, coral dying and rubble forming to better 

satisfy SO8.1. 

 

Figure 25: Left: rubble as it appeared in Iteration One. Right: rubble as it appears in Iteration Two. Reproduced with 

permission of Associate Professor Alexandra Coghlan. 

The scientific names for every coral in the coral selection menu were swapped out for simplified 

nicknames to address the issue of players not knowing how to refer to coral. Given shapes could 

not be used for these, as they were being used to designate shape rather than species (as 

discussed in Section 5.3.1.1 mechanics), nicknames were created. Common baby names from 

around the world that started with similar letters to the scientific name were found and chosen 

based on familiarity and how easy they would be to pronounce. 

Table 27: Nicknames for each coral species as they appear in the iteration 2 user interface 

Since the first part of the corals scientific name denotes a family, and thus is common among 

many corals, the second part was used to pick a nickname. While it was possible to include both 

the nickname and the scientific name in a smaller font in UI, the decision was made to take out the 

scientific name entirely, to see how players reacted to just the nicknames. This still allows for LO2 

to be examined as the intention is for players to have a vocabulary to refer to the corals with. The 

Scientific Name Nickname 

Echinophyllia aspera Aspen 

Lobophyllia corymbosa Cory 

Pavona decussata December 

Acropora digitifera Diji 

Favites pentagona Penny 

Leptoria phrygia Phyllis 

Stylophora pistilata Priscilla 

Acropora pulchra Paula 
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change to recognisable nicknames was done in the hope players would see the corals as 

characters with different traits rather than items, and thus relating with them more. 

While for the player’s journey could be viewed from the perspective that the learning objectives 

represent the elixir, since our true elixir is connectedness with the nature-based tourism attraction, 

design considerations relevant to this were not focused on in this iteration. 

Gameplay: Mechanics 

The mechanism whereby paint algae unlocked sections of rubble to grow on was removed. 

Instead, in Iteration Two of the artefact, when the rubble forms after a bleach all of it is instantly 

available for the player to grow coral on. This is drastically simpler for the player to understand. 

However, as paint algae is included in LO4, it still needed to be included in the artefact. When 

originally thinking about how to include paint algae in the artefact, the simplification from 

ecosystem to videogame element went from ‘paint algae helps/makes it more likely that coral 

larvae will settle on a surface’ (explained in Section 5.2) to implementing it as ‘paint algae is 

required to allow coral polyps to settle on a surface’. In revisiting this, there were alternative 

simplifications that could allow paint algae to be integrated in a different way. Instead of forcing 

the player to grow it first, they can be enticed to grow where paint algae is, thus making it more 

likely for a coral to grow in that space. 

The result of this is that when paint algae is on a grid space, it is cheaper to grow a coral there. 

This was implemented with random pink spheres appearing randomly over spaces in the reef that 

contain rubble every so often for a short period of time. These orbs are made only to appear a 

certain distance away from other coral, so that players are invited to grow in different areas. If the 

player sees the orb and clicks on it before it disappears, the orb will ‘explode’ and cover the rubble 

it appeared on top of and some of the surrounding spaces with paint algae. While the orb 

appearance of the paint algae is not analogous to real life, something was needed that would be 

big enough in the environment to draw attention without looking the same as an already paint-

algae-covered rubble space, which an accurate depiction of paint algae would not achieve. This 

new implementation of paint algae adds more for the player to do, contributing to achieve SO7.1 

and SO7.2. Paint algae still acts as a reward (see Section 2.4.3), but rewards spatial perception 

(Section 2.4.4.1) rather than progress (discussed in Section 2.4.3), as a counter to the 

implementation of sea urchins, which are a challenge (Section 2.4.3), that penalises not being 

spatially aware. A paint algae covered grid space altered the coral selection menu UI, which is 

discussed in Section 5.6.1.1 User interface. 

As briefly discussed in Section 5.6.1.1 Content and pedagogy, a new mechanic that exemplified the 

concept of rugosity was suggested to better address SO2.1 and SO7.2. Ideally this also would 

work in making bleaching events less upsetting or devastating without lessening their emotional 
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effect and allowing players to learn LO7. Rugosity also contributes to biodiversity, and thus also 

helps towards L06. As rugosity is something players should be working towards, it made sense to 

create a reward (see Section 2.4.3) for successfully building coral following the principles of 

rugosity. The result of this was the idea of tokens, another form of currency, which the player could 

be awarded for building in an efficient and sustainable way. The tokens would allow players to 

place a bunch of randomly selected corals at once. Once earned, these could be spent whenever 

the player wanted, however, it was hoped that players could eventually deduce from play that, by 

holding onto tokens until after a bleaching event, the tokens would make the rebuilding process a 

little quicker. In this sense, earning the reward (Section 2.4.3) helps the player endure one of the 

challenges (Section 2.4.3) they experience. 

To earn a token, the concepts of rugosity and biodiversity needed to be systemised so that the 

artefact can measure them more directly then in Iteration One. This amalgamated into the criteria 

to earn a token. The player must build a cluster of corals that: 

 Totals at least 5 separate corals 

 Contains at least 3 different species 

 Every coral must be touching at least 1 coral of a different size 

 Every coral must be touching at least 2 of the other corals in the cluster 

These rules necessitated that the corals are a diverse range of species, shapes and sizes near 

each other. Should this criterion be met, the player would earn a token and these corals would be 

deemed a cluster. Whenever the artefact checks for a cluster (after each new coral has finished 

growing), it will always try and find the largest possible cluster to form, with a maximum of 9 coral. 

The complexity of a cluster determines how much new coral is grown when that token is placed. 

Visual indicators used for both tokens and clusters are discussed in Section 5.6.1.1 user interface. 

Coral costs and polyp spawn rates were modified to extend the play time per SO7.2, to make the 

artefact economy more evenly spread and keep players focused on what they are building and 

thus in a state of flow (see Section 2.4.3). The largest change was to the cost of corals; in the first 

iteration, prices ranged from two polyps for the staghorn Acropula pulchra (referred to as Paula) to 

nine polyps for the brain Echinophyllia aspera (Aspen). These prices were set to keep all the costs 

between one and nine (for simplicity), but this was ultimately less important than the problem of 

players having too many polyps. The adjusted prices scale from two at the lower end to 25 polyps 

for the previously mentioned brain coral. The speed at which corals generated polyps was also 

adjusted, with latter unlocked corals’ polyp generation speeds being halved, while basic corals’ 

speeds were lowered less drastically. 
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User Experience: User Interface 

Regarding the UI elements in the artefact, many smaller tweaks were made to make affordances 

(part of the principles of interaction, discussed in Section 2.4.4) more obvious for the player. While 

most UI decisions did not correlate directly to a solution objective, these changes were made more 

generally to improve the experience based on data regarding player misunderstandings, which in 

turn helps keep the artefact interesting, both in the short term for SO1.1 and beyond for Solution 

SO7.1 and SO7.2. Since players were constantly deleting coral before they knew what summoning 

bumphead would do, but still intending to avoid using the word ‘delete’, this aspect of UI was 

disabled until after the mapping (Section 2.4.4) was made clear in the tutorial. In Iteration Two, if a 

player goes to click on a coral before this point in the artefact, nothing happens. 

In the coral selection menu, another signifier (Section 2.4.4) was added in the form of text beside 

the attribute values. ‘Size’ was added next to the maximum size, ‘Agro’ was added beside the 

aggression rating and ‘Cost’ alongside the cost value. Text was kept short so that it didn’t stick out 

too far from the coral selection menu. In the species selection of the coral selection menu, black 

lock icons were added on top of any corals that were still unavailable to the player. This signifier, in 

addition to colour, reinforces that the unavailable corals do not yet have the affordance of building 

a coral. The lock icons are removed and the coral icon returned to colour when coral is unlocked, 

adding additional feedback (Section 2.4.4) for the player when a coral is unlocked. 

 

Figure 26: Changes to the coral selection menu. Left: lock icons and darkened silhouettes of locked corals in the first 

tier. Right: text added for 'Size', 'Agro' and 'Cost' beside their respective values. Reproduced with permission of 

Associate Professor Alexandra Coghlan. 

In Iteration One, when a player collected polyps, small icons would fly from the corals in the reef 

into the collect button as the number of polyps changed as feedback to represent what was being 

collected. To add a similar piece of feedback when corals were spent, the same animation was 

added in reverse when the player builds a coral. This way, they can visually see they are losing 

polyps from the number above the collect button, and they are going into the grid space they 

selected to create the coral, to help represent the mapping between the number and the grid. The 
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texture on the polyp icon was also changed to match whichever coral was being built or which 

coral created the polyp, as a subtle piece of feedback to show which corals are creating the most 

polyps for the player, if they pay attention. 

 

Figure 27: Stills of the coral polyps being spent and being collected. Left: a Stylophora pistillata being grown. Right: 

polyps flying up to the Collect button after it has been pressed, coloured based on the coral they are coming from. 

Reproduced with permission of Associate Professor Alexandra Coghlan. 

One of the larger changes made to the user interface involved rearranging the environment to 

bring everything in closer and to make the overall amount of space available for building to the 

player smaller, since this space caused issues or went unused in Iteration One. About 30% of the 

grid spaces from the outer edges of the main flat area of the grid were disabled, with the boat, 

bommie, biodiversity meter and sand bank all being moved in towards the centre of the 

environment, where the player stands. The location of where rubble formed after each bleaching 

event was modified to keep number of spaces unlocked consistent. The result was a cosier 

environment, which instantly felt better to the development team when tried in VR. This will mean 

that players have an easier time filling their reefs, as well as having fewer ergonomic (see Section 

2.4.4.1) issues clicking on grid spaces. 

As discussed in Section 5.6.1.1 Learning, paint algae has changed from being used as a way to 

lock-off new areas for the player to grow coral (replaced with rubble) to a way to entice players to 

grow in new areas and reward spatial perception. When a player bursts a paint algae orb, it covers 

the grid space (this takes time, similar to Iteration One), and the coral selection menu UI adjusts 

slightly to add a signifier (Section 2.4.4) to what is different. When the player reaches the section 

part of the menu, when they are selecting which shape to grow, the cost value has been adjusted. 

Instead of it stating just ‘4’, if the coral’s cost was 4, it now displays ‘4 -1’, with the ‘-1’ coloured to 

be bright pink. Players would hopefully make the connection between the pink paint algae on the 

grid space and the changed UI without further explanation. 
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The new features, namely clusters and tokens, also needed to be represented to the player. Players 

need to be shown when they have successfully created a cluster, and to continue showing them 

where the clusters were as they play. Because this needed to be shown constantly, signifiers that 

were ingrained in the reef were needed so that there was not constant visual clutter ruining the 

environment. Subtle signifiers were implemented, using coral colour and fish quantity. When a 

cluster is made, all the corals in the cluster become more vibrant in colour, as well as spawning 

purple anthias fish that swim around each coral. The intended result would be the player noticing 

an area of the reef looking a little fuller and more vibrant, and associate that with increased 

biodiversity to help satisfy LO6. 

 

Figure 28: Before and after visuals of a coral cluster. On the left, before the final coral is placed. On the right, the 

cluster has formed. Colours have brightened and purple anthias have moved into the reef. Reproduced with 

permission of Associate Professor Alexandra Coghlan. 

For the tokens, since this concept was more ‘gamey’ than that of clusters, the design needed to 

look less organic so that players would not mistake it for something they may see in the reef. The 

result was pentagonal token, coloured to look gold, decorated with different coloured polyps to 

make it look varying, and thus signify the fact it creates any number of different coral shapes or 

species. The token raises out from the cluster when it forms and hovers over the cluster, waiting 

for the player to see it and click it. Following the cycle of interaction (Norman, 2013) as discussed 

in Section 2.4.4, the player will see the token emerge and assign the goal of collecting it with the 

plan to click on it. Using the controller, they can specify what they want to interact with then 

perform the click. The player then perceives the token animating into their controller and interprets 

this as a successful interaction when compared to their goal of collecting the token. To signify 

they have a token to spend, a smaller version of the token and a number representing how many 

they have collected appears on the controller when they are awarded their first token. The 

animation when collecting towards the controller prompts the player to look at their controller, 

while its location is a signifier to the mapping (Section 2.4.4) of how to use the token. 
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Figure 29: Cluster token user interface. On the left, as it appears in the environment above a coral cluster. On the right, 

as it appears on the controller once collected. Reproduced with permission of Associate Professor Alexandra 

Coghlan. 

The token is on top of the button that allows the player to spend the token. When pressed, the 

colour of the laser changes from white to yellow to signify (Section 2.4.4) the change. Additional 

yellow selection boxes are used around the typical green box to signify that more than one coral 

will be grown. While this may not be exactly where the new coral will appear, it gives the player the 

information they want a bigger empty space, without having to decide what exactly will grow 

before they use the token. Clicking ‘uses’ a token, with a token flying out from the controller into 

the grid square selected, similarly to the animation of a polyp leaving the collect button. The token 

enters the controller when collected and leaves the controller when spent to keep the mapping 

(Section 2.4.4) for its interactions consistent. The algorithm for determining what can be grown is 

run, and the appropriate corals grow on the reef. 
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Figure 30: When a token is being spent, extra selection squares appear around the selection cube. Reproduced with 

permission of Associate Professor Alexandra Coghlan. 

Other changes to the UI were made to accommodate the change of HMD. Most relate to moving 

selection away from ‘gaze’ to the controller. Because the selection was no longer related to where 

the player was looking, players would need a signifier (Section 2.4.4) for where the controller was 

pointing, to replace the reticle. While the selection box was still a signifier for which grid space the 

player was selecting, there were no obvious signifiers when the player was pointing at the coral 

selection menu, collect button and most other intractable elements. A laser light was added to the 

controller, which drew a straight line out from the controller in the direction the player was 

pointing. This had the added benefit of being able to change colour for a given situation, added 

another possible signifier or feedback (Section 2.4.4) for certain actions. This was used to better 

delineate between normal building of coral, placing a giant clam and the placing token mode. 

 

Figure 31: Pointing laser from controller. On the left, as it appears when in 'build' mode. On the right, as it appears 

when placing a token. Reproduced with permission of Associate Professor Alexandra Coghlan. 

A benefit of changing technology was a fix to a problem that was occurring during testing 

sessions. With the Oculus Go, when a player takes the HMD off, a light sensor knows when there is 

no longer someone using the device and switches off the screen and pauses the artefact. When 
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the player puts the device back on, the HMD turns back on, and reorientates the in-game 

environment to where the original ‘forward’ position was. When using the Cardboard HMDs, the 

biodiversity meter would end up behind players due to the researcher starting the HMD facing the 

player, so that when they received the device the environment was rotated 180-degree. With the 

Oculus Go, the environment would automatically realign with every new person. There was also a 

built-in function where if a specific button is held for a period, the realignment would also occur. 

One change that was made was to the colour of the bleaching event effect. This was done due to 

the change in hardware, as the way this was implemented in Iteration One did not work on the 

Oculus Go, due to technical reasons. The result of this was a change in the way the bleaching 

events looked between the two iterations. While an effort was made to recreate the look and feel 

from Iteration One, some differences can be seen, presented in Figure 32. 

 

Figure 32: Differences between Iteration one (left) bleaching effects and iteration two (right). Reproduced with 

permission of Associate Professor Alexandra Coghlan. 

To reiterate, while many of these changes were not directly made as a result of a specific learning 

objective or solution objective, they are intended to make the entire experience more approachable 

and usable. This in turn benefits SO1.1, SO7.1 and SO7.2. 

5.6.1.2. Hypothesises for Play 

Presented in Table 28 are hypothesises made for when the designer’s design meets the player’s 

experiences, play as per the DPE framework. Hypothesises were made based on the changes 

made to the design. These will be investigated through the data collection in Activity Four: 

Demonstration and discussed in Activity Five: Evaluation for Iteration Two. 



A virtual reality serious game based on a nature-based tourism attraction 

  Lewis Carter 

  Page 170 of 294 

Table 28: Iteration Two Hypothesises for Play 

5.6.2. Activity Four: Demonstration 

In DS, the process for conducting Activity Four in Iteration Two compared to Iteration One is 

incredibly similar. The artefact is demonstrated to collect data once again, but since this is the final 

iteration in regard to answering Research Question Two, only recommendations will be made 

rather than further changes to the artefact. Data are once again presented aligned with the five 

layers of the DPE framework: learning, storytelling, gameplay, user experience and technology for 

the stages experience and play. 

Hypothesis DPE Layer 

With the removal of most text based educational content, when asked what they 

learnt from the artefact, players will be able to identify information parsed from 

interactions and mechanics. 

Learning 

Due to the change of coral names to nicknames, when players attempt to 

communicate to the researchers or other participants, they will use the 

nicknames to discuss the various corals. 

Storytelling 

With the changes to the rubble texture and shortened text explanation, when 

players experience the bleaching event, they will understand that the rubble has 

formed from the coral that died during the bleaching event. 

Storytelling 

With the fixes made to the gameplay and user experience, the emotions of the 

player during their session and thus the player’s journey will be easier to 

investigate. 

Storytelling 

If a player grows a cluster and collects the token, they will eventually figure out 

that the best time to spend the tokens is after a bleaching event to rebuild the 

reef. 

Gameplay 

If a player spots a paint algae blob, they will figure out how to interact with it and 

that growing on the pink spaces makes coral cheaper. 

Gameplay 

If a player reads the maximum size and cost values in the user interface, they 

will be able to figure out what the numbers mean. 

User Interface 

If a player reads the aggression values in the user interface, they will not know 

what it means as they will not have experienced aggression in the artefact. 

User Interface 

Due to the changes made to overall reef size, players who make it beyond the 

turtle milestone will not give feedback around the reef feeling ‘empty’ during the 

post interview. 

User Interface 

Due to the change in hardware, players will not experience the effects of ‘gorilla 

arms’ during their session. 

Technology 

Due to the change in hardware to controller-based input, players will give not 

feedback around not being able to click on items in the UI. 

Technology 
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5.6.2.1. Conduct of Study 

Sessions were conducted on board Passions of Paradise reef tour boat from 3 to 11 February 

2019. As per previous Passions of Paradise trips, demonstrations were conducted in the 2-hour 

window between leaving the reef in the afternoon and disembarking back in Cairns. In total 34 

people played the artefact. 

On board the tour boat, recruitment was done by either approaching groups of passengers to see 

if they would like to participate or through short announcements onboard made by the crew. 

Participants were again asked to complete a quiz before the session and a short interview after 

playing the artefact, mirroring the process used for Iteration One. Play session data was recorded 

through observation and capturing the video stream from within the Oculus Go HMD. The new 

HMDs caused some issues with the video capture, and thus recording players’ vocalisations from 

the HMD as initially intended was not possible (discussed further in Section 7.5.2). Reasons for 

these data collection methods are given in Section 3.3.2. The same pre- and post-questionnaires 

were presented to participants as in Iteration One, presented in Appendix 4.1.2 and Appendix 4.2.3 

respectively. Data collected from participants in pre-questionnaire can be found in Appendix 3.2. 

Participant ages ranged from 18 to 67, with a median of 28 and average of 32. The participant pool 

was from 15 different countries. Seventeen participants went snorkelling, 11 diving and 6 did both. 

The average play session length for Iteration Two was 28 minutes. 

Gameplay footage of the artefact that show the changes made in this iteration is available here 

(Full link provided in Appendix 2).  

Example Session: Participant I2-BC 

Pre-session Questionnaire 

Table 29: Iteration Two example participant responses to pre-session questionnaire 

Question Answer 

Age 29 

Nationality British 

Dive/ Snorkel?  Dive 

How many times have you visited a reef (around the world)? 2-5 times before 

How often do you play videogames?  Several times a year 

Which platform(s) do you play games on? Mobile 

How often do you make in-app purchases?  --- 

On average, how much do you spend per In-App purchase?  --- 

Which of these VR devices have you used before?  Cardboard 

How often have you used the above VR devices?  Multiple times, do not own 
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Observations and video recording review 

The participant started by quickly reading the tutorial prompt and dismissing it with the controller. 

Facing towards the biodiversity meter, they saw the ‘collect’ button and clicked it to see what 

happened. They turned and pointed the controller around a little until the green box appeared on 

the rocky surface, and used the coral selection menu to grow their first coral. They read the next 

tutorial prompt, following along with the controller’s ‘laser’ light, and returned to growing coral. 

After two more, they read the tutorial prompt, but returned to their cluster or coral without seeing 

the new bubble unlock that had appeared. 

Finding the ‘summon bumphead’ button, the player removed some of their coral, probably without 

realising what would occur, as well as growing a few more Paula staghorns. They began to look 

around the reef and grow more staghorn but did not notice the bubble unlock. A tutorial prompt 

appeared to tell them a sailfin tang has moved in, and they returned to building coral without 

looking around for the fish. They managed to grow a larger coral and dismiss the tutorial prompt 

that would have explained how they did this. They grew a few more Paula staghorns before 

looking around the reef again, eventually finding and clicking in the Diji coral bubble unlock. 

They return to building coral, this time placing down a Diji finger. As they did so, they were alerted 

through a tutorial prompt about a sea urchin but failed to look around their reef to find it. They 

instead continued to build in the one rock patch, choosing to build several Diji fingers. They moved 

to where the 2x2 Paula staghorn was grown and grew a second 2x2 Paula staghorn. During this 

were alerted they have no more polyps for the first time, and successfully used the collect button. 

After growing several more coral in various places around the reef, they looked to the ‘collect’ 

button, collected more polyps, and collected the new bubble unlock. They built several of the 

Priscilla staghorn, and unlocked the clown fish, which they immediately began to look around to try 

and find. They pointed the controller briefly at the clown fish and returned to building their reef. 

They built three Priscilla rocky coral, and as they went to build a fourth they received the ‘no more 

polyps!’ alert. The tutorial prompt box appears, to introduce them to the bleaching event that was 

about to occur. They immediately dismissed this, possibly thinking it was related to the ‘no more 

polyps’ alert. The bleaching event began, but the player continued trying to build coral. They began 

to look around their reef and pointed their controller towards some of the dying coral as if to 

acknowledge it. The tutorial prompt appears to explain this was a small bleaching event. The 

player dismissed this and looked around their reef as the rubble forms. They collected more polyps 

and clicked on the new bubble unlocks. 

Do you intend on visiting the reef again?  No 
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They successfully placed the giant clam down, looked at it for a short period and returned to 

building. They went between several of the corals in the coral selection menu before deciding to 

place a few Diji fingers down to create a 2x2 cluster. They watched as this grew to form the 2x2, 

then grew some Penny rocky beside it. They continued to grow coral and collect polyps for a 

period, until they noticed a paint algae sphere. They successfully placed it and grew on the now-

pink spots of rubble. They continued to expand their reef, growing in several different locations 

around them.  

They used the ‘summon bumphead’ button to remove a coral so that they could make way for a 

3x3 Paula staghorn. After growing another 2x2 coral behind this, they earned a cluster token, 

which—with an explanation from the researcher—they tested out, but they did not use it right away. 

Shortly after, this an angel fish swam right up close to where they were, to which they said: “So 

weird—they just swim into your face.” After building a few larger corals and collecting some more 

tokens, they ended their session. 

Play length: 22 minutes 

Post-session Interview Summary 

Table 30: Iteration Two example participant responses to post-session interview 

Question Answer 

1. Do you have any questions about what you 

saw/ happened in the game? 

Didn’t have any questions. Said they were a little 

confused at the beginning but figured things out. 

2. How'd you go? “Once you get used to it, it’s addictive.” 

3. Were there any aspects of the game you didn’t 

enjoy? 

Didn’t know what the polyps were at the start, 

that they were the currency, and didn’t realise 

they needed to be collected. Didn’t enjoy waiting 

for them to form 

4. Were there any aspects of the game you DID 

enjoy? 

Everything else they said they enjoyed, liked it 

when a fish swam up to their face. 

5. Was there anything from your snorkel/ dive that 

you recognised in the game? 

Parrotfish, clown fish, and “that one with the 

weird front face” (Maori Wrasse). 

6. Was there anything in the game you didn’t 

understand? 

-- 

7. How did you feel during the bleaching events:  Originally thought they might have broken it and 

didn’t know what was going on. Was annoyed 

that the coral died. Wanted to go build in a new 

spot but looked horrible in the old spots so had 

to go fix first. 
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5.6.2.2. Data on Play  

Table 31: Data collected during participant play sessions in Iteration Two 

8. What was driving you forward to keep building 

the reef, if anything? 

Trying to unlock the turtle and the shark. 

9. Did you learn anything new about the reef from 

the game, if anything? 

Didn’t know that polyps were like baby corals 

(Not from the game, researcher explained this). 

10. Would you be interested in playing the game 

when it is released? 

Would want to play at home. 

11. Did the game make you want to revisit the 

reef? 

Yes. So that they could look out for other things 

that they saw in the game. 

12. How much knowledge would you say you have 

about the reef now? 

Changed slightly, but realised from the artefact 

that there is more to know. 

Data Type Data DPE Layer 

Observations, 

Reviewing video 

recordings 

Four players asked what the “pink blobs” were when they 

noticed the paint algae in the environment. 

Learning 

Reviewing video 

recordings 

Two players finished the sessions right after a bleaching event. Storytelling 

Reviewing video 

recordings 

Four players watched the unlock reward animals emerge from 

the bubble unlock after clicking. 

Storytelling 

Observations, 

Reviewing video 

recordings 

Players who said they noticed the bleaching event 

commenting in varying ways, including “thought I made a 

mistake”, “no”, “what can I do?”. 

Storytelling 

Observations, 

Reviewing video 

recordings 

Three players investigated the environment and what was 

around them before finishing session. 

Storytelling 

Reviewing video 

recordings 

Two players investigated the scene and what was around 

them before finishing session 

Gameplay 

Reviewing video 

recordings 

All players except one eventually built a large coral.  Gameplay 

Observations, 

Reviewing video 

recordings 

Four players would click on random animals in the 

environment, usually when investigating the environment or 

waiting for polyps to become available. 

Gameplay 
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Observations All players except two who got paint algae clicked on it when 

they eventually noticed it and then grew on it. Two players 

grew on all the pink squares to get the cheap coral. 

Gameplay 

Observations Most players built large coral at some point, either early by 

accident or by experimenting once the prompt said ‘build 

bigger’. 

Gameplay 

Observations, 

Reviewing video 

recordings 

Six players immediately tried to build a bigger coral after 

building their first. 

Gameplay 

Observations The sea urchin scared most players into building corals 

together. Only two players ignored the urchins/did not 

understand why they were getting them. 

Gameplay 

Observations Two players focused on older corals/cheap corals to bulk up 

the size of their reef, even when they unlocked newer species. 

Gameplay 

Observations Players did not have an issue understanding what Bumphead 

parrotfish deleting did if they read the prompt. 

Gameplay 

Observations, 

Reviewing video 

recordings 

Ten players built the new coral they were rewarded 

immediately after receiving it. 

Gameplay 

Observations Only one person was clicking agro, size or polyps when 

building coral, perhaps expecting them to be modifiers or 

change what was built in some way. 

User 

Experience 

Observations, 

Reviewing video 

recordings 

Three people had trouble clicking further away squares even 

with the reduced map size. One person had trouble clicking the 

back button. 

User 

Experience 

Observations One person tried to click the ‘header’ section reading 'Priscilla’ 

when they were meant to be picking between staghorn or 

finger in the coral selection menu. 

User 

Experience 

Reviewing video 

recordings 

Two players could be seen reading the text for the coral stats. User 

Experience 

Observations, 

Reviewing video 

recordings 

Three players clicked the clam bubble unlock and went to 

collect the next bubble unlock but were unable because they 

needed to place the clam first. One of them resolved this 

quickly, the other two took longer. 

User 

Experience 

Observations Two players were noticed returning to look at the biodiversity 

meter multiple times to see how close they were to the next 

milestone. 

User 

Experience 
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5.6.2.3. Data on Experience 

Table 32: Relevant Data collected during from pre-questionnaire and post interview in Iteration Two 

Reviewing video 

recordings 

Three players saw ‘need more polyps’ but did not go to the 

collect button, instead they kept trying to grow different coral. 

User 

Experience 

Observations All players needed some form of help at the beginning of the 

game to figure out where exactly they were able to build coral. 

It is noticeable in some of the videos, where players started 

trying to click on the bommie or ship, but most players needed 

some extra explanation from the author to figure out where 

they could build. 

User 

Experience 

Reviewing video 

recordings 

Three players attempted to do an action being described in the 

tutorial box while it was up. The darkening of the background 

did not dissuade them from clicking next first. 

User 

Experience 

Reviewing video 

recordings 

All but two players missed a bubble unlock at some point 

during the session, usually the one of the first two. 

User 

Experience 

Observations, 

Reviewing video 

recordings 

All players except one that received a cluster token collected it 

but did not spend it. 

User 

Experience 

Observations Three people had to ask for reassurance while playing if they 

should click on ‘Paula’. Some people did this without asking 

anything, but then asked about clicking ‘staghorn’. 

User 

Experience 

Reviewing video 

recordings 

Two players while watching the reward animals come out 

were distracted and did not see or click the bubble unlock that 

appeared. 

User 

Experience 

Observations, 

Reviewing video 

recordings 

Five players found and played with the view/build mode 

buttons. Three players got stuck in view mode and tried to 

build more coral without realising they had changed modes. 

User 

Experience 

Reviewing video 

recordings 

Three players ‘mashed’ (clicked a lot in quick succession) the 

collect button when wanting to collect polyps. 

User 

Experience, 

Technology 

Observations No comments were made about the technology during play. Technology 

Data Type Data  DPE Layer 

Pre-questionnaire, 

Post-session 

interview 

Eight players said they did not have much more/any more 

knowledge but came out of the experience asking questions 

about the GBR. 

Learning 

Post-session 

interview 

Three people queried/did not know what the ‘purple/pink’ blobs 

were 

Learning 
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5.6.3. Activity Five: Evaluation 

Once again, the data collected in Activity Four is analysed in Activity Five in order to identify design 

considerations for designing a SG around a nature-based tourism attraction. The analysis will be 

examined from the perspective of the five layers in the DPE framework. As the data pertains 

participant experience(s) and the intersection between the videogame and the player, the layers 

are framed through the stages of play and experience of the DPE framework. At the end of this 

Post-session 

interview 

Four players commented there was not enough information 

once the tutorial died off. 

Learning 

Post-session 

interview 

Reactions to the bleach ranged from ‘startled’, ‘sad’, ‘annoyed’ 

or ‘devastated’, of those players who understood what was 

happening. 

Storytelling 

Post-session 

interview 

Five players said they did not notice the bleaching event, while 

four did notice something was happening but did not know 

what. 

Storytelling 

Post-session 

interview 

The most often cited feature players said they liked was fish 

moving in as they build more coral. Meaning they understood 

that more coral equaled more fish. 

Gameplay 

Post-session 

interview 

One player noted they did not know why they got a cluster 

token, while another player said they did not know what the 

“coin” was for.  

Gameplay, 

User 

Experience 

Post-session 

interview 

Two people noted they did not know why they were collecting 

polyps; another did not know when they were ready to collect. 

Gameplay, 

User 

Experience 

Post-session 

interview 

Players responded that their motivations were: milestone 

animals displayed on the biodiversity meter, collecting polyps 

and building bigger. The shark was most commonly mentioned 

as the animal participants were aiming for (top of the 

biodiversity meter). 

Gameplay, 

Post-session 

interview 

Three players found the ‘stippling’ effect from seeing through 

coral strange or confusing to begin with. 

User 

Experience 

Post-session 

interview 

Four people thought they would be more likely to play a 

videogame like the artefact on their mobile phones without VR. 

For some it was practical; they don’t have an HMD available. 

For others, they said they would not enjoy longer play sessions 

in VR, highlighting discomfort or just preferring to play 

videogames on their phone. 

Technology 
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chapter, a final review against the solution objectives will be completed, as well as a complete list 

of proposed design considerations to answer Research Question Two. 

5.6.3.1. Analysis of Play and Experience 

Learning: Teaching & Learning 

Data from previous versions of the artefact determined that there is too much text in the artefact, 

and that people would stop reading new text when it appeared once they had reached the 

threshold of “too much”. In this version, the text was stripped away to only the essentials. A 

consequence of this was the removal of much of the text that delivered information related to the 

Iteration One learning objectives; why coral is unlocked in a certain order (succession), what polyps 

are, and why paint algae makes coral cost less polyps, to name a few (see Section 5.2). While the 

Iteration Two learning objectives were embedded in the gameplay, where players generally noted 

after playing in Iteration One that their knowledge increased, in Iteration Two, most players said 

they had not learnt much more after playing the artefact. However, during the play session and 

when they first came out of the HMD after playing, many more players were asking questions 

about what they saw in the artefact and were curious about the connections to the reef. This 

contrasts with the questions participants asked after Iteration One testing, which related more to 

the project and research rather than the reef itself. As the artefact did not contain the information 

they were looking for, they wanted their questions answered by the research team. If the artefact 

presented information, the response was more muted than if the player needed to seek it out 

themselves.  

This could indicate that the artefact should use gameplay elements like rewards (see Section 

2.4.3) to encourage reward curiosity with information rather than simply offer it to the player at 

select times. Information then becomes a small puzzle, where the spark of wanting to know 

something turns to figuring out where they can find said information, if they already know that the 

artefact may have it available for them. If done correctly this could create a reward for the player in 

the artefact for when they actively seek information. 

One element of the artefact that garnered the most questions was the paint algae. There was 

never any description or explanation of the object in the artefact except that it would appear over 

some of the rubble that had formed in the environment. Paint algae was always going to be a 

difficult idea to translate into a recognisable form in the artefact, and thus trouble satisfying 

LO4.game. For starters, while it is plentiful on the reef, paint algae is less often discussed. Even as 

a more challenging concept, to help satisfy SO2.1, even the point that some of the staff onboard 

the vessel did not know what it was when real-world paint algae was explained to them. When 

players asked questions about what they saw in the artefact, they asked specifically about what it 

looked like in the reef, or more generally what the analog was to the real-world reef. What can be 
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taken from this is that players that asked about it already trusted the virtual reef was ecologically 

accurate. They did not ask: “Is this a real thing?” or “Does this happen on the real reef?” but wanted 

to know the connection, not if there was a connection at all. In a medium where the norm is that 

things are ‘made up’ or something could have simply been added to make it ‘more of a game’, the 

artefact or the context they played it in somehow primes players to not fictionalise what is 

presented to them. 

As found during Iteration One, many tourists on the boat had not heard about coral bleaching 

before. While the visuals in Iteration Two were adjusted—mainly the colour intensity of the 

bleaching event—because of the reduced text information, the artefact still failed to explain what 

bleaching is. This affected how players interpreted the bleaching events, and thus how successful 

both LO7 and SO8.1 were. Without some basic idea that this is a threat the reef faces, it was very 

easy to misinterpret the brief explanation and visuals of bleaching occurring in the artefact. 

Storytelling: Storytelling & Story 

For the players who did have prior knowledge of at least the idea of bleaching and played long 

enough to experience it within the artefact, there were still players who did not realise that either 

something was happening or did not understand what was happening. While some players 

skipped the text that explained bleaching, the visuals should have been enough to convey what 

was happening to the environment. The problem here is that most players do not have any prior 

experience with what a bleaching event looks like. To make matters more difficult, bleaching on 

the real reef often does not look like much, and it is only by temperature and the changing colour 

of the coral that one would know. While the artefact as of Iteration Two makes the scene turn 

yellow, as a mapping (see Section 2.4.3) to increasing temperatures and thus bleaching, and 

begins damaging the coral begins to turn white, as a mapping to real-world look of coral being 

bleached, the cues may not be strong enough for players to recall prior knowledge of bleaching. A 

solution would need to be found that combines a better approach to the bleaching aspects of the 

artefact, and how that information correlates to the visuals and imagery used to as a part of 

storytelling. From this we can see a partial or complete failure of LO7, and less than ideal results 

for SO8.1. 

In wanting people to connect with the reef ecosystem, the intended take away message from 

playing the artefact is that bleaching events are having a negative effect on the reef, however this 

is not always communicated to players. One of the issues with conveying this message through 

the game is that bleaching is presented as an issue that, while damaging, is relatively 

straightforward to overcome. Indeed, ‘positive’ aspects of bleaching are emphasised as the 

mechanic (see Section 2.4.3) of the rubble formation, which is necessary for the player's coral 

building. The player faces a setback, but they’re allowed to progress (Section 2.4.3) further and 
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build a bigger reef. While ecologically sound, this allows the events in the artefact to be interpreted 

as either a positive or a negative. To fully satisfy SO8.1, players need to be understanding that the 

ecosystem is under threat, but if they end up focusing on the positive side of the bleaching event, 

they may not draw this conclusion. 

Of the players who did understand that it was a bleaching event, emotional responses ranged from 

sad or upset to annoyed. There is no obvious indication why some players felt sad instead of 

annoyed from the data collected. While both responses are valid in showing that players are 

responding emotionally, problems could arise where annoyed players may be so annoyed by the 

setback that they don’t continue playing. Ideally, players should initially respond with sadness, but 

a determination that they can rebuild and save the reef.  

Gameplay: Dynamics & Affect 

In the artefact, if the same species and shape of coral are grown in a square formation on the grid 

then they will form together to create one larger coral. Different species can grow to different 

sizes, depending on how large they get in the real world, ranging from 2x2 grid squares to 6x6 grid 

squares. Small hints towards this being a possibility are given in the tutorial, as well as a number 

representing the maximum size being shown in the UI (for example ‘6’ if the largest size is ‘6x6). 

Players are not shown what a larger coral might look like until they successfully create one. When 

getting their first large coral, many players experience a moment of joy, remarking excitably and 

often attempting to immediately build more. This could put this down to multiple elements; it’s a 

clear indicator of progression (see Section 2.4.3), as they have achieved something for the first 

time, as well as the excitement of discovering (Section 2.4.3) something new. 

Large coral also has a strategy element, as it is more likely to survive a bleaching event. This 

strategy tends to get lost on most players; the only real indicator of this is a small prompt to build 

bigger to survive bleaches in the tutorial after the first bleaching event. While players should learn 

that building bigger coral will help them survive bleaching events, outright telling them takes away 

the fun of discovering (see Section 2.4.3) that as a strategy, much in the same way discovering 

large corals themselves can be exciting.  

In earlier versions of the artefact, many of the corals were much cheaper. Prices were increased as 

players were reaching the Maori wrasse milestone (second main milestone) with an abundance of 

polyps (currency) that meant that there was no longer strategy or consideration when growing a 

coral. This was done to better satisfy interest and length related solution objectives, SO1.1, SO7.1 

and SO7.2. The changes made in Iteration Two were an improvement, but not a full solution. Most 

players between reaching the manta ray (third milestone) and turtle (fourth milestone) began to 

collect more polyps than they could spend. It also meant that earlier on in the player’s progress, 

players had to wait for extended periods of time before polyps would be available for collecting, 
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and thus they could keep growing. Like before, this raises problems for flow (see Section 2.4.3), 

where either the player loses any sense of progress or, in the case of having too many polyps, 

loses the sense of challenge in deciding which coral to grow. 

While having to wait to earn polyps is not inherently a bad thing, the problem comes from the 

player not having anything else they could do or work towards in this time. Most players in this 

time looked around their reef, while returning to the collect button frequently until they had enough 

polyps to build the coral they wanted. Some used this time to look at the fish or other elements in 

the artefact (including the buttons situated below where they are standing in the environment, 

discussed in Section 5.3.3.1 User experience). While this could be a great time for players to read 

about the new fish that have entered their reef, ideally players want to feel like they could do 

something else that was still helping them towards their goals and progressing (see Section 2.4.3) 

them in the artefact.  

The other aspect that points towards a more complex solution being required for polyp currency is 

the simple loop for earning polyps. A player spends polyps, which allows them to build a coral, 

which slowly earns polyps that they can spend. The fact that players spend polyps with the main 

mechanical purpose of earning more polyps limits the amount of gameplay that happens around 

that. Ideally, there would be another step in this relationship to create three main elements that 

player needs to interact with, rather than the two-step process it is now. An analogue with the real-

world ecology of the coral reef would be ideal for a videogame like the artefact. That way, if players 

do not have polyps to collect, or enough to build coral, there is a third action they can take to keep 

progressing (see Section 2.4.3).  

Players who experimented more with how they grew coral progressed slower through the artefact. 

The artefact’s progression (see Section 2.4.3) is tied to growing different species of coral and 

attempting to keep areas of coral diverse i.e. growing different types next to each other. However, 

some players would build a large amount of one type of coral, usually Paula staghorn as this is the 

cheapest. These coral stop contributing to their biodiversity meter after enough are in the reef, 

thus halting progression through the artefact. While this is something that player should figure out, 

there are not any other indicators that might assist the player to deduce the issue, other than the 

biodiversity meter no longer moving. Given the meter moves in small increments, it is unlikely 

players would notice this. The artefact never explicitly tells them when they are stagnating. For 

these players, the artefact may not continue to be interesting, and affect how well SO1.1 and SO7.1 

are fulfilled. 

While players should focus on rugosity and biodiversity to progress, there is value in a large bunch 

of staghorn in one area, as it might grow into an incredibility large staghorn if arranged correctly, 

and in the real world would create homes for large schools of small fish. Ultimately, the issue is the 
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player is not given enough information to make an informed decision between the two; the player 

cannot decide if they want a large staghorn to attract a school of fish, or to keep their clusters 

diverse so that more coral will unlock, because they do not have the information to weigh the 

merits of each. If there were doing this as informed players, they would be probing what makes a 

diverse ecosystem and this satisfying LO6, but as they don’t have the right information, they can’t 

do this intentionally. While eventually the player might clue in on their lack of progression (see 

Section 2.4.3) through a failure of new things happening, they may also feel like they have seen all 

the artefact has to offer and finish playing. 

User Experience: Interactivity & Engagement 

Cluster tokens were a reward for the player if they build coral so that their reef followed the 

principles of rugosity and biodiversity, towards LO6. If players built a patch of coral with specific 

requirements, they would be given a cluster token. Those requirements are: 

 At least three different species 

 No single coral could be touching another coral of the same size (forcing at least 2 different 

sizes in each cluster) 

 The coral needed to be within a small area of the reef (clusters could not be formed from a line 

of coral, for example) 

Cluster tokens would appear as large coins that emerged from the coral, and of the research 

participants who earned one all successfully clicked on the coin and collected the token. However, 

there was no explanation of what clusters or tokens were and what players were being rewarded 

(see Section 2.4.3) for, and thus the player did not know what the token afforded (see Section 2.4.4) 

them. While for some features surprise and chance can be part of the fun, tokens are a reward for 

building coral in a specific, accurate to the real world, way. There were no meaningful signifiers 

(Section 2.4.4) that building in a certain way would produce a reward. The surprise can come from 

spending the cluster token to see what it does, but the earning of the token needs to be better 

telegraphed to the player so they can actively work towards it if they chose. 

There are three buttons at the bottom of the environment that allow players to change modes 

within the artefact. The default button is build, which allows the player to build coral in the 

environment. The second is view, where the player can click and interact with any of the sea 

creatures that have moved into their reef, while the third is simply for settings. As the tutorial never 

mentions these buttons, many players completely ignored them and experienced no problems. 

However, some players interacted with them, and most did not fully understand what had 

changed. The primary problem comes from switching in view mode, and not realising why they 

can no longer build new coral. The signifiers (see Section 2.4.4) of the build and view icons map 

(Section 2.4.4)did not map to anything the player understood, and thus the connection between 
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build being building coral and view being viewing fish was not made. To add to this, while the 

buttons are either depressed in or out depending on the mode, it is likely this is not an obvious 

enough signifier, since there are no other buttons that work the same way in the artefact. The 

language used for these buttons did not help players; without an explanation, how are they 

supposed to know what they should be viewing and interacting with in this mode?  

Many players at some point in playing the artefact did not see for a period that they had unlocked a 

new reward, whether it was a new coral or a new sea creature. There are numerous reasons why 

this might be the case. The most obvious is that beyond the tutorial box for the first pop-up, there 

are no visual signifiers (see Section 2.4.4) available to the player that they have received something 

new when they are not looking towards the biodiversity meter. While the player is expected to turn 

to the biodiversity meter every so often to collect polyps, this was not always enough for them to 

see the reward (see Section 2.4.3). 

For players who specifically missed the first bubble unlock, there may be some confusion from the 

explanation in the tutorial. The tutorial specifies “Click the reward bubble to add it to your 

collection” as the final prompt, and once dismissed the bubble unlock appears. The first problem is 

the bubble unlock is not visual while the player is reading the text, so they cannot know what the 

tutorial is referring to until they have dismissed it. The second problem is more subtle and related 

to the collect button for polyps. Because there is no bubble unlock visible when reading the tutorial, 

the only other connection the tutorial scene has to the environment is the word collect right above 

the biodiversity meter. One player specifically used the controller as a pointer to, read along with 

the tutorial box text, and when they got to the word collect in the tutorial, immediately moved the 

pointer to the word collect for collecting polyps. The wording in the tutorial implied a mapping (see 

Section 2.4.3) that did not exist. Once they dismissed the tutorial box, they did the same thing, and 

only found the bubble unlock shortly after. While it is hard to be certain if this affected many other 

players, there are several ways of solving this that are relatively simple and worth doing to ensure 

there is less confusion between interactable items and their mappings while the player is still 

learning how to play the artefact. 

Technology 

Previous versions of the artefact were built for phones to be used with Cardboard HMDs. These 

HMDs do not typically have straps, and interactions are done through clicking a single button or 

tapping the screen anywhere and using a pointer in the centre of the player’s field of view as the 

cursor. Feedback from Iteration One returned complaints of arm soreness and fatigue from 

holding the HMD to their eyes, as well as some people having difficulty with moving their head 

precisely enough to highlight the further away parts of the environment. Due to these issues, the 
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HMD was changed to the Oculus Go, which has a controller that acts like a laser pointer to point 

and interact with objects. 

While in Iteration One there were complaints about elements of the technology, in Iteration Two no 

participant complained at all about anything regarding the controller or the HMD. This is a much 

better outcome than the Cardboard HMDs, with the decoupling of head movement and input 

pointing proving the most important change. Players did not enjoy swinging their HMD around to 

engage with the artefact in previous versions, but using the controller allowed players to look in the 

general direction they wished to and interact with whatever was in their field of view. 

Only two problems raised concerns about the technology. It was noted that for some of the 

players who were mashing the collect button, they were resting their thumb on the touchpad of the 

device. A bug was causing input from the other physical buttons on the controller not to register in 

the artefact if the touchpad was being touched, causing the artefact to feel like it wasn’t 

responding to the player’s input. This can be resolved by reworking how input works. 

The other concern was the HMDs complaining of heat issues around 30 minutes into a session. 

While players were able to continue playing if they wished to, it is likely the HMD being hot could 

cause discomfort to players. Heat issues are a limitation for most VR HMDs, especially those in 

the mobile or standalone space, including Cardboard HMDs related to their immersive 

characteristics (see Section 2.4.1.1). Optimizing. Optimising the artefact may help with these 

issues but is unlikely to fix the problem entirely. A more minor note is that these prompts would 

also like break the player’s sense of presence (see Section 2.4.1.3). 

5.6.3.2. Recommendations for Design 

Table 33: Iteration Two recommendations for design 

Recommendation DPE Layer 

Utilise curiosity by using elements of learning as a reward for investigation or 

doing something that a player might think is outside the box. 

Learning 

Find a way to ensure bleaching is narratively as negative for the player’s reef, 

likely separating it from the positive rubble that forms to allow more growth.  

Storytelling 

Polyps should be unlocked in batches to remove the constant requirement to hit 

the collect button. For example, rather than a new polyp being unlocked every 30 

seconds, corals should instead unlock 6 polyps every 3 minutes. Different 

species could be then have different amounts as well as time periods that 

players will need to consider when growing the coral. 

Gameplay 

Due to continued confusion around the view and build modes, the imagery and 

the way the buttons are referred to should be change. The current suggestion 

Gameplay 
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5.7. Solution Objectives Review 

In finishing Iteration Two, the solution objectives identified in Activity Two must be revisited to 

identify how successful the artefact was in satisfying the objectives. Table 34 summarises how 

well the artefact satisfies the solution objectives based on the analysis presented above. 

Table 34: Iteration Two review of solution objectives 

would be to see if switching from using verb for the buttons, to an appropriate 

set of nouns. 

To try and remind players which mode they are in, the laser pointer colour should 

be changed between view and build modes, similar to how the laser pointer 

changes when placing a cluster token. 

Gameplay 

To help explain the ‘view and ‘build modes to players, a short introduction should 

be included in the tutorial. The mode buttons should be hidden until the player 

needs them. 

Gameplay 

Due to a high number of players not seeing and clicking on cluster tokens when 

they appeared in the environment, they need to be adjusted to ensure they are 

easily visible to players. 

Gameplay 

Because players are still not seeing the bubble unlocks when they appear, 

changes need to be made to draw more attention to them. Possible solutions 

include adding unlocked corals straight to the coral selection menu, rewording 

the tutorial prompt that refers to bubble unlocks to not use the word collect, or 

making bubble unlocks appear quicker, bigger and more pronounced in the 

environment. 

User 

Experience 

Due to players not knowing if they are close to unlocking the next milestone 

based on the visuals, add a numeric representation of their biodiversity progress 

to see if this helps players identify and comprehend their progress. 

User 

Experience 

Because players would constantly mash the collect button waiting for polyps, 

show players how many polyps are available to collect somewhere near or on the 

collect button. 

User 

Experience 

Because some players had difficultly clicking on the back button in the coral 

selection menu, this should be made larger, so it is easier to point at and click. 

User 

Experience 

# Objectives Description Success? 

SO1.1 A better artefact would 

engage tourists in one sitting 

With the changes made around coral values, 

players were more likely to end their 

participation before finishing their play 

Yes 
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long enough to make travel 

times feel shorter. 

session. Those who played the artefact were 

again caught off-guard as the boat 

approached mainland. 

SO2.1 A better artefact would 

introduce basic concepts 

about the ecosystem initially 

but would progress to more 

challenging ideas through the 

experience. 

While the fun facts were able to 

communicate information about the marine 

life, many participants did not have enough 

information to understand how some of the 

mechanics were reflecting real-world 

attributes of reef ecosystems. 

Partial 

SO2.2 A better artefact would show 

information tourists were 

seeking after their real-world 

experience, rather than them 

having to find or ask for it 

themselves. 

Like Iteration One, while many participants 

did connect the marine life from their snorkel 

or dive, it is unclear for other participants if 

they saw something and did not recognise it 

in the artefact. 

Partial 

SO2.3 A better artefact would allow 

tourists to interact with the 

ecosystem and participate 

with it in some way, rather 

than be a passive observer of 

the environment. 

Like Iteration One, players interacted directly 

with the ecosystem in the artefact.  

Yes 

SO3.1 A better artefact would use 

the potential advantages of 

HMD hardware to alleviate 

discomfort. 

The ergonomic problems of Iteration One 

were solved with the change in HMD, and 

similar to Iteration One no participant 

suffered cybersickness. 

Yes 

SO4.1 A better artefact would offer 

a more predictable 

experience to tourists, 

especially when the 

ecosystem is otherwise 

unavailable. 

The artefact continued to be predictable, in 

that each session shows the player similar 

species of coral and fish. 

Yes 

SO5.1 A better artefact would be 

playable by multiple groups 

or people at a given time, 

either together or on separate 

devices. 

While players were less likely to take off the 

HMD to chat directly, those that played 

alongside friends continued to communicate 

through their sessions, and often showed 

each other their reefs at the end of the 

session. 

Yes 
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While many of the solution objectives were successful, others were only partially successful. As 

the third iteration is presented in the next chapter, because this iteration focuses on SO8.2 rather 

than these solution objectives, iteration three does not change the outcome to any of these 

objectives. In their description of Activity Five: Evaluation, Peffers et al. (2007) state, “At the end of 

this activity the researchers can decide whether to iterate back to activity 3 to try to improve the 

effectiveness of the artefact or to continue on to communication and leave further improvement to 

subsequent projects.” As the next iteration changes focus, it is at the end of Iteration Two that this 

research concludes working towards this set of solution objectives. The final iteration will focus 

solely on SO8.2 towards investigating connectedness. While not all the solution objectives have 

been successfully satisfied, they have served their purpose in guiding the design of the artefact 

towards the goal of answering Research Question Two. 

SO6.1 A better artefact would 

simulate the feeling of being 

in the water to a degree that 

passengers feel like they are 

under water. 

While the perspective offered in the artefact 

did not change between iterations, the 

change in HMD appeared to help participants 

feel a sense of presence and thus, as if they 

were underwater. 

Yes 

SO6.2 A better artefact would allow 

passengers who couldn’t dive 

see the things they would 

have seen if they were able. 

Once again, no participants in this iteration 

stayed out of the water. While by definition 

these passengers would see things they were 

not able to virtually, with the data collected it 

cannot be claimed this was successful.  

Unclear 

SO7.1 A better artefact would be 

interesting enough to 

passengers that they wish to 

keep playing once they finish 

on the boat. 

Most players would, but many said they 

would be more likely to do so if it was not VR. 

 

Partial 

SO7.2 A better artefact would be an 

experience long enough that 

it can continue to be played 

beyond the day visiting the 

attraction. 

While the overall experience was longer than 

in Iteration One, some players may still be 

able to finish playing in the time they have 

travelling back to mainland. 

Partial 

SO8.1 A better artefact would 

introduce the threats and 

ideas around conservation to 

the passengers.  

Like Iteration One, while some players 

understood bleaching events, others didn’t 

know what was happening when they 

occurred. 

Partial 
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5.8. Research Question Two Outcomes 

In applying the procedures in this chapter more broadly to other nature-based tourism attractions, 

a set of design considerations have been identified from the data. Through the process of building 

an artefact through DSRM integrated with the DPE framework, these design considerations were 

identified to aid in creating a VR SG based on a nature-based tourism attraction. The design 

considerations are written to be easily digestible by practicing videogame designers, with possible 

questions to ask themselves through the design process. A brief justification of how the design 

considerations were formed and how they do or do not align with the artefact developed is 

provided. The design considerations are presented in Table 35. 

Table 35: Proposed Design Considerations for VR SGs about nature-based tourism attractions 

# Design Consideration Justification from GBR Artefact Related DPE 

Layer(s) 

DC01 Consider designing the core 

gameplay elements to segments of 

the attraction that tourists do not 

traditionally engage with. This might 

be for safety or logistical reasons. 

What parts of the attraction do 

tourists typically not see, think about 

or engage with? Can these be made 

interesting and engaging? 

A tourist at the GBR can take photos 

and eventually identify fish, so 

recreating this as the main 

component of the artefact isn’t adding 

as much as doing something 

impossible or new. Instead, visitors 

only get to see coral, usually from a 

distance, so the artefact instead 

focuses on coral, with fish acting as a 

component on top of that.  

Gameplay 

DC02 Consider dividing attraction 

elements between completely 

player-controlled, player-influenced 

and completely simulated. All three 

categories are needed to give the 

player agency while also conveying 

the complexity of the attraction. 

What from the attraction will players 

enjoy having complete control over? 

What would be interesting to occur 

because of these actions? What 

from the attraction can be simulated 

to create to show theirs more going 

on beyond what the player can do? 

Coral placement and growth are 

completely player-controlled in the 

artefact. Depending on the coral 

placement, different marine life will 

move into the reef. Marine life 

swimming patterns, disturbances and 

rubble formations are out of the 

players control to indicate there is 

more happening in the reef than what 

the player can dictate. What fits into 

each of these categories can be 

changed in the design process to find 

new ideas. Paint algae went from 

player-controlled to player-influenced 

Gameplay 
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to give the artefact more random 

elements. 

DC03 Consider gamifying the complexity 

of the ecosystem not for ‘technical 

accuracy’ but ‘correct interpretation’. 

Is the information the player takes 

away from the videogame true, 

regardless how ‘true’ the 

implementation in the videogame is? 

The artefact contains examples of 

this, both positive and negative. The 

way coral grows by merging was 

understood to be literal by some 

players, so they ‘learnt’ something 

incorrect. On the other hand, while 

there is no governing system that 

decides where polyps grow in an 

environment, the player intrinsically 

understands that this happens 

through natural occurrences in the 

real world GBR. 

Learning 

DC04 Consider letting players make bad 

decisions to the detriment of the 

attraction. The player needs to 

experience negative moments to 

make the positive moments more 

impactful. Can a player learn from 

making a mistake? Players are not 

given a chance to fail or make 

mistakes at attractions in the real-

world but can be done in a 

videogame safely. Consequences of 

bad decisions and then adjusting 

incorporates the learning into the 

gameplay. 

Initially the design focused always on 

presenting a happy, positive picture of 

the GBR. But players will learn and 

have a more emotional experience if 

they experience disturbances and 

need to fight for their ultimately 

healthy, successful reef. 

Learning 

DC05 Consider the knowledge level of a 

typical tourist vs what a domain 

expert knows about the attraction. 

Use common knowledge to help 

players get comfortable with the 

videogame early on but work in new 

content once the player is 

comfortable. What do tourists 

visiting the attraction typically know? 

What information would domain 

The artefact showcases good and 

bad examples of this. Early on the 

focus is on fun facts and coral 

growing behaviours, while later in the 

artefact aggression is introduced. 

Those first concepts are easier to 

understand, while aggression is likely 

to new to the player and thus is 

introduced later. The artefact also 

introduces early on the idea that a 

Learning 
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experts want them to know? How 

can you start with common 

knowledge in the videogame and 

graduate to new information through 

progress? 

coral species does not determine its 

shape, a concept new to most 

tourists. A concept like this should be 

introduced later in the artefact, or not 

included at all. 

DC06 Consider designing to embody the 

player in or as the attraction, rather 

than as a visitor to it. Tourists get to 

see the attraction in real life as a 

guest, but they will experience 

different emotions if they can feel 

like they are or exist within the 

attraction. How can the player see 

the attraction not as a visitor? How 

can they feel like they are a part of 

nature with the attraction? 

The player is embodied as the 

incorporeal decision maker of the 

GBR that decides how and where 

corals are grown. The player’s actions 

are not possible in the real world 

when they visit the reef. The player’s 

actions in the artefact could be 

likened to mother nature, deciding 

how the reef should grow, managing 

resources within her control and 

handling disturbances that are 

outside of her control. 

Storytelling 

DC07 Consider the most advantageous 

viewpoint for the videogame. What is 

typical for tourists in this setting for 

real life? Can the player experience 

an atypical or impossible viewpoint 

in the videogame? 

Most visitors to the GBR see the reef 

from on top of the water, as with 

snorkelling, but the most engaging 

experience is from a diver’s 

perspective. With many tourists not 

diving, the artefact was able to 

capture the elements of that 

experience and deliver it to people in a 

more approachable way.  

User 

Experience 

DC08 Consider you/your team’s domain 

expertise. Do you know enough 

about the nature-based attraction? 

Have you experienced the nature-

based attraction? Co-design with the 

domain expert and/or get to know 

the typical experience of a tourist 

before designing. 

As a designer, it was not until I 

experienced the reef that I understood 

what it meant to be embodied within 

the ecosystem. Visiting as a tourist to 

the reef over several days allowed an 

understanding of what a visitor 

typically does, so that something 

could be made that exists outside the 

norm but within the correct 

constraints. A domain expert was 

required to bridge the author’s 

misunderstandings or shortcomings.  

User 

Experience 
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5.9. Conclusion 

From DSRM, at the end of each iteration, at the completion of Activity Five: Evaluation the 

researcher can decide if whether to complete another iteration or continue on to communication. 

Two iterations of DSRM has concluded with an artefact that allows players to engage with a 

nature-based tourism attraction within VR. From this, design considerations to answer Research 

Question Two have been proposed, and thus, at least with the current solution objectives, do not 

DC09 Consider a wide separation between 

simulation of the ecosystem and the 

videogame’ elements put on top. In 

interaction design parlance, use 

magical interaction techniques for 

videogame’ elements and realism for 

those from the real-world attraction. 

This gives the player clues to what is 

accurate to the real-world attraction 

and what is added for the purposes 

of a videogame. Can the player 

quickly interpret videogame 

elements vs simulation elements? 

Can a player intuit what is ‘real’ 

based on their presentation in the 

videogame? Create a visual 

language to distinguish real from 

videogame’. 

In the artefact, rewards and progress 

are represented by magical UI; a 

floating water meter and large pulsing 

bubbles. Players can then make a 

differentiation between the animal as 

a reward, and when it is swimming in 

the environment like a real animal 

would. The artefact does not fully 

capture this feedback with the 

visualisations of clusters; changing 

the intensity of the colours of coral is 

meant to represent positive changes, 

but in the real-world could signify the 

beginning of bleaching coral.  

User 

Experience 

DC10 Consider the environment tourists 

will play the game in to decide which 

hardware is best. Will they use their 

own devices? Can there be enough 

HMDs for the number the tourists to 

will want to play have a chance? 

Would higher-end HMDs add enough 

immersive qualities to experience to 

warrant use? How long will the 

experience last? Should players be 

able to take the experience with 

them, or have access to it 

elsewhere? 

Because the artefact was originally 

intended to have the option of taking 

it home, it was originally developed on 

a platform that supported this. With 

the switch to Oculus Go, this became 

more difficult. There are merits to 

each approach, and thus there was 

not a single answer to which was 

better. The decision made for the 

artefact was made to focus on player 

comfort over availability of the 

artefact in the long-term. 

Technology 
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need to return for another iteration. The DPE framework is used to provide differing perspectives 

for design and analyse that resulted in the design considerations presented in Table 35. Before 

moving onto Activity Six: Communication however, the next chapter documents a third iteration 

motivated towards Research Question Three. These design considerations offer differing 

perspectives to consider when creating a VR SG around a nature-based tourism attraction. 

Chapter 5 concludes the answering of Research Question Two: What design considerations are 

relevant to a virtual reality serious game about a nature-based tourism attraction? In following the 

Design Science methodology, through two iterations of Activity Three: Design and Development, 

and Activity Four: Demonstration and Activity Five: Evaluation, a set of design considerations have 

been proposed. Through the five layers in the DPE framework, these design considerations 

highlight the importance of visual and conceptual separation between real-world simulation and 

videogame elements, as well as utilizing non-commonly seen parts of the attraction and allowing 

the user to make mistakes detrimental to the attraction. In the following chapter, the perspective 

switches from generally building a SG about the nature-based tourism attraction, to design 

considerations that will help increase a player’s connectedness to the attraction.   
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Chapter 6: Changing connectedness to an ecosystem 

through a virtual reality serious game 

6.1. Introduction 

Chapter 6 seeks to answer Research Question Three: What design considerations are relevant to a 

virtual reality serious game for increasing connectedness to a nature-based tourism attraction? 

The primary intention here is to look at how the artefact affects a player’s connectedness with the 

specific nature-based tourism attraction that is the context for the research, the GBR. To answer 

Research Question Three, this chapter will involve one final iteration of the activities in DS, focused 

on examining the change in connectedness players of the artefact experienced. These will inform 

the proposal of design considerations for connectedness in a VR SG based on a nature-based 

tourism attraction. 

This chapter has a stronger focus on using the artefact as a social change SG (see Section 2.3) 

beyond simply a SG set in a nature-based environment. As stated in Section 2.6, connectedness is 

“the extent to which an individual includes nature within [their] cognitive representation of self” 

(Schultz, 2002), and is being investigated as a precursor to pro-environmental behaviour (Gosling & 

Williams, 2010). As discussed in Section 1.3.2, this is being done motivated towards exploring 

more novel approaches of getting people involved in the environmental challenges, turning normal 

tourists into ‘Eco-tourists’, and overall lessening the effects of climate change. As a SG, the 

artefact is built with this purpose, unlike a traditional game where the purpose is entertainment 

(see Section 2.2.2). Using the language of SGs from the DPE framework (see Section 2.3.1.2), the 

artefact is looking to have an affect (the player’s experience through the gameplay layer) on the 

player and direct their engagement (the player’s experience through the user experience layer) 

towards activities that cultivate a sense of connectedness with the nature-based attraction. 

In changing focus to investigating Research Question Three, this chapter’s research approach is 

more traditional than of the previous iterations. In previous iterations, where the artefact was still 

being designed and modified to address most of the Opportunities, it was necessary to ensure that 

feedback was gathered from the intended audience, passengers aboard tourism operators on the 

GBR. In this Chapter, the focus is solely Opportunity Eight, and thus the experiment can be 

designed around specifically this Opportunity. Returning to the GBR in this iteration would have 

caused several issues; 

 More questionnaires to collect the appropriate data were required, which raised concerns

of losing a participant’s interest in contributing, as it was understood that tourists often

suffer more severely from survey fatigue, which already is a well-recognized

phenomenon in research.
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 Literature has shown that connectedness is often heightened during direct experiences 

with nature (Restall & Conrad, 2015; Liefländer et al., 2013). This was cause for concern 

as in measuring a participant’s connectedness while aboard a tourism operator’s boat, 

we would not be able to determine if this was their typical response or had been 

heightened due to being at the GBR. This would have particularly proved problematic for 

the INS questionnaire, as if participants were already at a max state of connectedness, it 

would be impossible for their score to increase from playing the artefact. Using a 

participant pool that was not holidaying on the reef increased the expected variance of 

initial INS responses, and thus initial connectedness levels, then if the experiment had 

been conducted with the same audience as the previous iterations.  

 The available participants on the reef were likely already somewhat connected to nature. 

Passengers had already opted to travel to the GBR, and to spend their day in nature. By 

doing so, it was assumed that for most passengers they were exemplifying many of the 

pre-cursors to connectedness just by being there (Restall & Conrad, 2015). Since the ideal 

participant pool would include a more balanced range of initial INS values, staff and 

students within a university was decided to be a more appropriate pool. Details on the 

conduct of study are included in Section 6.2.2.1. 

At this early point in investigating connectedness, even small changes in questionnaire answers 

would be useful in evaluating the artefact. Similar studies measuring connectedness using digital 

experiences have been conducted in controlled settings (e.g. Arendt & Matthes, 2016; Ahn et al., 

2016), and thus it is appropriate to align our research with these. While next steps may be to 

conduct the same experiments with passengers, it was deemed reasonable to conduct these early 

phases with a different participant pool. The decision to not return to the GBR for the final iteration 

does however limit some of the possible findings for the research. These are discussed in Section 

7.5.2.  

6.2. Iteration Three 

In the final iteration for this dissertation, Iteration Three, the work changes from focusing on 

design, demonstration and evaluation in order to answer Research Question Two, as that has been 

done based on the work in the previous two iterations. Instead, Iteration Three focuses on using 

the DSRM Activities to answer Research Question Three. This iteration will once again look at the 

areas in the artefact through the five layers of the DPE framework, learning, storytelling, gameplay, 

user experience, and technology, but with specific regard to elements related to connectedness. 

Work on this iteration was conducted from May 2019 to November 2019. 

Within DSRM, solution objectives are used as a measure of success for the artefact. In Chapter 4 a 

set of objectives are outlined based on the opportunities found to answer Research Question One. 
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One of those solution objectives, which was not investigated in the previous chapter, will be the 

focus of this chapter. SO8.2: A better artefact would create a sense of connectedness between the 

passenger and the GBR. This solution objective aids the activities to answer Research Question 

Three, and satisfies the requirements of DSRM. 

6.2.1. Activity Three: Design and Development 

For Iteration Three, Activity Three involves the least amount of the work compared to previous 

iterations. While a full set of recommendations were made in the previous chapter for 

incorporation into the artefact, to make all these changes would have taken much longer than 

what was available to complete the dissertation in a timely manner. Following the pragmatic 

methodology, it was instead decided to focus on the few recommendations that were a) of major 

concern to the user’s experience of playing the artefact, b) were feasible within the timeline and 

budget of the PhD and c) may contribute to a player’s connectedness. Due to this, only the layers 

of the DPE framework that were relevant to the changes that were made are discussed in the 

design stage. While in previous chapters specific callouts are made in relation to the solution 

objectives, since this entire discussion is about connectedness and thus is about SO8.2, the reader 

can assume everything in this section relates to that objective. This activity was conducted during 

May 2019. 

6.2.1.1. Process of Design 

Learning: Content and Pedagogy 

Spelling or grammatical errors that were identified in the fun facts during previous sessions were 

fixed. While small, it was deemed necessary for this round as players who read fun facts with 

spelling issues in previous sessions usually focused more on the spelling rather than the fun fact 

itself. Should these short snippets of text influence a player’s connectedness, it would be harder to 

see this if players got caught up in irrelevant misspellings or grammatical errors. Since the focus 

was on a sense of connectedness rather than direct learning, it was decided that learning 

objectives would not be modified in this iteration. 

Gameplay: Mechanics 

No changes were made to the mechanics of the artefact. While initially for this third iteration, the 

coral costs and the time it takes for a coral to produce a polyp were going to be adjusted, it was 

decided that it would be easier to see if the build and view button changes (discussed below in 

Section 6.2.1.1 User Experience) were beneficial. The changes were going to be made to try and 

limit the amount of time players felt stuck in-between the first and second bleach, where they had 

no polyps to collect and no polyps left to grow coral with for extended lengths of time. Instead, the 

values were left the same so that it was more likely players would experience this moment and 

look for what else they can do in the environment. The hope was that the changes made to the 
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build and view buttons (see next section) meant players could fill that time by reading the fun 

facts. 

User Experience: User Interface 

To fix the confusion around the build and view buttons, the symbols on the buttons were changed 

to focus not on the actions the user was supposedly conducting when in that mode (i.e. viewing 

the marine life and building the coral), but what they were supposed to be interacting with. This 

was deemed important as any confusion around getting to and reading the fun facts could have a 

detrimental effect on the player’s flow and potentially their connectedness. The buttons were 

changed so that the build button became the ‘coral’ button and the view button became the ‘fish’ 

button. While this would be incorrect were fun facts to be added to the corals, within the timeframe 

limits this was deemed suitable. Text was also added to the buttons to ensure even more clarify. 

Time constraints meant using 2D symbols rather than 3D icons like the previous ones, but for the 

purposes of testing and to see if the icon switch does make an impact, it seemed unnecessary to 

spend extra time creating 3D versions. The difference between the old and new icons can be seen 

in Figure 33. 

 

Figure 33: Changes made to mode switch buttons. On the left, iteration two buttons representing 'settings', 'build' and 

'view'. On the right, new visuals representing 'settings', 'coral' and 'fish'. 

6.2.1.2. Hypotheses for Play 

Like previous iterations, hypotheses were made prior to conducting Activity Four for Iteration 

Three. Hypotheses made in this iteration, related to the expectations of players around 

connectedness are presented in Table 36. 

Table 36: Iteration Three Hypotheses for Play, pertaining to Connectedness 

Hypothesis DPE Layer 

When the player experiences the artefact, they will go on their own hero’s journey 

around feeling an increase in connectedness to the GBR.  

Storytelling 
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6.2.2. Activity Four: Demonstration 

Activity Four was conducted for Iteration Three with a different focus from the sessions conducted 

for the previous two iterations. While the artefact was demonstrated to collect data once again, the 

demonstration sessions focused on collecting data around connectedness, rather than general 

design issues and insights, in service of answering Research Question Three. Only data relevant to 

the discussion of connectedness is provided, and is presented within the five layers of the DPE 

framework, for the stages experience and play. Since this is the final iteration, with no design work 

to follow on the artefact, recommendations for design are not required. Data presented here are 

analysed and discussed in Activity Five: Evaluation for Iteration Three. 

6.2.2.1. Conduct of Study 

Participants were recruited from both student and employee pools, via volunteer for research 

emails and briefly mentioned at the opening of several lectures to IT students. Sessions were 

conducted in two phases, between 1 and 14 June 2019 on Griffith University’s Nathan Campus 

and between 09/09/19 – 01/10/19 on Griffith University’s Nathan and Gold Coast Campuses. 

Private rooms were booked on both campuses to conduct the sessions. A maximum of three 

participants at a time, but most sessions were one-on-one. In total 31 people interacted with the 

final artefact developed in Activity Three of Iteration Three. 

The same questionnaire and interview questions from the previous two iterations were asked of 

participants (Appendices 4.2.2 and 4.2.5), except those pertaining to their experiences today on the 

reef. To supplement the qualitative data collection methods, the participants were also asked to 

complete INS (Wesley Schultz, 2001), CNS (Mayer & Frantz, 2004) and EES (Pekrun et al., 2017) 

questionnaires (discussed in Section 3.3.2) both prior to interacting with the artefact and right after 

completing their session. This quantitative data are not independently explored but used to 

contextualise the qualitative data collection. The INS is used to investigate a participant’s sense of 

their connectedness before and after the session efficiently so that questions can be asked 

depending on if it increased, decreased or stayed the same. The CNS is used as a broader picture 

of change in connectedness, and to give a sense of whether the connectedness change is 

When asked about what exactly in the game made them feel connected, players 

will most commonly cite either the bleaching events, or attachment to the varying 

marine life. 

Storytelling 

When a new ‘Great Eight’ species is unlocked, players will use the ‘fish’ button to 

investigate what the new animal is. This in-term will help them relate with the reef 

and become more connected. 

User Experience 

After playing the experience, players will feel a sense of ownership over the reef 

they build, and this will drive their sense of connectedness. 

Gameplay 
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momentary. The EES is included to investigate emotions broadly, and helps identify which 

emotions were related to connectedness change. The responses in the pre-session questionnaires 

serve as a baseline for each individual participant when compared to the post-session results. 

The order of each questionnaire as well as the questions within were randomised between the pre-

session and post-session versions. The pre-session version can be found in Appendix 4.2.3 and the 

post-session in Appendix 4.2.4. The post-session interview contained variations on the original 

interview questions as some pertained to seeing the GBR before playing, which was not true for 

this iteration. The modified interview questions can be found in Appendix 4.2.5. This included an 

extra final question pertaining to connectedness and their answers on both INS questionnaires. 

Data collected from all participants for the INS and pre-questionnaire can be found in Appendix 

3.3.1, CNS data in Appendix 3.3.3 and EES data in Appendix 3.3.2. 

Participants were once again recorded during their session, through a camera recording and their 

in-game experience, along with written observational data. Discussion of the used techniques is 

provided in Section 3.3.2. Each session was allocated 90 minutes, with artefact playing given as 

much time as possible, while leaving 30 minutes to conduct the post-session interview. As with the 

previous iterations, participant names were removed and coded. Participant ages ranged from 18 

to 68, with a median of 33 and average of 35. The participant pool was from 8 different countries. 

Twenty participants had visited the GBR previously, while 11 participants had never been. The 

average play session length for Iteration Three was 48.1 minutes. 

Gameplay footage of the artefact as of this iteration is available here (Full link provided in Appendix 

2).  

Example Session: Participant I3-BP 

Pre-session Questionnaire 

Table 37: Iteration Three example participant responses to pre-session questionnaire 

Question Answer 

Age 25 

Nationality Australian 

How many times have you visited the GBR?  Once 

How many times have you visited a reef (around the world)? 2-5 times before 

How often do you play videogames?  Never 

Which platform(s) do you play games on? None 

How often do you make in app purchases?  Never 

On average, how much do you spend per In-App purchase?  --- 

Which of these VR devices have you used before?  Gear or Daydream, Rift or Vive 

How often have you used the above VR devices?  Multiple times, do not own 
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Pre- and Post-session Questionnaire answers 

 

Table 38: Participant I3-BP INS Answers 

 

IN
S 

Before B 

After E 

Change 3 

 

 

Table 39: Participant I3-BP EES Answers 

 
Bored 

Confused 

Curious 

Anxious 

Frustrated 

Excited 

Surprised 

Before 1.0 4.0 5.0 4.0 5.0 3.0 2.0 

After 1.0 2.0 5.0 1.0 1.0 5.0 5.0 

Change 0.0 -2.0 0.0 -3.0 -4.0 2.0 3.0 

        

 
  Increase in emotion after playing 

 

 
  Decrease in emotion after playing 

 

 
  No change in emotion after playing 

 
 

Table 40: Participant I3-BP CNS Answers 

 
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 

Before 5 3 1 5 1 4 4 4 5 3 5 4 5 4 

After 4 2 1 5 1 4 5 4 5 3 5 4 5 5 

Change -1 -1 0 0 0 0 1 0 0 0 0 0 0 1 

               

   
  Increase in feeling after playing 

    

   
  Decrease in feeling after playing 

    

   
  No change in feeling after playing 

    
 

Observations and Video recording review 

The participant was quiet when putting on the headset. After growing a single coral, they asked, 

“So, do I just keep building?” I explained that after a few corals were built more coral would be 

unlocked. When building their second coral, the player pointed their controller at the values beside 

How much knowledge would you say you have about the reef? Less than average 
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the coral, specifically the cost, before selecting the coral to build. After building their third Paula 

staghorn, they clicked on the coral to reveal the ‘summon bumphead’ button and pressed it which 

caused the coral to be removed. [There was a bug in this build that did not reset the bumphead 

button to unavailable when a scene was reloaded]. They asked shortly after this, “Why did one of 

mine disappear?” I explained what happened. They also then noticed the unlock they had received 

and asked, “It also said that I had unlocked a reward, does that look like a big, red thing?” They 

were then able to go into the coral selection menu and see the new coral, saying, “There’s a 

different one.” 

They were immediately faced with a tutorial prompt informing them a sea urchin had appeared, 

but in building the newly unlocked Diji finger it went away. A second Diji finger gave the player their 

first fish, to which they said, “I have a fish, that’s fun.” The player proceeded to build more Diji 

fingers and Paula staghorn to fill the single spot of rock that they have been looking at. In 

completing the patch, the player built four Diji fingers to allow it to grow. They moved over to a 

different patch. At this point the next coral unlock was present in the scene, but the player had not 

noticed it. 

The player continued building on the new patch until it was also covered in Diji fingers and Paula 

staghorn, with one 2x2 Diji finger forming. To ensure the player was able to continue progressing, 

the researcher let the participant know that an unlock was available, which the player proceeded to 

do. With the new coral unlocked, the player moved to a third rocky patch to continue growing, 

however they had to collect polyps, which they successfully did. 

They looked back over at the original patch where the Sailfin Tang were and exclaimed, “I love my 

fish. I have three little black and white ones; I don’t know what they are. They just look so happy.” 

They pointed at the fish button, but then did not select it and went to continue building coral. At 

this point the player only had one polyp, and when attempting to collect more none were available, 

and so asked, “What do I do now? I don’t have any polyps left and I can’t buy anything.” I started 

explaining that they needed to wait a little, however in this time they were able to collect and get 

enough to continue growing. 

When they earned the clown fish, they exclaimed, “Aww, a clown fish!”. As the clown fish moved in, 

the first bleaching event began. While the bleaching event was going on, the participant said, “I got 

little nemos [clown fish], I’m so happy. This is the same joy I get when my plants grow at home.” 

The participant did not appear to realise their reef was getting bleached. When the bleach finished, 

they panicked for a second as the rubble began raising up, before realising that it was more ground 

to grow, stating, “Oh, I have more ground! My ground turned.” (This was referring to a gardening 

practice of turning soil.) After placing the giant clam, they asked, “What [is it] for?” I said it was a 

reward but it does not do much in the artefact currently.  
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After someone else in the session exclaimed about their rubble forming, the participant responded 

by saying, “Yeah, isn’t it fun.” The player continued to plant coral, focusing on newer corals. They 

asked, “Should I be figuring out what environments my fish like? How serious do I take this ‘cause 

that’s what I do for my plants at home.” After building a few more coral, they said, “I’ll be sad to 

leave my reef.” 

After doing a quick scan around their reef, the player found a blob of paint algae and asked, “Oh, 

what’s that thing”. After clicking it and receiving an explanation from me, the player built a few 

differing corals on those spaces. While building these, a different participant in the same session 

asked how to collect polyps, which this participant proceeded to answer.  

While continuing to build, the participant stated, “I’m thoroughly enjoying myself. I’m very attached 

to my reef now.” Even with just a few fish swimming about, they later said, “Lots more fish are 

chilling around me—that’s nice.” They continued to build, moving between the different clusters 

that had formed. In one spot specifically, they chose to grow corals of the same species and 

shape in groups together. In finding another paint algae, they proceeded to grow on the spaces 

paint algae covered. 

Continuing to build coral, the player would periodically scan the rest of their reef, before returning 

to the same spot they were growing in, or occasionally moving to a new spot. At one point they 

said, “This is relaxing,” while building coral. When another player stated they were getting 

bleaching, they responded with: “It’s really sad isn’t it?” Shortly after this they said, “Now I’m really 

nervous. I keep checking my babies, are you ok?” 

When they finally reached the next bleaching events, they asked, “Why did my lighting go all 

yellow?” I needed to state that this was a bleaching event, to which their reaction was, “Oh no!” 

When the bleaching event finished, they looked around for dead coral and collected the new 

rewards. After looking at the dead coral for a bit, they proceeded to build new coral over the top. 

The player proceeded to grow coral in various spots in the reef system, collecting polyps and 

returning to building. The Oculus GO HMD delivered a warning about heat, which the researcher 

told the player to just accept and move on, to which prompted them to say, “Excuse me, I’m busy 

building.” They returned to building their reef. They were building some larger 2x2 corals, along 

with a diverse mixture of the available species and shapes. This included summoning bumphead 

several times to remove older corals to make way for larger ones. 

The player received a cluster token, and immediately asked, “Whoa, what is this?” I offered a 

description of what it was, what it does and how to use it. The player said, “OK, OK, I can duplicate,” 

to say that they understood it was something to work towards. They used the token, and in 

watching the corals that grew said, “Oh cool!” Shortly after, the player said, “I’m like… thorthing 
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[slang for something that makes you happy while thinking deeply (Urban Dictionary, 2020)] this. 

This is like the easiest gardening. And it’s so rewarding because it happens so instantly! This is the 

highlight of my day.” 

As their reef began to fill up, they continued to build in whatever spots were available, earning 

another cluster token in the process. They realised they had not been building that many 

Decembers, and once they began to grow those, they quickly hit their third bleaching event. Their 

response was muted, mostly looking around during the event to see what was dying. When the 

bleaching event finished, they collected their rewards and continued to survey the damage for a 

short time more before beginning to rebuild coral where it had been previously. 

After a period of building, they surveyed their work, checking areas and said, “You’re OK now, you’re 

OK now…” to each patch that they had rebuilt on. The player appeared to be avoiding the stippling 

effect that was hiding some of the coral when surveying by pointing the controller up while looking 

around. Once they had filled in the area in the flat section of the reef, they moved onto the more 

recently unlocked areas of rubble, including the bommie walls. Every time they went to collect 

more polyps, there was always a lot available, which made it easy for the player to pick whatever 

coral they wanted to grow. They were focused during this period and not saying much out loud. 

In reaching the fourth bleaching event, the participant did not initially realise it was happening. Just 

as the bleaching event started, they collected a cluster token, and only half-way through the 

bleaching event registered that this was why things had gotten lighter, not something to do with 

the token. (“Oh, I didn’t realise. I thought I was using the coin.”) When the event was over, they 

spent two of the tokens to rebuild, and watched those new corals grow. 

The player responded positively to the turtle. Once they collected it, they said, “I got a turtle!” in a 

positive voice and watched it for period as it entered their reef. They returned to building, first on 

the bommie walls before returning to the other areas. 

At the 45-minute mark, the researcher stated as such to the immediate response from the player: 

“No, we cannot stop!” They continued to build, mostly the newest unlocked coral Aspen leafy, and 

quickly got to the fifth bleaching event. They reacted by saying, “Aw, I’m bleaching.” At this point 

they did not do too much looking around during the bleaching event but continued to build coral 

once it finished. In knowing they needed to end soon, the player said, “You should keep [my reef] 

alive because it’s fricking beautiful, and I got a new fish!” referring to the potato cod that had just 

been unlocked. The session ended with them saying, “Bye, reef!” Once they took the HMD off, they 

said to another participant, “I’m actually so sad to leave.” Those participants swapped HMDs to 

see each other’s reefs. 

Total play length: 51 minutes 
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Post-session Interview Summary 

Table 41: Iteration Two example participant responses to post-session interview 

Question Answer 

1. Do you have any questions

or comments about what you 

saw/ happened in the game? 

That was so cool. Felt more connected to the coral than the fish, 

wanting to make sure they were ok. 

2. Were there any aspects of

the game you didn’t enjoy or 

confused you? 

Wasn’t interacting with the fish as much, focused on building. First 

five minutes always confusing but eventually figured it out. Nothing 

didn’t ‘enjoy’, so impressed. I want every school kid ever to play this. 

3. Were there any aspects of

the game you DID enjoy? 

It was rewarding to start with nothing, and have the coral and 

animals come out over time. I was planting coral so quickly cause I 

wanted to keep making it bigger and bigger. I like that it was VR 

because it made you feel a part of it. Like if it was a computer 

screen, as soon as you look away, you’re not immersed anymore. 

Whereas when you’re ‘in’ the game like that is your reality. That reef 

was everything. Way more impactful. 

4. How did you feel during the

bleaching events: 

I wasn’t so focused on the bleaching events and they didn’t 

devastate me so much. Waited for them to pass then I could get 

back to building. [Contrasts to friend who felt very worried during 

bleaching event]. I felt ‘helpless’ while it was happening since I 

couldn’t do anything, but mostly dying for it to finish so I could go 

and plant in the areas that got destroyed. Wanted to bring it back to 

life again. 

5. What was driving you

forward to keep building the 

reef, if anything? 

Wanted my reef to look colourful and happy, it was rewarding just 

seeing more fish come. There was a stage that my reef was so 

happy that there were so many fish that I had to ignore them to be 

able to plant. Which I kinda liked ‘ohh fishies!’. But also, I was trying 

to plant as much as I could so that it was healthy for the bleaching 

events. I was like ‘Quick, plant this’, so that when a bleaching event 

happened, I was like ‘cool, I planned for this’ and then try rebuild. I 

was trying to spread the reef as much as I could and unlock more 

fish, so I could make it healthier, so the bleach hurt less. 

6. Did you learn anything new

about the reef from the game, 

if anything? 

I definitely did, I learnt more about the corals, I wish I spent more 

time to learn about the fish, but I was in this race against time I 

created for myself. But I think, as far as an educational tool, I think 

it’s helpful. It’s not my expertise, but if you had put a textbook in 

front of me with names of corals and fish not an interest to me. But 

this was a fun way to learn. It was nice to see them being planted 



Changing connectedness to an ecosystem through a virtual reality serious game 

  Lewis Carter 

  Page 204 of 294 

6.2.2.2. Data on Play 

Table 42: Iteration Three Data on Play 

together and growing bigger, the diversity, and I related them back 

to plants. I don’t spend time in the water, removed from the reef, but 

my plants I am obsessed with. To be able to relate the reef back to 

my plants made it more impactful for me. 

7. Would you be interested in 

playing the game when it is 

released? 

Yes! I want my reef back! Please, I’m sad/ [slightly joking]. Would 

prefer VR. 

8. Did the game make you 

want to revisit the reef? 

Already wanted to go visit, so didn’t change. 

9. How much knowledge 

would you say you have about 

the reef now? 

Roughly the same. If anything, now I realise I know less. 

10. On the question “how 

connected are you with the 

great barrier reef” you selected 

[Pre-Answer] and then [Post-

Answer] after interacting with 

the experience. What do you 

think it was about the 

experience that caused that 

change? 

It was your baby, kind of thing. You were responsible for it, 

everything you did had a direct impact. Now that I’m saying this, I 

realise elements of it are true, in our everyday life. But being able to 

be there and see it. In my everyday life it’s not just down the road, I 

don’t visit often, it’s separate to me. But when creating something it 

[let’s sentence linger]. I think as well, to tie it back to the impact on 

real life, it should show the plastics and what people can do. If I was 

to see a plastic in my reef I’d be like “GET OUT!”, so to integrate 

some of those elements in the game. More tangible things to what 

we do every day. Like if a plastic killed off one of your fish. To walk 

out of this now I almost feel a little helpless. Like ‘I was doing so 

much for the reef in the game, what do I do now?’ So even just 

giving people some tips for what people can do every day. 

Follow up to 10: Were there 

any specific moments that 

you can pinpoint that helped 

your [change in] 

connectedness? 

I had so many polyps, so many fish, I did this from nothing. So nice 

to see the circle of life happening when things were getting to the 

stage where the reef was just getting healthier and healthier. It 

showed the more effort, the more time you put in, nature responds. 

Data Type Data DPE Layer 

Reviewing video 

recordings 

Only one player opted to finish playing themselves during the 

session. All other players were asked to finish up to ensure the 

post-session interview could be conducted within the time 

allocated for the session. 

-- 
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Reviewing video 

recordings 

Nine players used the fish button when they unlocked a great 

eight species, while or shortly after it emerged from the bubble 

unlock into the environment. 

Learning 

Reviewing video 

recordings 

Four players directed questions to the researcher around what 

they were reading in the fun facts to learn more about what was 

stated. 

Learning 

Observations, 

Reviewing video 

recordings 

Four players wanted to clarify they were doing the right thing at 

the beginning of play. 

E.g. “So, do I just keep growing coral?”

Gameplay 

Observations, 

Reviewing video 

recordings 

Seven players reacted positively to one of the first few fish 

(including the clownfish) moving into their reef. E.g. “Where’s my 

fi- aw, it’s so cute.”/ “I’m so happy.” 

Gameplay 

Reviewing video 

recordings 

Six players related the process of building their coral to 

gardening, with all but one referencing their own gardening 

experience. Three players mentioned it being much quicker than 

real-life gardening. 

Gameplay 

Reviewing video 

recordings 

Three players were excited by the new space becoming available 

via rubble forming for them to grow more coral on. 

Gameplay 

Reviewing video 

recordings 

Seven players were constantly checking other parts of their reef 

to ensure their coral was not dying. One player mentioned this 

specifically while playing, saying the reason was they were 

worried for bleaching. 

Gameplay 

Observations, 

Reviewing video 

recordings 

Three players had strong negative emotional reactions when 

coral died outside of a bleaching event, including sea urchin 

attacks, aggression or accidental bumphead summons. 

Storytelling 

Observations, 

Reviewing video 

recordings 

Four players had positive emotional reactions when they 

successfully created a larger coral. E.g. “Look! That one grew, 

that’s so cool.” 

Storytelling 

Observations, 

Reviewing video 

recordings 

Five players had negative emotional reactions when they faced 

their first bleaching event, while 12 people had more emotional 

response from the second or later bleaching events. Four of 

those players were noticeably disheartened from the bleaching 

event but continued playing regardless. 

Storytelling, 

User 

Experience 

Reviewing video 

recordings 

Nineteen players were able to successfully switch to fish mode, 

read the fun fact then switch back to coral mode to continue 

building coral without any outside guidance. Six players did not 

use the buttons at all.  

User 

Experience 
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6.2.2.3. Data on Experience 

Table 43: Iteration Three Data on Experience 

Reviewing video 

recordings 

Four players thought more coral had died during a bleaching 

than actually had and were confused when they started “coming 

back to life”. 

User 

Experience 

Data Type Data DPE Layer 

Post-session 

interview, INS 

Of the 31 total players, 24 said their connectedness increased 

and seven stayed the same. 

--- 

Post-session 

interview 

Twelve players said they did not learn that much more or learnt 

nothing new from the artefact. Of the 19 that did learn more, 13 

cited fun facts and six cited information parsed from the 

mechanics. When describing the information, they learnt from 

the mechanics, four people described factually correct 

information while two people learnt incorrect information. 

Learning 

Post-session 

interview 

Two players felt more connected with the environment when 

they had enough information to knowingly enact change for their 

virtual reef. 

Learning, 

Gameplay 

Post-session 

interview 

Seven players cited their increased connectedness being due to 

the artefact being a reminder about the reef. Players would 

reflect on the real-world reef not being front of mind, not 

something that is “in their backyard”, or not being easily 

accessible. 

Gameplay 

Post-session 

interview 

Six players cited their realisation of how much is happening or 

the complexity of the ecosystem as their reason for increased 

connectedness. E.g. “I Realised how difficult it is to grow even a 

little patch of coral.” 

Gameplay 

Post-session 

interview 

Two people related their increased connectedness to nostalgia 

of their real-world reef visit, using that information as a guide 

when they were playing. E.g. “I remember seeing one of those.”  

Gameplay 

Post-session 

interview 

Seven players mentioned the artefact being relaxing or being 

relaxed after playing. 

Gameplay 

Post-session 

interview 

Seven players during the discussion would use language that 

describes the scenario on the real reef when reflecting on their 

play session. E.g. “Was never sure when [a bleaching event] 

would happen again”, “Can’t do anything about it [referring to 

bleaching]!”, “Everything [I] did had a direct impact on [my] reef,” 

and “…individual actions can have positive change.” 

Storytelling 
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6.2.3. Activity Five: Evaluation 

Activity Five involves the analysis and discussion of data collected in Activity Four of Iteration 

Three. For this iteration, the focus was less on the objectives of the solution outlined at the end of 

Chapter 4, and more on evaluating the effectiveness of the artefact to elicit a sense of 

connectedness between the player and the GBN. While quantitative data was collected in the form 

of INS (Wesley Schultz, 2001), CNS (Mayer & Frantz, 2004), Schultz’s ECS (Schultz, 2000) and EES 

(Pekrun et al., 2017), these were used to contextualise the qualitative data from observations, 

recordings and interviews. Once again analysis was performed from the perspective of the five 

DPE framework layers, learning, gameplay, storytelling, user experience and technology, based on 

how participants interacted with the artefact (play) and their experience post-session (experience). 

This section outlines a preliminary set of design considerations for creating connectedness with a 

nature-based tourism attraction through a VR SG which are found at the end of this chapter. 

Post-session 

interview 

Four players cited their increased connectedness as feeling like 

they could “do something [about the reef dying]” from the 

artefact. Only two players continued this thought and applied it 

to real-world intervention, wondering about how they could 

action their desire to do something. E.g.  

“I was doing so much for the reef in the game, what can I do 

now?” 

Storytelling 

Post-session 

interview 

Five players mentioned at some point the impact humans are 

having on the real-world reef. 

Storytelling 

Post-session 

interview 

Seven players cited feeling more connected to their reef because 

they had a personal attachment, and that the virtual reef felt like 

their reef. Of these players, four specifically referenced the act of 

building the reef, and the time and effort they put into creating it. 

E.g. “It’s my baby!” 

User 

Experience 

Post-session 

interview 

When asked what was driving them forward to keep building the 

reef, three players cited wanting to make the environment better 

and better.  

User 

Experience 

Post-session 

interview 

Five players cited increased connectedness because of the 

feeling of presence in the virtual reef thanks to VR. E.g. “When 

you’re in something you care more about it.” 

Technology 

Post-session 

interview 

The six players whose connectedness stayed the same cited 

either not learning anything and thus it did not create a 

connection, or that it was not real. E.g. “It’s just computer 

graphics!” 

Technology, 

Learning 
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6.2.3.1. Analysis from Play & Experience 

Learning: Teaching & Learning 

Player’s trust in the information provided by the game was surprisingly fragile. One player asked 

during their session if the names of the coral were real, and it was explained that they were made 

up based on the scientific names. In the interview later, they reflected on this, saying that they did 

not know if they could trust the information the artefact was giving them, both in terms of written 

fun facts and what they were understanding the mechanics to mean. While this participant’s 

response to the second INS indicates the artefact still created a closer sense of connectedness to 

the GBR, their explanation for why they felt more connected did not include learning new 

information about the ecosystem. The loss of trust mirrors a break in Psi for this player; something 

happened that caused them to stop believing/trusting in the virtual world, and thus everything 

from that point was viewed from a more sceptical lens. It is incredibility difficult to get Psi back 

once it is lost, with this being problematic for an SG where if this is lost one may no longer trust the 

educational components of the experience. Losing Psi likely influences a player’s connectedness 

to the virtual reef, and subsequently the real-world GBR, as it lessens the emotional effect of any 

events that occur in the virtual environment. 

Another related concern was how some players cited incorrect information when asked what they 

learnt in the artefact. Specifically, this was related to how players interpreted the way corals grow 

in the artefact. Some players took away from the artefact that corals must merge together into 

one large colony from several separate colonies, which is not true. While players were not told this 

was untrue this during the session, if they ever did find out that this was not true, their trust in 

anything they understood from the experience would be lost. This would suggest the need to 

thorough examination of all mechanics in a nature-based SG to ensure that the correct information 

is taken away from the artefact. The separation of obvious videogame elements from the 

environment appears even more critical as identified in DC09 as failing this leads to scepticism in 

the experience, which could lead to a failure to increase connectedness.  

The intention of collecting emotion scores through the ESS was to examine participants’ curiosity 

about the GBR before and after playing the artefact. Of the participants, 27 answered at a four or 

higher to ‘curiosity’ in the pre-session questionnaire, making it difficult to examine if there was a 

consistent change in curiosity in participants. Due to this, with the data that was collected, it is 

difficult to make any determination regarding the artefact making people more curious about the 

GBR. Like previous iterations, people were asking unprompted questions throughout the session, 

related to the fun facts or generation information about the GBR. The number of these questions 

increased, attributed to the now more discoverable fish and coral buttons to activate the fun fact 

mode. While this still points to some level of curiosity about the reef, no conclusions can be made 

at this time. 
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As most players indicated they did not learn anything new or only knew slightly more about the 

GBR after playing, there does not seem to be an association between learning and remembering 

the content in the artefact and a change in connectedness. However, when players were 

interacting with the artefact many would still read the fun facts, and occasionally vocalise their 

engagement with them, by saying things like “oh cool” or “interesting”. These moments, while 

perhaps the knowledge was not retained, still add to a positive memory of the entire experience. 

Storytelling: Storytelling & Story 

Looking at the data with the perspective of the player’s journey, a difference can be seen between 

the design intentions for connectedness and the outcomes. It is only after the play sessions, and 

the post-experience interview centred on connectedness, that the journey players go on can be 

seen. While not all stages are discussed, the most poignant based on the data are. 

The first stage, ‘the ordinary world’ is the world that players are coming from before entering the 

data collection session. The initial INS values give a quick indicator to how the participants initially 

felt. Most indicated they had very little connection with the GBR before playing the artefact, and 

thus their ordinary world existed without consideration to the GBR’s existence. Some participants 

had more of a connection to begin with, while others indicated through discussion or from their 

answers in the more general CNS that, while the GBR specifically had little relevance to their 

ordinary world, nature more generally did. These feelings were less negative as Batty (2010) 

describes but more unobserved or neutral, based on the fact that several participants identified the 

artefact as bringing the reef “front of mind” after playing. 

An interesting perspective using the hero’s journey is to align ‘the refusal of the call’ to when the 

player first feels an emotional attachment to their virtual reef. From the data, this appears to be 

when the first swimming species movies into the reef, or during the first bleaching event. The first 

bleaching event, as a more negative emotional response, acts as a deciding moment for the player; 

they could give up or begin rebuilding. At this moment when playing the artefact some players felt 

disheartened, but all they choose to persevere, and start working towards rebuilding. 

This moment could also be likened to the stage ‘crossing the first threshold’, as this is the moment 

players must commit to emotional transformation (Batty, 2010).The threshold here is the 

knowledge that the artefact is attempting to make them care for the virtual, and hopefully the real-

world, tourism attraction. In this scenario, since the player faces bleaching events and 

disturbances throughout the artefact, the refusal could come at any time during their play session. 

This is however difficult to correlate to the collected data, as no participants ended the session on 

their own accord. Players might have felt an urge to stop, but in the play-sessions conducted no 

one ended their session voluntarily, and thus might have satisfied what is expected of refusal of 

the call, where the protagonist initially resists but ultimately proceeds. 
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In the current artefact, the tutorial acts as a mentor for the player in stage ‘meeting the mentor’. 

However, when considering connectedness to the real-world GBR, the tutorial only offers 

mentorship towards connecting to the virtual reef. Connectedness to the real-world, at least ideally, 

should be created through the entire artefact more generally. It is the object that, through play, is 

supposed to create a sense of connectedness to the nature-based tourism attraction in question, 

because the artefact is there to challenge the player’s thoughts and emotions as they were in ‘the 

ordinary world’. 

For the stage ‘tests, allies and enemies’, the allies can be aligned with all the marine life. Players 

responded positively to both the swimming species and the coral. Within the storytelling context, 

to the player they represent the necessity of the journey they are on; the coral being built and dying, 

the fish moving in or moving out show the positive or negative consequences of their in-game 

actions. Sea urchins and other threats are the enemies, and the tests are overcoming those 

threats. However, this reveals a problem with the current artefact. The enemies are supposed to 

show the necessity of the journey, and why connectedness to the reef is important. The artefact 

does not achieve this, as the enemies are also part of the tourism attraction the player should be 

connecting to. A better enemy would be something that is external to the tourism attraction. In the 

case of the GBR, assigning enemy status to an external entity would clarify what the player should 

associate with an ally and an enemy. The literal interpretation of those enemies in the reef 

continue to be the tests. For the artefact, an example would be ‘human actions’ as the ‘enemy’, 

then narratively sea urchins do not just move in, they move in because humans disturbed the 

balance of the ecosystem. The test continues to be removing the urchins, but negative emotions 

are directed away from the ecosystem the player should be connecting with to the external entity 

of humans. 

There are no clear ‘approach’ or ‘ordeal’ stages in the current artefact based on the data collected. 

Relevant to both these stages is the player’s ‘deepest, darkest fear’, but because what this might 

be is unclear, it is thus difficult to approach a moment where they would confront this fear in the 

ordeal. The fear that was most evident in some of the play-sessions was that their virtual reef 

would die, but this did not always translate to the real-world GBR and from the data collected was 

not a strong emotion if it did translate. This realisation was had by some of the participants in the 

post-interview, however it is unclear if they would have made these connections if they were to 

play the artefact outside of the research session (where they were prompted to reflect). The final 

bleaching event is the closest the artefact comes to an ordeal, but it serves more as a final 

escalation of the tests. The current version does not contain the emotional weight that is required 

for a true ordeal. 
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The most significant finding regarding the ideal replication of the hero’s journey arises from the 

experience data. Several participants in the discussions that were had after playing felt a sense of 

kinship with the reef that they had built. There were differing levels of this connection; some 

likened it to the time investment, while others identified the reef as their “baby”. There is enough to 

indicate that there was a want to nurture the virtual reef. Thus, ‘the reward’ is the knowledge and 

skills to do so. Much in the same way a parent has the call to adventure to nurture and care for 

their newborn baby, the artefact must seek to initiate a call to adventure to nurture and care for the 

virtual reef. If the call to adventure is to nurture a virtual reef, then the deepest, darkest fear that is 

required to be overcome for the ordeal would be that they are not being a good parent to the reef, 

or that they are failing at nurturing the virtual reef. Through playing the artefact, and hitting the 

various early stages of the hero’s journey, the kinship required to make this true was formed. 

What is currently missing from the artefact is a clearer way for the hero’s journey of caring for the 

virtual reef to be translated into caring for the actual reef. The ideal scenario would be the reward 

is actually knowledge and skills to nurture and care for the real-world reef. However, currently the 

realisation around action towards the GBR only came from the experience data, which was 

collected through the post-session interview process. For example, one player stated during the 

interview, “When people go on about bleaching et cetera in the news, you don’t think about the reef 

as a whole living ecosystem. I mean, I know it is academically but actually seeing it in the artefact 

and watching it become something was quite engaging.” The artefact does effectively change the 

story for players about the real-world reef, but this was only evidenced through the forced 

reflection as part of the interview process. The current player’s journey allows the player to 

connect with the virtual reef. The artefact would need to be modified to redirect those emotions to 

the GBR towards the end of playing the artefact, in the last few stages of the hero’s journey, and 

not rely on external influence. 

While the data allude to some connection created to the real-world GBR after playing, ultimately it 

is doing a better job of creating connectedness to the virtual reef than the real-world reef. While 

creating a connection to the virtual reef was the intention, that intention was in service of creating 

a connection to the real-world reef. Analysing the data from the perspective of the player’s journey 

reveals that the journey the player takes may need to be more deeply considered in the design 

phase to better create a sense of connectedness to the nature-based tourism attraction in 

question. Based on this analysis of the data presented in Section 6.2.2.3, Table 44 contains a 

summary of both how the player’s journey is represented as the artefact currently stands, and 

based on the analysis what an ideal version of that journey might look like to better create a sense 

of connectedness with the real-world GBR. The stages have been re-ordered to better reflect the 

order they were witnessed in the artefact. 
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Table 44: The Player’s Journey towards connectedness, both in the current artefact and an ideal version 

Current Journey Ideal Journey 

Stage Description Stage Description 

1. The 

ordinary 

world 

The player goes about their day-to-

day life with no real sense of 

connectedness or motivation to 

nurture the great barrier reef. 

1. The 

ordinary 

world 

The player goes about their day-to-day 

life with no real sense of connectedness 

or motivation to nurture the great barrier 

reef. 

2. The call to 

adventure 

The player is invited to play the 

artefact, where they get to be a 

nurturer to a virtual reef. 

4. Meeting 

the mentor 

 

The player meets the artefact, their 

mentor in connectedness towards the 

virtual and eventually real-world reefs.  

4. Meeting 

the mentor 

The player meets the tutorial, which 

is there to show them how to play 

and how to interact to nurture the 

virtual reef. 

5. Crossing 

the first 

threshold 

The player, through an in-game event is 

forced to commit to nurturing and 

caring for the virtual reef. This in-turn 

provides more of a chance for 

commitment to connect with the real-

world GBR as their journey continues. 

3. Refusal of 

the call 

The player may not wish to play the 

artefact to begin with, but eventually 

decides to continue through the 

hero’s journey or ends their play-

session and does not continue. 

2. The call to 

adventure 

The artefact begins to introduce 

elements about the real-world GBR 

more directly. The player is called to do 

something to nurture for the real-world 

GBR. 

5. Crossing 

the first 

threshold 

The player faces their first bleaching 

event. The mentor is no longer as 

active in helping, and the player must 

commit to continuing their journey. 

6. Tests, 

allies, 

enemies 

The true enemy, outside forces ruining 

the GBR, are slowly introduced. Allies in 

the marine life show the player why the 

journey is important, and disturbances 

test the players resolve in progressing. 

6. Tests, 

allies, 

enemies 

Allies and enemies are both found 

within the reef ecosystem as marine 

life or disturbances. The player faces 

the negative actions of some of 

those marine life as tests. 

3. Refusal of 

the call 

The player might refuse the call at any 

time through the tests, allies and 

enemies stage. The player might stop 

playing the artefact and return, 

continuing the journey, or not return at 

all and end the journey. 

7. Approach There is no true ordeal, and thus the 

player does not have a solid 

representation of their deepest, 

darkest, fear to knowingly approach. 

7. Approach The player realises that they may not be 

doing enough to care for the real-world 

GBR. 

8. The 

ordeal 

Currently no true representation of 

an ordeal. The deepest, darkest fear 

is that they are not nurturing their 

virtual reef effectively, but there is no 

confrontation of that fear. 

8. The 

ordeal 

The player is able to face the fear that 

they are not being a good nurturer to 

the real-world reef, ideally through 

actions within the artefact. 
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These journeys may be able to, or even required to occur simultaneously; with some small 

modifications, the current journey represents the journey towards caring for the virtual reef, while 

the ideal journey represents the journey towards caring for the real-world GBR. For the ideal 

journey to work, players must have the fear they aren’t being a good custodian of the GBR, but they 

may not even have thought that this is something they should be doing. A fear for the virtual reef 

must be first introduced so that it can be associated with real-world reef. there is a dichotomy 

between the two journeys, it would appear impossible to get a player to feel connected to the real-

world GBR if they are not feeling connected to the virtual reef. 

Gameplay: Dynamics & Affect 

While many players indicated in the post-session interview they felt positive about their in-game 

actions towards caring for the reef and helping rebuild after the bleaching events, most of these 

players never began to connect those actions to the real-world GBR. Of the few who began to 

ponder how they might be able to translate that ability of helping the virtual reef in the artefact into 

action in the real-world, those players indicated they didn’t know where to start. These players felt 

9. The 

reward 

By getting to the end of the artefact, 

the player has learnt the in-game 

skills that help them build and 

nurture the virtual reef. 

9. The 

reward 

The player now realises they are armed 

with the knowledge or skills to help 

them face the fear that they are not 

being a good nurturer to the real-world 

reef. 

10. The road 

back 

The player finishes playing the 

artefact, and now heads back to the 

real world with the satisfaction of 

completing the artefact. Their 

feelings of nurturing the in-game 

reef may or may not carry over into 

the real world/towards the GBR.  

10. The road 

back 

The player continues the late stage 

gameplay with the knowledge and skills 

they have learnt, giving them motivation 

to finish building their virtual reef. 

11. 

Resurrection 

The player may showcase through 

their actions that their feelings 

towards the virtual reef have 

converted to the GBR. This however 

is unlikely in the current player 

journey. 

11. 

Resurrection 

With the rewarded knowledge and skills, 

the player is able to demonstrate those 

skills through in-game action. 

Successfully doing so would mean 

finishing the artefact. 

12. Return 

with the 

elixir 

If the player’s feelings for the virtual 

reef convert to the GBR, they must 

figure out how to continue sense of 

nurturing into their actions day-to-

day. They must figure out how to 

show others the actions they can 

take to help nurture the reef. 

12. Return 

with the 

elixir 

The player returns their day-to-day life, 

incorporating their knowledge and 

continuing actions that help nurture the 

GBR. They must figure out how to show 

others the actions they can take to help 

nurture the reef. 
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good about helping the virtual reef, but since there was no clear connection between the activities 

they were doing in the game to help and the actions they would need to take to help in the real 

world, they were not able to make the connection. As a way to satisfy several of the solution 

objectives, from previous iterations a design consideration was identified to look at what the player 

cannot do in the real-world, and allow the player to experience something different and new in the 

VR SG. While this still holds true, it would appear the design needs to also consider the actions the 

player can take, specific to pro-environmental behaviour related to the tourism attraction and 

incorporate those in some way. When the artefact does achieve some level of increased 

connectedness, it then does not have a way to help those people translate those feelings into 

actions. 

One participant specifically cited the act of trying to build bigger coral as when they started feeling 

connected, as this was the moment for them that they understood the value of their actions to the 

virtual reef. Specifically, it was that they were trying help the reef be more resilient in the next 

bleaching event, and by creating larger coral they understood that this coral would be less likely to 

die. In the post-session interview, they connected this back to the real-world GBR, wondering if 

there were ways humans could enact similar growing processes (the participant was unaware of 

the any current coral regeneration/coral farming projects). The artefact triggered an exploration of 

the possibilities for helping the real-world GBR, which in turn made the participant feel less 

helpless and more connected. In contrast to this, a different participant said that it felt like the 

work they were doing for the virtual reef effected positive change for the real-world, stating 

“logically it doesn’t help but it feels like it does”. They went on to say, “Thinking about the impact 

[humans] have made on the GBR can be depressing, [but] the opportunity to feel like you can, fake-

ly, repair something is really good.” 

These participants reveal two different perspectives on the effect the artefact has on 

connectedness to the attraction. On one side, by participating in actions to help their virtual reef a 

player may begin to explore the possibility of similar actions in the real-world. On the other side, a 

player might feel like they have adequately contributed to helping the virtual reef and never move 

beyond the virtual into the real-world. These two instances show that while some players’ 

connectedness can expand and continue towards the real-world GBR, other players feel that sense 

of kinship with their virtual reef. This again reveals the necessity to bring in more direct language 

or videogame elements into the design that keep the real-world nature-based tourism attraction at 

the forefront of the player’s mind. 

User Experience: Interactivity & Engagement 

Focusing on connectedness, there is less analysis of specific UI elements, but and more general 

discussion of how playing the artefact made participants feel. While the EES was included 
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primarily to examine curiosity, it did reveal interesting information regarding frustration and 

anxiousness. While the other emotions measured were consistent between pre- and post-session, 

frustration and anxiousness fluctuated the most. While some players stated their anxiousness and 

frustration decreased after playing, for others it increased. Looking at these results and comparing 

them to the answers in the post-interview, there are two different reactions to the artefact that 

likely caused these answers: 

 Participants who experienced less frustration/anxiousness after playing the artefact talked 

about the relaxing nature of the artefact, while 

 Participants who experienced more frustration/anxiousness after playing the artefact were 

more likely to discuss how they felt during the bleaching the bleaching events or associating 

their connectedness with the feelings of emotional attachment to the virtual reef. 

Here a potential dichotomy between the types of players is revealed. For some players, the relaxing 

flow of the artefact may put them at ease, and these players do not seem to worry as much about 

the threats to their virtual reef, but just continue to build the reef after anything happening. For 

other players, these events represent an attack on them as a consequence to the connectedness 

they have to the virtual reef. These players appear to be indicating a higher level of connectedness 

to at least the virtual reef, if not the real-world GBR. However, a participant’s change in INS score 

did not seem to determine whether the participant was more or less frustrated/anxious. Most 

players that did indicate a change in these emotions still overall felt more connectedness to the 

GBR. While it cannot be determined from the data whether an increase or decrease is preferable, it 

appears that regardless of direction, a change in frustration or anxiousness can lead to a change in 

connectedness. 

Technology 

Several participants, when asked why they thought their connectedness increased after interacting 

with the artefact (asked only of those whose INS scores improved pre- to post-session) was that 

they felt like they were “submerged” in the reef or they were simply “in” the reef as they played. One 

player specifically stated, “When you’re in something you care more about it.” This indicates that 

presence was a factor for some participants in increasing their connectedness. The most 

common answer from participants when asked why they thought their response to the INS 

questionnaire improved after playing the artefact was simply along the lines of the artefact 

bringing the GBR ‘front of mind’. These participants reflected on the reef not being very accessible 

and not something that they see or read about often, other than the occasional news article. This 

answer comes across as the simplest response in terms of why connectedness to the reef may 

improve; a player is reminded that the reef exists, so the player feels more connected to it. This still 

indicates that utilising VR was a contributing factor in increasing some participant’s feelings of 
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connectedness. Based on the data collection however it could not be said by how much compared 

to other media, or if other factors for different technologies would influence connectedness 

positively. While utilising presence in this way could be an important design consideration, it 

remains to be seen how beneficial it truly is. 

6.3. Solution Objective Outcomes 

To complete the final iteration in the eyes of DSRM, the solution objectives relevant to this iteration 

must be reviewed against the artefact. In this chapter, our focus was on SO8.2 related to 

connectedness. Table 45 summarises the collective results based on the discussion conducted in 

Activity Three: Evaluation for this iteration (Section 6.2.3.1). 

Table 45: Iteration three review of solution objective 

Looking at the quantitative data collected, while the INS reveals an overall positive increase in 

connectedness to the GBR, the CNS data does not indicate that connectedness to nature more 

generally has been affected. The author would hypothesise based on this that were the 

participants asked to recomplete the INS a week or month after playing the artefact that their 

response would have returned or shifted closer to their pre-session answer. While a prolonged or 

permanent increase in connectedness more generally would be ideal, it certainly wasn’t expected 

at this time. The goals of this research were not to permanently increase connectedness, but 

identify a set of design considerations that contribute towards an increase in connectedness, 

regardless of the length. Through the analysis of the artefact the research has been able to identify 

which elements appeared to contribute to a players increase in INS response, and thus their 

connectedness towards the GBR, to propose a set of design considerations (presented below in 

Section 6.4). The length of a player’s increased connectedness pertains to future research 

discussed in Section 7.5.3. 

6.4. Research Question Three Outcomes 

Based on the analysis above, a list of proposed design considerations around designing for 

connectedness to nature-based tourism attractions is presented in Table 46. Demonstrating 

# Objective Results Summary 

SO8.2 A better artefact would create 

a sense of connectedness 

between the passenger and 

the GBR. 

The artefact creates a sense of connectedness to the GBR 

in the moments while playing and after the experience, at 

least for a short period of time. Guided reflection and 

discussion about the experience post-session seemed to 

enhance that connectedness with the participants, and 

thus the artefact needs to do a better job of incorporating 

reflective and reminders of the real-world to better achieve 

the objective.  
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features from the artefact or the limitations of the artefact to fully encompass the design 

considerations based on the analysis are provided as justification. 

Table 46: Proposed design considerations for VR SGs about connectedness to nature 

# Design Consideration Justification from GBR Artefact Related DPE 

Layer(s) 

DC11 Consider what can be taught 

about the attraction beyond 

typical facts and general 

knowledge. What challenges exist 

for the attraction, and can they be 

included in the videogame? What 

is the core struggle the attraction 

faces that a player can influence in 

the real-world? Can the videogame 

indicate what the player can do 

beyond playing? The player does 

not need to remember this 

information but find it interesting 

to evoke a positive emotional 

response. 

The artefact exemplifies the 

introduction of challenges to the 

ecosystem primarily through bleaching 

events, but also sea urchins. While the 

inclusion of these gets some players to 

think about their impact, the artefact 

does not show how players can fight 

these challenges in the real-world. The 

fun facts add value to finding out about 

the marine life that move into a player’s 

reef, even if the player does not 

remember the specifics after playing. 

Learning, 

User 

Experience 

DC12 Consider the emotions or 

moments that a tourist does not 

usually get to experience at the 

attraction. What emotions does a 

tourist typically feel at the 

attraction? Can other emotions be 

elicited for a positive effect? Can 

you elicit the same emotions by 

showing them different elements 

in the ecosystem? 

Most visitors to the GBR experience 

awe and wonder, through getting into 

the water, spotting sea creatures and 

taking in the knowledge about the 

ecosystem. The artefact creates these 

emotions through showing the 

expansion of a reef system before their 

very eyes, while heightening or creating 

a new anxiety and frustration through 

experiencing bleaching events. 

Gameplay 

DC13 Consider the player’s journey from 

the perspective of forming a 

connection to virtual elements of 

the tourism attraction and the 

real-world attraction. Ensure the 

videogame has emotional 

moments that tie the fear and 

The artefact creates a connection to 

the virtual reef but does not do an 

effective job of translating that to the 

GBR. The artefact currently relies too 

much on the first few stages and the 

last stages happening outside of the 

gameplay, whereas most of these 

Storytelling 
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6.5. Conclusion 

With the completion of Activity Five: Evaluation for Iteration Three, the iterative process as a part of 

DS is completed. With an iteration focused on investigating the effect the artefact has on 

connectedness, the research has identified four design considerations to answer Research 

Question Three. Using the five layers of the DPE framework, the design considerations highlight 

the need to teach about the struggles the nature-based attraction faces, and connecting in-game 

actions with actions a visitor can accomplish in their day-to-day lives. Designers can also find new 

ways to create similar emotions that visitors experience at the attraction, or evoking different 

emotions than typically experienced to conjure a sense of connectedness. Finally, designers can 

use the player’s journey to identify the journey they wish a visitor to go on, not just within the VR 

SG but towards continuing that connectedness outside of the videogame. 

While Chapter 6 concludes the answering of the final research question, Activity Six: 

Communication still needs to be completed and discussed. In the next chapter, a summary of the 

findings is given, along with a post-mortem for the artefact, communication activities described 

and a reflection on the study provided.   

reward to the real-world attraction, 

not just the virtual elements. What 

should the player be fearing? What 

can you offer as a reward to 

overcome that fear? How does the 

late-game provide chances to 

overcome the fear and action the 

reward? 

steps should occur within the artefact. 

The artefact uses interactivity and 

threats to create a fear of failing, and 

the eventual completion of keeping the 

reef alive as a reward. These stages 

however do not create emotional 

connection to the real-world GBR. 

DC14 Consider how the videogame can 

direct players who do start feeling 

a sense of connectedness 

towards pro-environmental action. 

How can the actions inside the 

videogame mirror actions the 

player can take in the real-world? 

Are there mechanics that can be 

included to help the player care for 

their virtual reef that are 

analogous to activities they can 

participate or contribute to in the 

real-world?   

The artefact does not successfully 

include actions that are comparable to 

real-world action. The player cannot do 

anything about bleaching, and to get rid 

of sea urchins they must grow more 

control. A more representative 

mechanic for this design consideration 

might be using the controller to 

individually grab plastic rubbish out of 

the virtual reef to prevent marine life 

eating it. Here, the action of grabbing 

the rubbish is the same in-game and in 

the real-world. 

Gameplay 
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Chapter 7: Communication and Conclusion 

7.1. Introduction 

In the final chapter of this dissertation, a description of the artefact as it is at the end of the 

research is provided. The final activity in DSRM, Activity Six: Communication is discussed, showing 

the importance of communicating research both in academic and wider communities, as well as a 

description of the activities completed to communicate the research so far and intentions into the 

future. A brief post-mortem for the artefact is provided, identifying assumptions made and 

challenges faced during development, along with advice for designers completing similar projects 

in lessons learnt. Finally, an evaluation and reflection of the study is presented, looking at 

relevance and rigour, the limitations of the current research and intentions for future research. 

7.2. Thesis Summary 

7.2.1. Research Question One: Opportunities for Virtual Reality in Nature-

Based Tourism 

Posed at the beginning of this dissertation, Research Question One asked: What opportunities are 

available in nature-based tourism for virtual reality and serious games? Through the work 

described in Chapter 4, an answer was provided in the form of a list opportunities. Those 

opportunities are reiterated in Table 47. 

Table 47: List of opportunities available in nature-based tourism for virtual reality 

# Established Opportunities 

1. A VR SG provides the opportunity to engage tourists pre-arrival, during long periods of travel, 

during downtime between activities, and when it is safe to do so. 

2. A VR SG provides the opportunity to give tourists information they may otherwise miss 

through an interactive medium and present it over a longer period of time with increasing 

complexity. 

3. A VR SG provides the opportunity to distract tourists from some forms of motion sickness if 

the travel conditions are not optimal. 

4. A VR SG provides the opportunity to add more value or interaction points at a nature-based 

attraction that is less dependent on weather events or other forces outside of the tourism 

operator’s control. 

5. A VR SG provides the opportunity to add value for families or groups of tourists to engage 

and learn about the nature-based attraction. 

6. A VR SG provides the opportunity to experience a nature-based attraction to those unwilling 

or unable to visit the location directly, or from otherwise impossible perspectives or over 

impossible timescales. 
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7.2.2. Research Question Two: Design Considerations for creating a VR 

Serious Game Nature-Based Tourism Attraction 

Posed at the beginning of this dissertation, Research Question Two asked: What design 

considerations are relevant to a virtual reality serious game about a nature-based tourism 

attraction? Chapter 5 describes the process to answer this question, including two iterations of the 

relevant activities in DSRM. Table 48 restates the results of this work, a set of design 

considerations to guide the design of a VR SG based on a complex ecosystem. 

Table 48: List of proposed design considerations for a virtual reality serious game around a nature-based tourism 

attraction 

7. A VR SG provides the opportunity for tourists to continue engaging with a nature-based

tourism attraction beyond their initial visit to the specific destination.

8. A VR SG provides the opportunity to show the threats facing a nature-based attraction in a 

unique way to tourists, and work towards getting them involved in more pro-environmental 

behaviour. 

# Design Consideration 

DC01 Consider designing the core gameplay elements to segments of the attraction that tourists do 

not traditionally engage with. This might be for safety or logistical reasons. What parts of the 

attraction do tourists typically not see, think about or engage with? Can these be made 

interesting and engaging? 

DC02 Consider dividing attraction elements between completely player-controlled, player-influenced 

and completely simulated. All three categories are needed to give the player agency while also 

conveying the complexity of the attraction. What from the attraction will players enjoy having 

complete control over? What would be interesting to occur because of these actions? What 

from the attraction can be simulated to create to show theirs more going on beyond what the 

player can do? 

DC03 Consider gamifying the complexity of the ecosystem not for ‘technical accuracy’ but ‘correct 

interpretation’. Is the information the player takes away from the videogame true, regardless 

how ‘true’ the implementation in the videogame is? 

DC04 Consider letting players make bad decisions to the detriment of the attraction. The player 

needs to experience negative moments to make the positive moments more impactful. Can a 

player learn from making a mistake? Players are not given a chance to fail or make mistakes 

at attractions in the real-world but can be done in a videogame safely. Consequences of bad 

decisions and then adjusting incorporates the learning into the gameplay. 

DC05 Consider the knowledge level of a typical tourist vs what a domain expert knows about the 

attraction. Use common knowledge to help players get comfortable with the videogame early 

on but work in new content once the player is comfortable. What do tourists visiting the 



Communication and Conclusion  Lewis Carter 

  Page 221 of 294 

7.2.3. Research Question Three: Design Considerations for creating 

connectedness to a Nature-Based Tourism Attraction in a VR Serious 

Game 

Posed at the beginning of this dissertation, Research Question Three asked: What design 

considerations are relevant to a virtual reality serious game for increasing connectedness to a 

nature-based tourism attraction? The work outlined in Chapter 6 was done to create a second set 

of design considerations, focused on creating connectedness with an ecosystem through a VR 

serious game. The results of this work are re-presented in Table 49. 

Table 49: List of proposed design considerations for a virtual reality serious game around connectedness to a nature-

based tourism attraction 

attraction typically know? What information would domain experts want them to know? How 

can you start with common knowledge in the videogame and graduate to new information 

through progress? 

DC06 Consider designing to embody the player in or as the attraction, rather than as a visitor to it. 

Tourists get to see the attraction in real life as a guest, but they will experience different 

emotions if they can feel like they are or exist within the attraction. How can the player see the 

attraction not as a visitor? How can they feel like they are a part of nature with the attraction? 

DC07 Consider the most advantageous viewpoint for the videogame. What is typical for tourists in 

this setting for real life? Can the player experience an atypical or impossible viewpoint in the 

videogame? 

DC08 Consider you/your team’s domain expertise. Do you know enough about the nature-based 

attraction? Have you experienced the nature-based attraction? Co-design with the domain 

expert and/or get to know the typical experience of a tourist before designing. 

DC09 Consider a wide separation between simulation of the ecosystem and the videogame’ 

elements put on top. In interaction design parlance, use magical interaction techniques for 

videogame’ elements and realism for those from the real-world attraction. This gives the 

player clues to what is accurate to the real-world attraction and what is added for the 

purposes of a videogame. Can the player quickly interpret videogame elements vs simulation 

elements? Can a player intuit what is ‘real’ based on their presentation in the videogame? 

Create a visual language to distinguish real from videogame’. 

DC10 Consider the environment tourists will play the game in to decide which hardware is best. Will 

they use their own devices? Can there be enough HMDs for the number the tourists to will 

want to play have a chance? Would higher-end HMDs add enough immersive qualities to 

experience to warrant use? How long will the experience last? Should players be able to take 

the experience with them, or have access to it elsewhere? 

# Design Consideration 
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7.3. Artefact Post-Mortem   

In this section, a brief post-mortem is presented for the artefact. A brief description is given, 

followed by assumptions and challenges. Unexpected outcomes of the artefact are discussed as 

well as several lessons learnt through the development process. A description of the artefact at it 

operates at the end of this research is provided in Appendix 2. 

7.3.1. Assumptions and Challenges 

When designing for a specific nature-based setting it is important clarify background knowledge 

concerning aspects relevant to that setting. One major assumption that was made early on in the 

development was that people already had knowledge and context for many of the threats facing 

the GBR. While mostly true for the domestic audience, it became clear very quickly that 

international visitors don’t see nearly as much as Australians do about mass bleaching and other 

threats facing the reef. Even after three iterations, I don’t think the artefact was fully able to 

articulate what bleaching is to someone who hadn’t heard of it before. If this assumption had been 

identified early, then more effort could have been put into the visuals and communication around 

bleaching that might have helped make sense of it for those coming to the artefact without any 

knowledge. In the future, when doing work with a different audience or a different nature-based 

attraction, understanding more closely the visitors will be a much higher priority. 

DC11 Consider what can be taught about the attraction beyond typical facts and general knowledge. 

What challenges exist for the attraction, and can they be included in the videogame? What is 

the core struggle the attraction faces that a player can influence in the real-world? Can the 

videogame indicate what the player can do beyond playing? The player does not need to 

remember this information but find it interesting to evoke a positive emotional response. 

DC12 Consider the emotions or moments that a tourist does not usually get to experience at the 

attraction. What emotions does a tourist typically feel at the attraction? Can other emotions 

be elicited for a positive effect? Can you elicit the same emotions by showing them different 

elements in the ecosystem?  

DC13 Consider the player’s journey from the perspective of forming a connection to virtual elements 

of the tourism attraction and the real-world attraction. Ensure the videogame has emotional 

moments that tie the fear and reward to the real-world attraction, not just the virtual elements. 

What should the player be fearing? What can you offer as a reward to overcome that fear? 

How does the late-game provide chances to overcome the fear and action the reward? 

DC14 Consider how the videogame can direct players who do start feeling a sense of 

connectedness towards pro-environmental action. How can the actions inside the videogame 

mirror actions the player can take in the real-world? Are there mechanics that can be included 

to help the player care for their virtual reef that are analogous to activities they can participate 

or contribute to in the real-world?   
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Understanding the nature and interactions of an ecosystem is vital when the setting has important 

ecological foundations. An assumption made purely from naivety was how much was truly 

understood about reefs as an ecosystem, and thus the ability to turn it into a game. While high 

level principles and understanding is there, when you begin to investigate individual elements, it 

becomes clear that there are multiple theories with no known answer, making it difficult to 

implement sound ecological processes. As it turns out, the reef as an ecosystem doesn’t follow 

typical ecological principles. Had the context been a rainforest or other nature-based attraction, it 

might have been easier to decide on elements to include, since more is understood about those 

ecosystems. While clearly it is still possible, it proved to be more challenging than originally 

anticipated because of how much is not truly understood. 

While it was always expected to be difficult, it was not fully appreciated just how difficult it would 

be to collect video recordings while on-board the passenger boats. The hardware and way of 

obtaining this footage change with each iteration because faults were found with the methods 

previous, with changes in HMD also causing new methods needing to be found. Many of the early 

data collection methods, particularly on the Cardboard HMD or in the Oculus Go were incredibly 

unreliable, and often would stop recording without any obvious indicator to the researcher. While 

alternative methods have since been found, more could be done in the future to make both 

collection and reviewing of the recordings easier in the future.  

7.3.2. Unexpected Outcomes 

The wider research project this dissertation sits within started because tourists were leaving 

nature-based tourism attractions without any more knowledge about said attraction. While this 

dissertation identifies where VR SGs can aid in the tourism context to bridge that gap, it has 

become clear that applications such as the artefact have a wider gamut of use-cases outside of 

this scenario. Primarily, the artefact can be played absolutely anywhere in the world, and bring a 

version of the GBR to people, rather than making them come to it. While something like the 

artefact can’t replace the real thing, people can get a sense of what it’s like through the experience, 

and become more aware and hopefully connected to it. While it seems obvious now, this wasn’t 

what was expected during the early periods of the project. 

Personally, I feel the perspective of storytelling, particularly the player’s journey, highlighted some 

key areas where a future version of the artefact will become much stronger than the final artefact 

as it stands now. This lens to look at the data through wasn’t identified until late in the research, 

and ended up being one of the more compelling views presented in Chapter 6. While there is likely 

more to investigate from this viewpoint, the findings from this perspective were certainly 

unexpected. 
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7.3.3. Lessons Learnt 

While from a research perspective this dissertation captures the research findings, final created 

artefact and design considerations to answer the research questions, it does not fully capture the 

subjective lessons I have learnt through the process of creating the artefact. For those who may 

wish to create something similar, beyond just utilising the findings presented in the body of the 

dissertation, I offer some more personal advice; 

 After thinking about specifically the design of this game for three years, particularly keeping 

the design accurate to the real world, I am finding it much tougher to think outside of those 

bounds when creating new ideas. But ideas that would originally appear not to work in a 

realistic, accurate setting are your best source of new inspiration, and then finding how they 

work within the constraints usually results in something new and interesting. Either keep the 

unreal side of your design process alive by working on smaller projects outside of the accurate 

game project, or ensure you have a team of designers with different perspectives that can 

cover both sides. 

 This project started with a small pilot application that revealed opportunities but also a lot of 

holes in how I was thinking about the project. This was greatly beneficial, but I cannot help but 

feel that being involved with the pilot applications development at a designer level would have 

led me to some of those revelations sooner, if not entirely different revelations. If I was to do 

this project over, I would start with a small pilot (or even multiple with different gameplay and 

learning elements) again but be far more involved with greater control of that/ those 

applications. 

 I would have liked to have done more iterations. Iteration One’s design and development 

activities took a great deal of time, and I think with some more thought on the 

production/project management side something testable could have been delivered quicker 

and thus findings could have been reached sooner. Find a way to create shorter iterations, 

even if that means cutting more features for the initial demonstrations, as you will still get 

findings that will affect anything you go to implement next. Features that were cut from the 

first iteration never ended up making it into the game, but if they had, they would have been 

implemented differently from the original plans as more was known about how players 

interacted with the artefact.  

7.4. Activity 6: Communication 

To complete the DSRM approach to this research, it is imperative that the final activity is 

discussed, Activity Six: Communication. While Peffers et al. (2007) primarily discuss the 

communication of the research element, they also mention “other relevant audiences… where 

appropriate.” To this end, the communication of this work has primarily focused two aspects; the 

research, and the artefact itself. While this stage of DSRM is often the least focused upon as the 
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publication of the work (as the publication is the communication), if it looked at as of equal 

importance to every other step then a discussion is warranted.  

While Activity Six sits outside of the iterative process in Peffers et al. (2007), they acknowledge 

that communication can be done at any point during or after the process. While some of the 

papers published as a result of this work were completed during 2017, a larger focus was placed 

on communication commencing November 2018, and is ongoing. Communicating through-out the 

process not only benefits the research, but can aid and influence the design process via external 

input, collaboration or communicating within new contexts. 

Communication is ultimately a way to access and create impact with the research. For research to 

have impact both in academia and more holistically is must have “an effect on, change, or benefit 

to the economy, society, culture, public policy or services, health, the environment or quality of life 

beyond academic” (Oancea, 2013). Impact can be generated through various means inside and 

outside of academia (Font, Higham, Miller, & Pourfakhimi, 2019), with the research presented in 

this dissertation aligning with or working towards many of those listed in Font et al. 

From a research perspective this dissertation will serve as a major component of the 

communication. Work has however been done throughout the project to communicate the 

research as it developed, highlighted by the sections of the dissertation that have been included 

already published research papers, as mentioned in the beginning of the dissertation. Some of the 

later work in the dissertation has been accepted, but are upcoming. At the time of writing, the 

following papers have been written to communicate the research findings: 

Carter, L., & Potter, L. E. (2016). Designing Games for Presence in Consumer Virtual Reality. 

Proceedings of the 2016 ACM SIGMIS Conference on Computers and People Research - 

SIGMIS-CPR ’16, 141–148. https://doi.org/10.1145/2890602.2890626 

Potter, L. E., Carter, L., & Coghlan, A. (2016). Virtual reality and nature-based tourism: An 

opportunity for operators and visitors. In Proceedings of the 28th Australian Conference on 

Computer-Human Interaction - OzCHI ’16 (pp. 652–654). New York, New York, USA: ACM Press. 

Carter, L., Paroz, A. W., & Potter, L. E. (2018, April). Observations and opportunities for deploying 

virtual reality for passenger boats. In Extended Abstracts of the 2018 CHI Conference on 

Human Factors in Computing Systems (pp. 1-6). 

This dissertation is presented with a focus on the design and ICT elements of the research, as the 

research is cross-disciplinary and sits within a larger research project. This dissertation, taking the 

design and ICT perspective, will communicate that perspective upon completion. Of note is the 

inclusion of detailed information around Activity Three: Design and Development Activity of the 

DSRM. Within the length of a typical paper, were one to present findings from research conducted 

via DSRM the focus would be on describing the final artefact followed by an evaluation and 
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discussion (Peffers et al., 2007). With the length and thus detail granted for this dissertation the 

focus has been on articulating every step of DSRM, including much of the design considerations 

during each iteration, which allows readers to fully understand the steps that were taken to answer 

the relevant research questions and the background design and development decisions that lead 

to each design consideration. 

Of equal importance to the author is the communication to non-academic channels. The research 

along with elements of the artefact were previewed through mainstream media networks, 

including the Australian Broadcast Corporation local radio, print and online newspapers as well as 

clips on Channel 7 and Channel 9, two local news channels. The focus of presenting to these 

avenues was to introduce the idea that a videogame could be used for environmental good.  

More direct presentations have been given on the work at industry events, including the 2018 

DestinationQ masterclass on augmented and virtual reality in tourism and the 2019 Asian 

Productivity Organisation’s workshops on Industry 4.0 and tourism. The artefact itself has been 

demonstrated through various events geared towards the environmental and sustainability 

minded public, including Logan Eco Action Festival, Logan EcoFest, Gold Coast Green Week, and 

Sustainability Week at the Queensland State Government office building. 

Moving forward, a new artefact based on the findings of this research will be developed outside of 

an explicit research context and take on prominence for communication to the public. While the 

artefact demonstrated in this dissertation was made available at the above events, it is not publicly 

available for consumers to play in their own time. A new artefact developed for a wider audience 

would become another form of communication; a communication of these research findings, and 

an object to communicate the wider context and reason for the work. Along with aiding future 

research (Section 7.5.3), a new artefact can with a wider audience and set of objectives and 

opportunities to take advantage of can more effectively contribute to communicating research 

findings of this work, future work, and potentially increase connectedness to the GBR. 

7.5. Evaluation of Study 

7.5.1. Relevance and Rigour 

In Chapter 1, the research gap for this research was presented and discussed to address the 

relevance of this research. From the research perspective, this dissertation looked to address the 

gap in domain-specific considerations when designing nature-based tourism attraction SGs, as 

well as specific considerations regarding creating a feeling of connectedness with the nature-

based tourism attraction through the experience. In Chapter 2, relevance from the practical 

perspective was also presented. Here it was identified that traditional videogame developers do 

not need to typically think within the real-world constraints of conveying ‘correct’ information 

around a complex ecosystem, and that it is difficult to find information on designing specifically for 
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nature-based tourism attractions. A system of design considerations for aiding in these 

endeavours would aid practitioners looking to create such designs. Relevance here was 

demonstrated through both the answers to Research Questions Two and Three presented to be 

practitioner-friendly (not just for researchers), and with the communication of the artefact as an 

example for practitioners. 

This dissertation utilised appropriate foundational work and methodologies to ensure the research 

process was rigorous (Hevner et al., 2004). Design science research methodology was followed, 

particularly the DSRM for information systems research (Peffers et al., 2007) as presented in 

Chapter 3, to ensure the research is conducted with rigour. Within DSRM itself, each activity was 

conducted according to the steps laid out by Peffers et al. (2007), along with appropriate data 

collection practices and evaluation techniques as suggested by Hevner & Gregor (2013) to ensure 

sound evaluation  of the design. To aid in ensuring attention is paid to the rigorous development of 

an SG, the DPE framework was incorporated into each appropriate DSRM activity.  

7.5.2. Limitations 

While conducting the research presented in this dissertation, unexpected or unavoidable issues 

were encountered that resulted in limitations of the work.  

In conducting the Activity Four: Demonstration sessions for the first two DSRM Iterations, 

technical issues resulted in some inconsistency in the research data that was collected. In 

Iteration One, recording of sessions on each HMD was initiated before passing it to the participant 

for play. There was no indication of whether this had worked until the session had finished and this 

resulted in several video files that were cut short or non-existent. In Iteration Two, a different 

recording method was used, involving a live stream over a local WIFI network to a computer, which 

served as both a real-time view of what a participant was doing, as well as a capture for reviewing 

later. In Iterations One and Two, the unorthodox data collection location (a boat on its way back 

from the GBR) made all technical matters more difficult. In the case of Iteration Two, the local WIFI 

could prove unreliable at points, which meant it would drop out, and thus losing the connection to 

the feed and the HMD’s recordings. This was one of the major pragmatic choices for conducting 

Iteration Three on-campus, as these issues were able to be avoided. While redundant methods of 

data collection like observation were incorporated, it cannot be truly known what was lost, and 

thus is a limitation. 

While the above limitations relate to issues that were had during the conducting of the research, 

there were also some limitations of the final dissertation itself. The dissertation does not examine 

a participant’s connectedness post-session over an extended period. While this was an intentional 

decision made for both the scope and due to the early nature of this research, it is ultimately a 

limitation. It seems likely that, if participants were asked a week after their sessions where their 
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connectedness fell on the INS scale, they would have returned to their pre-session answer or at 

least be closer to the pre-session than their post-session answer. While the results collected were 

appropriate for the creation of design considerations in this dissertation, they do not concretely 

address whether adhering to the considerations would prolong a player’s connectedness with the 

ecosystem.  

As mentioned in Chapter 6, in changing the participant pool for the final iteration, there are some 

limitations to the findings of the chapter. While I believe the decision to move where the 

Demonstration sessions were conducted was a just one, the justification could have been 

amplified if connectedness data was gathered in the first two iterations. This data was not 

gathered during Iteration One as the idea of investigating connectedness was not identified at this 

time. A preliminary test of collecting INS information was done during Iteration Two, however this 

data proved inconsistent. The Extended Inclusion of Nature in Self (Martin & Czellar, 2016) was 

used, however the instrument proved difficult for tourists to perform effectively, and as the 

questionnaire was only delivered pre-session, there wasn’t sufficient data for comparison. This 

informed how Iteration Three was approached, however wasn’t rigorous enough to include in this 

dissertation. This also means that there weren’t multiple iterations to compare connectedness 

findings with. Because connectedness wasn’t delivered in the early iterations, it becomes difficult 

to compare the findings of each. While I believe the findings of Chapter 6 are still beneficial and of 

interest, further investigation may be required. A second Iteration focusing on connectedness 

conducted with the same audience as Chapter 5 would allow for a comparison between the 

audiences and aid the further refinement of Chapter 6’s findings.  

In making the decision to change the audience demonstration sessions were conducted with, it 

comes to question a potential bias in the findings from Chapter 6. In hindsight, there is potential of 

bias in both directions; if the audience had just seen the GBR before playing the game, there 

connectedness was already likely increased. While a larger, more thorough of examination of 

connectedness could have been completed, using multiple test groups both on and off the boat, 

the ultimately goal for this PhD was to make design considerations for building a tourist attraction 

based game, not determine if the current version does or does not improve connectedness. From 

this perspective, the results from Chapter 6 form the basis of iterating and improving the design 

considerations through future research. 

While the social aspect of using the HMD devices were identified early in the research for the 

tourist audience, the final artefact does not take full advantage of what is possible for social VR 

experiences. An ideal experience would have used several networked devices that simulated a 

single environment for several participants to interact with at once. This ultimately felt 

unachievable for various reasons when beginning the development of the artefact, from the 
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perspective of both scope and technical ability. In hindsight, given the technical issues that were 

faced on the boats, many of which related to networking the devices purely for data collection 

reasons, this was probably the right choice. However, after learning the many lessons from 

completing this research, I would be more willing to attempt a networked product in the future, as I 

think there would be many social gains from such a product.  

A limitation of the applicability of this work in the future revolves around the quickly changing 

landscape of HMDs. Many modern headsets now use inside-out tracking (discussed in Section 

2.4.1.2), aligning the virtual environment with the outside world. In the scenario of using HMDs on 

moving boats, this becomes and issue as the stable, earth aligned environment is lost, and 

combined with the player’s spatial movements being tracked, could cause high levels of 

cybersickness. This would potentially limit the ability for off-the-shelf devices to be used on boats. 

This tracking could be disabled within the game engine code; however, the benefits of spatial 

tracking would also be lost. While there are potential hardware or clever-programming solutions 

that could overcome these limitations, to the authors knowledge none exist currently. 

The PhD does not evaluate the proposed design considerations against a new artefact based on a 

different tourism-based ecosystem. While an obvious limitation in the evaluation of the 

dissertation and source of future research, it is simply not possible in the scope of a PhD 

dissertation, given the time required to create the current artefact. Likewise, the artefact was also 

limited by the resources available including time, funds and development skills. It can be easy to 

think of all the fantastic features one could include in a videogame to support the goals of this 

research, but if development would take 100 people or 10 years then it simply was not practical. 

Similarly, one could continue changing, fixing and adding to a videogame forever. The findings of 

this dissertation are limited to that which could be achieved by a smaller scale videogame 

development project. 

7.5.3. Future Research 

From the findings of this dissertation, there is much future work that could be done. 

 Based on the findings from both Research Question Two and Research Question Three, a new 

artefact could be designed where, if following DSRM, the objectives for a solution could be 

adhering to the design considerations presented. This could be done for the same nature-

based tourism ecosystem, or for an entirely different one. 

 While this dissertation focuses on connectedness, it is the beginning of further work. 

Connectedness for connectedness’ sake is meaningless unless that results in some sort of 

change or action from the player. The next step would be to look at if the artefact effects any 

sort of behavior change, regarding the environment or conservation, in the player. E.g. what do 



Communication and Conclusion  Lewis Carter 

  Page 230 of 294 

the design considerations look like for a game-based artefact when the focus is on real-world 

behavior change? 

 Regarding the limitation of only investigating a player’s connectedness immediately post-

session, research could be conducted on how playing the artefact over greater periods of time 

may affect a participant’s connectedness, as well as if that connectedness continues without 

continual intervention. E.g. does playing the videogame for 15 minutes over 12 days change 

players’ connectedness more than a single 3-hour session? For both these sets of participants, 

has that connectedness persisted a week or a month later? Attributes of the experiment 

design used in Ahn et al. (2016) could be used to measure the persistence of a participant’s 

connectedness overtime. 

 While this dissertation focused on VR as the technology presenting the artefact, future 

research could investigate the difference between presenting a similar artefact through various 

other technologies. While benefits have been noted in this dissertation of VR, more 

approachable technologies may have lessened but similar effects that more people are able to 

enjoy. 

 Relating to behavior change, the artefact raises questions about how players might connect 

with the virtual vs real world ecosystem in the moments while playing, rather than before and 

after. E.g. If direct conservation outcomes were tied to in-game activities, would this change 

the way players perceive or interact with the artefact? 

 Analysing connectedness via heart rate monitor could record quantitatively data regarding a 

player’s experience during the play session. Peak moments that might not have been as clear 

via observation could be revealed. 

 The artefact developed in this research aimed to be highly interactive, as a direct contrast to 

the non-interactive methods that information has been previously delivered through. While 

research has found interactively to be a positive for connectedness (Ahn 2011, Ahn 2016), 

Future research could investigate less-interactive artefacts in VR or other mediums and 

compare their effectiveness. 

7.6.  Conclusion 

This chapter has presented a description of the final artefact, developed by following DSRM and 

the DPE framework, completed to satisfy Activity Six: Communication, and evaluated the research 

process completed in this dissertation. Three research questions were identified through the 

process of completing the research: 

1. What opportunities are available in nature-based tourism for virtual reality and serious games? 

2. What design considerations are relevant to a virtual reality serious game about a nature-based 

tourism attraction? 
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3. What design considerations are relevant to a virtual reality serious game for increasing 

connectedness to a nature-based tourism attraction? 

To answer Research Question One, Activity One: Problem Identification and Motivation and Activity 

Two: Define the Objectives for a Solution were completed, along with the identification of a 

problem and objectives for a solution to satisfy those activities. Two iterations of Activities Three: 

Design and Development, Activity Four: Demonstration and Activity Five: Evaluation were 

completed to answer Research Question Two, and provide a set of design considerations for 

creating a VR SG around a complex ecosystem. The DPE framework was utilised to ensure rigour 

to the process of developing an SG. A final iteration of DSRM following the same activities above 

was completed to satisfy Research Question Three and provide a set of design considerations for 

enhancing connectedness to a complex ecosystem in a VR SG. 
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Appendix 2: Artefact Description 

When a player begins the game, they are faced with an empty seascape, where it is their job to 

build their very own patch of the GBR. Players build coral to create liveable environments so that 

marine life will want to move into. As the reef system becomes more complex, and as more 

marine life want to call this reef their home, the player will also start facing threats. Sea urchins will 

look to destroy coral, and bleaching events will cause devastation without warning. Players must 

be vigilant and smart of they want to build an ecology diverse reef that can support marine life up 

to an apex predator.  

Gameplay footage: https://youtu.be/q6RzO0qNyXM?t=139. Produced with permission from 

Associate Professor Alexandra Coghlan and Dr Leigh Ellen Potter. 

A2.1. Gameplay 

The core gameplay revolves around building coral. Corals cost polyps, which are made over time 

by healthy coral in the environment the player has already grown. While only starting out with one 

type of coral, as the player builds, and their reef becomes more diverse, new species and shapes 

unlock so they can continue diversifying and expanding their ecosystem. Each coral species and 

shape have different stats that effect how quickly they grow, die, cost and how many polyps they 

produce over time. Growing corals increases the player’s biodiversity score, representing their 

overall progress through the game. Various elements factor in to determine how valuable a coral is 

when it is grown, including the size, amount and diversity of neighbouring corals. 

Corals can be grown to various sizes by planting them next to each other on the grid. Larger corals 

produce more polyps and are sturdier against bleaching events. If a player follows builds a ‘good’ 

patch of reef by following ecological principles, they will be rewarded with a token. Tokens can be 

spent to grow several corals at once, rewarding the player by making building coral a little easier. 

Later in the game, players will need to deal with corals killing each other as they get larger. Players 

will need to strategically grow corals so that they do not fight, either by growing them larger in a 

certain order or only placing certain corals next to each other to continue expanding their reef. 

Players cannot grow coral on sand and must progress into the game to unlock more space that 

coral can be grown on. Bleaching events occur periodically based on the players biodiversity score, 

damaging corals and potentially killing them. After a bleaching event, rubble forms on some of the 

sand to make more space available to the player for growing corals on. When players survive a 

bleaching event, they are rewarded with a new special marine life, ranging from a clown fish, turtle, 

manta ray with a reef shark as the final reward. 
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A2.2. User Experience 

Players stand in the middle of their seascape, able to interact with the environment in any direction 

around them. The most prominent piece of UI in the environment is the biodiversity meter, which 

represents the players’ biodiversity score. As the player grows coral the water level in the meter 

increases, with various milestones unlocking new marine life. Above the meter is the player’s polyp 

count (their currency), which is also acts as a button to collect any polyps that are waiting for them 

in the environment. 

All Input is made using the Oculus Go controller as a laser pointer. The trigger button on the back 

is used to interact, while the trackpad button switches between normal building of coral and 

placing tokens. Players click on an available space of rubble or rock to summon a radial menu to 

select what coral they wish to grow there. Players first select the species and then the shape. The 

maximum size, aggression rating and cost are shown beside each available shape. 

‘Coral’ and ‘fish’ buttons are situated close to the player in the sand allow them to switch modes 

between reading fun facts and building the coral. While the default mode is coral, where the player 

can build coral as described above, they also have fish mode. In fish mode, players can click on a 

fish to bring up a text panel that shows them a fun fact and the name of that fish. 

A2.3. Learning 

Fun facts about the marine life are available to players throughout the game, via the fish button. 

The fun facts allow player to identify the name of a species, as well as learn something interesting 

about them. Fun facts were provided by Abby and ReefTeach, and modified for use in the game. 

These range from behavioural traits (e.g. “Dusky Gregory is the farmer of the reef. They eat and 

grow their own algae, and will aggressively protect their farm” to interesting information (e.g. “On 

average a Parrotfish can produce 90kg of sand each year though their poo (ewww!)”). These are 

only available to the player when the marine life species is somewhere in their reef, meaning they 

need to work towards unlocking more species to find new fun facts. Marine life moves in in an 

order typical of reef succession. Early species are typically smaller and feed of algae and seaweed, 

while later fish require a larger ecosystem and feed off the other marine life. 

The player only continues to increase their biodiversity score by following ecological principles. 

New species of coral are worth more when placed in the reef. Building larger coral is worth more 

and placing one species of coral next to a different species of coral is worth more. Doing all of the 

above in a specific patch of at least five coral will earn the player a token. 

The order coral unlocks also follows ecological principles. Starting out with a staghorn shaped 

species, the player must grow several of these reef building species before they unlock another. 

Eventually the player unlocks more sturdy species such as leafy or submassive (called ‘rocky’ in 
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the game), and eventually unlock several massive species. This order attempts to reflect coral 

species succession on a real-life growing reef and builds the player towards increased likeliness 

they will need to deal with coral aggression. Aggression is demonstrated through corals attacking 

and killing other corals, depending on size and species. Players learn about the chemical warfare 

that all corals are perpetually conducting in the real-world. Players learn about the lifecycle of a 

coral as they continue playing the game through rubble forms after bleaching events after some of 

their coral has died.  

A2.4. Storytelling 

The player is taken on a journey through the evolution of a reef system, to show them the 

complexity and difficulty of creating a multifaceted ecosystem. The player faces struggles as they 

try and build their reef and must ultimately overcome multiple increasingly more intense bleaching 

events to ensure their reef survives. The player finishes the game with a sense of achievement, like 

they have contributed to the survival of their virtual reef and brought a little closer to the actual 

GBR. Some players leave the game wondering what else they could do in the real world to enact 

the kind of change they were able to enact for their virtual reef. 

  



   

 

   

 

 

Appendix 3: Data 

A3.1. Iteration One 

C
ode 

N
ationality 

A
ge 

H
ow

 m
any tim

es have 

you visited the great 

barrier reef? 

H
ow

 often do you play 

video gam
es? 

W
hich platform

(s) do 

you play gam
es on? 

H
ow

 often do you 

m
ake in app purchases 

on average, how
 m

uch 

do you spend per In-

H
ow

 often have you 

used the above V
R

 

devices? 

W
hich of these V

R
 

devices have you used 

before? 

D
o you intend on 

visiting the reef again? 

I1-AF UK 39 2-5 

times 

before 

several 

times a 

week 

Console, 

Mobile 

Less than 

once a 

month 

$3 Several times a 

month own the 

device 

Cardboard, Gear or Daydream, 

Go or Focus, Rift for Vive 

Yes eventually 

I1-AG UK 38 First 

Time/ 

Once 

several 

times a 

year 

Mobile Never --- Once do not own Gear or Daydream Yes eventually 

I1-AC Spain 32 First 

Time/ 

Once 

Daily Mobile, PC Never --- Multiple times do not 

own 

Rift for Vive   

I1-AE Netherland

s 

34 First 

Time/ 

Once 

several 

times a 

month 

Console, 

Mobile 

Never --- Multiple times do not 

own 

Cardboard Yes within the 

next 3 years 

I1-AB Australia 12 2-5 

times 

before 

Daily Console, 

Mobile 

Never --- Once do not own Rift for Vive   
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I1-AA Australia 49 20+ 

times 

several 

times a 

week 

Mobile Never --- Never None   

I1-AJ Germany 24 First 

Time/ 

Once 

several 

times a 

year 

Mobile, 

Nintendo 

Switch 

Never --- Never None   

I1-AI France 24 20+ 

times 

several 

times a 

year 

Console, 

Mobile, PC 

Never --- Never None   

I1-AD Netherland

s 

25 First 

Time/ 

Once 

several 

times a 

month 

Console, 

Mobile 

Never --- Multiple times do not 

own 

Cardboard Yes within the 

next 3 years 

I1-AH UK 40 First 

Time/ 

Once 

several 

times a 

year 

Mobile Never --- Once do not own Gear or Daydream Yes eventually 

 

A3.2. Iteration Two 

C
ode 

N
ationality 

A
ge 

D
ive/ Snorkel? 

P
lay Length (m

inutes) 

H
ow

 m
any tim

es have 

you visited a reef 

(around the w
orld?) 

H
ow

 often do you play 

video gam
es? 

W
hich platform

(s) do 

you play gam
es on? 

H
ow

 often do you m
ake 

in app purchases 

on average, how
 m

uch 

do you spend per In-A
pp 

purchase? 

W
hich of these V

R
 

devices have you used 

before? 

H
ow

 often have you 

used the above V
R

 

devices? 

D
o you intend on visiting 

the reef again? 

H
ow

 m
uch know

ledge 

w
ould you say you have 

about the reef? 
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I2-AA-G UK 23 Dive 33 First Time several 

times a 

year 

Console Never --- None Never No 

Intentions 

Much less 

than 

average 

I2-AB-G Netherlands 24 Snorkel 30 2-5 times

before 

several 

times a 

week 

Console,M

obile,PC,P

ortable 

Never --- None Never Yes 

eventually 

average 

I2-AC-G USA 37 Cert 

Dive 

15 2-5 times

before 

never None Never --- None Never Yes within 

the next 

year 

average 

I2-AD-G Canada 67 Snorkel 40 2-5 times

before 

never None Never --- None Never Yes within 

the next 3 

years 

average 

I2-AE-G Brazil 37 Dive,Sno

rkel 

31 2-5 times

before 

never None Never --- Gear or 

Daydream 

Multiple 

times do 

not own 

Yes within 

the next 

month 

more than 

average 

I2-AF-G USA 28 Snorkel 72 2-5 times

before 

several 

times a 

week 

Console Never --- None Never Yes 

eventually 

less than 

average 

I2-AG-G Australia 28 Cert 

Dive 

15 20+ times never None Never --- None Never Yes within 

the next 

month 

Much 

more than 

average 

I2-AH-G Italy 28 Snorkel 30 First Time never None Never --- Rift for 

Vive 

Once do 

not own 

Yes 

eventually 

average 

I2-AI-G Austria 30 Snorkel 20 First Time several 

times a 

year 

Mobile Never --- Rift for 

Vive 

Several 

times a 

year own 

the device 

Yes 

eventually 

average 
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I2-AJ-G Austria 35 Snorkel 31 2-5 times

before 

several 

times a 

year 

Console,P

C 

Never --- Rift for 

Vive 

Once do 

not own 

Yes within 

the next 3 

years 

average 

I2-AK-G UK 50 Cert 

Dive 

25 2-5 times

before 

never None Never --- None Never Yes within 

the next 3 

years 

more than 

average 

I2-AL-G Australia 42 Cert 

Dive 

45 20+ times several 

times a 

week 

Mobile Never --- None Never Yes within 

the next 

month 

more than 

average 

I2-AM-G UK 18 Snorkel 12 2-5 times

before 

several 

times a 

year 

Console,M

obile 

Never --- Cardboard

,Gear or 

Daydream 

Multiple 

times do 

not own 

Yes 

eventually 

less than 

average 

I2-AN-G China 23 Cert 

Dive,Sno

rkel 

27 6-20 times

before 

several 

times a 

week 

Console,P

C 

Less than 

once a 

month 

--- None Never Yes 

eventually 

average 

I2-AO-G UK 18 Snorkel 31 First Time several 

times a 

year 

Mobile Never --- None Never Yes 

eventually 

less than 

average 

I2-AP-G UK 24 Dive,Sno

rkel 

16 2-5 times

before 

several 

times a 

week 

Console,M

obile 

Never --- Rift for 

Vive 

Multiple 

times do 

not own 

Yes 

eventually 

less than 

average 

I2-AQ-G UK 36 Snorkel 28 First Time never None Never --- None Never Yes 

eventually 

less than 

average 

I2-AR-G Canada 35 Dive,Sno

rkel 

54 2-5 times

before 

Daily Mobile Never --- None Never Maybe average 

I2-AS-G UK 54 Snorkel 22 First Time never None Never --- None Never Yes 

eventually 

average 
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I2-AT-G UK 25 Snorkel 20 First Time Daily Console,M

obile,PC 

Never --- None Never Yes 

eventually 

less than 

average 

I2-AU-G Australia 24 Dive,Sno

rkel 

15 First Time several 

times a 

month 

Console Never --- Rift for 

Vive 

Multiple 

times do 

not own 

Yes 

eventually 

less than 

average 

I2-AV-G USA 65 Snorkel 15 6-20 times 

before 

several 

times a 

year 

Console Never --- None Never Yes 

eventually 

more than 

average 

I2-AW-G Spain 26 Dive,Sno

rkel 

10 First Time never None Never --- None Never Yes within 

the next 3 

years 

less than 

average 

I2-AX-G Ireland 24 Dive 10 First Time never Mobile Less than 

once a 

month 

--- None Never Yes within 

the next 6 

months 

Much less 

than 

average 

I2-AY-G Phillippines 27 Snorkel 30 First Time Daily Mobile Daily Didn't Say Gear or 

Daydream 

Once do 

not own 

Yes within 

the next 3 

years 

less than 

average 

I2-AZ-G Poland 23 Snorkel 43 2-5 times 

before 

several 

times a 

year 

Console,M

obile,PC 

Less than 

once a 

month 

$3 Gear or 

Daydream 

Once do 

not own 

Yes 

eventually 

average 

I2-BA-G Australia 28 Cert 

Dive 

24 20+ times never None Never --- None Never Yes within 

the next 

month 

Much 

more than 

average 

I2-BB-G France 28 Snorkel 9 First Time several 

times a 

year 

PC Never --- Cardboard Once do 

not own 

Yes within 

the next 

year 

average 
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I2-BC-G UK 29 Dive 13 2-5 times 

before 

several 

times a 

year 

Mobile Never --- Cardboard Multiple 

times do 

not own 

No 

Intentions 

less than 

average 

I2-BD-G UK 31 Dive 33 2-5 times 

before 

several 

times a 

year 

Mobile Never --- None Never No 

Intentions 

less than 

average 

I2-BE-G UK 27 Cert 

Dive 

33 2-5 times 

before 

several 

times a 

month 

Console Never --- None Never Yes 

eventually 

Didn't 

Answer 

I2-BF-G UK 27 Cert 

Dive 

25 2-5 times 

before 

several 

times a 

year 

Console,M

obile,PC 

Never --- None Never Yes 

eventually 

average 

I2-BG-G Canada 65 Snorkel 32 2-5 times 

before 

several 

times a 

year 

Other Never --- None Never No 

Intentions 

less than 

average 

I2-BH-G Germany 18 Snorkel 29 First Time several 

times a 

year 

Mobile,PC Never --- Cardboard Once do 

not own 

Yes 

eventually 

average 

I2-BI-G Germany 18 Snorkel 29 First Time several 

times a 

month 

Mobile Never --- None Never Yes 

eventually 

average 
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A3.3. Iteration Three 

A3.3.1. Pre-Session Questionnaire 

C
ode 

N
ationality 

A
ge 

Inclusion B
efore 

Inclusion A
fter 

Inclusion C
hange 

H
ow

 m
any tim

es have you visited 

the great barrier reef? 

H
ow

 m
any tim

es have you visited a 

reef (around the w
orld?) 

H
ow

 often do you play video 

gam
es? 

W
hich platform

(s) do you play 

gam
es on? 

H
ow

 often do you m
ake in app 

purchases 

on average, how
 m

uch do you 

spend per In-A
pp purchase? 

W
hich of these V

R
 devices have 

you used before? 

H
ow

 often have you used the above 

V
R

 devices? 

H
ow

 m
uch know

ledge w
ould you 

say you have about the reef? 

I3-AA Australia 50 D D Same 20+ 

times 

20+ 

times 

severa

l times 

a year 

Console, Arcade 

machines 

Never --- None Never Much 

more 

than 

average 

I3-AB Indian 25 A D Closer Never None severa

l times 

a year 

Mobile, Portable, 

PC 

less than 

once a 

month 

Prefer 

not to 

say 

Cardboard Once do 

not own 

average 

I3-AC Indian 19 F E Away Never None Daily Console less than 

once 

every 

two 

weeks 

$25 a 

month 

Rift or Vive Multiple 

times do 

not own 

less than 

average 

I3-AD Australia 68 A A Same 2-5 

times 

None Never None Never --- None Never more 

than 

average 
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befor

e 

I3-AJ Australia 64 C D Closer 2-5 

times 

befor

e 

2-5 

times 

before 

Never None Never --- None never average 

I3-AK Australia 26 B C Closer Once None Daily PC Never --- Rift or Vive several 

times a 

month, 

own the 

device 

average 

I3-AL Australia 18 A B Closer Never 2-5 

times 

before 

severa

l times 

a week 

Mobile Never --- Cardboard once do 

not own 

average 

I3-AT Australia 20 E E Same Once 2-5 

times 

before 

severa

l times 

a week 

Console, Mobile Never --- Cardboard Once do 

not own 

Much 

more 

than 

average 

I3-AU Australia 20 D D Same Never 2-5 

times 

before 

Daily Console, Mobile Once 

every 

week 

$10 a 

month 

Rift or Vive Once do 

not own 

less than 

average 

I3-AV Australia 24 C D Closer Never 2-5 

times 

before 

severa

l times 

a week 

Console, Mobile, 

portable, PC 

Never --- Rift or Vive Multiple 

times do 

not own 

average 

I3-AW Australia 22 C F Closer Never 2-5 

times 

before 

Daily Console, 

Portable, 

Switch, PC 

Never --- Rift or Vive Multiple 

times do 

not own 

average 
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I3-AX Australia 33 C E Closer Once Once severa

l times 

a 

month 

PC Never --- Rift or 

Vive, Gear 

or 

Daydream 

several 

times a 

month, 

own the 

device 

More 

than 

average 

I3-AY Australia 32 C D Closer Once 2-5 

times 

before 

Never None Never --- Rift or 

Vive, 

Cardboard 

once, do 

not own 

less than 

average 

I3-AZ Canada 20 B C Closer Never None Daily Mobile, PC less than 

once a 

month 

$25 per 

game 

Rift or Vive Multiple 

times do 

not own 

less than 

average 

I3-BA Australia 57 B E Closer Never Once Never None Never --- None Never less than 

average 

I3-BB Australia 50 B D Closer 2-5 

times 

befor

e 

2-5 

times 

before 

severa

l times 

a year 

Console, Mobile Less 

than 

once a 

month 

$5 a 

month 

Go or 

Focus 

Once do 

not own 

average 

I3-BC Russian 37 B F Closer 2-5 

times 

befor

e 

2-5 

times 

before 

Never None Never --- Cardboard Multiple 

times do 

not own 

more 

than 

average 

I3-BD Australia 30 B D Closer Once Once severa

l times 

a week 

Console, PC Less 

than 

once a 

month 

$5 a 

month 

None Never average 
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I3-BE Australia 60 C C Same 2-5 

times 

befor

e 

2-5 

times 

before 

severa

l times 

a year 

PC Never --- Gear or 

Daydream, 

Rift or Vive 

Multiple 

times do 

not own 

Much 

less than 

average 

I3-BF Australia 37 B D Closer 2-5 

times 

befor

e 

2-5 

times 

before 

Daily Console, Mobile, 

Nintendo 

Switch, Other, 

PC, Portable 

Never --- Gear or 

Daydream, 

Rift or Vive 

Daily 

Works with 

Devices 

average 

I3-BG Australia 53 B E Closer Never None Daily Mobile Never --- Cardboard Once do 

not own 

average 

I3-BH UK 23 B D Closer Never 6-20 

times 

before 

severa

l times 

a year 

PC Never --- None 
 

more 

than 

average 

I3-BI Australia 57 A C Closer Once 2-5 

times 

before 

Never None Never --- Rift or Vive Multiple 

times do 

not own 

less than 

average 

I3-BJ Australia 47 B G Closer 2-5 

times 

befor

e 

2-5 

times 

before 

severa

l times 

a year 

Mobile Never --- Gear or 

Daydream 

Once do 

not own 

less than 

average 

I3-BK Australia 34 C C Same Once None severa

l times 

a year 

Console Never --- Rift or Vive Multiple 

times do 

not own 

average 

I3-BL Brazil 27 C E Closer Once 2-5 

times 

before 

severa

l times 

a week 

Mobile Never --- None Never less than 

average 
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I3-BM Australia 37 B C Closer 2-5 

times 

befor

e 

2-5 

times 

before 

Never None Never --- None Never average 

I3-BN Australia 46 B D Closer Never None Never None Never --- Rift or Vive Once do 

not own 

less than 

average 

I3-BO Dominica

n 

33 B F Closer 6-20 

times 

befor

e 

20+ 

times 

Never None Never --- Rift or Vive Once do 

not own 

Much 

more 

than 

average 

I3-BP Australia 25 B E Closer Once 2-5 

times 

before 

Never None Never --- Gear or 

Daydream, 

Rift or Vive 

Multiple 

times do 

not own 

less than 

average 

I3-BQ Australia 37 D F Closer 2-5 

times 

befor

e 

2-5 

times 

before 

severa

l times 

a year 

Mobile Never --- Cardboard

, Rift or 

Vive 

Multiple 

times do 

not own 

Much 

more 

than 

average 

 

A3.3.2. EES Questionnaire results 

  

 
Bored Confused Curious Anxious Frustrated Excited Surprised 

 

Before 

After 

Change 

Before 

After 

Change 

Before 

After 

Change 

Before 

After 

Change 

Before 

After 

Change 

Before 

After 

Change 

Before 

After 

Change 

I3-AA 1.0 1.0 0.0 3.0 2.0 -1.0 5.0 5.0 0.0 4.5 5.0 0.5 4.5 5.0 0.5 4.5 4.0 -0.5 3.5 4.5 1.0 

I3-AB 1.0 1.0 0.0 1.0 2.0 1.0 5.0 5.0 0.0 1.0 1.0 0.0 1.0 1.0 0.0 5.0 5.0 0.0 5.0 5.0 0.0 

I3-AC 1.0 1.0 0.0 2.0 2.0 0.0 5.0 5.0 0.0 1.0 2.0 1.0 1.0 1.0 0.0 5.0 5.0 0.0 4.0 4.0 0.0 
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I3-AD 1.0 1.0 0.0 1.0 1.0 0.0 2.0 4.5 2.5 1.0 1.0 0.0 1.0 3.0 2.0 5.0 5.0 0.0 4.0 3.0 -1.0 

I3-AJ 1.0 1.0 0.0 3.0 3.0 0.0 4.0 5.0 1.0 5.0 5.0 0.0 5.0 5.0 0.0 4.0 4.0 0.0 5.0 4.0 -1.0 

I3-AK 2.0 1.0 -1.0 1.0 1.0 0.0 4.0 4.0 0.0 3.0 4.0 1.0 4.0 4.0 0.0 2.0 4.0 2.0 2.0 3.0 1.0 

I3-AL 2.0 1.0 -1.0 2.0 2.0 0.0 5.0 5.0 0.0 4.0 3.0 -1.0 4.0 2.0 -2.0 1.0 5.0 4.0 1.0 5.0 4.0 

I3-AT 1.0 1.0 0.0 2.0 2.0 0.0 5.0 4.0 -1.0 3.0 2.0 -1.0 4.0 1.0 -3.0 4.0 4.0 0.0 4.0 4.0 0.0 

I3-AU 1.0 1.0 0.0 3.0 3.0 0.0 4.0 4.0 0.0 2.0 2.0 0.0 3.0 3.0 0.0 4.0 5.0 1.0 4.0 5.0 1.0 

I3-AV 2.0 1.0 -1.0 2.0 2.0 0.0 5.0 5.0 0.0 5.0 5.0 0.0 5.0 5.0 0.0 5.0 5.0 0.0 3.0 3.0 0.0 

I3-AW 2.0 1.0 -1.0 3.0 3.0 0.0 5.0 5.0 0.0 4.0 4.0 0.0 4.0 3.0 -1.0 4.0 5.0 1.0 3.0 4.0 1.0 

I3-AX 1.0 1.0 0.0 2.0 2.0 0.0 4.0 4.0 0.0 3.0 4.0 1.0 5.0 4.0 -1.0 5.0 4.0 -1.0 4.0 4.0 0.0 

I3-AY 2.0 2.0 0.0 3.0 3.0 0.0 4.0 5.0 1.0 3.0 2.0 -1.0 2.0 3.0 1.0 4.0 4.0 0.0 5.0 5.0 0.0 

I3-AZ 2.0 1.0 -1.0 3.0 4.5 1.5 5.0 5.0 0.0 3.0 2.5 -0.5 2.0 3.0 1.0 5.0 4.5 -0.5 3.0 4.0 1.0 

I3-BA 1.0 1.0 0.0 3.0 2.0 -1.0 4.0 4.0 0.0 2.0 1.0 -1.0 2.0 1.0 -1.0 3.0 4.0 1.0 2.0 4.0 2.0 

I3-BB 1.0 1.0 0.0 2.0 2.0 0.0 5.0 5.0 0.0 4.0 2.0 -2.0 2.0 2.0 0.0 3.0 5.0 2.0 2.0 4.0 2.0 

I3-BC 2.0 2.0 0.0 2.0 2.0 0.0 4.0 5.0 1.0 4.0 1.0 -3.0 4.0 2.0 -2.0 3.0 5.0 2.0 3.0 5.0 2.0 

I3-BD 1.0 1.0 0.0 2.0 2.0 0.0 4.0 5.0 1.0 4.0 3.0 -1.0 4.0 3.0 -1.0 3.0 4.0 1.0 2.0 3.0 1.0 

I3-BE 2.0 3.0 1.0 3.0 4.0 1.0 4.0 3.0 -1.0 3.0 3.0 0.0 3.0 4.0 1.0 4.0 4.0 0.0 2.0 3.0 1.0 

I3-BF 1.0 1.0 0.0 4.0 3.0 -1.0 5.0 5.0 0.0 5.0 4.0 -1.0 4.0 3.0 -1.0 3.0 4.0 1.0 3.0 4.0 1.0 

I3-BG 1.0 1.0 0.0 1.0 1.0 0.0 4.0 4.0 0.0 4.0 4.0 0.0 4.0 4.0 0.0 5.0 4.0 -1.0 2.0 4.0 2.0 

I3-BH 5.0 3.0 -2.0 2.0 2.0 0.0 3.0 3.0 0.0 2.0 4.0 2.0 3.0 5.0 2.0 2.0 3.0 1.0 1.0 3.0 2.0 

I3-BI 1.0 1.0 0.0 1.0 1.5 0.5 3.0 5.0 2.0 2.0 1.0 -1.0 1.0 1.0 0.0 2.0 4.0 2.0 1.5 4.5 3.0 

I3-BJ 1.0 1.0 0.0 1.0 1.0 0.0 3.0 4.0 1.0 1.0 1.0 0.0 2.0 1.0 -1.0 4.0 4.5 0.5 3.0 4.5 1.5 

I3-BK 1.0 1.0 0.0 4.0 4.0 0.0 4.0 5.0 1.0 4.0 4.0 0.0 4.0 4.0 0.0 4.0 4.0 0.0 4.0 4.0 0.0 

I3-BL 1.0 1.0 0.0 1.0 1.0 0.0 5.0 5.0 0.0 2.0 4.0 2.0 1.0 3.0 2.0 5.0 5.0 0.0 3.0 5.0 2.0 

I3-BM 1.0 1.0 0.0 2.0 2.0 0.0 4.0 5.0 1.0 1.0 3.0 2.0 5.0 5.0 0.0 5.0 5.0 0.0 3.0 4.0 1.0 

I3-BN 1.0 1.0 0.0 1.0 2.0 1.0 5.0 5.0 0.0 2.0 1.0 -1.0 3.0 2.0 -1.0 2.0 4.0 2.0 1.0 2.0 1.0 

I3-BO 1.0 1.0 0.0 1.0 2.0 1.0 5.0 5.0 0.0 3.0 1.0 -2.0 3.0 1.0 -2.0 4.0 5.0 1.0 1.0 5.0 4.0 

I3-BP 1.0 1.0 0.0 4.0 2.0 -2.0 5.0 5.0 0.0 4.0 1.0 -3.0 5.0 1.0 -4.0 3.0 5.0 2.0 2.0 5.0 3.0 
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I3-BQ 1.0 1.0 0.0 2.0 1.5 -0.5 5.0 5.0 0.0 1.0 1.0 0.0 2.0 1.5 -0.5 5.0 5.0 0.0 5.0 5.0 0.0 

AVG 1.4 1.2 -0.2 2.2 2.2 0.0 4.3 4.6 0.3 2.9 2.6 -0.3 3.1 2.8 -0.4 3.8 4.5 0.7 2.9 4.1 1.1 

Med 1.0 1.0 0.0 2.0 2.0 0.0 4.0 5.0 0.0 3.0 2.5 0.0 3.0 3.0 0.0 4.0 4.5 0.0 3.0 4.0 1.0 

Min 1.0 1.0 -2.0 1.0 1.0 -2.0 2.0 3.0 -1.0 1.0 1.0 -3.0 1.0 1.0 -4.0 1.0 3.0 -1.0 1.0 2.0 -1.0 

Max 5.0 3.0 1.0 4.0 4.5 1.5 5.0 5.0 2.5 5.0 5.0 2.0 5.0 5.0 2.0 5.0 5.0 4.0 5.0 5.0 4.0 

                      

  
  Increase in emotion after playing   Decrease in emotion after playing   No change in emotion after playing 

  
 

A3.3.3. CNS Questionnaire results 

 

Q1 I think of the natural world as a community to which I belong. 

Q2 I often feel disconnected from nature. 

Q3 My personal welfare is independent of the welfare of the natural world. 

Q4 I often feel a kinship with animals and plants. 

Q5 When I think of my place on Earth, I consider myself to be a top member of a hierarchy that exists in nature. 

Q6 I have a deep understanding of how my actions affect the natural world. 

Q7 I often feel part of the web of life. 

Q8 Like a tree can be part of a forest, I feel embedded within the broader natural world. 

Q9 I often feel like I am only a small part of the natural world around me, and that I am no more important than the grass on the ground or the birds 

in the trees. 

Q10 I feel as though I belong to the Earth as equally as it belongs to me. 

Q11 I feel that all inhabitants of Earth, human, and nonhuman, share a common ‘life force’. 

Q12 I often feel a sense of oneness with the natural world around me. 

Q13 I recognize and appreciate the intelligence of other living organisms. 

Q14 When I think of my life, I imagine myself to be part of a larger cyclical process of living. 
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I3-AA  

I3-AB  

I3-AC  

I3-AD
 

I3-AJ 

I3-AK 

I3-AL  

I3-AT  

I3-AU
 

I3-AV  

I3-AW
 

I3-AX  

I3-AY  

I3-AZ  

I3-BA  

I3-BB  

I3-BC  

I3-BD
 

I3-BE  

I3-BF  

I3-BG
 

I3-BH
 

I3-BI 

I3-BJ 

I3-BK 

I3-BL  

I3-BM
 

I3-BN
 

I3-BO
 

I3-BP  

I3-BQ
 

AVG
 

M
ed 

Q1 

Before 5.0 5.0 5.0 2.5 5.0 4.0 5.0 5.0 5.0 4.0 5.0 5.0 5.0 4.0 4.0 4.0 3.0 4.0 4.0 4.0 5.0 5.0 4.5 3.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5 5.0 

After 4.0 5.0 4.0 3.5 4.0 4.0 4.0 5.0 5.0 4.0 2.0 5.0 5.0 3.5 3.0 4.0 4.0 4.0 4.0 3.0 5.0 4.0 4.0 4.0 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.1 4.0 

Change -1.0 0.0 -1.0 1.0 -1.0 0.0 -1.0 0.0 0.0 0.0 -3.0 0.0 0.0 -0.5 -1.0 0.0 1.0 0.0 0.0 -1.0 0.0 -1.0 -0.5 0.5 -1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 -0.4 0.0

Q2 

Before 1.5 1.0 2.0 2.5 2.0 3.0 5.0 1.0 2.0 4.0 2.0 1.0 3.0 3.0 1.5 2.0 2.0 2.0 2.0 3.0 2.0 4.0 3.5 2.0 2.0 2.0 1.0 1.0 1.0 3.0 1.0 2.2 2.0 

After 1.5 1.0 4.0 2.0 1.0 2.0 3.0 1.0 2.0 2.0 4.0 1.0 3.0 1.5 2.0 2.0 2.0 2.0 3.0 2.0 2.0 4.0 3.0 2.0 2.0 3.0 2.0 1.0 1.0 2.0 1.0 2.2 2.0 

Change 0.0 0.0 2.0 -0.5 -1.0 -1.0 -2.0 0.0 0.0 -2.0 2.0 0.0 0.0 -1.5 0.5 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 -0.5 0.0 0.0 1.0 1.0 0.0 0.0 -1.0 0.0 0.0 0.0 

Q3 

Before 1.0 3.0 3.0 1.0 5.0 2.0 2.0 4.0 3.0 3.0 5.0 1.0 1.0 2.0 5.0 1.0 4.0 1.0 4.0 4.0 3.0 2.0 1.0 2.0 2.0 1.0 1.0 2.0 1.0 1.0 1.0 2.3 2.0 

After 4.5 1.0 5.0 1.0 5.0 2.0 2.0 5.0 4.0 4.0 4.0 1.0 5.0 1.0 2.0 1.0 4.0 2.0 2.0 4.0 2.0 1.0 1.5 2.0 2.0 1.0 2.0 5.0 1.0 1.0 1.0 2.5 2.0 

Change 3.5 -2.0 2.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 -1.0 0.0 4.0 -1.0 -3.0 0.0 0.0 1.0 -2.0 0.0 -1.0 -1.0 0.5 0.0 0.0 0.0 1.0 3.0 0.0 0.0 0.0 0.2 0.0 

Q4 

Before 4.5 5.0 3.0 4.0 4.0 3.0 5.0 4.0 4.0 3.0 5.0 5.0 5.0 3.0 4.0 2.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 4.0 5.0 5.0 5.0 4.0 5.0 5.0 5.0 4.2 4.0 

After 4.0 5.0 3.0 4.0 4.0 3.0 5.0 4.0 3.0 5.0 5.0 5.0 5.0 4.0 4.0 4.0 3.0 4.0 4.0 4.0 5.0 4.0 3.5 4.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.3 4.0 

Change -0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -1.0 2.0 0.0 0.0 0.0 1.0 0.0 2.0 -1.0 0.0 0.0 0.0 1.0 0.0 0.0 0.5 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.1 0.0 

Q5 

Before 4.5 1.0 5.0 4.0 1.0 3.0 5.0 3.0 1.0 3.0 3.0 4.0 2.0 5.0 3.0 5.0 2.0 2.0 5.0 4.0 4.0 4.0 2.5 1.0 2.0 1.0 2.0 4.0 3.0 1.0 4.5 3.1 3.0 

After 4.0 1.0 5.0 4.5 1.0 3.0 5.0 3.0 2.0 3.0 3.0 3.0 5.0 4.5 2.0 4.0 1.0 2.0 4.0 4.0 2.0 3.0 2.0 1.0 2.0 1.0 3.0 4.0 3.0 1.0 3.0 2.8 3.0 

Change -0.5 0.0 0.0 0.5 0.0 0.0 0.0 0.0 1.0 0.0 0.0 -1.0 3.0 -0.5 -1.0 -1.0 -1.0 0.0 -1.0 0.0 -2.0 -1.0 -0.5 0.0 0.0 0.0 1.0 0.0 0.0 0.0 -1.5 -0.3 0.0

Q6 

Before 4.5 4.0 5.0 3.5 4.0 4.0 2.0 5.0 5.0 4.0 4.0 4.0 4.0 3.5 3.5 4.0 5.0 4.0 3.0 4.0 4.0 4.0 3.0 4.5 4.0 2.0 5.0 4.0 5.0 4.0 5.0 4.0 4.0 

After 4.5 4.0 5.0 3.5 4.0 4.0 2.0 5.0 5.0 5.0 4.0 4.0 5.0 4.0 4.0 4.0 5.0 4.0 3.0 4.0 5.0 5.0 4.0 4.5 4.0 3.0 4.0 5.0 5.0 4.0 5.0 4.1 4.0 

Change 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 1.0 0.5 0.5 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 0.0 0.0 1.0 -1.0 1.0 0.0 0.0 0.0 0.1 0.0 

Q7 

Before 4.5 5.0 4.0 2.5 4.0 3.0 2.0 3.0 3.0 3.0 5.0 5.0 5.0 5.0 3.5 4.0 3.0 4.0 5.0 3.0 4.0 4.0 3.0 3.0 4.0 3.0 4.0 3.0 4.0 4.0 5.0 3.8 4.0 

After 3.5 5.0 4.0 3.0 4.0 4.0 2.0 4.0 4.0 4.0 2.0 5.0 5.0 5.0 4.0 4.0 4.0 3.0 5.0 3.0 5.0 5.0 2.5 4.5 4.0 5.0 5.0 3.0 4.0 5.0 5.0 4.1 4.0 

Change -1.0 0.0 0.0 0.5 0.0 1.0 0.0 1.0 1.0 1.0 -3.0 0.0 0.0 0.0 0.5 0.0 1.0 -1.0 0.0 0.0 1.0 1.0 -0.5 1.5 0.0 2.0 1.0 0.0 0.0 1.0 0.0 0.3 0.0 

Q8 

Before 4.0 5.0 4.0 2.5 4.0 3.0 2.0 4.0 3.0 3.0 5.0 5.0 5.0 5.0 3.5 4.0 5.0 3.0 4.0 3.0 4.0 4.0 2.5 3.0 4.0 3.0 3.0 4.0 4.0 4.0 5.0 3.8 4.0 

After 4.0 5.0 5.0 2.5 4.0 4.0 3.0 4.0 4.0 3.0 5.0 5.0 5.0 3.5 3.0 4.0 4.0 4.0 4.0 3.0 5.0 3.0 3.0 4.0 4.0 3.0 5.0 4.0 5.0 4.0 5.0 4.0 4.0 

Change 0.0 0.0 1.0 0.0 0.0 1.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 -1.5 -0.5 0.0 -1.0 1.0 0.0 0.0 1.0 -1.0 0.5 1.0 0.0 0.0 2.0 0.0 1.0 0.0 0.0 0.3 0.0 

Q9 Before 4.0 1.0 1.0 1.0 4.0 3.0 3.0 2.0 5.0 4.0 2.0 5.0 5.0 1.0 2.5 2.0 5.0 4.0 3.0 2.0 4.0 4.0 4.0 3.0 3.0 5.0 5.0 3.0 1.0 5.0 4.0 3.2 3.0 
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After 4.0 1.0 3.0 1.5 5.0 3.0 3.0 3.0 3.0 5.0 5.0 4.0 5.0 1.5 3.0 3.0 4.0 4.0 3.0 4.0 5.0 4.0 3.5 4.0 3.0 5.0 4.0 3.0 3.0 5.0 4.0 3.6 4.0 

Change 0.0 0.0 2.0 0.5 1.0 0.0 0.0 1.0 -2.0 1.0 3.0 -1.0 0.0 0.5 0.5 1.0 -1.0 0.0 0.0 2.0 1.0 0.0 -0.5 1.0 0.0 0.0 -1.0 0.0 2.0 0.0 0.0 0.5 0.0 

Q10 

Before 3.0 5.0 5.0 1.5 3.0 4.0 5.0 4.0 3.0 4.0 3.0 5.0 5.0 4.0 3.0 3.0 3.0 2.0 2.0 3.0 4.0 3.0 2.5 2.5 4.0 3.0 3.0 3.0 4.0 3.0 5.0 3.4 3.0 

After 3.5 5.0 5.0 1.5 3.0 4.0 5.0 4.0 3.0 4.0 5.0 5.0 5.0 4.0 3.0 4.0 5.0 2.0 4.0 3.0 5.0 4.0 3.5 4.0 4.0 4.0 4.0 3.0 4.0 3.0 5.0 3.9 4.0 

Change 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 1.0 2.0 0.0 2.0 0.0 1.0 1.0 1.0 1.5 0.0 1.0 1.0 0.0 0.0 0.0 0.0 0.5 0.0 

Q11 

Before 2.0 4.0 5.0 5.0 3.0 2.0 5.0 4.0 5.0 4.0 4.0 5.0 5.0 2.0 3.0 3.0 5.0 2.0 3.0 2.0 4.0 2.0 5.0 4.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.0 4.5 

After 2.0 5.0 5.0 5.0 3.0 2.0 5.0 4.0 5.0 5.0 5.0 5.0 5.0 3.0 3.0 4.0 5.0 3.0 4.0 2.0 5.0 3.0 5.0 4.0 5.0 5.0 5.0 4.0 5.0 5.0 5.0 4.2 5.0 

Change 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 1.0 0.0 1.0 1.0 0.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 0.0 0.0 0.0 0.2 0.0 

Q12 

Before 3.5 4.0 4.0 4.0 4.0 4.0 3.0 5.0 4.0 3.0 4.0 5.0 5.0 3.0 3.5 4.0 3.0 4.0 2.0 3.0 4.0 4.0 2.0 4.0 4.0 5.0 4.0 3.0 4.0 4.0 5.0 3.8 4.0 

After 4.0 5.0 3.0 4.0 4.0 4.0 3.0 5.0 4.0 4.0 5.0 5.0 5.0 3.5 4.0 4.0 3.0 4.0 4.0 3.0 5.0 4.0 3.0 4.0 4.0 2.0 4.0 4.0 4.0 4.0 5.0 4.0 4.0 

Change 0.5 1.0 -1.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 0.5 0.5 0.0 0.0 0.0 2.0 0.0 1.0 0.0 1.0 0.0 0.0 -3.0 0.0 1.0 0.0 0.0 0.0 0.2 0.0 

Q13 

Before 5.0 5.0 5.0 4.0 5.0 4.0 4.0 5.0 5.0 4.0 4.0 5.0 5.0 5.0 4.5 5.0 5.0 5.0 4.0 4.0 4.0 5.0 3.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.7 5.0 

After 4.5 5.0 5.0 4.5 5.0 4.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.0 5.0 5.0 4.0 4.0 4.0 5.0 5.0 5.0 4.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.7 5.0 

Change -0.5 0.0 0.0 0.5 0.0 0.0 1.0 0.0 0.0 1.0 1.0 0.0 0.0 0.0 -0.5 0.0 0.0 -1.0 0.0 0.0 1.0 0.0 1.5 -0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 

Q14 

Before 4.0 5.0 5.0 4.0 4.0 4.0 5.0 4.0 4.0 4.0 5.0 5.0 5.0 5.0 4.0 4.0 5.0 4.0 3.0 3.0 4.0 5.0 4.5 5.0 5.0 5.0 5.0 4.0 5.0 4.0 5.0 4.4 4.3 

After 3.0 5.0 5.0 4.0 4.0 4.0 5.0 4.0 3.0 3.0 5.0 5.0 5.0 4.5 4.0 3.0 5.0 4.0 4.0 3.0 5.0 5.0 4.5 4.0 4.0 5.0 5.0 2.0 5.0 5.0 5.0 4.2 4.3 

Change -1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 0.0 -0.5 0.0 -1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 -1.0 -1.0 0.0 0.0 -2.0 0.0 1.0 0.0 -0.2 0.0

Decrease in feeling after playing Increase in feeling after playing No change in feeling after playing 



Appendices  Lewis Carter 

  Page 268 of 294 

Appendix 4: Data Collection Documents 

A4.1. Iteration One and Two 

A4.1.1. Information Sheet & Consent Form 

Designing a Virtual Reality Serious Game to for Nature-based 

Tourism Attractions  

INFORMATION SHEET 

 

Research team details 

A/Prof Alexandra Coghlan Dr Leigh-Ellen Potter Mr Lewis Carter 

Chief Investigator  

Griffith University 

Chief Investigator  

Griffith University 

Research Assistant 

Griffith University  

  Doctoral Scholar 

a.coghlan@griffith.edu.au l.potter@griffith.edu.au l.carter@griffith.edu.au 

 
 

Dear Sir/Madam  
 

We invite you to participate in a play session, lasting approximately 10-30 minutes or any length 

at your discretion, to test the appeal and usability of a reef tourism VR app. The session will 

involve a short questionnaire, a play of the VR app, and an interview. The session will take 

place on today’s trip to the Reef.   
 

The aim of this research is to develop an app that uses interactive game-like features and Virtual 

Reality to inspire tourists to care for the Reef.  You will be given the opportunity to trial a new 

VR app and then asked about your experience using the VR app and its content.  
 

The information collected is confidential, de-identified and will not be disclosed to third parties 

without your consent, except to meet government, legal or other regulatory authority 

requirements.  The interview will be video and audio recorded. Any identifying materials will 

be kept in a secure location to which only research team members have access, for a period of 

five years. After 5 years the data will be destroyed.  
 

A de-identified copy of this information may be used for other research purposes.  However, 

your anonymity will at all times be safeguarded.  For further information consult the 
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University’s Privacy Plan at http://www.griffith.edu.au/about-griffith/plans-

publications/griffith-university-privacy-plan or telephone 07 3735 5585 to speak with the 

University’s Ethics Officer. 

Some people experience motion sickness from being in virtual reality depending on how long 

they are in the simulation and the quality of the simulation. The period of time varies depending 

on the user. The virtual environment has been crafted to ensure as little motion sickness is 

induced as possible. However, there is still a chance you may feel nauseous during play. Should 

this occur we recommend you advise the team. We remind you are free to remove the headset 

at any time. 

Many people who may have tried virtual reality in its infancy will have experienced headsets 

that did not have the required specifications and power to be able to deliver a motion sickness 

free experience. Modern hardware is far less likely to cause these problems. If you do have any 

adverse effects to the simulation, for example you feel nauseous, please advise the team and 

you will be offered water from a sealed bottle, asked to sit down, breath and relax and your 

health will be monitored by the research team. In the case your condition doesn’t improve we 

will enact Griffith university’s health and safety emergency policy and an incident report will 

be completed. 

You can withdraw at any time without any comment or penalty. 

A summary of the research outcomes can be obtained if you leave your email address at the end 

of the interview. If you have any questions regarding this research, please feel free to contact 

the Chief Investigator, Alexandra Coghlan, using the contact details provided above. 

Griffith University conducts research in accordance with the National Statement on Ethical 

Conduct in Human Research.  If potential participants have any concerns or complaints about 

the ethical conduct of the research project they should contact the Senior Manager, Research 

Ethics and Integrity on 3735 4375 or research-ethics@griffith.edu.au. The ethics reference 

number for this study is GU ref no: 2017/034 

The signed consent form will indicate your consent to participate in this research. 

Thank you very much for your time and support! 
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CONSENT FORM 

Research team details 

A/Prof Alexandra Coghlan Dr Leigh-Ellen Potter Mr Lewis Carter 

Chief Investigator  

Griffith University 

Chief Investigator  

Griffith University 

Research Assistant 

Griffith University  

Doctoral Scholar 

a.coghlan@griffith.edu.au l.potter@griffith.edu.au l.carter@griffith.edu.au

By signing below, I confirm that I have read and understood the information sheet and 

in particular I note that: 

 I am at least 18 years old.

 My involvement in this research will include a short questionnaire, a play of the VR

experience, and a semi-structured interview. my participation lasts around 10-40

minutes at my discretion;

 Your involvement will be audio and video recorded;

 Only the research team will have access to this recording;

 Any questions I have will be answered to my satisfaction;

 I understand the risks involved;

 There will be no direct benefit to me from my participation in this research;

 My participation in this research is voluntary;

 I agree to respect the privacy of other participants at all times;
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 If I have any additional questions I can contact any member of the research team;

 I am free to withdraw at any time, without comment or penalty;

 I can contact the Manager, Research Ethics, at Griffith University Human Research

Ethics Committee on +61 3735 4375 (or research-ethics@griffith.edu.au) if I have

any concerns about the ethical conduct of the project; and accordingly

 I agree to participate in the project.

Name 

Signature 

Date 
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A4.1.2. Pre-Session Questionnaire 

Nationality: ________________________ 

Age: _______________________________ 

□ Dive    □ Cert Dive   □ Snorkel
□ Stayed Out of Water

How many times have you visited a 

reef (around the world)? 

○ First time

○ 2-5 times before

○ 6-20 times before

○ 20+ times

How often do you play video games? 

○ Daily

○ Several times a week

○ Several times a month

○ Several times a year

○ Never

Which platform(s) do you play games 

on? 

□ Console (e.g. Xbox, Playstation)

□ Mobile (e.g. iPhone, Android)

□ Portable (e.g. Nintendo DS, PS Vita)

□ Nintendo Switch

□ PC

□ Other, please specify

______________________ 

How often do you make In-App 

Purchases in games? 

○ Never

○ Less than once a month

○ Less than once every two weeks

○ Once every week

○ 2-3 times a week

○ Daily

○ Prefer not to say

On average, how much do you spend 

per In-App Purchase? 

______________________ 

○ Prefer not to say

○ I have not spent money on IAPs

Which of these VR devices have you 

used before? 

□ None

□ Oculus Rift or HTC Vive

□ Oculus Go or HTC Focus

□ Gear VR or Google Daydream

□ Google Cardboard

□ Other, please specify

______________________ 
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How often have you used the above 

VR devices? 

○ Never

○ Once, do not own

○ Multiple times, do not own

○ Several times a year, own the device

○ Several times a month, own the device

○ Several times a week, own the device

○ Daily, own the device

○ Other, please specify

___________________

Do you intend on visiting the reef 

again? 

○ No Intentions

○ Yes, within the next month

○ Yes, within the next 6 months

○ Yes, within the next year

○ Yes, within the next 3 years

○ Yes, eventually

○ Other, please specify

___________________
Turn over for more -> 

Why did you come out for a dive/ snorkel on the reef today? 

E.g. I wanted to see the reef; because it seemed like a fun thing to do; I wanted to go diving.

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

How much knowledge would you say you have about the reef? 

○ Much more than average – high amount of knowledge

○ More than average – decent amount of knowledge

○ Average

○ Less than average – some knowledge

○ Much less than average – little to know knowledge

What do you currently know about the Great Barrier Reef and the reef ecosystem? 

E.g. What fish can you name? Do you know any types of coral? What do you know about that coral?

What do you know about how coral interact? Can you explain what bleaching is? Do you 

know what CCA is? What threats do you know about the reef currently faces? 

________________________________________________________________________________

________________________________________________________________________________
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________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Are there any questions you have about what you saw during your snorkel/ dive? 

E.g. Did you see a cool fish you’d like to know the name of? Did you see a fish doing something you 

don’t understand? Did you notice a coral you haven’t seen before and want to know what it 

is? Questions about coral bleaching? 

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________
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A4.1.3. Post-Session Interview Questions 

1. Do you have any questions about what you saw/ happened in the game?

a. What highlights did they have

b. Did the game evoke any questions that show further learning?

2. How did you go?

a. General thoughts

b. Gauge interest, if they are feigning enthusiasm

3. Were there any aspects of the game you didn’t enjoy?

a. Vague, open ended probe

b. See what they highlight as issues rather than where they actually struggled

4. Were there any aspects of the game you DID enjoy?

a. Vague, open ended probe

b. See what they highlight as things they liked

5. Was there anything from your snorkel/ dive that you recognised in the game?

a. Did anything they saw on the snorkel/dive stick with them enough to be noticed here

6. Was there anything in the game you didn’t understand?

a. Confusing elements

7. How did you feel during the bleaching events?

(suggest some emotions, sad, indifferent, distressed, helpless, interested, curious)

a. See how the remember what happened during those

b. Note which emotions they have

8. What was driving you forward to keep building the reef, if anything?

a. Which elements motivated the player, compared to actual play session

9. Did you learn anything new about the reef from the game, if anything?

a. Did they actually learn anything

E.g. What fish can you name? Do you know any types of coral? What do you know about that

coral? What do you know about how coral interact? Can you explain what bleaching is? Do you 

know what CCA is? What threats do you know about the reef currently faces? 

10. Would you be interested in playing the game when it is released?

a. In the moment, would they want it

11. Did the game make you want to revisit the reef?

a. Does it make you want to revisit the reef?

12. How much knowledge would you say you have about the reef now?

a. Why did it change/ not change? Any thoughts of that

13. Any other comments?

a. I can’t think of anything else, can you?
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A4.2 Iteration Three 

A4.2.1. Information Sheet and Consent Form 

Designing a Virtual Reality Experience for Nature-based Tourism 

Attractions   

INFORMATION SHEET 

Research team details 

Mr Lewis Carter A/Prof Alexandra Coghlan Dr Leigh-Ellen Potter 

Principal Investigator 

Griffith University  

Chief Investigator 

Griffith University 

Chief Investigator 

Griffith University 

Doctoral Scholar 

l.carter@griffith.edu.au a.coghlan@griffith.edu.au l.potter@griffith.edu.au

Dear Sir/Madam 

We invite you to participate in a session, lasting approximately 10-40 minutes or any length at 

your discretion, to test the appeal and usability of a reef tourism VR experience. The session 

will involve a questionnaire, play of the VR experience, and an interview. The session will take 

place within this room at Griffith University.   

The aim of this research is to investigate a VR experience that uses a 360 experience to let users 

experience the Great Barrier Reef. You will be given the opportunity to trial a VR experience 

and then asked about your experience using the VR experience and its content. 

The information collected is confidential, de-identified and will not be disclosed to third parties 

without your consent, except to meet government, legal or other regulatory authority 

requirements.  The interview will be video and audio recorded. Any identifying materials will 

be kept in a secure location to which only research team members have access, for a period of 

five years. After 5 years the data will be destroyed.  

A de-identified copy of this information may be used for other research purposes.  However, 

your anonymity will at all times be safeguarded.  For further information consult the 

University’s Privacy Plan at http://www.griffith.edu.au/about-griffith/plans-
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publications/griffith-university-privacy-plan or telephone 07 3735 5585 to speak with the 

University’s Ethics Officer. 

Some people experience motion sickness from being in virtual reality depending on how long 

they are in the simulation and the quality of the simulation. The period of time varies depending 

on the user. The virtual environment has been crafted to ensure as little motion sickness is 

induced as possible. However, there is still a chance you may feel nauseous during play. Should 

this occur we recommend you advise the team. We remind you are free to remove the headset 

at any time. 

Many people who may have tried virtual reality in its infancy will have experienced headsets 

that did not have the required specifications and power to be able to deliver a motion sickness 

free experience. Modern hardware is far less likely to cause these problems. If you do have any 

adverse effects to the simulation, for example you feel nauseous, please advise the team and 

you will be offered water from a sealed bottle, asked to sit down, breath and relax and your 

health will be monitored by the research team. In the case your condition doesn’t improve we 

will enact Griffith university’s health and safety emergency policy and an incident report will 

be completed. 

You can withdraw at any time without any comment or penalty. 

A summary of the research outcomes can be obtained if you leave your email address at the end 

of the interview. If you have any questions regarding this research, please feel free to contact 

the Chief Investigator, Alexandra Coghlan, using the contact details provided above. 

This research is being completed as a part of Lewis Carter’s doctoral work. Aggregate results 

obtained through the research may be used for publication in academic journal articles, conference 

proceedings, and thesis papers, as well as being included in Lewis Carter’s PhD dissertation. The 

results, data and images that may be used in publications will be removed of any identifying 

features. 

Griffith University conducts research in accordance with the National Statement on Ethical 

Conduct in Human Research.  If potential participants have any concerns or complaints about 

the ethical conduct of the research project they should contact the Senior Manager, Research 
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Ethics and Integrity on 3735 4375 or research-ethics@griffith.edu.au. The ethics reference 

number for this study is GU ref no: 2017/034 

The signed consent form will indicate your consent to participate in this research. 

Thank you very much for your time and support! 
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CONSENT FORM 

Research team details 

Mr Lewis Carter A/Prof Alexandra Coghlan Dr Leigh-Ellen Potter 

Principal Investigator 

Griffith University  

Chief Investigator 

Griffith University 

Chief Investigator 

Griffith University 

Doctoral Scholar 

l.carter@griffith.edu.au a.coghlan@griffith.edu.au l.potter@griffith.edu.au

By signing below, I confirm that I have read and understood the information sheet and 

in particular I note that: 

 I am at least 18 years old.

 My involvement in this research will include a short questionnaire, a play of the VR

experience, another questionnaire and a semi-structured interview. Your

participation lasts around 10-40 minutes at your discretion;

 Your involvement will be audio and video recorded;

 Only the research team will have access to this recording;

 Any questions I have will be answered to my satisfaction;

 I understand the risks involved;

 There will be no direct benefit to me from my participation in this research;

 My participation in this research is voluntary;

 I agree to respect the privacy of other participants at all times;

 If I have any additional questions I can contact any member of the research team;

 I am free to withdraw at any time, without comment or penalty;

 I understand that this research forms a component of Lewis Carter’s PhD academic

program which is supported by Griffith University
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 I can contact the Manager, Research Ethics, at Griffith University Human Research 

Ethics Committee on +61 3735 4375 (or research-ethics@griffith.edu.au) if I have 

any concerns about the ethical conduct of the project; and accordingly 

 I agree to participate in the project. 

Name 
 

 

Signature 
 

 

Date  
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A4.2.2. Pre-Session Questionnaire 

Nationality: ________________________ 

Age: _____________________________ 

How many times have you visited the 
Great Barrier Reef? 

○ Never

○ Once

○ 2-5 times before

○ 6-20 times before

○ 20+ times

How many times have you visited a reef 
(around the world)? 

○ First time

○ 2-5 times before

○ 6-20 times before

○ 20+ times

How often do you play video games? 

□ Daily

□ Several times a week

□ Several times a month

□ Several times a year

□ Never

Which platform(s) do you play games on? 

□ Console (e.g. Xbox, Playstation)

□ Mobile (e.g. iPhone, Android)

□ Portable (e.g. Nintendo DS, PS Vita)

□ Nintendo Switch

□ PC

□ Other, please specify

__________________

How often do you make In-App Purchases
in games?

○ Never

○ Less than once a month

○ Less than once every two weeks

○ Once every week

○ 2-3 times a week

○ Daily

○ Prefer not to say

On average, how much do you spend per 
In-App Purchases? 

○ I have not spent money on IAPs

○ Prefer not to say

○ Write amount below:

__________________

Which of these VR devices have you used
before?

□ None

□ Oculus Rift or HTC Vive

□ Oculus Go or HTC Focus

□ Gear VR or Google Daydream

□ Google Cardboard

□ Other, please specify

__________________

How often have you used the above VR
devices?

○ Never

○ Once, do not own

○ Multiple times, do not own

○ Several times a year, own the device

○ Several times a month, own the device

○ Several times a week, own the device

○ Daily, own the device

○ Other, please specify

__________________
How much knowledge would you say you 
have about the reef? 

○ Much more than average – high amount of

knowledge

○ More than average – decent amount of

knowledge

○ Average

○ Less than average – some knowledge

○ Much less than average – little to know

knowledge
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--------------------------------------------------------------------------------------------------------- 

What do you currently know about the Great Barrier Reef and the reef ecosystem? 
E.g. What fish can you name? Do you know any types of coral? What do you know about that coral? Can you 
explain what bleaching is? What threats do you know about the reef currently faces? 

_______________________________________________________________________________________________
_______________________________________________________________________________________________ 
_______________________________________________________________________________________________
_______________________________________________________________________________________________ 
 
 
Are there any questions you currently have about the Great Barrier Are there any questions 
you currently have about the Great Barrier Reef? 
_______________________________________________________________________________________________
_______________________________________________________________________________________________ 
_______________________________________________________________________________________________ 
_______________________________________________________________________________________________ 
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A4.2.3. Pre-Session INS, CNS and EES Questionnaire 

Please answer each of these questions in terms of the way you feel right now, in this moment. 
There are no right or wrong answers. Using the following scale, in the space provided next to each 

question simply state as honestly and candidly as you can what you are presently experiencing. 

1 --- 2 --- 3 --- 4 --- 5 

Strongly Disagree Neutral 

Strongle 

Agree 

I think of the natural world as a community to which I belong. 

1 --- 2 --- 3 --- 4 --- 5 

I often feel disconnected from nature. 

1 --- 2 --- 3 --- 4 --- 5 

My personal welfare is independent of the welfare of the natural world. 

1 --- 2 --- 3 --- 4 --- 5 

I often feel a kinship with animals and plants. 

1 --- 2 --- 3 --- 4 --- 5 

When I think of my place on Earth, I consider myself to be a top member of a hierarchy that exists in 

nature. 

1 --- 2 --- 3 --- 4 --- 5 

I have a deep understanding of how my actions affect the natural world. 

1 --- 2 --- 3 --- 4 --- 5 

I often feel part of the web of life. 

1 --- 2 --- 3 --- 4 --- 5 

Like a tree can be part of a forest, I feel embedded within the broader natural world. 

1 --- 2 --- 3 --- 4 --- 5 

I often feel like I am only a small part of the natural world around me, and that I am no more 

important than the grass on the ground or the birds in the trees. 

1 --- 2 --- 3 --- 4 --- 5 
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I feel as though I belong to the Earth as equally as it belongs to me. 

1 --- 2 --- 3 --- 4 --- 5 

I feel that all inhabitants of Earth, human, and nonhuman, share a common ‘life force’. 

1 --- 2 --- 3 --- 4 --- 5 

I often feel a sense of oneness with the natural world around me. 

1 --- 2 --- 3 --- 4 --- 5 

I recognize and appreciate the intelligence of other living organisms. 

1 --- 2 --- 3 --- 4 --- 5 

When I think of my life, I imagine myself to be part of a larger cyclical process of living. 

1 --- 2 --- 3 --- 4 --- 5 

Please answer the question in terms of the way you feel right now, in this moment. There are no 

right or wrong answers. Please circle the picture below which best describes your relationship with 

the Great Barrier Reef. 

How interconnected are you with the Great Barrier Reef (GBR)? 

We are interested in the emotions you experience during the session towards the Great Barrier 

Reef. Using the following scale, please indicate the strength of the given emotion by writing in the 

space provided. Use the number that best describes the intensity of your emotional response when 

thinking about the Great Barrier Reef. 

1 --- 2 --- 3 --- 4 --- 5 
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Not at 

all 

Very 

little 

Moderat

e Strong 

Very 

Strong 

Bored 

1 --- 2 --- 3 --- 4 --- 5 

Confused 

1 --- 2 --- 3 --- 4 --- 5 

Curious 

1 --- 2 --- 3 --- 4 --- 5 

Anxious 

1 --- 2 --- 3 --- 4 --- 5 

Frustrated 

1 --- 2 --- 3 --- 4 --- 5 

Excited 

1 --- 2 --- 3 --- 4 --- 5 

Surprised 

1 --- 2 --- 3 --- 4 --- 5 
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A4.2.4 Post-Session INS, CNS and EES Questionnaire 

Please answer the question in terms of the way you feel right now, in this moment. There are no 

right or wrong answers. Please circle the picture below which best describes your relationship with 

the Great Barrier Reef. 

         
How interconnected are you with the Great Barrier Reef (GBR)? 

         
 

          
         

         
         
         
         
         
         
         
                  

         

Please answer each of these questions in terms of the way you feel right now, in this moment. 

There are no right or wrong answers. Using the following scale, in the space provided next to each 

question simply state as honestly and candidly as you can what you are presently experiencing. 

         
1 --- 2 --- 3 --- 4 --- 5 

Strongly Disagree     Neutral       

Strongle 

Agree 

         
I often feel disconnected from nature. 

1 --- 2 --- 3 --- 4 --- 5 

                  

When I think of my life, I imagine myself to be part of a larger cyclical process of living. 

1 --- 2 --- 3 --- 4 --- 5 

                  

I feel as though I belong to the Earth as equally as it belongs to me. 

1 --- 2 --- 3 --- 4 --- 5 

                  

I often feel part of the web of life. 

1 --- 2 --- 3 --- 4 --- 5 
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I often feel like I am only a small part of the natural world around me, and that I am no more 

important than the grass on the ground or the birds in the trees. 

1 --- 2 --- 3 --- 4 --- 5 

                  

My personal welfare is independent of the welfare of the natural world. 

1 --- 2 --- 3 --- 4 --- 5 

                  

When I think of my place on Earth, I consider myself to be a top member of a hierarchy that exists in 

nature. 

1 --- 2 --- 3 --- 4 --- 5 

                  

I often feel a sense of oneness with the natural world around me. 

1 --- 2 --- 3 --- 4 --- 5 

                  

I feel that all inhabitants of Earth, human, and nonhuman, share a common ‘life force’. 

1 --- 2 --- 3 --- 4 --- 5 

                  

I recognize and appreciate the intelligence of other living organisms. 

1 --- 2 --- 3 --- 4 --- 5 

                  

I often feel a kinship with animals and plants. 

1 --- 2 --- 3 --- 4 --- 5 

                  

I have a deep understanding of how my actions affect the natural world. 

1 --- 2 --- 3 --- 4 --- 5 

                  

Like a tree can be part of a forest, I feel embedded within the broader natural world. 

1 --- 2 --- 3 --- 4 --- 5 

                  

I think of the natural world as a community to which I belong. 

1 --- 2 --- 3 --- 4 --- 5 

                  

         
We are interested in the emotions you experienced during the session towards the Great Barrier 

Reef. Using the following scale, please indicate the strength of the given emotion by writing in the 

space provided. Use the number that best describes the intensity of your emotional response when 

thinking about the Great Barrier Reef. 
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1 --- 2 --- 3 --- 4 --- 5 

Not at 

all   

Very 

little   

Moderat

e   Strong   

Very 

Strong 

         
         
      Bored       

1 --- 2 --- 3 --- 4 --- 5 

      Confused       

1 --- 2 --- 3 --- 4 --- 5 

      Curious       

1 --- 2 --- 3 --- 4 --- 5 

      Anxious       

1 --- 2 --- 3 --- 4 --- 5 

      Frustrated       

1 --- 2 --- 3 --- 4 --- 5 

      Excited       

1 --- 2 --- 3 --- 4 --- 5 

  
  

Surprised 
  

  

1 --- 2 --- 3 --- 4 --- 5 

         
         

 

A4.2.5. Post-Session Interview Questions 

1. Do you have any questions about what you saw/ happened in the game? 

2. What, if any, were the aspects of the game you enjoyed? 

3. What, if any, were the aspects of the game you didn’t enjoy? 

4. Was there anything in the game you didn’t understand? 

5. How did you feel during the bleaching events? 

6. What was driving you forward to keep building the reef, if anything? 

7. Did you learn anything new about the reef from the game, if anything? 

8. Would you be interested in playing the game when it is released? 

9. Did the game make you want to visit the reef? 

10. Based on your answer from earlier, would you say the amount of knowledge you have about 

the reef has stayed the same, increased or decreased? 

o Much more than average – high amount of knowledge 

o More than average – decent amount of knowledge 

o Average 
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o Less than average – some knowledge 

o Much less than average – little to know knowledge 

11. You selected X circle image before the game then Y circle image afterwards.  

What do you think caused that change? 

a. [an alternate question about it not changing] 

b. [Was there a specific moment or event in the game that effected this?] 

12. Any other comments? 
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A4.3. Pilot Application Testing 

GBR Application Testing 

Group #       People in Group #         start time       :      . 

Rough point in Journey:                                                                                  . 

Weather:                                                                                                         . 

Characteristic’s Group:  Individual   Couple   Family/Group. 

Remember: Begin Recording! 

-------------------Before Beginning Testing------------------ 

Ask: What are you most looking forward to on the reef today? 

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________ 
Aim: Which of these makes the most sense: Swim/ Snorkel? Dive? Visit? Relaxation? Adventure? 

Ask: How much do you currently know about Fish and Coral? 

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________ 
Aim: How much do they already know of what we are trying to test? 

Ask: How much do you want to know about fish and coral? 

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

Aim: What is there level of interest currently in these topics 

Ask: How much previous experience do you have with VR?  

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________ 
Aim: How much do they already know of what we are trying to test? 
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Explain: How to use a cardboard 

Explain: Because I cannot see what you are looking at, if you could try thinking out-loud and give 

me an idea of what you are doing that will help me immensely. 

Explain: Remember you are free to take the headset off at any time. And please let me know if 

you feel ill or uncomfortable at any stage. 

--------------------------During Testing------------------------- 

Let them know they can use the cardboard now. 

Assign Task: Look around the environment. 

Observe: What are their initial reaction to the application (VR Smile)? 

Person A: 
 

Person B: 
 

Person C: 
 

Person D: 
 

Person E: 
 

Person F: 
 

Overall for group: 

 

Discuss/ Assign Task: when you look at certain objects, they should highlight blue. You can 

interact with these objects to get more information. 

~Try in interacting with a fish. 

~Try interacting with coral. 

Observe: Reactions? Complaints? Vocalisations? Questions? 

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

Aim: Looking for any physical issues (space, movement, seating, both good and bad), facial 

expressions, indicators of confusion or enjoyment, excitement or disappointment.  
Discuss/ Assign Task: When you’ve selected a fish or coral you can start a mini-game. You can 

either add coral to the reef or play hide and seek with the fish. 

~Try the coral building minigame 

~Try the find-the-fish minigame 
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Observe: Reactions? Complaints? Vocalisations? Questions?  

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

___________________________________________________________________________________________________

Aim: Looking for any physical issues (space, movement, seating, both good and bad), facial 

expressions, indicators of confusion or enjoyment, excitement or disappointment 

--------------------------After Playing------------------------- 

Observe:  Play Session Length (where appropriate) 

Person A:  Person B:  

Person C:  Person D:  

Person E:  Person F:  

Total: _______ 

Ask: What did you think of the App?  

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________ 

Aim: Looking for specific aspects they did and didn’t enjoy, and level of enthusiasm 

Ask: Did you learn anything new or interesting?  

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________ 
Possible follow up:  Did it make you curious to know more? 

   What would you like to know? 

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

Aim: Gauging how much information was retained after playing, if it increased levels of interest 
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Ask: How would you like to use the app? What would you like to see included? 

E.g. On the way out, way back in, to learn about other tours, videos of things

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

Aim: Gauging how users would see this being applied, and which scenarios are of interest to them 

Ask: How could it be improved? 

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________

Aim: Giving them the chance to identify problems or issues 




