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Abstract 
The science-public communication gap has persisted for decades (Schuldt, McComas, & 
Byrne, 2016), due to issues such as climate change and long-term ecosystem degradation 
being difficult to describe to the general public. In contemporary scientific literature, 
stakeholder engagement is the prevalent leadership message for successful implementation of 
coastal management programs (Pomeroy & Douvere, 2008). However, the challenge of how 
to engage the public remains. This thesis examines the effects of temporal framing when 
experiencing coral reef degradation through a 360 video Immersive Virtual Experience (IVE) 
to observe the capability of a new engagement tool. Participants from coastal (Los Angeles, 
California) and inland (Boise, Idaho) communities were exposed to Virtual Reality (VR) 
footage of coral reefs in Belize in one of two conditions; ‘visual temporal’, which included 
archival (1967) and present day (2017) footage combined; or ‘visual present’, which included 
present-day footage alone. A pretest–posttest examined the moderating effects of ideology 
and worldview on condition using Dunlap’s et al. (2000) New Environmental Paradigm 
(NEP). Outcome measures included psychological distance, ecological concern, perception of 
ocean mitigation policies, and willingness to take personal pro-environmental action. Results 
show interactions between condition and pretest NEP scores on completion rates, as well as a 
main effect of NEP scores on the pretest–posttest measures. These findings are important for 
environmental public policy and communication because they highlight how IVEs can enable 
powerful direct media experiences of marine environments, and how reactions to such IVEs 
may vary by existing ideology and worldview. This thesis attempts to guide coastal managers 
to engage and communicate with stakeholders in a novel and captivating way. 

Útdráttur 
Þessi ritgerð skoðar áhrif tímainnrömmunar þegar greint er niðurbrot kóralrifja í gegnum 360 
sýndarveruleikamyndbands (IVE). Þátttakendur frá samfélögum á strandsvæðum (Los 
Angeles, California) og landluktum svæðum (Boise, Idaho) fengu að sjá kóralrif frá Belize í 
gegnum sýndarveruleika frá tveimur mismunandi tímum; úr myndsafni frá 1967 og nýrri 
myndir frá 2017, sameinuð, eða einungis nýrri myndirnar frá 2017. Forathugun og 
eftiráathugun athuguðu áhrif upplifunarinnar á hugmyndafræði og heimsmynd, en stutt var 
við New Environmental Paradigm (NEP) aðferðina (Dunlap et al (2000)). Mælt var 
sálfræðileg fjarlægð, áhyggjur af vistfræði, ásýnd á verndaraðgerðir í hafi, og vilji til að taka 
persónulega þátt í aðgerðum í þágu umhverfisverndar. Niðurstöður sýna fylgni milli skilyrðis 
og NEP-gildum í forathugun á hvort þátttakandi lauk áhorfi, og fylgni milli NEP-gilda í 
forathugun og eftiráathugun. Niðurstöðurnar gætu haft áhrif á opinbera stefnumörkun í 
umhverfisvernd og miðlun til almennings með því að sýna að sýndarveruleiki getur leitt af sér 
sterkar upplifanir af neðansjávarumhverfi, og að viðbrögð við slíkum 
sýndarveruleikaupplifunum stýrast að einhverju leyti af fyrri hugmyndafræði og heimsmynd 
áhorfanda. 
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Foreword 
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dying without exposure. This is my first attempt to research how participants react to 
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1 Introduction 
The well-being of human societies depends on ocean resources for plentiful sources of 

protein (FAO, 2014), mitigation of carbon sequestration (Lal, 2003; Pendleton et al., 2012), 

and coastal zone properties (Phillips & Jones, 2006). As the human population increases from 

its current 7.5 billion, more pressures will build on the marine ecosystem (Cohen, 2003) 

through pollution (Eriksen et al., 2014), agriculture land-use (Kling et al., 2014), coastal 

development (Phillips & Jones, 2006), and overfishing (Pardo, 2014). These factors, when 

combined with climate change impacts (T. P. Hughes et al., 2017; Martinez & Acosta, 2005) 

will continue to amplify world-wide effects of marine ecosystem degradation (Hoegh-

Guldberg & Bruno, 2010). For example, the depletion of fish stocks is now well documented 

(Pandolfi, 2003; Pardo, 2014) as is the escalation of infectious diseases already affecting 

coral reefs (Cesar, Burke, & Pet-Soede, 2003; T. P. Hughes et al., 2017; Mora, 2008; 

Pandolfi, 2003; Weil, Smith, & Gil-Agudelo, 2006), abalone (Friedman et al., 2000; Lafferty 

& Kuris, 1993), sea stars (Hewson et al., 2014) and oysters (Martinez-Urtaza, Bowers, 

Trinanes, & DePaola, 2010). As stewards and managers of the ocean, there is a need to better 

communicate these issues to the general public (Schuldt et al., 2016) to achieve public 

recognition and support for a sustainable future.  

Coastal managers are strategically positioned to facilitate communication between 

stakeholders and inform the public of repercussions from past and present management 

policies (Pomeroy & Douvere, 2008). Awareness, knowledge and experience are contributing 

factors to change behavior and support toward marine policies that mitigate threats to marine 

ecosystems (Jones, Lieberknecht, & Qui, 2016; Sheppard et al., 2011). Therefore, it is vital to 

increase public knowledge of marine environments to create awareness that subsequently 

drives environmental concern (Gelcich et al., 2014). Unfortunately, the severity and 

immediacy of marine issues may be difficult for the general public to recognize because they 

are psychologically distant on a number of dimensions including, social, spatial, temporal and 

hypothetical. Citizens may not live in close proximity to an ocean (spatial distance), and may 

not spend time thinking about its widespread effects (social distance). Reef conditions 
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change, and the present generation may be unaware of the previous pristine reef ecosystem, 

known in ecology as changing baselines (temporal distance). If people are unaware of coral 

reef loss it becomes a questionable occurrence (hypothetical distance). Recreational activities, 

such as scuba diving and surfing, create direct experiences with marine environments but are 

often expensive and only accessible by populations able to afford and access them. 

To explore these issues, I looked to new cutting-edge technologies that can simulate a direct 

experience of the ocean and may make temporal changes more apparent. An immersive 

virtual experience (IVE) using virtual reality (VR) devices can quickly show a coral reef that 

has undergone many years of degradation, depicting a temporally changed coral reef. There 

are different types of IVEs that range in their interactivity using VR devices, however for this 

thesis I focused on using 360-degree video because of its inexpensive development costs, 

ability to reach a wider audience and high level of presence (Cummings & Bailenson, 2016). 

By recovering archival video footage of a specific Belizean coral reef (1967, Jacques 

Cousteau) and recapturing it in present day 360 video, the IVE mimics a direct experience of 

reef degradation. This experience provides firsthand knowledge of the consequences of 

human mismanagement of coastal zones. Evidence shows that personal experience to a 

natural event motivates people into pro-environmental action (McDonald, Chai, & Newell, 

2015). Thus, media outlets can increase public knowledge and awareness to create public 

enthusiasm for changing policy. In this thesis, I will explore how an immersive virtual 

experience of environmental changes can affect psychological distance to marine 

environments and possibly promote pro-environmental actions. 

Public participants from coastal (Los Angeles, California) and inland (Boise, Idaho) 

communities were exposed to an IVE of a Belize coral reef in one of the two conditions; 

archival (1967) and present day (2017) footage combined; or present-day footage alone. 

Participants were pretested before the IVE on their ecological worldview to account for 

existing biases using Dunlap’s et al. (2000) New Environmental Paradigm (NEP). These 

populations were chosen on the basis of expecting different initial ecological worldviews due 

to their proximity and access to the ocean. Coastal participants are physically closer to marine 

issues. This implies that they may be psychologically closer to coastal issues. Inland 

participants may not regularly visit marine ecosystems or stay informed on coastal issues, 

thus they may be psychologically distanced from coastal issues. I also explored which 

temporally framed IVE best reduces the spatial, temporal, social and hypothetical distance. 
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Within this objective, I used a pretest–posttest design to determine IVE effects on self-

reported level of concern, ocean mitigation opinions, and pro-environmental behavior.  

This thesis will ultimately answer the question, “Can we use new technologies like VR to 

shift attitudes, and promote engagement, and pro-environmental behaviors around the marine 

ecosystem?” I hope to further VR research and possibly establish alternative ways for 

humans to connect with nature (Ahn et al., 2016; Ahn, Bailenson, & Park, 2014; Mayer & 

Frantz, 2004). This research broadens the field of coastal management to incorporate 

ecology, psychology, computer science, and communication. An IVE might have potential to 

introduce a greater population to ecosystems that normally only scientists or avid divers are 

able to experience. By combining archival videos with present day 360 video footage in an 

IVE, this thesis pioneers how citizens perceive temporal changes of marine ecosystems by 

directly experiencing 50 years of change using VR technology.   

1.1 Terms and definitions 

This section will clarify and define terms expressed throughout this thesis. Virtual reality 

(VR) is a hardware system and interactive tool that allows users to feel present through 

multimodal sensory stimuli creating an immersive virtual experience (IVE; Bailenson, 

Blascovich, & Guadagno, 2008; Bohil, Alicea, & Biocca, 2011). Within the scope of this 

thesis, presence is defined as humans ability to directly experience their environment and 

recall feelings from space and time as a memory of  “being there” (Cummings & Bailenson, 

2016; Klein & Hodges, 2001; Riva et al., 2007). The degree of presence varies and can 

moderate other effects such as psychological distance. The resulting software application that 

uses VR hardware to make a user feel present is called an immersive virtual experience (IVE) 

and renders graphics in real-time. IVE’s can also render 360 video, which results in a less 

interactive but highly present simulation (Cummings & Bailenson, 2016). Visual framing is 

the process of selecting particular cinematic images of reality and highlighting them. This 

makes certain perspectives salient by means of visual communication. Different types of 

visual framing were used in this thesis to investigate effectiveness.  

Psychological distance refers to the perception of when an event occurs, where it occurs, to 

whom it occurs, and whether it occurs (Trope, Liberman, & Wakslak, 2007). It describes the 

extent to which humans feel removed, unaccountable or miss immediacy, such as long-term 

environmental damage (Pahl & Bauer, 2013). This could be felt on different construal levels 
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depending on how far removed an object is from direct experience (Trope et al., 2007). 

Psychological distance can happen on many scales such as temporal (later rather than now), 

spatial (elsewhere rather than here), social (others rather than me/my family) and hypothetical 

(possible rather than now) – distance one feels from an event, location or relationship (Pahl & 

Bauer, 2013; Trope et al., 2007).  

Within coastal management, stakeholders are highlighted because they are defined as a group 
of people with a vested interest in a specific public location, event or regulation because they 
are affected directly or indirectly by its outcome. A stakeholder could be any member of the 
general public. The public is best defined in terms of alienation from dominant political or 
knowledge regimes. This implies that most citizens, on issues of any complexity, fall into this 
category (Owens, 2000). The populations examined in this study were selected based on 
location demographics. Thus, I did not recruit populations based on age, ethnicity, race, or 
gender. 

1.2 Research questions and predictions 

This thesis examines the effects of ‘visual framing’ when experiencing coral reef degradation 
through a 360 video IVE. The goal was to analyze attitudinal shifts towards marine 
ecosystems and evaluate the value of VR as a community engagement tool. Analysis revealed 
whether a simulation of a direct experience with nature through VR decreases psychological 
distance, increases awareness, and increases connectedness to nature. Participants were 
exposed to either ‘visual’ IVE condition; the ‘visual temporal’ IVE condition: archival (1967 
and 2004) and present day (2017) footage combined; or the ‘visual present’ IVE condition, 
present day footage alone. This allowed me to investigate the effectiveness of different 
visually framed IVEs on public participation and other pro-environmental behaviors.  

Within this thesis, the core research questions addressed are as follows: 

1) How do the two demographic populations (coastal versus inland) differ in their initial 

ecological worldview and environmental attitude? 

2) How much does an IVE affect environmental attitude, and do these changes differ 

between the two demographic populations? 

3) Does psychological distance to a marine environment after an IVE differ between 

demographic populations? 
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4) Does either IVE (‘visual present’ or visual temporal’) affect psychological distance more 

than the other? 

5) Do different IVEs (‘visual present’ or visual temporal’) affect the demographic 

populations differently? 

6) How does visual framing using temporal changes affect support for pro-environmental 

decision-making?  

 Preliminary Predictions 1.2.1

This research aimed to apply a survey covering concern, support for policy mitigation, and 
pro-environmental behavior to participants before and after an IVE of a temporally changed 
coral reef environment. I then discussed the implications of these findings for the value of 
IVEs as a tool to reduce psychological distance and increase pro-environmental behavior. 
First, I predicted coastal populations would have significantly different ecological 
worldviews, with higher NEP and levels of concern scores than Boise inland populations. 
Second, I predicted subjects exposed to an IVE of a temporally changed environment would 
increase concern for the marine environment. Next, I predicted subjects exposed to an IVE 
would have an inverse relationship between psychological distance and pro-environmental 
attitude and behavior. I also predicted that there would be an increasing linear trend for 
temporal distance (within the psychological distance measure) between participants who 
experience the temporal IVE versus the present IVE with the same audio narrative. Finally, I 
predicted that the ‘visual temporal’ IVE condition would create more attitudinal and pro-
environmental behavior change. 

1.3 Delimitation of research scope 

This is an interdisciplinary thesis with research connecting ecology, psychology, computer 

science, and communication. Reports on the global health of our oceans including availability 

of resources, economics, and marine governance tools are addressed. Concepts of presence, 

psychological distance, and pro-environmental behaviors and attitudes are the psychological 

models covered. However, much of the research on how VR creates a convincing IVE to 

mimic direct experience is not addressed because I am not investigating the ability of VR to 

create presence (Ahn et al., 2016; Cummings & Bailenson, 2016). Additionally, I do not 

address how direct experience promotes action because it is not within the scope of this 

study. However, this concept is argued in past theoretical research (Batson & Shaw, 1991; 
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Shelton & Rogers, 1981; Stern & Dietz, 1994). For further knowledge I recommend research 

on the ‘level of presence in VR’ within the computer science literature and the concept of 

‘place bonding’ within the environmental psychology literature.  
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2 State of Knowledge 

2.1 Dependency on Marine Resources 

Unfamiliarity with marine ecosystems creates uninformed decisions when dealing with 

current rapidly shifting environments (D. Davis & Tisdell, 1995; Eriksen et al., 2014). Proper 

marine governance and active community engagement is important in this rapidly changing 

world where the accumulations of human stressors are increasing and significantly causing 

degradation to coral reefs (Pandolfi, 2003). Coral reefs provide more than aesthetic and 

cultural value; they supply important ecosystem services, such as fishing, tourism and 

recreational uses (Cesar et al., 2003; Moberg & Folke, 1999; Mora, 2008).  Furthermore, 

coral reefs hold more biomass than any other habitat on earth (Moberg & Folke, 1999). With 

39% of the world’s population living within 100 kilometers (km) of the ocean, many depend 

on fish as their main source of protein, and 3 billion people depend on marine resources for 

income (Cesar et al., 2003). It is vital for citizens of the world to communicate global marine 

health to protect ocean habitats (Gelcich et al., 2014).  

2.2 Human Connection with Nature 

It is easy to mentally disconnect with nature and the health of the environment because of 

how deeply embedded we are with the human-made world. As Leopold (1949) wrote many 

years ago “We abuse land because we view it as a commodity belonging to us. When we see 

land as a community to which we belong, we may begin to use it with love and respect”. In 

Leopold’s view, protection of our ocean habitats and the resources they provide will happen 

when we see ourselves as a “member” of the natural world. This follows popular 

ecopsychology literature, asserting that the more people associate themselves with nature the 

broader sense of concern they have for environmental issues (Schultz et al., 2004). Schultz 

(2000) reinforces findings that individual concern for environmental problems is 

fundamentally linked to the degree in which the individual includes other people and nature 

within his or her cognitive representation of self. This idea is called connectedness to nature 

and references human psychological distance to environmental issues. This concept aligns 
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with an important eco-psychological theory, that feeling connected with nature is a key 

component for increasing pro-environmental behavior (Curtis, 2009; Mayer & Frantz, 2004).  

Schultz (2004) used a combination of the NEP, Implicit Nature Scale (INS), Value Based 

Norm (VBN), and Embedded Figures Test (EFT) to distinguish the degree of human 

connectedness with nature. The NEP was the first major alternative technique to measure 

ecological worldview besides solely measuring self-reported attitudes towards nature. While 

the INS is a newer alternative to measure people’s association with nature using non-self-

reported responses, it has only recently gained popularity. VBN and EFT will not be 

addressed because they deal with the psychological reasoning behind specific worldviews 

including egotistic, altruistic, and biospheric attitudes. This thesis does not measure how a 

person’s ecological worldview is formed, but the pretest investigates how connected one 

feels to nature in order to monitor pre-existing biases.  

INS was considered as a possible measure, but there were three main reasons INS did not 

comply with my objectives. First, a single measure was necessary to compare ecological 

worldview to change in environmental attitude that encompassed a broader association 

between human and nature. By only having two options, ‘Built’ or ‘Nature’, people were 

restricted to associations between Built and Nature, and possibly falsely chose ‘Nature’ 

because they did not characterize the word ‘Built’ as fitting into context. This word 

recognition bias could skew results, especially with less research validating the INS. Second, 

this study did not aim to determine reasons why or how participants develop their ecological 

worldview (i.e., egotistical, biospheric, and altruistic). Instead, the aim was to evaluate how 

participants’ worldviews corresponded with self-reported changes in level of concern, 

mitigation, willingness to act, and psychological distance, after an IVE. Lastly, the 

operational logistics of the event where data were collected was not conducive to perform this 

type of implicit test. Nonetheless, in the future with more research and minor adjustments to 

the scale, INS should be reconsidered as a measure to reduce bias in self-reported ecological 

worldviews. 

The NEP scale was chosen as a pretest measure of ecological worldview because it 

encompasses a comprehensive aim to measure ecological consciousness or connectedness 

with nature (Dunlap, Van Liere, Mertig, & Jones, 2000). Recently revised from the original 

1970s version, NEP focuses on humanity’s ability to upset the balance of nature, acceptance 
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to the limit of growth for human society and humanity’s right to rule over the rest of nature. It 

is a widely used measure that reveals fundamental beliefs about nature and humanity’s 

relationship to it. People from pro-environmental interest groups have scored higher than the 

general public or nonenvironmental interest groups on the NEP scale suggesting it has proven 

group validity. Also, numerous studies show the NEP scale to have a significant relationship 

between both self-reported and observed pro-environmental behavior. These findings indicate 

the NEP scale has strong predictive validity. Overall, this further suggests that the NEP 

possesses criterion validity, and thus, participants with high scores can be predicted to have 

higher levels of concern and pro-environmental behavior (Dunlap et al., 2000).  

Evidence from Holland et al. (2002) found that stronger environmental attitudes toward 

nature over time have strong temporal influence on overall donation behavior, an indicator of 

increasing pro-environmental behavior. More recently a study by Mayer and Franz (2014) 

demonstrated a link between connectedness to nature and actual conservation behavior. They 

conclude that promoting connectedness with nature should be a goal of environmental 

educational programs (Frantz & Mayer, 2014). Media such as beautiful nature documentaries 

and wilderness photography have the ability to connect people to nature (Goleman, 2006; 

Mayer & Frantz, 2004; P. W. Schultz et al., 2004). Unfortunately, it is unclear and generally 

unknown how deep or long lasting these attitudes will be. Yet, studies show empathy for the 

environment can be increased as a result of watching films (Curtis, 2009; Stinson, n.d.). For 

example, Shelton and Rodgers (1981) film about the whaling industry increased desire to 

save the whales. These films produce a positive pro-environmental attitude and evoke a 

connectedness with nature (Ahn et al., 2016; Mayer & Frantz, 2004).  

Contrarily, films may also have a negative impact on industry and the economies surrounding 

the subjects they address depending on how the public perceives them (Schuldt et al., 2016). 

It is important to take into account personal and political worldviews when framing a film for 

a particular audience. Films can either reinforce pre-existing beliefs of not believing 

environmentally responsible behavior (ERB) is important or films can shift concern for the 

natural environment (Allen & Ferrand, 1999). Human empathy drives personal behavior to 

abstain from personal distress, prevent a repeat stressful situation (Klein & Hodges, 2001), or 

increase willingness to help to decrease suffering (Mayer & Frantz, 2004). Human 

relationships may create empathy and protectiveness through the ability to share values and 

feelings of others (Batson & Shaw, 1991). In a human-nature relationship, “we-ness” is a 
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psychological force strong enough to compete with the counter human action of convenience, 

which is the strongest force against ERB (Allen & Ferrand, 1999). Thus, producing an 

environmental motivating film is an attractive method to form a connection with nature. 

With new developments in computer graphics and storytelling, media formats such as a VR 

are capable of greater perspective taking (Ahn et al., 2016; Ahn, Bailenson, & Park, 2014; W. 

Schultz, 2000). Paul & Bauer (2011) looked at the effect of perspective taking by using the 

human as a victim of environmental change by introducing participants to a story of a young 

woman who was negatively affected by environmental change. This was done to evoke 

empathy for the person and the environment. Results indicated that with descriptive 

perspective taking, engagement with environmental issues increased. Testing this idea to 

account for a participant’s empathy level towards the environment, the Davis’s (1983) 

Interpersonal Reactivity Index (IRI; described as a multidimensional approach using a set of 

constructs) was used. I created an Environmental Empathy (EE) measure accounting for all 

responsiveness in concern about other living things. EE measures were modeled from a 28-

item IRI covering the global concept of empathy including: perspective taking, fantasy scale 

(imagined feelings), empathic concern, and personal distress. I used this section of the pretest 

in combination with an ecological worldview to assess how a participant involves him or 

herself in nature (M. Davis, 1983). 

The concept of connectedness with nature was used as a pretest measure to assess previous 

ecological worldview and was additionally used as a motivation for the structure of the IVE. 

For example, in an IVE, Ahn (2016), found participants’ embodying a coral in an acidifying 

reef heightened the INS (a scale of interconnection between self and nature) more than those 

who watched only a 2D film. This presence or direct experience of an environment can 

consequently improve Bayesian reasoning as explained by Koehler (1996) and Hertwig & 

Ortmann (2001). Thus, an IVE could be beneficial as a communication platform to create a 

greater direct experience or connection with nature (Ahn et al., 2016; Cummings & 

Bailenson, 2016). 

Understanding and responding to long-term environmental changes is difficult and 

encompasses entire political and cultural systems. The lack of immediacy, time lags, and 

remoteness of impacts make it additionally challenging for scientists and journalists to tell a 

compelling story for the public to track (Pahl & Bauer, 2013). Moreover, current media 
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practices may give unreliable voices to climate skeptics and frame ‘alarmist’ reporting as 

extreme. Psychological distance is the human empathic barrier when relating to far off events 

or events with large temporal change. Lieberman and Trope (2008) propose that when 

humans respond to recent or past events and real versus hypothetical events, the point of 

origin is one’s direct experience of the present. Prior research and technological 

advancements expose new possibilities for humans to familiarize themselves with nature and 

potentially increase awareness. I argue that if an IVE allows a person to have a new 

experience in the coral reef natural environment, this will increase their connection with 

nature, thus, reducing their psychological distance and possibly increasing pro-environmental 

behavior (Cialdini, Brown, Lewis, Luce, & et al, 1997). The challenge of this study is to 

make ocean policy issues more compelling and meaningful. Thus, communicating the reality 

of the unhealthy state of the coral reef environment through an IVE could create a stronger 

connection with nature.  

2.3 Virtual Reality: a Channel for Direct Experience 

Consumer VR is developing at a blistering pace and requires solid research from the fields of 

psychology, communication, and computer science. In the last decade, the VR community’s 

research and development efforts aligned with the “gaming” community to affect a greater 

audience (Zyda, 2005). Recently, Ahn (2016) claimed that VR has become more accessible to 

a greater audience by shifting the purpose of an IVE to valuable educational models. She 

found that an embodied experience within an IVE, of cutting down a virtual tree, led 

participants to consume 20% less paper than participants who read a print description of tree 

cutting. Another example is Parmar’s (2016) IVE design that teaches STEM education for 

women and minorities through immersive virtual dance moves. Also, Karutz (2015) used an 

IVE to revise normal classroom settings to incorporate immersion of the real event or 

experience for environmental learning purposes. These are all novel ways to educate, 

determine psychological effects of VR, and mimic a direct experience. 

Other studies have focused on how an IVE affects empathic behavior towards animals and 

other humans. Ahn (2016) proposed that empathizing with the natural world could potentially 

make humans better environmental stewards. She re-created the experience of coral dying in 

an acidifying ocean by using haptic vibrations and 3D sounds to merge a human body with a 

coral one. This aligns with the previously mentioned theoretical literature summarizing that 
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individuals who include themselves in nature reduce the distance and increase their pro-

environmental behaviors (Liberman & Trope, 2008; P. W. Schultz et al., 2004; W. Schultz, 

2000; Sevillano, Aragones, & Schultz, 2007). VR research has succeeded in reducing the 

temporal gap and may be a catalyst for personal accountability, thus, convincing people to 

modify behaviors beyond when the IVE concludes.  

Along these lines, Curtis (2009) found that motivation to act for the environment had to do 

with direct experience of the environment itself. This idea builds on the already stated 

concept from Weber (2006) that all decisions are from experience, further giving weight to 

recent empirical findings from Cummings and Bailenson (2016) that IVE’s are significantly 

more impactful than other quality visual and auditory content. Moreover, research suggests 

that IVEs are an effective platform to enable high levels of presence, which influence 

emotional states (W. Schultz, 2000; Stocks, Lishner, & Decker, 2009). Thus, an IVE is 

possibly a platform to create a direct experience and possibly decrease the psychological 

distance to a given event or location (Berenguer, 2007; Kollmuss & Agyeman, 2002; 

Scannell & Gifford, 2010).  

2.4 Personal Experience Drives Decision Making 

Where does our knowledge come from? If you have a positive experience at the beach, you 

might be agreeable to go again. Kant’s Moral law relays that, if we act as rational beings, 

acting as individual agents, it is our decision to act in a certain way, and we will always act 

similar in the future (Sullivan, 1989). In contrast, philosophers Locke and Hobbes oppose 

Kant’s view–they believe knowledge gained from personal experience dictates decisions of 

the future. Philosophers and psychologists are still unclear on a decisive construct of human 

decision-making. In recent literature, human responses to situations depend on their value 

systems, which are created from direct personal experiences (Sevillano et al., 2007; Stern & 

Dietz, 1994). Thus, combining personal experience with research on individual decisions has 

important potential for increasing environmental policy engagement. 

Chawla (1998) examined which attributes formed environmental conservationists’ high level 

of concern. She found a majority of reports indicating that ‘childhood experiences in nature’ 

were the main characteristic. Moore’s (1997) findings focused on how children of recent 

decades do not spend enough time outside in natural places due to traffic warnings, stricter 

schedules, electronic media, family dynamics and less natural spaces. He concluded that 
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without a direct experience of nature, children are less likely to grow up with environmental 

concern. Twenty years ago, Moore questioned, “In restricting options for autonomous 

outdoor exploration and personal experience of nature, what magnitude of injury is being 

done to children’s development? What are the implications of these changes for society and 

planet Earth?’ With more of the general public involved with media devices, VR is a device 

that may create a direct experience in nature. 

As Weber (2006) stated all decisions are made from experience, and experience comes from 

being present. Then motivation to act or engage in environmental decisions depends on direct 

experience of the environment itself (Cialdini et al., 1997). Thus, direct personal experience 

is a key factor to create emotional involvement and move people towards personal action 

(Gelcich et al., 2014). For example, Holland-Smith et al. (2013) found that surfers identified 

with the location where they surfed, participants described a feeling of being at one with the 

sea. This description of feeling a part of nature and the sea turned into feeling a duty to 

protect the area where they surfed. All surfing participants were conscious of water quality 

issues after becoming ill following surfing at their local beach. This motivated them to 

become a member, donate or be involved in a campaign, of the British surfing environmental 

group ‘Surfers Against Sewage.’ Other personal experiences such as kayaking, swimming or 

diving could create this same sensation of being a part of nature that drives bonding to a 

specific place. ‘Place bonding’ is proven to attract people to care about their surrounding 

environment (Hammitt, Backlund, & Bixler, 2006). 

Hammitt et al. (2006) also found that trout anglers have a sense of belonging to the river 

where they fish. By bonding or experiencing a place, the place becomes a part of the 

individual’s identity. This follows the theoretical perspective in ecopsychology that feeling 

connected with nature leads to a desire to care for the environment. Another example is 

diving; many journals describe how a divers meditative experience creates a greater 

connection with the world around them (Finger, 1994; Moore, 1997). Divers feel personally 

responsible for their immediate location and actively avoid damaging the marine 

environment, a pro-environmental behavior. However, the potential impact of divers’ 

experience on environmental advocacy has yet to be investigated.  

A direct experience creates self-identity with a specific location. Research such as Clayton’s 

(2003) agrees that people with strong environmental identities are more likely to have strong 
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pro-environmental attitudes. Thus, creating a direct experience, such as an IVE is a technique 

with the potential to help produce personal identification with a location. In this thesis, I 

created an IVE to deliver a direct experience to participants that would be impossible to 

conduct in a research setting. This thesis addresses how an IVE, used to facilitate a change in 

the natural environment from a personal perspective, monitors concern, pro-environmental 

behavior, and psychological distance of participants. 

2.5 Communicating Environmental Issues 

Many nations, local governments, and non-governmental organizations (NGO) are struggling 

to engage a variety of stakeholders in the marine governance process (Sheppard et al., 2011; 

Vogel, Moser, Kasperson, & Dabelko, 2007). To overcome this challenge, non-profits in the 

United States (US) are using social media as a platform to facilitate relationship building and 

stakeholder engagement. Facebook and Twitter are the most popular social media outlets, and 

out of 150 non-profits monitored by Guo & Saxton (2014), an average of 100 tweets are 

posted each month. Messaging included the following three categories: information 

assimilation, community building, and call to action. These reports found 40% of non-profit 

messages were strictly focused on  ‘information assimilation’ in the form of ‘public 

education,’ and 70% included hyperlinks to more information, photos, or videos (Guo & 

Saxton, 2014; Lovejoy & Saxton, 2012). As Kollmuss & Agyeman (2002) argue simply 

informing people does not change behavior (Finger, 1994; Geller, 1981; Geller, Erickson, & 

Buttram, 1983). Non-profits are following the traditional ‘information assimilation’ 

understanding that science and education communities believe to foster pro-environmental 

behavior (see Figure 1). 

 
Figure 1: Early Models of Pro-Environmental Behavior (Kollmuss & Agyeman, 2002) 

Unfortunately, many organizations, businesses, and governments are still running their public 

outreach campaigns on this information-intensive platform (Owens, 2000).  
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A second perspective is to influence behavior through economic incentives. These programs 

have worked in Scandinavian countries to incentivize renewable energy (Williams, 2011). 

However, in the US they have been largely unsuccessful; for example, California utility 

companies spend $200 million on energy-efficient incentives due to public misunderstanding 

of conservation programs (Costanzo, Archer, Aronson, & Pettigrew, 1986). These models 

assume humans act rationally and without attention to personal needs and wants. For 

example, if someone needs a vacation to Mexico, they are unlikely to remember that Earth 

has warmed 1.8° C since 1915 (U.S. Global Change Research Program, 2017) due to 

increased carbon dioxide in the air. Their need for a vacation will outweigh the knowledge of 

increasing carbon dioxide so they will buy the ticket and burn fossil fuels. Humans are 

complicated decision-making agents, and thus, 40 years of research has struggled to unify 

one model to explain or prescribe how to change personal behaviors (Kollmuss & Agyeman, 

2002).  

On the other hand, mass social media messages that are information-based have proven to be 

powerful. This aligns with McKenzie’s (2000) findings that community-based social 

marketing is the most efficient way to overcome behavior barriers. An example is the Internet 

video campaign “Kony 2012” that went viral in three days. The goal was to bring awareness 

to indicted Ugandan war criminal Joseph Kony - within three weeks over a third of US 

senators introduced a bipartisan resolution condemning Kony and his troops for 

“unconscionable crimes against humanity” (Wong, 2012). Therefore, better communication 

tools do help link non-profits with citizens and create citizen engagement to inform their 

government. There is space for better communication between scientists and government, 

which entails building a stronger community between local/regional citizens, businesses, 

investors and other stakeholders (Schuldt et al., 2016). However, even though the Kony 

Internet campaign gained attention, hundreds of other causes do not have the same public 

reach.  

To assess which models work to engage the public, a deeper look into pro-environmental 

behavior is needed. Rajecki (1982) found the link between attitude and behavior is defined by 

four characteristics, direct versus indirect experiences, normative influences (family and 

cultural norms), temporal discrepancy (attitude towards action is long after event), and 

attitude-behavior measurements (important to identify attitude towards the behavior). The 

designed IVE for this thesis gave participants a direct experience by bringing them closer to a 
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temporally changed marine environment, and ultimately assessing characteristics from 

Rajecki’s model. The resulting degree of concern, attitude towards different types of 

mitigation action and willingness to change personal behavior was used to monitor the 

effectiveness of the IVE. By building direct experience combined with an information-based 

approach, the goal is to communicate coral reef ecosystem health and engage personal 

behavior towards the marine ecosystem. 

 Pro-Environmental Behavior 2.5.1

As Kollmuss & Agyeman (2002) outline, the gap between attitude and behavior is multi-

dimensional and consists of numerous frameworks. This section will further assess research 

on how pro-environmental behavior decisions form and how the framing of the IVE and 

questionnaire was designed. Many models from Hines et al. (1986) and Ajzen and Fishbein’s 

(1980) list overlapping characteristics that make up an environmental behavior structure 

(Kollmuss & Agyeman, 2002). Here is a short list of attributes that feature human motivation 

to act: attitudes and beliefs, behavior incentives, perceived feedback, knowledge of issue, 

action strategy, verbal commitment, normative influences, direct experience and temporal 

distance. These characteristics are incorporated in more recent models of altruism, proposed 

by Stern and Dietz (1994, Figure 2), based on Norm Activation Model (NAM) and 

Schwartz’s model (1977), which divides environmental concern as a combination of three 

factors:

 
Figure 2: Factors addressing a person's motivation to act. (Stern & Dietz, 1994) 

It is important to identify these traits to discover individual reasoning behind people’s pro-

environmental incentives (Blake, 1999). 

Gelcich et al. (2014) found that personal level of concern related directly to the level of 

informedness about an issue combined with personal experience. This suggests that early pro-

environmental behavior models are still relevant when communicating with the public 

because knowledge mediates behavior. These observations guided the IVE design to create a 

direct experience, with explanatory content of the multiple anthropogenic stressors that cause 

ocean degradation. Selected questions pertaining to environmental concern were then used 
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from Gelcich et al. (2014) to measure the IVE as a communication platform. A knowledge 

gap exists between pro-environmental incentives and the actual monitoring of environmental 

action. To further monitor change in pro-environmental behavior, attitudes towards 

mitigation policies, and willingness to act for the environment, questions were selected from 

Gelcich et al. (2014) and Brügger et al. (2016). 

Other internal and external barriers affect people’s decision-making. Three internal barriers 

are: individuality (attitude and temperament), responsibility (influence), and practicality (lack 

of time, money, information, infrastructure proximity) (Kollmuss & Agyeman, 2002). 

External barriers include institutional and economic constraints, such as the accessibility to 

recycling facilities or purchasing power to buy sustainable food. Although this thesis does not 

go deeper into pro-environmental barriers, they are important parameters to recognize within 

environmental decision-making.  

Pro-environmental behavior is difficult to monitor because of research techniques involving 

self-report and logistics of long-term assessment. Researchers also struggle to determine the 

cause of a behavior change with short study timeframes, as it is difficult to determine whether 

a short-term behavior occurred once or is routine. Past research techniques have involved 

door-to-door assessments through informal conversation, self-report, and observations of 

entire households, such as recycling, purchasing habits, and energy use (Dietz et al., 2009). 

Although research on environmental decision-making and VR research is available, there is 

little research assessing IVE’s ability to change pro-environmental behavior, with even fewer 

studies exploring an IVE in a marine context. I plan to investigate whether visual framing in a 

marine IVE affects the intentions of participants’ pro-environmental behaviors. These results 

will help address how the public relates to the marine environment and responds to 

witnessing environmental change. 

Individuals are able to make powerful contributions to a society’s ecological footprint. As 

Dietz et al. (2009) reasoned, behavior change is capable of reducing carbon emissions by 

20% in the next 10 years (Pahl & Bauer, 2013). It is important to build knowledge on how to 

frame marine impacts and align management policies with local public priorities. Does 

bringing someone closer to the event with increased knowledge change his or her level of 

engagement and willingness to act in the public sphere? With these goals in mind, this thesis 

aims to measure change in level of concern, psychological distance, and pro-environmental 
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behavior after an IVE of a temporally changed marine environment. It will test whether 

different demographics have opposing environmental worldviews and if an IVE has more of 

an impact on coastal or inland populations. Furthermore, it reflects how an IVE may change 

humans’ perspectives on the marine environment to encourage engagement in marine 

governance. 
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3 Method 
I designed and conducted a qualitative study with 100 participants from two different 

demographics, coastal (Los Angeles) and inland (Boise, ID), to evaluate VR as a community 

engagement tool, and determine how psychological distance, environmental perspective, and 

engagement change after an IVE. 

3.1 VR Production 

 Archival Footage 3.1.1

To demonstrate the changing reef, archival footage needed to be located and match a present-

day coral reef. Research started with Jacques Cousteau’s films, old reef movies, and 

Hollywood films. Next, documentaries and private collections from senior biologists were 

found and scrutinized to identify a good match. For a complete list of all films, series, 

recordings, and personal collections, see Appendix A.  

A clip from Jacques Cousteau’s 1967 film ‘The Savage World of the Coral Garden’ was 

chosen as the first archival clip. The second clip from Howard Hall’s 2004 Lighthouse Reef 

Collection was chosen to show the reef after signs of degradation. The main visual sign of 

degradation was increased algae growth covering dead and diseased corals. These clips had a 

combination of the best quality cinematography and identifiable species of the Caribbean. 

Both archival clips were filmed on Lighthouse Reef, a healthier well-known fringing reef of 

the Caribbean.  

Lighthouse Reef is a part of the Belize barrier reef system; nearby ‘Half Moon Caye,’ is 

Belize’s oldest site for wildlife protection (Crown Land Ordinance in 1928) and first National 

Monument (1982). The United Nation Heritage Committee formally protected ‘Half Moon 

Caye’ and the surrounding reef under the Belizean Barrier Reef Reserve System in 1996; it 

later became a National Monument and United Nations Educational, Scientific and Cultural 

Organization (UNESCO) Heritage site. The exploration of Jacques Cousteau made this area, 

along with the famous ‘Blue Hole,’ well known in the late 1960s. This location was 

accessible and identifiable to match both Cousteau’s and Hall’s archival footage.  
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 Filming Location 3.1.2

The precise filming location was dictated by the findings of the archival footage along with 

local knowledge of dive masters. Both archival video footage locations were filmed near the 

Blue Hole and surrounding Lighthouse reef atoll, on the easternmost part of the Belize 

Barrier Reef. Diving took place for six days on the Lighthouse reef atoll, 55 miles off the 

coast of Belize, with a total of 15 dives. The Global Positioning System (GPS) did not exist 

in 1967, and Howard Hall did not record his coordinates, therefore exact sites were difficult 

to align. Howard Hall did note diving around Aquarium and Night watch dive sites, which 

were easily located. Starting here, I used 5-inch by 7-inch laminated photographs for specific 

site match-up while underwater for production references (Figure 3 & 4). 

 
Figure 3: Front side laminate of Howard Hall and Jacques Cousteau's sample images 

 



21 

Figure 4: Back side of laminate identifying Howard Hall's images. 

The top three dive sites that most resembled Howard Hall’s footage included: ‘Aquarium,’ 

‘The Wall,’ and ‘Night watch’ (see Figure 3). Lighthouse reef has lost 75% of Elkhorn coral, 

Acropora Palmata, since Cousteau filmed in the 1960s leaving sites extremely difficult to 

recognize (McClanahan & Muthiga, 1998). 

 
Figure 5: Map of dive sites on Lighthouse Reef 

Once the exact site was found and agreed on, the camera was set down on the ocean floor for 

two to five minutes. Both divers swam out of view for that duration. Footage was processed 

and reviewed daily. This review allowed for better results the following day.  

 Equipment 3.1.3

360 Video Hardware 

Initial raw videos were captured as .MP4 files with (6) GoPro Hero4 Black cameras. Cameras 

were set to 1440p, 80 FPS (frames per second), ProTunes On, 400 ISO, Flat Color, Low 

Sharpness, and Low Light Mode Off. Cameras were also outfitted with GoPro battery 

extensions to increase their recording time, and 64-gigabyte (GB) MicroSD memory cards. 

All (6) cameras were synchronized to a GoPro remote over Wi-Fi to turn them on, off, and 
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start recording. All (6) cameras were placed inside a Kolor Abyss dive housing to keep them 

waterproof while shooting underwater. Recording was started above the water with the 

assembled Abyss camera rig in the dive boat, followed by a handclap for later sound 

synchronization, and then handed to a diver in the water. Dive recording sessions lasted 

between 50 and 75 minutes, with batteries failing sporadically after the 60-minute mark. The 

360-degree footage was taken with a Kolor Abyss underwater camera rig that captures 

images in all directions. 

 
Figure 6: Kolor Abyss locked tight, synced, and ready for submersion. 
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360 Video Software 

All (6) SD cards were removed from the cameras and offloaded simultaneously using (2) 

Lexar 3-MicroSD card readers. The software Kolor Autopano Video Pro (AVP) 2.6 was 

used, which has an “Import All GoPro” mode that automatically organizes and sorts all 

recorded video clips into “take folders,” thus putting all (6) raw camera clips into their own 

folder. After sorting, the (6) camera clips were imported into Kolor AVP. 

 
Figure 7: Source image before mapping horizons 

First, “Synchronize” mode was run to look for the audible handclap made in the video. Next, 

“Stitch as GoPro” mode was selected on a frame from the dive boat to ensure a quality stitch. 

“Stitching” is the process that takes the (6) raw camera clips with fisheye distortion and 

uniformly distorts them together into a single equirectangular image. This is similar to the 

distortion viewed on a flat world map, or a Mercator projection, since later it must be mapped 

to a full sphere. Next, mapping horizons were adjusted by clicking and dragging the preview 

window to ensure the resulting 360 image was flat with the underwater land horizon. After 

running the “Color” mode in AVP to balance out the colors, full videos were rendered and 

exported from AVP in low quality (1920x1080, 30 FPS, .MP4), also known as a “proxy” file 

in video editing. 
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Figure 8: 360 image from final clip for IVE without color correction (day three, Night Watch 

dive site) 

Once proxies were scrubbed for relevant and usable segments, shorter clips for different dive 

sites were rendered and exported from AVP in high quality (4096x2048 pixels, 30fps, h.264 

.MP4). These final MP4 files (day three at dive site, Night Watch) were then imported into 

Adobe Premiere CC 2015 for master editing. While in Adobe Premiere, previous footage 

from Cousteau (“Savage World of the Coral Gardens” @ 4:45–5:16 seconds, 1970) and Hall 

(HH-29, 2004) were imported and composited into the 360 scene using Adobe’s VR tools 

suite. Another step of advanced color collection was applied to balance the blues out. Finally, 

narrative audio was imported and edited in the timeline. The final master edits were exported 

as two different files (one for the temporal condition, one for the present condition). Both 

files were encoded as h.264 .MP4 files at 4096x2048 pixels, 30 FPS, and 28 Mbps 

(Megabytes per second) bitrate. 
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Figure 9: 360 image of present day (2017) IVE with color correction. 

VR Playback Equipment 

An Oculus Rift CV1 head-mounted display (HMD) was connected to an ASUS G751JY-

DH71 mobile laptop running Windows 10. The laptop has an i7 CPU processor running at 

2.5 GHz (gigahertz), with 32GB of ram memory and a NVIDIA GeForce GTX 980M video 

card. These specifications were more than enough to run the Oculus Rift CV1 at a consistent 

refresh rate of 90 Hz. 
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Figure 10: Participant wearing an HMD 

VR Playback Software 

The final .MP4 video files were played on the laptop with GoPro VR Player 3.0, with 

“Hardware Acceleration” and “Force OpenGL” both enabled to ensure smooth playback. PC 

volume was turned up to 100% to drown out any event noise, with video audio playing back 

through the Oculus Rift headphones. Both videos lasted 00:02:05 for each participant session. 

The GoPro Player software renders the 360 video as a full sphere, so when a participant turns 

his or her head, the corresponding imagery updates with those movements. 

 Final Immersive Virtual Experience 3.1.4

Two different 360 video clips were made for each ‘visual temporal’ and ‘visual present’ 

condition from the footage. The ‘visual temporal’ condition begins with Jacques Cousteau’s 

clip from the “Savage World of the Coral Gardens” (4:45–5:16 seconds), then fades into 

Harold Hall’s Lighthouse Reef 2004 Collection (HH-29). The 360 video unfolds for the last 

minute, allowing the viewer to be on present-day Lighthouse Reef (2017). The ‘visual 

present’ condition consists of the same audio narrative with the archival footage replaced 
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with a black screen. Similar to the ‘visual temporal’ condition, in the last minute the present-

day Lighthouse reef fades into view. I decided to keep the experience less than five minutes 

to keep participants engaged and curious. 

Narrative 

The video included narration to facilitate better understanding of the change in time periods 

with relation to the morphing reef. I chose to keep the narrative explanatory to reduce 

confusion and offer some background to the images. Still, slight bias could be discerned from 

the explanation of reef demise being human caused. Even though, for the last 20 years the 

main influences in reef demise have proven to be overfishing from reduction in herbivorous 

fish populations, agricultural run-off contributing to increased nutrients and increased tourism 

(Dulvy, Freckleton, & Polunin, 2004; McClanahan & Muthiga, 1998; Prouty et al., 2017; 

Wild, Jantzen, & Kremb, 2014).  

The narrative aim was to create a reliable and pleasant atmosphere. Research indicates that 

the public evaluates a Scottish female voice as the most competent and reassuring narrative 

voice (Grechuta, Rubio, Duff, Oller, & Verschure, 2014). Therefore, a Scottish native 

speaker was used for the narration. If the participant was distracted by the visuals, it was not 

necessary to hear every word to respond to the questionnaire. The script was written in a 

format that could apply to both temporal clips, to reduce noise between conditions and ensure 

standardization across participants (see script Appendix B).  

3.2 Data Collection  

 Participants 3.2.1

The sample population consisted of 100 participants (49 female) who were randomly 

assigned to either the ‘visual temporal’ or ‘visual present’ condition by research randomizer 

(“Research Randomizer,” 2017; see section 3.2.5). The participation number was chosen 

based on a combination of reports from psychological distance and IVE that used 15 to 40 

participants per condition (Berenguer, 2007; Brügger et al., 2016; Cummings & Bailenson, 

2016). Then, 20 to 25 participants for each experimental condition in a factorial design of 2 x 

2 will give 100 participants and aligns with the norm. Each participant was exposed to 360-

degree footage of Belize coral reefs in one of two visual conditions; the ‘visual temporal’ 



28 

condition combined archival (1967) and present day (2017) footage. The second condition, 

‘visual present,’ showed only present 360-degree footage with the same audio narrative. The 

narrative was identical for both conditions to exclude interference (Brügger, Dessai, Devine-

Wright, Morton, & Pidgeon, 2015).  

Participants were recruited from two demographic populations in the United States including 

inland (Boise, Idaho) and coastal (Los Angeles, California). I had existing relationships with 

the event organizers, which allowed me to participate in the VR Bash events in Boise, Los 

Angeles, and the Santa Monica Aquarium. The application of convenience sampling was 

used at each event to facilitate data collection. The specific locations also provided unique 

geographic differences. Coastal communities inherently depend more on the ocean and 

marine resources for their economic, social, and cultural lifestyles. Therefore, I hypothesized 

that coastal populations may convey higher concern and increased public engagement for 

marine issues. Contrarily, inland communities are more distant from marine problems such as 

pollution, overfishing, and water-use issues due to their geographical distance. This distance 

could correlate to less concern, awareness, and attention to marine issues. Since the two 

communities are different distances from the ocean, this creates an established antipodal 

perspective of the marine environment and resources. 

The CMM Master’s committee and Ethics Review Board (Vísindasiðanefnd) at University of 

Akureyri, Iceland, approved this experiment to follow all the ethical requirements. There was 

no discrimination or incentive for the inclusion of this study or prescreening procedure. All 

ethics considerations were met; for example, respecting confidentiality, informed consent, 

and debriefing procedures. Anonymous participants from the general public volunteered to 

participate and could leave at any time. 

 Procedure 3.2.2

The study consisted of an informal public display conducted at three public events, two 

events in Los Angeles, CA, and one event in Boise, ID, in October 2017. A factorial 2 

(Demographics: Inland vs. Coastal) x 2 (Visual: Temporal vs. Present) design was used. Data 

collection extended to a maximum number of 50 subjects in each demographic. ‘Visual’ 

conditions were randomized (see section 3.2.5). A full account of participant flow is located 

in section 3.2.3 and 3.2.4. 
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The procedure was as follows. Freely attending event participants from the general public 

came to my VR station and were asked if they would like to experience a coral reef through a 

virtual reality HMD. They were informed that their participation was a part of a master’s 

study and that the process included a pretest–posttest questionnaire (Sevillano et al., 2007). 

The pretest started with an embedded consent form then completion of 19 questions (see full 

pretest–posttest survey in Appendix D). The pretest identified ideology or ecological 

worldview, attitude and behavior and helped identify participants’ worldview to monitor 

previous bias (Berenguer, 2007; M. Davis, 1983; Dunlap et al., 2000).  

After the pretest, participants were directed to put on the Oculus Rift HMD for the IVE. The 

stimulus within the IVE experiment was a self-contained, two-minute experience. As the 

participants entered the pretest, they were assigned to a ‘visual condition’. The ‘visual 

temporal’ IVE condition consisted of informative narrative and seeing the coral temporal 

change between 1970 and 2017 as described in section 3.1.4, Final Immersive Virtual 

Experience. The ‘visual present’ IVE condition had identical narrative and showed only 2017 

in a visual 360 video. 

After the two-minute IVE, participants were asked to finish the 15-question post-survey. The 

entire pretest–posttest survey had a total of 40 question prompts with 63 answers (some 

prompts had multiple sub-questions, see Appendix D for full survey). A debriefing sheet was 

given to the participants after completion of the posttest survey, and time was allotted to ask 

researcher questions. The entire procedure took participants an average of 25 minutes to 

complete. However, we note that due to variation in the time that participations took to 

complete the pretest survey, some participants had wait times between five and ten minutes 

between completing the pretest survey and IVE experience. Three participants walked away 

and decided to not complete the posttest survey. Due to data collection limitations, an in-

depth description of the experiment flow is outlined below for further clarification of event 

results.  
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 Experimental Flow: Inland Condition 3.2.3

 VR BASH in Boise, ID, held at the JUMP Building Downtown 

In a five-hour open session, participants entered slowly to the 4th floor VR exhibit set up in a 

circular orientation. The first hour was slow, with a couple people approaching the table and 

starting the pretest, IVE experience, and completing the posttest with reasonable efficiency. 

Eventually, people started to line up; to ease the lines, they visited nearby exhibits. One 

exhibit was a childhood interactive book and the next an Augmented Reality (AR) project 

using robotic bugs. Other VR projects located on the same floor involved combat, physical 

force, or were of violent nature; therefore, many adults with children came to the underwater 

VR project and referred to it as the friendly looking VR experience. 

  
Figure 11: Participant completing pretest on MacBook (left) and participant (right) ready for 

an IVE. (Boise, ID) 

Near the middle of the event, the crowds became thicker, and over 10 people were waiting in 

line for the IVE. The two MacBook computers caused a bottleneck and slowed down 

participation numbers. Participants in line were unable to start the survey because only two 

participants could access the experiment at a time. Qualtrics tracked the first open survey; 

this feature was helpful if a participant accidentally closed his or her survey. Once the survey 

was reopened, Qualtrics recovered their place and responses. However, this function made it 

so we were unable to initiate two live surveys on the same device. This created a large delay 
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in participant access to the pretest survey and IVE. Also of note, within the Boise population, 

the MacBook Trackpad was unfamiliar and gave a few people difficulty. 

Some interested public who were waiting in line for the experiment left because the wait time 

was too long. This affected recruiting numbers but did not affect others in line. In one case, 

four participants completed the pretest survey, and while two out of the group were watching 

their two friends finish the IVE and posttest, they decided not to complete the experiment. It 

was noted that both of these Boise participants did not enter the IVE, signifying an 

incomplete experiment, and their surveys were excluded from further analysis. Most 

participants finished the pretest at different times, so entry into the IVE went smoothly, with 

five to 10 minutes between pretest and entrance into the IVE.  If there was a waiting period, 

participants continued to watch the person in front of them involved in the IVE or wandered 

to the nearby VR exhibit. After the IVE, they were directed to finish the posttest survey. 

There was no waiting from IVE to posttest questionnaire.  

This event had around 1,000 people attend, and 50 participants entered the experiment. Even 

though the wait time to get into the IVE was only five to 10 minutes, many people were 

pressured to move on and see the other exhibits. There were some cases of participants 

dropping out after the IVE during the posttest questionnaire. This could have been from 

fatigue, impatience, or loss of interest.  
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 Experimental Flow: Coastal Condition 3.2.4

VR Bash in Los Angeles, CA, held at Santa Monica downtown (SAMO) 

 
Figure 12: Participant sitting in IVE with her hands on the HMD, during the Los Angeles 

event. 

This event was an informal meet-up for people interested in VR technology to exchange ideas 

and projects. It was much smaller than the Boise event, and participants had less wait time 

and pressure to complete the pretest, IVE, and posttest questionnaire. With less interference, 

participants could watch fellow participants enter the IVE. Unfortunately, some 

communicated with each other before completing the posttest questionnaire. This was 

discouraged throughout the event, but due to the informal public setting, it was unavoidable. 

Everyone finished the survey; some did so hastily. Fourteen participants entered the 

experiment at this event. 

Los Angeles, CA, Event 2: Santa Monica Aquarium in Los Angeles, CA (2 Days) 

This public venue gathered everyday foot traffic from the Santa Monica Pier and was not 

advertised as a VR event. The participant flow was relaxed, and there was rarely a line. 

People could walk around and look at other ocean attractions if the IVE and computer were 
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busy. Other attractions included petting sea stars, sea slugs, and feeding baby nurse sharks. 

There was also a fish tank with local species of black cod, chubs, rockfish, and garibaldi. 

During this event, participants took the pretest, IVE, and posttest sequentially with no more 

than a five-minute wait time. However, a couple of participants walked around before 

completing the IVE and posttest questionnaire. Only one participant did not complete the 

experiment after taking the pretest. This participant was noted and excluded from further 

analysis. 

 
Figure 13: Participants at the Santa Monica Aquarium involved in the pretest survey and 

IVE. 

In conclusion, the data were collected at a highly publicized informal function with the 

availability and convenience to set up a VR station. Some participants felt pressure to finish 

the questionnaire in haste because of other family members or time commitments. There was 

also a lot of noise when participants were taking the questionnaire and while in the IVE. 

Some complained of not being able to hear the IVE well enough. Most importantly, both 

functions were extremely time dependent and people were freely giving their time to 

complete the survey to access the IVE. This created a slight discomfort within the patience of 

the crowd. Unexpectedly, the two events in Los Angeles had a more relaxed pace, and the 

pressure to experience other VR installations did not exist. 
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 Randomization and Participant Assignment 3.2.5

This study used an online program called Research Randomizer to assign participants to their 

experimental condition (“Research Randomizer,” 2017). Each participant was assigned in 

chronological order to an experimental condition, either: 1) a ‘visual temporal’ IVE or 2) a 

‘visual present’ IVE. This procedure was conducted to gain experimental randomization 

within conditional groups. Research Randomizer is a free, easy-to-use resource for 

researchers and students to generate random numbers or assign groups. It includes a 10-

minute tutorial and asks six questions to generate the correct random groups for this thesis.  

 
Figure 14: Research Randomizer homepage to enable random experimental condition 

assignment 

I created two groups of random numbers, one for Boise and one for Los Angeles, each with 

50 participants. However, in the first application of random generation of numbers for the 

Boise participants, the conditional groups were random, 1 or 2, yet with unequal distribution 

(21: 29, more conditional 2 ‘visual present’). To generate equal groupings of random 

numbers in each group for Los Angeles, the following questions were answered, ‘How many 

sets of numbers do you want to generate?’ for this study included, 25; next question ‘How 

many numbers per set?’ was 2 and; third question, ‘Number Range,’ response was 1 to 2 

(Figure 14). This allowed for 25 sets with two numbers in each set, thus equaling 50 

participants (Figure 15 and 16).  
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Figure 15: Example of Research Randomizer results for set #1-#4. 

 
Figure 16: Example of Research Randomizer results for experimental condition assignment 

#22-#25 (= 8 participants). 

As participants entered the experiment, they were assigned a number in chronological order 

(1–50). This number corresponds with the research randomizer result that assigns a number––

either 1 (‘visual temporal’) or 2 (‘visual present’)––according to the different IVE condition. 

A complete list of both the Boise and Los Angeles research randomizer results are located in 

Appendix C. Thus, the participants had no idea which IVE they would experience or that they 

were experiencing something different.  
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 Measures   3.2.6

The pretest and posttest were administered through an online program “Qualtrics Survey 

Software” (“Qualtrics,” 2017).  

Pretest  

The pretest opened with the NEP updated by Dunlap, Van Liere, Mertig, & Jones (2000), 

which consisted of 15 questions assessing ecological worldview about the nature of the earth 

and humanity’s relationship with it. Participants rate items such as “Despite our special 

abilities, humans are still subject to the laws of nature” (Dunlap et al., 2000). Answers ranged 

from ‘Strongly agree’ to ‘Strongly disagree’ on a five-point Likert scale. The NEP score of 

participants was averaged to form a single measure, with a Cronbach’s alpha of .82. Eight 

even-numbered questions (2,4,6...) were reverse coded for confluent data; for example, 

“Humans have the right to modify the natural environment to suit their needs.” For these 

questions, ‘Strongly disagree’ correlated with having a strong environmental worldview. The 

NEP questions averaged to create a single measure of environmental worldview, mean (M = 

3.70), and standard deviation (SD = 0.61). The full text of the questions is included in 

Appendix D. 

The next four questions were self-reported ‘empathy’ measures modeled after Davis 

Interpersonal Reactivity Index (IRI; M. Davis, 1983; M. H. Davis, 1980; De Corte et al., 

2007). An example of the original IRI question would be, “When I see someone being taken 

advantage of, I feel kind of protective towards them,” an empathetic concern question. I 

reworded this question to assess EE: “When I see the earth in danger, I feel like I need to 

protect it.” Answers ranged from “Describes me extremely well” to “Does not describe me at 

all” on a five-point Likert scale with two reverse coded questions. The questions modeled 

after the IRI were averaged to form a single measure, EE, with a Cronbach’s alpha of .66. 

This was a low Cronbach alpha score, so one reverse coded question was removed, “I don’t 

feel sorry when I see trash in nature,” then the alpha was .79 (M = 3.70, SD = 1). The full text 

of the questions is included in Appendix D. 

The next three sets of questions covering level of concern (LC), policy mitigation (PM) and 

personal willingness to act (WA) came from Schultz et al. (2000) and select questions from 

Brügger et al. (2016) and Gelcich et al. (2014). Each set of questions was averaged, and a 
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single measure was produced for each from the averaged differences between pretest–posttest 

responses (Bailenson et al., 2008; Cummings & Bailenson, 2016; Pahl & Bauer, 2013; 

Spreng, McKinnon, Mar, & Levine, 2009). Questions for LC were as follows, “Rate your 

concern for the following items on a scale of 1–5, with “5” being “Highly concerned” and 

“1” being “Not at all concerned.” The prompts included: plastic pollution, industrial runoff, 

agricultural runoff, overfishing, water quality, and overall ocean concern. The Cronbach’s 

alphas for pretest–posttest questions were .84 (M = 4.30, SD = 0.69) and .90 (M = 4.30, SD = 

0.72), respectively. The full text of the questions is included in Appendix D. 

The PM section identified how important an issue was for the participant. As an example 

prompt: “Reducing the amount of fish that can be caught at sea to allow populations to 

recover.” Answers were on scale of 1 to 5, with “5” being “Extremely important” and “1” 

being “Not at all important.” Other issues addressed included tightening controls over 

chemicals released in waterways, cutting greenhouse gases, and safeguarding marine habitats. 

Cronbach’s alphas for pretest–posttest questions were .82 (M = 4.30, SD = 0.72) and .86 (M = 

4.30, SD = 0.80), respectively. The full text of the questions is included in Appendix D. 

The third and final category assessed a participant’s personal WA or self-report pro-

environmental behavior. An example prompt for this category is, “Donate money to save 

species at risk” and answers were on a scale of 1 to 5, with “5” being “Extremely likely” and 

“1” being “Not at all likely.” The Cronbach’s alphas for pretest–posttest question were .87 (M 

= 3.60, SD = 0.97) and .89 (M = 3.70, SD = 1), respectively. The full text of the questions is 

included in Appendix D. 
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Figure 17: Example of Qualtrics survey 

Posttest  

The posttest measures repeated the measures of LC, PM, and WA, used in Brügger et al. 
(2016) and Gelcich et al. (2014) (alpha, M, and SD reported above). In addition, participants’ 
estimated psychological distance to coral reefs was evaluated. The posttest measures of 
psychological distance; spatial, temporal, hypothetical, and social, were addressed separately. 
The spatial, temporal, hypothetical, and distance measures consisted of a single question 
each. For spatial distance, the participant was asked, “How close do you feel to coral reefs?” 
answers ranged from 0 to 5,000 miles on a Numerical Slider Rating Scale (Won, Shriram, & 
Tamir, 2017). The participant’s answer was divided from the actual distance, for Boise 2,433 
miles and for Los Angeles 2,178 miles. This number was used for their spatial distance 
response. For example, if a participant from Boise estimated the reef is 1,951 miles away, this 
number was divided by 2,433. Then, this Boise participant’s spatial distance measure would 
be 80% of their actual distance to the reef. The temporal distance prompt was, “How soon do 
you think coral reefs will die off,” answers ranged from 10 to 500 years on a Numerical 
Slider Rating Scale. And the hypothetical psychological distance prompt was “To me the 
decline in coral reefs feels…” answers included “Very real, somewhat real, neutral, 
somewhat hypothetical, very hypothetical” (Pahl & Bauer, 2013). The social distance 
measure included five prompts on how the participant felt the decline in coral reefs will affect 
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them and people close to them versus people far away. The social distance questions were 
averaged for a single measure with a Cronbach’s alpha of .88 (M = 3.60, SD = 0.97).  

The last section examined participants’ perception of being present in the VR experience as a 
whole (Won et al., 2017). These three measures were calculated independently and answers 
ranged from 1 to 5 on a Likert scale, with “5” being “Very Strongly” and “1” being “Not at 
all.” One prompt was, “How much did your experience in the virtual environment seem 
consistent with your real world experiences?” (M = 3.20). The next prompt related to how 
present the participant felt in the IVE (“ How present did you feel in the virtual 
experience?”), (M = 3.30). Another question covered the amount of sickness felt from the 
experience (“Did you feel any simulator sickness?”) (M = 1.30). Two final open-ended 
questions allowed the participant to comment on their overall experience. The full text of the 
questions is included in Appendix D. 

3.3 Data Analysis   

The two independent variables were demographic population and IVE condition; and the 

dependent variables include all the measures listed in section 3.2.6, Measures. This research 

intended to compare pretest–posttest surveys to answer research questions. However, this was 

not possible due to limitations covered in section 3.4, Limitations and section 4.2, Dropout 

Rate. Analysis was followed by examination of the differences in ecological worldview, 

comparison of demographic groups, and correlations within psychological distance measures. 

Additionally, I conducted Pearson’s correlations to analyze NEP as a covariant. Linear 

regression and general regression models were conducted in “R,” an online free-access 

statistical program. The standard p < .05 criteria was used to determine if the results were 

meaningfully significant. 

3.4 Limitations 
 Study Design 3.4.1

Within the pretest–posttest design, there were multiple variables that could jeopardize 

internal validity, as Windle (1954) highlights. First, individual differences could produce 

different reactions to the IVE. In addition, events outside the control of the experimenter may 

have occurred, such as outside interference, laughter, conversations, and other location-based 

distractions. This was due to experimental isolation being unachievable. Another potential 
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issue is biological or psychological maturation; throughout the experiment participants could 

have grown hungrier, more tired, or more bored. Another confounding rival explanation is the 

effect of the pretest; the first round of questions may prime participant responses for the 

second round of questions. Additionally, participants’ efforts to discover the disguised 

purpose of the test could affect the distinction among potential measures as to participants’ 

reactivity or responses. Also, the more novel and motivating the test device, such as using VR 

or a HMD, could potentially create more sensitive responses.  
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4 Results 
To test the effects of ‘visual’ IVE conditions on environmental concern, it was necessary that 

initial environmental concern (or ecological worldview, NEP, and EE) was not significantly 

different between groups. Thus, I randomized the ‘visual’ conditions as described in section 

3.2.5. When examining all the pretests, randomization was successful; there were no 

significant differences between IVE conditions on these measures (n = 100), NEP, F(1, 98) = 

0.88, p = .35 and EE, F(1, 98) = .18, p = .68, or demographic conditions on these measures, 

NEP, F(1, 98) = 0.88, p = .35 and EE, F(1, 98) = 0.14, p = .71.  

However, due to experimental flow (described in section 3.2.3 and 3.2.4) and other issues, 33 

participants did not complete the posttest. Some participants skipped questions or left entire 

sections blank, leaving incomplete data. Thus, exclusion criteria were used (also described in 

section 4.1.1). Exclusion criteria: if more than half the responses were unanswered, or an 

entire category was left blank, this participant was excluded (i.e., LC measure includes 6 

questions, if 3 or more were left blank, this participant was excluded) or participant 

completed the experiment in an improper order (i.e., participants who completed only the 

pretest and IVE). When this smaller exclusion data set was examined, NEP and EE were 

found to be significantly different between ‘visual’ conditions (n = 77), for NEP, F(1, 75) = 

6.39, p = .01 and EE, F(1, 75) = 5.07, p = .03. This was an unexpected result and severely 

limits my ability to draw conclusions from this data set. Still, there was no significant 

difference between the demographic conditions for NEP, F(1, 75) = 0.36, p = .55 and EE, 

F(1, 75) = 0.01, p = .96. The exclusion data was needed for comparisons between pretest–

posttest measures.   

Thus, I present an exploration of the interaction of condition and self-reported NEP on 

completion rates; a descriptive analysis; and an analysis of the qualitative results. The two 

sets of results include a full data set (n = 100) to analyze interactions with NEP and ‘visual’ 

condition on ‘completion’ rates and an exclusion data set (n = 77) to analyze interactions 

between pretest–posttest differences. Random assignment was supposed to ensure no 
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differences between groups would confound other predicted outcomes. This finding affected 

analysis and prompted additional examination. 

4.1 Overview  

This study was conducted on a convenience sample of individuals who decided to attend a 

virtual reality symposium in Boise, Idaho, and Los Angeles, California. A third event was 

administered at the Santa Monica Aquarium, in Los Angeles, California, to complete the 

participation quota. The sample was composed of 100 participants across Boise (n = 50) and 

Los Angeles. All participants were between the ages of 18 and 60 years old. The entire 

experiment took each participant between seven minutes to two hours to complete, with an 

average of 25 minutes. 

The research questions were originally intended to be examined using a pretest–posttest 

control group design (Campbell & Stanley, 1963). This is a simple, yet strong experimental 

design that hypothetically controls threats to internal validity through random assignment of a 

treatment condition (‘visual temporal’ IVE or ‘visual present’ IVE). While participant and 

IVE assignment normally balance the possible confounding effects of IVE and location, this 

did not happen in this experiment, as the groups were significantly different within the 

exclusion data set. Although the exclusion data set was originally designed to use for 

comparisons, I firmly note that the significant difference between NEP and EE at pretest 

created a significant limitation. This is covered in section 4.2. 

Primary findings used the full participant data set (including the incomplete surveys) to 

resolve the high incompletion rate (n = 33). As this data set had no significant difference 

between NEP and EE, this data set provided the most reliable findings within this thesis. 

Analysis of participant completion rates is reported in section 4.3 Significant Findings: NEP 

and ‘Visual’ Conditions Correlate with Completion Rates. I also analyzed differences 

between demographic groups using the full data set. 
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 Exclusion Data Set 4.1.1

In this informal-style study, some participants did not complete the entire pretest–posttest 

survey, or left incomplete or partial unanswered sections. So, an exclusion criterion was used 

to determine which participant data sets were excluded. For all participants, each measure 

was evaluated, and if more than half the questions were unanswered or an entire measure 

was left blank, the participant’s survey was excluded from the full data set. For example, a 

participant would be excluded if they completed all the pretest questions for LC but in the 

posttest left four out of six LC questions blank. The exclusion data set consisted of a sample 

population that included 77 total participants (n = 38, LA), see Figure 18. A complete 

pretest–posttest was required for consistent data to compare survey responses of the LC, PM, 

and WA measures between IVE conditions and demographic conditions.  

 
Figure 18: Summary Statistics of Completed Surveys for Each Location and Condition 

4.2 Dropout Rate  

Because several participants were excluded for partial or incomplete exams (n = 33), I 

conducted an analysis of dropout rates between participant conditions. Specifically, I 

examined whether visual IVE conditions (‘visual temporal’ or ‘visual present’) or NEP had 

an influence on these dropout rates. The NEP measure was administered at pretest to capture 

participant ecological worldview–a dependent variable of interest in this study–before the 

intervention. While participants were randomly assigned to an experimental condition, I was 

unable to establish baseline equivalency between groups with the exclusion data set (n = 77). 

Once participants who did not complete the full survey were removed, participants 
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significantly differed on ecological worldview at pretest for NEP, F(1, 75) = 6.39, p = .01 

and EE, F(1, 75) = 5.07, p = .03 (Table 1).  

Table 1: Two-Way, Between-Subjects Regression Analysis Summary Table for NEP and EE between 
‘visual temporal’ and ‘visual present’ conditional groups before IVE. 

Source   n       M       SD   F 

Total NEP 76 3.7 0.55 6.39* 

Total EE 76 3.7 1.0     5.07* 

*p < .05.  

While this was neither desired nor anticipated, it is the objective outcome. Upon this finding, 
it is difficult to discern the impact of a ‘visual temporal’ IVE variable on participant change 
from pretest to posttest on environmental attitude, mitigation intentions and self-reported pro-
environmental action (LC, PM, and WA measures). The exclusion data set would have been 
the preferred data set to compare pretest–posttest results since these participants completed at 
least half of each measure. The intention was to further examine correlations between 
psychological distance and other participant perception measures (LC, PM, and WA) post 
intervention. However, these analyses were dropped given that the ‘visual’ conditions were 
significantly different between NEP and EE scales at pretest among the participants. This is a 
known significant limitation of this study. 

4.3 Significant Finding: NEP and ‘Visual’ Conditions 
Correlate with Completion Rates 

After the significant limitation was realized, review of the full data set (n = 100) was 

necessary. The full data set was used because it confirmed random assignment between 

‘visual’ groups, NEP, F(1, 98) = 0.88, p = .35 and EE, F(1, 98) = 5.07, p = .68. From here, 

interaction between NEP and ‘visual’ condition significantly predicted whether participants 

completed the posttest survey, F(3, 87) = 8.15, p < .001. Specifically, the ‘visual temporal’ 

IVE condition reported more participants completing the survey than the ‘visual present’ 

IVE.  
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Figure 19: Correlation of NEP scores and participant ‘visual’ IVE condition between completed 
versus incomplete surveys: ‘Temporal’ represents participants in the ‘visual temporal’ IVE, and 

‘USE’ signifies completed surveys. ‘Present’ represents participants in the ‘visual present’ IVE and 
INC signifies incomplete the surveys. 

Participants with low NEP (2.3) assigned to the ‘visual present’ IVE condition were more 

likely to disengage from the survey. With high NEP (4.8), there was a 62% chance a 

participant in the ‘visual present’ IVE condition would complete the survey, and a 95% 

chance a participant in the ‘visual temporal’ IVE condition would complete the survey.  

In Figure 20, the scatter plot represents the participant survey completion against NEP and 

‘visual’ conditions. The completion measure is the number of answers each participant 

entered in their pretest–posttest (Total = 63). 
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Figure 20: NEP and ‘visual’ conditions correlation with survey completion rates: 

Completion rates are determined by the number of questions a participant answered within 
the pretest–posttest survey. 

Participants with high NEP scores who were assigned the ‘visual temporal’ IVE condition 

were more likely to complete the survey than those with low NEP scores. Participants with 

low NEP scores who experienced the ‘visual present’ IVE were found to have lower levels of 

completion rates. Moreover, participants with low NEP scores who were assigned the ‘visual 

temporal’ IVE condition had higher rates of incompletion. This finding confirms that the 

combination of NEP and ‘visual’ condition had an effect on whether a participant completed 

a survey. So, the unusually high dropout rate was either due to; 1) participants’ predisposed 

interest, concern, or awareness of marine issues, ecological worldview; or 2) whether the IVE 

was engaging. Therefore, the participant completion rates could represent the amount of 

vested interest or time a participant is willing to give to a particular issue. 

 Demographic Population Differences at Pretest 4.3.1

Linear regression analyses between locations were performed on NEP scores and EE scores 

between demographic populations (n =100). There was no significant difference between 

locations from NEP scores or EE scores, NEP, F(1, 98) = 0.88, p = .35 and EE, F(1, 98) = 

0.14, p = .71. Since coastal and inland demographic populations did not differ on ecological 

worldview, my original proposed alternative hypothesis was incorrect, and null hypothesis is 

accepted. In fact, all NEP scores, concern levels, and effects of attitude change were 

equivalent across conditions when testing against demographic conditions (inland versus 
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coastal); see section 4.3.2. My original hypothesis that there would be a significant difference 

between locations after the IVE was not supported, and the null hypothesis is accepted for 

NEP and EE. This indicates the demographic populations’ initial environmental attitude does 

not differ at pretest.  

 Comparison Analysis: LC, PM and WA 4.3.2

Although the pretest–posttest results were significantly different between ‘visual’ conditions 

for the exclusion data set, using only the pretest results, I decided to compare demographic 

groups using the full data set for three measures–LC, PM, and WA. These three measures 

were averaged separately to find a single pretest score for each measure. Linear regression 

models were performed to assess whether either demographic participant group varied within 

the three measures. These results addressed the research questions covering differing 

environmental concerns, support for policy mitigation, and self-reported environmental 

action between demographic populations. There was no statistically significant difference 

found between locations for LC, F(1, 98) = 0.24, p = .24, PM, F(1, 94) = 0.86, p = .36, or 

WA, WA, F(1, 96) = 0.07, p = .79. Therefore, the null hypothesis is accepted for LC, PM, 

and WA at pretest. Unfortunately, I was unable to run pretest–posttest analysis on LC, PM, 

and WA due to the participant dropout rate, which identified the NEP and ‘visual’ condition 

interaction with completion rates. 

4.4 Psychological Distance: Spatial, Temporal, Social, 
and Hypothetical Decline 

Although the dropout rate prevented further analysis between LC, PM, and WA, the 

demographic analysis of psychological distance measures were not confounded by this 

results. The evaluation for posttest psychological distance results follows using the full data 

set. These results are speculative. However, I decided to compare demographic conditions 

and evaluate how the psychological distance measures relate to NEP.  

In summary, temporal (‘How soon do you think coral reefs might die off completely?’), 

spatial, and hypothetical decline (‘The decline in coral reef health feels…’) were single- 

question measurements. Social distance measures were analyzed separately and consisted of 

five question prompts. Each participant’s five responses were averaged together for a final 

‘social distance’ score. The results of the four psychological distance measures follow. 
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Spatial Distance 

The spatial distance results of the linear regression summary indicated that, when testing the 

interaction between location and condition, Los Angeles participants in the ‘visual temporal’ 

condition estimated the difference to be closer than the Boise participants, F(3, 73) = 1.85, p 

= .02. As Los Angeles participants are physically closer to the ocean, this confirms the 

alternative hypothesis that coastal participants would have less spatial distance to the marine 

environment. It is difficult to differentiate whether Los Angeles participants had closer spatial 

distance scores because of their proximity to the ocean, or because of the ‘visual temporal’ 

condition. Thus, location was confounded by condition, so this finding draws no firm 

conclusion. However,	it	is	interesting	to	note	that	there	was	a	Pearson’s	correlation	between	

spatial	distance	and	NEP	(M	=	3.70,	SD	=	0.55):	r	=	0.22	95%	CI	[0.03,	0.40],	p	=	.03.	This	result	

indicates	that	participants	with	higher	NEP	scores	reported	feeling	closer	to	coral	reefs	than	

participants	with	low	NEP	scores. 

Temporal Distance 

There were only marginally significant effects on reported temporal distance between  

‘demographic’ or ‘visual’ conditions, F(3, 70) = 2.82, p = .09. The participants from Los 

Angeles did not feel significantly closer to the coral reefs than people in Boise, Idaho. 

Although this is only one measure, this partially confirms the null hypothesis and rejects the 

alternative hypothesis; coastal participants will have closer psychological distance measures 

than inland participants. However, it is interesting to note that there was a Pearson’s 

correlation between temporal distance and NEP (M = 3.70, SD = 0.55): r = -0.47 95% CI [-

0.62, -0.29], p < .001. This indicates that participants with higher NEP scores also believed 

the coral reefs to be dying sooner than participants with lower NEP scores. 

Social Distance 

The social distance measure had no significant interaction between ‘demographic’ or ‘visual’ 

conditions, F(1, 73) = 1.24, p = .31. However, the social distance measure showed a 

Pearson’s correlation between NEP (M = 3.70, SD = 0.61): r = 0.51 95% CI [0.35, 0.64], p < 

.001 and EE (M = 3.70, SD = 1): r = 0.33, 95% CI [0.14, 0.50], p < .001. This finding 

suggests that participants with high NEP and EE scores felt effects of coral reef decline 

would have higher consequences for themselves, acquaintances, and people in distant 

locations. More on the social distance measure is reported in section 4.4.1.  
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Hypothetical Decline 

The hypothetical decline measurement found no significant differences between 

‘demographic’ or ‘visual’ condition, F(3, 73) = 0.58, p = .63. Still, a Pearson’s correlation 

was reported between hypothetical distance and NEP, r = 0.46 95% CI [0.29, 0.61], p < .001, 

and EE, r = 0.41, 95% CI [0.23, 0.56], p < .001. This result indicates that participants with 

higher NEP scores were more likely to report that they believed coral reef degradation is real. 

There was also a correlation between the social distance measure (M = 3.70, SD = 0.87) and 

the hypothetical decline measure (M = 4.56): r = 0.40, 95% CI [0.18, 0.53], p < .001. This 

finding suggests that participants who felt the decline in coral reefs would have high 

consequences for themselves, acquaintances, and people in distant locations (i.e. higher social 

distance scores) would also believe that coral reef decline was real as opposed to 

hypothetical.  

4.4.1 NEP as a Covariant: Social Distance 

NEP measures ecological worldview, due to its important role in this thesis, Pearson’s 

correlation analyses were performed on the three dependent variables (LC, PM, and WA) and 

psychological distance measures. Significant results are reported from the five questions from 

the dependent variable ‘social distance’ in Table 2; all other measures had no significant 

findings.  
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Table 2:  Correlation Table of the Dependent Social Distance Measures using NEP and EE 
as a covariant  

 

*p < .05, **p < .01, and ***p < .001 

These analyses produced five trending significant relationships between NEP and EE and 

social distance measures. Table 2 reports that an affiliation exists between a participant 

ecological worldview and their understanding of who will be affected by coral reef decline. 

There was a strong correlation between social distance measures and NEP for questions: 

affect me, affect acquaintances, affect people in my country, and affect strangers. However, 

within the EE there was no correlation with participants feeling coral reefs would affect 

strangers. It is curious that there is less correlation with participant EE scores than NEP 

scores when it relates to social distance, except for when participants feel the coral reef 

decline will affect them (affect me).  

Then, regression analyses were used to monitor NEP as a covariant. Participants who 

reported coral reef decline will affect them personally (affect me) slightly related to their 

ecological worldview (NEP), F(2, 73) = 4.69, p = .004. The trend becomes more defined 

when participants respond to how coral reef decline will affect people close to them, F(2, 71) 

= 4.14, p = .02. Then, greater significance is seen in response to participants’ view of coral 

reef decline affecting people further away, affect acquaintances, F(2, 72) = 7.39, p < .001, 

affect people in my country, F(2, 73) = 7.97, p < .001, and affect strangers, F(2, 70) = 10.3, p 

< .001. Results show that after controlling for NEP, a measure of participant ecological 

worldview, participants indicated a significant impact of the IVE of coral reef degradation on 

them, their close friends and family, acquaintances, people in their country, and strangers. 

Source      NEP           EE 

Affect Me 0.37*** 0.34*** 

Affect People Close 0.26*  0.22* 

Affect 
Acquaintances 

0.41*** 0.25* 

Affect People in my 
County 

0.43*** 0.24* 

Affect Stranger 0.50*** 0.20 
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Therefore, this analysis signified there is a fundamental relationship between participants’ 

pre-existing ecological worldviews and their belief that people will be affected by coral reef 

decline. 

4.5 Descriptive Statistics 

Table 3 shows the calculated participant means of all measures using the exclusion data set (n 

= 77). This distinguishes the overall results of the different dependent variables. The 

differences between the averaged results of the pretest–posttest were minor. For example, the 

LC pretest averaged score was 4.3, and posttest averaged score was 4.4, which was an 

increase of only 0.1. This indicates participants on average had high levels of concern before 

the intervention of the IVE. Both PM (M = 4.3) and WA (M = 3.7) averaged scores did not 

change between pretest and posttest. For a full list of dependent variables results, see Table 3. 

It is interesting to note that there were higher participant scores for the LC and support for 

PM. All prompts were descriptive questions and inquired about how someone felt about 

marine issues. The WA scores were lower, possibly because they were self-reported behavior 

change. This measure asked participants to report on their personal environmental action. 

Personal actions for the environment could require effort, time, and money to follow through 

and call, donate, or sign a petition; this could explain the lower scores. So, although concern 

for the marine environment is high, participants’ reported pro-environmental action on these 

concerns did not match. 

 

 

 

 

 

 

 

 



52 

Table 3: Descriptive Statistics of Mean Dependent Variables 

Variable M (n = 77) 

NEP  3.70 (0.55) 

EE  3.90 (0.84) 

Pretest: Level of Concern 4.30 (0.66) 

Posttest: Level of Concern 4.30 (0.73) 

Pretest: Policy Mitigation 

Posttest: Policy Mitigation 

4.30 (0.72) 

4.30 (0.72) 

Pretest: Willingness to Act  3.70 (0.93) 

Posttest: Willingness to Act  3.70 (0.97) 

Spatial Distance     0.70 (0.86) 

Temporal Distance  2.60 (0.85) 

Social Distance  3.60 (0.97) 

Hypothetical Distance  3.30 (0.86) 

 

The psychological distance measure for spatial distance averaged 70% from the actual 

distance to coral reefs. This indicates that, on average, participants estimated they were 30% 

closer than they physically are to coral reefs. The reported closeness could be from observing 

the reefs through an IVE intervention, or participants simply estimated the Belizean coral 

reefs are closer than they are. The averaged temporal distance measure was 2.61. This 

denotes participants on average thought coral reefs would decline in 150 to 250 years as 

opposed to 10 to 150, or 250 to 500 years. Social distance measure consisted of five prompts. 

When averaged, participants overall felt moderately certain that they would be affected by the 

degradation of coral reefs, with an average score of 3.60. Lastly, participants’ average score 

for hypothetical distance was 3.30. This indicates that, on average, participants are unsure if 

coral reef degradation is real. This pretest–posttest survey does not identify previous opinions 

on this issue before the IVE intervention. For future studies, this would be interesting to 

identify before participants enter an IVE replicating environmental damage. 
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4.6 Qualitative Experience of the IVE 

The pretest–posttest survey also provided a range of qualitative data. Participant responses to 

their VR experience averaged moderate reactions. The replies on how consistent the IVE felt 

as a real underwater experience averaged 3.20. This could be interpreted as participants felt 

the IVE experience was moderately consistent with real life. Next, the reply for how present a 

participant felt within the IVE averaged 3.30. Again, participants felt moderately present 

within the IVE experience. Overall, averaged response to whether the IVE made participant 

sick was low (M = 1.30). 

Participant qualitative responses to the IVE included the following: “I felt engaged in the 

experience with a strong desire to interact more,” “It felt more real actually seeing it vs. just 

hearing about it,” and “It felt identical to actually snorkeling there.” Other participants were 

aware of the HMD (Oculus Rift) and felt less immersed, “Whenever using a VR headset to 

watch a 360 video, I'm personally always aware that I'm watching a video. It's still a fun 

experience,” and “I saw a 360 video of the coral reef, but I feel like the picture was way out 

of scale and not realistic.” Additionally, a few became emotionally involved, “I became very 

emotional to experience the destruction of the reef over the course of 47 years. I was born in 

1970. This made a huge impact to see what humans have destroyed over my lifetime.” and 

“guilt... but I'm educating myself.” Most responses were positive, and participants felt 

immersed. 
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5 Discussion 
I first discuss an overview of the issue of completion rates and briefly discuss the main 

findings from this study based on initial research questions. Next, I consider the challenges 

and limitations of this study. Then, I evaluate these results in the context of coastal 

management and make recommendations to focus on how to best inform and increase 

stakeholder engagement. These suggestions include how an IVE could be used to engage the 

public in marine governance issues. 

5.1 Overview 

Damage to coral coverage is projected to cost one trillion globally (Hughes et al., 2017), 
stemming from the loss of tourism revenue, increased coastal erosion, decreased fish stocks, 
and additional investment required to stabilize shorelines. Already 40% of coral coverage is 
gone worldwide, with an average of merely 5% remaining in the Caribbean (Cesar et al., 
2003). In 1997–98, Belize had a 50% reduction in live coral cover from agricultural runoff, 
compounded with the black urchin (Diadema antillarum) disease (Sheppard Brennand, Soars, 
Dworjanyn, Davis, & Byrne, 2010). Presently, researchers and avid marine divers may be the 
only witnesses to the loss in coral coverage. It is essential to understand how to communicate 
the urgency of these issues. However, it is acknowledged that a tremendous communication 
gap exists between the science community and the general public (Schuldt et al., 2016). This 
thesis evaluated whether a simulated connection to nature could potentially close this 
communication gap. Recently, empirical evidence reveals that connections to nature drive 
attitudes and pro-environmental behaviors (Geng, Xu, Ye, Zhou, & Zhou, 2015). With novel 
research using VR to affect a person’s sense of presence and psychological distance to an 
experience, in theory, an IVE has the possibility to construct a real experience( Ahn et al., 
2016; Bailenson et al., 2008; Cummings & Bailenson, 2016; McDonald, Chai, & Newell, 
2015). This thesis aimed to examine whether an immersive virtual coral reef experience 
would change environmental attitudes, change psychological distance, or drive pro-
environmental behavior.  
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5.2 Completion Rates: Sign of Engagement 

Although it was difficult to analyze the data as intended, there were interesting results when 
looking at the big picture. While the full data set showed no signs of significant difference at 
pretest, we can use this data set to understand ‘visual temporal’ IVE effects on completion 
rates. Completion rates are described as a sign of a person’s efforts or attention to the study; 
thus, completion rates may identify a participant’s interest and engagement in the subject 
matter. I propose that a participant’s personal decision to finish the survey is a choice to 
actively engage with marine issues. Therefore temporal framing in IVEs may have the 
potential to increase participation in other marine governance topics, at least among 
participants with moderate to high NEP because these participants felt engaged enough to 
finish the survey. 

Moreover, pretest NEP scores, or pre-existing ecological worldviews, were also predictive of 
completion rates. A participant with a low NEP score who is assigned the ‘visual present’ 
IVE would be the least likely to put in the effort to finish the survey. The correlation between 
higher ecological worldview (NEP scores) and completion rates align with the research on 
pro-environmental behavior. It is regarded that internal values, beliefs, and pre-disposed 
worldview are precursors to behavior (Ajzen & Fishbein, 1980; Allen & Ferrand, 1999; 
Kollmuss & Agyeman, 2002). The interaction between participants ‘visual condition’ with 
NEP score could account for the high incompletion rates after the IVE and is a possible 
explanation of why, within the exclusion data set pretest, NEP and EE scores were 
significantly different by condition. These findings suggest the majority of incomplete and 
omitted surveys were participants with either a low ecological worldview or who were in the 
‘visual present’ IVE condition.  

Overall, participants were more engaged or likely to finish the survey due to prior connection 
with nature (i.e., a higher ecological worldview). Visual framing of an IVE also affected 
participant survey completion rates. I interpreted these results to indicate that participants 
who experienced the ‘visual temporal’ framed IVE, showing the past (1967) to present (2017) 
coral reef change, may have been more engaged and thus more willing to complete the survey 
than participants watching the ‘visual present’ IVE. So, higher completions rates suggest the 
temporally framed IVE had an impact on responsiveness and engagement. The implication 
for this finding is discussed more in section 5.4, Management Implications. 
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5.3 Challenges and Limitations 

An individual’s motives to act for the environment are difficult to identify. Previous research 

has struggled to distinguish individual reasoning behind people’s pro-environmental action. 

My findings suggest that a person’s ecological worldview correlates with their level of 

engagement. This relationship parallels research that reports personal experiences in nature 

are the main factors for increased pro-environmental behavior (Chawla, 1998; McDonald et 

al., 2015). Although the ‘visually framed’ IVE had an effect on self-reported action for the 

environment, this study had insufficient power to specify whether ‘visually’ framed IVEs 

consistently had an effect on environmental concern and support for marine policy 

mitigation. Future research should directly examine the effects of an IVE using ecological 

worldview by applying an Implicit Nature Scale (INS). This would avoid the anchoring 

effects of the pretest–posttest survey and help identify whether a direct experience using an 

IVE increases pro-environmental action.  

The NEP was used as an important measure of ecological worldview, which relates to how 

the participant sees himself or herself within the world (Dunlap et al., 2000). When 

controlling for NEP, there was a trend relating to social distance. I note that people who 

believed themselves to be a part of the world (high NEP scores) considered people further 

away from them–– ‘acquaintances,’ ‘people in the same county,’ and ‘strangers’–– to be 

more detrimentally affected by environmental degradation. It is hard to make strong 

deductions from this trend because Belize reefs are physically further away. However, it 

validates how psychological distance from environmental impacts may be misleading. The 

trend highlights that people believe environmental issues will affect people further away from 

them, even though they understand they are a part of the world, which I believe is 

educationally meaningful. This corresponds with research on ‘proximizing’ climate change 

impacts, and that although people acknowledge an environmental issue, they do not believe 

the repercussion will impact them (McDonald et al., 2015; O’Connor, Bard, & Fisher, 1999; 

Weber, 2006). Research in psychological distance to climate change is increasing in interest 

due to the extreme impacts of climate change affecting higher percentages of populations 

worldwide (Pardo, 2014; Sacchi, Riva, & Aceto, 2016). An IVE may show how other 

humans are affected by coral reef demise and the realness of the impact. Yet, psychological 

distance measures within an IVE bear further investigation. 
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Awareness of the reality of impacts from human development and how those impacts affect 

other humans correlate with a participants’ ecological worldview. And, it is known that it is 

hard to alter embedded ideology and attitude toward the environment (Trope et al., 2007). 

The correlations between NEP were minor but substantial when investigating the effects of 

an IVE. This trend supports my suggestion to identify ecological worldviews before the 

pretest–posttest survey. One of the biggest challenges for changing pro-environment behavior 

may be affecting someone’s ecological worldview. I propose it should be a goal for coastal 

management to further communicate coral health and other sensitive marine ecosystem 

information to the general public. This could be done with an IVE. By acquainting the local 

community with a visual representation of the nearby marine nature, their familiarity with the 

underwater world could grow and potentially increase human ‘place bonding’. 

Although the populations examined were from different demographics, they had relatively 

similar ecological worldviews. It is interesting to note that the Boise populations on all other 

measures, such as NEP, EE, LC, and PM, were not significantly different from the coastal 

population of Los Angeles. These findings are unique because they demonstrate similar 

ecological worldviews and environmental attitudes between two coastal and inland 

communities within the USA. This could be accounted for by the fact that data were collected 

at VR computer science events, and participants could have similar educational backgrounds. 

Still, coastal participants did report higher enthusiasm to act for the environment, such as 

signing a petition, calling a legislature for a clean water act, donating to an at-risk species, or 

personally reducing their ecological footprint–which are all considered pro-environmental 

actions. This report suggests coastal communities after an IVE feel more personal 

responsibility to create change in their local community. Although this is a self-reported 

measure, further research could look into lasting actions and whether the self-reported actions 

are realized. Moreover, the coastal communities self-reported claim of higher commitment to 

pro-environmental behavior coincides with research regarding how humans bond and take 

care of places they have visited (Hammitt et al., 2006; McDonald et al., 2015; Vogel et al., 

2007). A branch of theoretical research on this topic would include ‘place bonding’ and how 

these effects may drive individuals to act in an environmentally sustainable way (Hammitt et 

al., 2006; Scannell & Gifford, 2010). This idea aligns with suggestions from literature that 

closing the psychological gap of environmental issues, such as climate change, or in this 

thesis long-term degradation of the marine environment, could increase pro-environmental 
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behavior (Kollmuss & Agyeman, 2002; McDonald et al., 2015; Weber, 2006). Preliminary 

findings were speculative, yet indicate with further research and a broader demographic 

population more robust conclusions could be made.  

My thesis used the theoretical idea that a connection to nature, created by photography, 

documentaries, and 360-degree films could represent a personal direct experience (Curtis, 

2009; Geng et al., 2015; Millen & Patterson, 2002; Owens, 2000). Yet, a major challenge of 

this thesis was lining up the archival footage to match the present-day 360-degree video. 

First, it was difficult to select the appropriate archival footage that would (hopefully) match 

up with the present-day reef images. Second, the exact location was undetectable because 

there was no GPS mapping before the 1990s. This meant the Jacques Cousteau footage and 

the Howard Hall images had no coordinates available. However, the reef name and site 

location is publicly known and is a popular dive site. This information allowed us, as a dive 

team, to use local knowledge and photos to pinpoint the location of the archival footage. 

These factors made matching the archival and present-day footage possible.  

There were many challenges with trying to visually show a past relatively untouched 

ecosystem and comparing it to later decades. Another challenge existed between the archival 

footage and present-day footage due to ecosystem changes. Most notably, the different 

underwater landscapes were almost indistinguishable due to the loss of coral cover. In the 

1970s, Lighthouse Reef was covered with large amounts of reef-building corals, called 

Elkhorn coral (A. palmata) (Mora, 2008). These corals were not found on the present-day 

reefs. In the past 40 years, between increased temperatures, overfishing, and the white band 

and black urchin disease, the reef had a 90% decline in coral cover. Unfortunately, due to the 

extreme benthic changes, exactly matching the archival footage with present-day footage was 

nearly impossible. The only consistent characteristic was the ocean floor structure. Instead, I 

relied on local knowledge of the dive sites and photos to match features of the ocean floor. A 

fourth challenge came after the filming was completed, which included matching the video 

quality. Archival footage has characteristically low-quality color, slower fps, and produces 

fuzzier images. This made the archival Jacques Cousteau footage difficult to line up with the 

sharp and vibrant images of Howard Hall and the GoPro footage I collected. Fortunately, 

video-editing tools minimized the visual differences. Archival and present-day footage was 

juxtaposed to best frame the semi-centennial visual shift within the reef ecosystem.  
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Visually, the goal was to present the information clearly and concisely, with audio 

explanation. However, the biggest unforeseen challenge was whether the untrained eye could 

notice the structural change and ecosystem shift within the IVE. It is suggested for future 

research comparing different decades or ecosystem states, that a reference question be 

included about whether the observer notes the change within the IVE. This would benefit the 

researcher by clarifying a difference was detected and reassurance of observer 

acknowledgment. Results would then accurately correspond to the intention of the IVE. It 

was also difficult to narrow down what information should be included in the IVE and how to 

present it in an unbiased voice. For further involvement, a more captivating storyline could be 

introduced. For example, to describe a situation where human lives have changed because the 

benefits of the coral reef ecosystem have decreased. This was a small list of the challenges 

when dealing with underwater 360 video. There were also minor difficulties with handling 

the gear and weather. Overall, it is recommended to have a strong team of divers and video 

producers to create an IVE of the marine environment for safety and efficiency of resources. 

Next, there were numerous limitations when addressing an IVE study design executed in an 

informal setting. Specifically, the amount of noise from the surrounding event, including 

distractions and dialogue between participants, was difficult to eliminate.  Also, the study 

materials consisted of only one Oculus Rift (HMD) and two MacBooks, which created time 

constraints and minimized study size. Furthermore, unfamiliarity with MacBook TrackPad 

and the online computer program, Qualtrics, made it difficult for some participants to 

complete the experiment. The posttest was especially confusing for participants who were 

unaware that a second round of similar questions was asked after a short IVE. This could be 

another reason people disengaged from the survey. Some participants reported they thought 

the test was repeating itself. Once this problem was identified, research aides tried to better 

inform participants about the order of the experiment. On this note, it is recommended to 

clarify directions before the IVE experience so participants are prepared for the posttest 

survey. 

Another limitation was the size and narrow regional focus between Boise and Los Angeles. 

Although independent variable group size was typical for an IVE experiment, a greater 

number of participants would be useful to strengthen the findings. Future studies could do a 

power analysis to strengthen findings. Also, an interesting continuation of this study would 

include participants from different international regions. This would extend the study to 



61 

compare different geographical regions. For example, future studies could feature other pairs 

of coastal and inland towns of similar size, income levels, or other demographic factors. 

Demographic factors and the small sample size could have influenced environmental 

attitudes and results. 

Moreover, another challenge was that the study locations were limited to events showcasing 

VR. Both VR bashes were events that mostly attracted people interested in a new technology 

and were not a fair representation of the entire population. The third location, Santa Monica 

Aquarium, was different on this note, and was chosen as an available site for data collection 

to accumulate more coastal participants in an informal public setting. It is a known study 

limitation that this location differed from the other two VR-focused events. In this case, the 

motives for participation could have differed since it was a marine education facility (Schuldt 

et al., 2016). However, our NEP and pretest results do not show any significant differences. 

In the future, an IVE study could be performed in any safe public setting. Another study 

design option would be a formal study environment. This study design would give the 

researcher more control over interferences. In addition, a possible incentive to finish the 

study could encourage higher completion of the questionnaire. A study would be able to 

accurately test the difference between the pretest–posttest model with full and complete data 

collection. It is also important to identify whether the participant experienced VR before. 

Within my study there were no significant results between participants who have used VR; 

however, participant responses may be overreactive due to the novel experience. In 

conclusion, demographic size, event location, survey incentives, and prior VR experience 

were limiting factors within this study and should be addressed for strong results in future 

studies.  

5.4 Management Implications 

My IVE demonstrated that temporal visual change was effective at creating engagement for 

the completion of the survey. Participants’ ecological worldview scores at pretest correlated 

with ‘Social Distance’ measures, which showed that human inclusion within the ecological 

system relates to how they believe they will be impacted in the future. According to Geng et 

al. (2015) and others, as individuals increase their connection with nature, they are more 

willing to increase their pro-environmental behavior (Allen & Ferrand, 1999; Frantz & 
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Mayer, 2014). Although the results do not entirely align with the predictions, I propose 

alternative explanations and management implications for the findings.  

Pomeroy and Douvere (2008) state, along with other empirical coastal management research, 

that stakeholders are the key to successful implementation of marine management (Jones et 

al., 2016). An IVE provides managers with another tool to increase creativity and efficiency 

in their avenues of communication. Recently, Karutz (2015) created an IVE that enabled 

people to see what the marine environment will look like in the future with increased CO2. 

The reaction was strong, with almost 54,000 views in four months. Other research shows that 

viewing future consequences is a powerful tool to motivate pro-environmental behavior 

(McKenzie-Mohr, 2000). Virtual simulation of future consequences could be used to 

motivate participants to find a management solution. Furthermore, an IVE could be used in 

combination with augmented reality to show how human development will affect the 

ecosystem. For example, a virtual experience could help identify the best possible path for a 

proposed underwater cable, so the cable does the least amount of damage to scallop beds and 

fish breeding grounds. Technology that enables instant awareness of the risk and benefits of a 

development project is beneficial when quick decisions can cause detrimental results (Eriksen 

et al., 2014; Pandolfi, 2003). Thus, an IVE is another way to visually communicate 

environmental impacts to stakeholders. 

Instead of focusing on future impacts, this thesis took a slightly different approach; it focused 

on identifying how past ocean policies have affected the Belizean coral reef ecosystem. 

Within marine management, it is often difficult to visualize how a marine environment has 

changed through the decades, either from management policies, human developments, or 

natural causes. An IVE could provide coastal managers with a new way to visualize the 

ecosystem or resource they are managing. This pilot Belize IVE illustrated how issues, such 

as overfishing, destructive fishing practices (DFP), eutrophication from increased agricultural 

runoff, and consequences of increased tourism traffic–either from cruise ships or other water 

activities (i.e., diving, snorkeling, and sport-fishing)–could be highlighted. And, it is one of 

the first IVEs to demonstrate coral reef decline. Participants were incredibly responsive, 

asking, ‘How they could help?’ and many were surprised by the changes the reef exposed. 

This was one location off the coast of Belize, but replication of this procedure could show 

how the reefs surrounding Hawaii, Maldives, the Red Sea, Australia, or other Caribbean reefs 

have changed (L. Hughes et al., 2017; Prouty et al., 2017). Another application would be to 
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use an IVE to record the state of an ecosystem today, also noting GPS and depth. This 

reference point could be used for future management decisions. It would allow access to a 

visually documented ecosystem baseline for policy makers, stakeholders, and the general 

public to reference. In the future, the same location could be monitored for change in benthic 

species, sedimentation build-up, or other structural changes. These results show that an IVE, 

where humans are able to experience decades of environmental degradation, can at least 

affect human participation levels. Thus, an IVE could be advantageous for marine managers 

to reference information for monitoring purposes.  

Identification of the purpose and scope of a marine issue is important to communicate. 

Another suggested management use of an IVE would be to better address the existing 

complexity of specific marine issues. Many marine issues are influenced by a number of 

factors. Visual awareness of the compounding factors could promote engagement and 

heighten public participation. For example, an IVE would visually frame the building, port, 

or other construction project in question. Also, complicated risks and benefits of the project 

could be identified and discussed. With this approach, stakeholders are visually conscious 

and able to identify the purpose and extent of a coastal project or issue. The scope of a marine 

policy issue emphasized through a visual representation using an IVE could help stakeholders 

come to negotiable solutions. 

As an outreach initiative, an IVE could include an interactive participatory component. Thus, 

an IVE could change the way stakeholders are involved in the marine governance process. 

For example, a clean water regulation would involve an IVE displaying a cloudy bay versus a 

nearby clear bay that is not affected by sewage runoff and pollution. Then, participants would 

be able to swim and clean debris from the bay without getting wet or dirty. If a participant 

believes they made a difference, it can encourage pro-environmental behavior (McKenzie-

Mohr, 2000). Another participatory activity within an IVE would be to plant coral on the reef, 

as coral restoration projects are actively working on around the world. This could heighten 

awareness of the coral projects around the world and the challenges they are facing to 

survive. Many people become discouraged to act in a pro-environmental way because they 

feel their actions are insignificant (Gelcich et al., 2014). IVEs involving a task could produce 

greater commitment to engage in real-life environmental issues because participants could 

feel like their involvement within an IVE made a difference.  
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Lastly, an IVE could enhance participants’ worldview and help encourage communication 

among friends and family. In present research, pro-environmental behavior is most heavily 

influenced by close social circles (Kollmuss & Agyeman, 2002). If complex marine issues 

could be explained through an IVE, there is potential to have greater awareness and 

motivation between peers to become involved in marine policies. Moreover, an IVE is simple 

a way to share information, and sharing information is crucial to upholding lasting relations 

with stakeholders because it helps to build trust. Although my IVE did not prove to change 

environmental attitudes, it did exemplify another way to powerfully communicate marine 

issues. There is potential for an IVE to help with marine monitoring, identifying scope and 

complexity of projects, and as an outreach measure to promote participation of the general 

public. These were a few suggestions of how an IVE could be associated with the marine 

governance process. 

5.5 Application for Coastal Managers 

This section covers how an IVE and my findings could be applied in coastal management. 

Previously, pamphlets, reports, 2D films, documentaries, social media (Twitter and 

Facebook), marine mammal tours, and aquariums have been typical methods to educate and 

engage the public. Both marine mammal tours and aquariums generate a new direct 

experience with the marine environment. These activities help engage the public by creating a 

personal connection and experience. Generally, their goal is to educate the public on basic 

marine ecosystem knowledge and awareness. However, these experiences are typically an 

annual event and only accessible if a nearby facility is offering these experiences. On the 

other hand, an IVE allows coastal managers to create a new, unique, direct experience that is 

easily accessible with the right gear. It fosters a public engagement opportunity to show the 

complex issues between an ecosystem and its users.  

An IVE could be used to inform stakeholders of the interdependencies within a system. For 

example, the risks and opportunities of extending a port or channel could be visually 

represented. Then, each stakeholder would be able to experience the change and decide if that 

is the correct approach. An IVE allows easier observation of the coastal zone and of the 

resources under assessment. When realizing the repercussions or detrimental effects of a 

coastal management decision, it is important for decision-makers to have a clear 

representation. Other complicated development programs, such as Marine Spatial Planning 
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(MSP) and geographic information system (GIS) mappings are currently used to create a 

visual plan. An IVE could be another tool for managers to aid important marine resource 

decisions, such as allocation of resources, harbor development, and tourism impact.  

An IVE would allow stakeholders to experience the coastal zone visually. The next step 

would be to open discussion. With an IVE, the discussion may originate from personal 

experience rather than a hypothetical situation. Predisposed positions and worldviews will 

continue to exist. Past research and this thesis demonstrate how worldviews influence 

decisions (Hammitt et al., 2006). Personal experiences have the power to influence pro-

environmental behavior. Thus, sharing information and a new experience may create trust to 

work together easily and effectively. Recently a United States (US) based agency, National 

Oceanic and Atmospheric Administration (NOAA) created five VR videos of US national 

marine sanctuaries on an online platform. Their goal was to highlight the habitat, animals, 

and cultural resources of each marine sanctuary. This is an example of how an immersive 360 

image could be used to engage audiences. In addition, future VR projects could include a 

story about how each national reserve was established or how a local community member 

uses the surrounding resources. This type of storytelling framework may increase the 

audience’s connection with the virtual place they are experiencing. 

If organizing an event, it is important to know the pipeline for implementing the application 

of an IVE at your organization or research lab (Pomeroy & Douvere, 2008). Establish 

relationships with the event coordinators, and invite everyone who might be interested in the 

proposed project. It is also advantageous to set up a VR station in a quiet place well in 

advance. Some people are often excited to try the new HMD (Oculus Rift device), so the IVE 

should be visually synced and volume set at a reasonable level. Allow for other activities, 

snacks, or discussion to occur while participants rotate through the IVE. The line can grow 

rapidly because people are usually eager to try the unique experience. I recommend 

organizing the VR station so there is no line. Also, try to offer other material to read, watch, 

or participate in while others are in the IVE. Another option is to have coffee, tea, and snacks 

ready to ease the participants. It is helpful to incorporate more HMDs, including OculusRift, 

HTC VIVE, or other HMD devices so more people are able to experience the 360 video. 

Another option is the SamsungGearVR; it is a less expensive HMD and has an easy learning 

curve.  
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With these guidelines, it would be easy to run an IVE at a stakeholder meeting. Most 

importantly, participants should be sitting so they feel comfortable while immersed in the 

IVE, as the HMD will cover their field of view. After everyone in the stakeholder group 

finishes watching the IVE, it is recommended to provide a space to review how people 

reacted to the IVE. This could take several forms; 1) one-on-one interaction immediately 

after the IVE through a written response, online questionnaire, or a member of your team 

scribing immediate responses; 2) a group online forum acknowledging the IVE and 

discussing the coastal zone issue; 3) a follow-up questionnaire, phone call, or group meeting 

to discuss how the IVE has changed people’s perspectives on the coastal zone or resource in 

question. The requested feedback would then be beneficial information to help steer your 

next coastal management meeting. Responding to feedback from the general public and 

stakeholders is the key to successful implementation of a coastal management project 

(Pomeroy & Douvere, 2008). 

On a local, regional, national, and international level, it is the goal of marine management to 

involve stakeholders for successful implementation of marine policies. When creating an 

IVE, it is advisable to involve the local community for updates on which location and 

educational information to include. It is desirable to create accountability and transparency 

between all stakeholders involved. They should be able access the IVE through an Oculus 

Rift, SamsungGearVR, or HTC VIVE. Presently, this technology is difficult to reach large 

audiences, although it is possible to access through an online VR platform. With the above 

guidelines and recommendations, IVEs of the marine environment have the potential to 

increase engagement and knowledge when making important marine management decisions.    
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6 Conclusion 
In the last 40 years, the decline in coral reefs has been invisible to most citizens. Coastlines 

continue to erode faster than the tides fall (Prouty et al., 2017). I attempted to lessen 

psychological distance by bringing people closer to the long-term demise of coral reefs 

through an IVE. The aim of this thesis was to measure whether participants directly 

experiencing an IVE of a changing coral reef from the past (1967) to the degradation of the 

present (2017) would create self-reported changes in perspective and promote pro-

environmental attitude toward the marine environment. This exploration found that coastal 

cities, such as Los Angeles, California, or inland cities, such as Boise, Idaho, had similar 

initial ecological worldviews and overall reactions to the IVE intervention. Most importantly, 

pretest–posttest completion rates were affected by the combination of participants pre-

existing ecological worldviews and which visually framed IVE they observed. Further 

research on psychological distance in an IVE is encouraged to determine whether a direct 

experience of an IVE invokes ‘place bonding,’ which could potentially affect participants’ 

level of concern or pro-environmental action 

An IVE of the temporal changing reefs could be a beneficial engagement tool for recognizing 

the immediacy of marine issues. Companies and non-profits are starting to use IVE to 

communicate with policy makers, such as the ‘Stanford Ocean Acidification Projects’ and the 

‘Fuji Our Home, Our People’ VR project. These are examples of IVEs created to highlight 

climate change, and, hopefully, create policy change on a national or international level. The 

opportunity to engage and educate the public through an IVE is boundless and broad. This 

year, the SamsungGearVR, GoogleCardboard, and other HMDs are making the VR 

experience more accessible for people at home. An IVE could be a valuable tool for coastal 

managers to increase participation and educate stakeholders about the consequences of past 

demise or monitor present conditions to help plan a promising future. Potentially, this 

communication method may support coastal management goals to sustain culturally thriving, 

economically robust, and environmentally stable communities.  
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Appendix A  

Review of Archival Footage 

• Jacques Cousteau’s Film 

• The Silent World, 1956 

• World Without Sun, 1964 

• The Underwater Sea of Jacques Cousteau, Series 1966 – 1976  

• Conshelf Adventure, 1966 

• The Savage Worlds of the Coral Garden, 1968 

• Sunken Treasure, 1969 

• The Water Planet, 1970 

• The Sleeping Sharks of the Yucatan, 1975 

• Mysteries of the Hidden Reef, 1976* 

• 500 Million Years Beneath the Sea, 1978 

• Cries from the Deep, 1982 

• Harold Hall Lighthouse reef collection from 2004 

• Coral Reef Imagery by Eileen Graham of Jamaica in the 1960s 

• Judith Lang’s personal collection of Discovery Bay 1960 

• Billy’s 8mm filming of Veracruz reef, late 1960s 

• Nat Geo clip #: 4850207, clip #: 4470478, clip #: 4470474 

• Getty images clip: # 699576195, # 562174287 

• Reef Relief Founders (YouTube): Rock Key Coral Reef, Key West part 1 1996 

• “The Recent Coral Fauna in Cuba” filmed in 1973 

• “The Coral Reefs of Key Largo National Marine Sanctuary Grecian Rocks” filmed 

1987 

• “The Coral Reefs of Key Largo National Marine Sanctuary, Key Largo Dry Rocks”, 

1987 

• Biosphere Foundation, Project Coral Reefs Through Time 1973- 2013. Still Images: 

Discovery Bay, Jamaica and Craysfort Reef 
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• Aquamarine 

• Splash 

• The City Beneath the Sea, 1971 

• Beyond Atlantis, 

• The Spy who Loved me, 

• The Deep, 1977 

• The Neptune Factor 

• Voyage to the Bottom of the Sea 

• Around the World & Under the Sea, 1965 

• Captain Nemo And the Underwater City,  

• Vintage tourist board films, Hawaii/Australia 
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Appendix B 

Narration by Ali Forbes 

---- 

(J. Cousteau's footage) or black screen  

----- 

In the seventies, Cousteau’s crew filmed the first exploratory dives in Belize near the 

Blue Hole and surrounding barrier reef. Giant orange Elkhorn corals cover your field of view, 

along with boulders of star and brain shaped corals. While humans grow a couple inches a 

year. Corals grow less than an inch. So depending on the species it takes between twelve and 

sixty years to grow one foot of coral or several hundred years to blanket the reef. What will 

happen to these pristine reefs? 

--- 

(Howard Hall’s footage) or black screen 

---- 

Years later there is a shift in the nature of the reef. 95% of Elkhorn coral are gone and 

now algal clusters and soft branching corals, instead of reef building corals cover the reef. 

This can be attributed to local pressures of misbalanced nutrients and overfishing, combined 

with external pressures of polluted and warming waters. We can compare this image to what 

the reef looks like now.   

---- 

(360 footage) 

---- 
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Here we’ve come to 2017, many never venture out to this remote spot. But since 

you’ve already made it, take a look around. This is what the Belizean reefs look like today. 

While reef fish such as those yellow and black striped sergeant majors, and fairy basslets 

dance around their homes more of this reef is taken over by an ever-expanding landscape of 

algae. You can still find small portions of corals alive and trying to thrive. What should we 

do to recover our reefs? 

---- 

END 

----- 
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Appendix C 

Randomization of ‘Visual’ Condition 

C1. Boise 

Research	Randomizer	Results:	
	1	Set	of	50	

Range:	From	1	to	2		
Participant	#	 Condition	 Participant	#	 Condition	

1	 1	 26	 1	
2	 2	 27	 2	
3	 2	 28	 1	
4	 1	 29	 2	
5	 2	 30	 2	
6	 2	 31	 1	
7	 2	 32	 1	
8	 2	 33	 2	
9	 2	 34	 1	
10	 2	 35	 1	
11	 2	 36	 2	
12	 1	 37	 1	
13	 2	 38	 2	
14	 1	 39	 1	
15	 2	 40	 1	
16	 1	 41	 2	
17	 1	 42	 1	
18	 1	 43	 2	
19	 2	 44	 1	
20	 2	 45	 1	
21	 2	 46	 2	
22	 1	 47	 2	
23	 2	 48	 2	
24	 2	 49	 2	
25	 2	 50	 1	
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C2. Los Angeles 

Research	Randomizer	Results:	Los	Angeles	
25	Sets	of	2		

Range:	From	1	to	2		
Participant	#	 Set	#	 Condition	 Participant	#	 Set	#	 Condition	

1	
1	

2	 26	 13	 1	
2	 1	 27	

14	
2	

3	
2	

1	 28	 1	
4	 2	 29	

15	
1	

5	
3	

1	 30	 2	
6	 2	 31	

16	
1	

7	
4	

2	 32	 2	
8	 1	 33	

17	
1	

9	
5	

2	 34	 2	
10	 1	 35	

18	
1	

11	
6	

1	 36	 2	
12	 2	 37	

19	
1	

13	
7	

1	 38	 2	
14	 2	 39	

20	
2	

15	
8	

1	 40	 1	
16	 2	 41	

21	
1	

17	
9	

1	 42	 2	
18	 2	 43	

22	
2	

19	
10	

2	 44	 1	
20	 1	 45	

23	
1	

21	
11	

2	 46	 2	
22	 1	 47	

24	
2	

23	
12	

1	 48	 1	
24	 2	 49	

25	
1	

25	 13	 2	 50	 2	
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Appendix D 

Pretest–Posttest Sample Questions 

D.1 Pretest 

D.1.1 New Environmental Paradigm  

Prompt: Strongly agree, Somewhat agree, Neither agree nor disagree, Somewhat agree, and 

Strongly disagree. 

1. We are approaching the limit of the number of people the Earth can support. 

2. Humans have the right to modify the natural environment to suit their needs. 

3. When humans interfere with nature it often produces disastrous consequences. 

4. Human ingenuity will insure that we do not make the Earth unlivable. 

5. Humans are seriously abusing the environment. 

6. The Earth has plenty of natural resources if we just learn how to develop them. 

7. Plants and animals have as much right as humans to exist. 

8. The balance of nature is strong enough to cope with the impacts of modern industrial 

nations. 

9. Despite our special abilities humans are still subject to the laws of nature. 

10. The so-called “ecological crisis” facing humankind has been greatly exaggerated. 

11. The Earth is like a spaceship with very limited room and resources. 

12. Humans were meant to rule over the rest of nature. 

13. The balance of nature is very delicate and easily upset. 

14. Humans will eventually learn enough about how nature works to be able to control it. 

15. If things continue on their present course, we will soon experience a major ecological 

catastrophe. 

D.1.2 Environment Empathy 

Prompt:  

1. When	I	see	trees	being	chopped	down,	I	imagine	how	I	would	feel	if	that	was	my	

backyard.		
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2. When	I	see	pollution	in	a	river,	stream,	lake,	or	ocean	it	really	bothers	me.	

3. I	don’t	feel	sorry	when	I	see	trash	in	nature.	

4. When	I	see	the	earth	in	danger	I	feel	like	I	need	to	protect	it.	

Response: 

   

D.1.3 Level of Concern 

Prompt: Rate your concern for the following items on a scale of 1-5, with ‘5’ being ‘highly 

concerned’ and ‘1’ being ‘not at all concerned’:” 

• Plastic Pollution 

• Industrial Run-off 

• Agricultural Run-off 

• Overfishing 

• Water Quality 

• Overall, how concerned do you feel about the state of the ocean today? 

D.1.4 Policy Mitigation Questions  

Prompt: In your opinion, how important are each of the following ocean mitigation policies, 

on a scale of 1-5 with ‘5’ being ‘extremely important’ and ‘1’ being ‘not at all important’. 

• Tightening controls over chemicals that can be released into rivers and the sea 

• Reducing the amount of fish that can be caught at sea to allow populations to recover 

• Agreeing on local commitments to cut greenhouse gases 

• Strengthening commitments to safeguard habitats and marine life 

D.1.5 Willingness to Act 

Prompt: On a scale of 1-5 with ‘5’ being ‘extremely likely’ and 1 being ‘not at all likely,’ 
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what personal measures would you most likely adapt? 

• Participate in an environmental group and/or join a lobby. 

• Sign a petition to support a clean water bill. 

• Donate money to save species at risk from climate change. 

• Call your legislature to support a strong climate change bill. 

• Reduce your carbon footprint (i.e. Ride a bike to work/school. Eat less meat, own a 

energy efficient refrigerator) 

• On a scale of 1-5, which best describes your effort towards a low carbon lifestyle? 

Answer: ‘5’ is ‘I will try to do more’ and ‘1’ is ‘I will do nothing.’ 

D.2 Stop Signal 

Stop. You will now complete the experiment. Please stand up. 

(Participants were asked to put the VR headset on for an immersive experience.)  

D.3 Posttest  

D.3.1 Psychological Distance Questions 

Prompt: Please choose an answer to the best of your ability:  

1. How close do coral reefs feel to you?  Answer: 

 
2. On a scale of 1-5, with 5 being “500 years” and 1 being “10 years”, how soon do you 

think coral reefs might die off completely? Answer: 

 
3. Prompt: “On a scale of 1-5 with ‘5’ being ‘greatly affected’ and ‘1’ being ‘not at all’, 

how will the decline in coral reefs affect… 
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• Me  

• People close to me 

• Acquaintances 

• People in my country 

• Distant strangers 

4. To me, the decline in coral reef health feels…  

• Response: Very real, Somewhat real, Neutral, Somewhat hypothetical, 

Hypothetical. 

D.3.2 Policy Mitigation Questions  

Prompt: In your opinion, how important are each of the following ocean mitigation policies, 

on a scale of 1-5 with ‘5’ being ‘extremely important’ and ‘1’ being ‘not at all important.’ 

• Tightening controls over chemicals that can be released into rivers and the sea.  

• Reducing the amount of fish that can be caught at sea to allow populations to recover 

• Agreeing on local commitments to cut greenhouse gases 

• Strengthening commitments to safeguard habitats and marine life 

D.3.3 Willingness to Act Questions  

Prompt: On a scale of 1-5 with ‘5’ being ‘extremely likely’ and 1 being ‘not at all likely’, 

what personal measures would you most likely adapt? 

• Participate in an environmental group and/or join a lobby. 

• Sign a petition to support a clean water bill. 

• Donate money to save species at risk from climate change. 

• Call your legislature to support a strong climate change bill. 

• Reduce your carbon footprint (i.e. Ride a bike to work/school. Eat less meat, own a 

energy efficient refrigerator) 

• On a scale of 1-5, which best describes your effort towards a low carbon lifestyle? 

Answer: ‘5’ is ‘I will try to do more’ and ‘1’ is ‘I will do nothing.’ 

D.3.4 Level of Concern 

Prompt: Rate your concern for the following items on a scale of 1-5, with ‘5’ being ‘highly 
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concerned’ and ‘1’ being ‘not at all concerned’: 

• Plastic Pollution 

• Industrial Run-off 

• Agricultural Run-off 

• Overfishing 

• Water Quality 

• Overall, how concerned do you feel about the state of the ocean today? 

D.3.5 IVE Experience Questions 

Prompt: Please answer the questions to best describe your experience.  

1. Have	you	used	a	virtual	reality	device	before	this	study?	

  Response: Yes; Yes, but my first time was today; or No 

2. How	much	did	your	experience	in	the	virtual	environment	seem	consistent	with	

your	real	world	experiences?	

  Response: Not at all, Slightly, Moderately, Strongly, Very Strongly 

3. Did	you	experience	any	simulator	sickness?	

  Response: A great deal, A lot, A moderate amount, A little, None at all 

4. How	present	did	you	feel	in	the	virtual	environment	experience?	

  Response: Not at all, Slightly, Moderately, Strongly, Very Strongly 

5. Please	briefly	describe	what	you	experienced	during	this	experiment.	

  Response: Short answer. 

6. Is	there	anything	else	you	would	like	to	tell	us	about	this	study?	

  Response: Short answer. 

 

 


