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Abstract 
 

DOES CONNECTIVITY WITH NATURE ALTER CONSUMER BEHAVIOUR? 

LINKING OCEAN CONNECTEDNESS AND CONSUMER VIEWS ON 

SINGLE-USE PACKAGING 

 

Sohvi Katariina Nuojua 

 

 

Single-use packaging items constitute a large proportion of the plastic litter found in the 

marine environment. Consumer behaviour is a key contributor to the accumulation of 

this pollution in the environment. This thesis outlines correlational and experimental 

research on consumer responses to environmentally relevant qualities of single-use 

packaging. Furthermore, it considers a novel concept of ocean connectedness as a 

psychological moderator of consumer response.  

 Studies 1 and 2 investigated consumer responses to recyclability of packaging as 

well as its raw material (plastic, glass, carton and aluminium) in undergraduate students 

and in a broader UK public sample. Ocean connectedness was assessed with a survey, 

and its associations with responses to packaging recyclability and material were 

explored.  

 Study 3 was implemented as a large-scale online survey and investigated 

consumer responses to the origin, design and end-of-life scenarios of packaging using 

the Kano model of consumer satisfaction. Consumer segments were further created 

based on respondent characteristics, including levels of ocean connectedness and 

sociodemographic variables, and differences in packaging responses across consumer 

profiles were explored. The collected survey data further enabled exploration of the 

conceptual differences and similarities between ocean connectedness and nature 

connectedness.  
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 Studies 4 and 5 examined the potential of Virtual Reality (VR) technologies in 

inducing ocean connectedness. In two experimental studies, the impacts of VR 

manipulation on explicit and implicit ocean connectedness, as well as on subsequent 

responses to packaging recyclability and material, were tested.   

 Overall, these studies provide evidence of consumers valuing packaging 

designed using circular strategies. Furthermore, a correlational association between 

ocean connectedness and responses to packaging recyclability and material was found: 

Consumers with higher levels of ocean connectedness demonstrated more positive 

evaluations of sustainable packaging features and were more critical towards packaging 

made of plastic. However, no causal link between ocean connectedness and packaging 

responses could be established. Yet, this work advocates for the importance of 

psychological ocean connectivity, a concept shown to have a somewhat unique profile 

in comparison to general nature connectedness, in shaping consumer responses to 

packaging sustainability.   
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Chapter 1: General Introduction 

 

Parts of this chapter are extracts from a published peer-reviewed paper:  

Nuojua, S., Pahl, S., & Thompson, R. C. (2022). Ocean connectedness and consumer responses 

to single-use packaging. Journal of Environmental Psychology, 81, 101814. 

 

1.1 Marine Plastic Pollution 

Anthropogenic debris is increasingly polluting the natural environment and particularly 

the world’s oceans, accumulating in all regions of the marine environment. Plastics 

make up a large share, around 75%, of the litter encountered in marine and coastal 

environments. It is now found at the sea surface (Lacerda et al., 2019), in the deep sea 

(Woodall et al., 2014), in the arctic sea ice (Obbard et al., 2014) as well as on shorelines 

worldwide (Nelms et al., 2019; Pham et al., 2020). Plastics are released into the marine 

environment through various pathways, including in direct inputs at sea through 

shipping and fishing activities, littering on coastlines, and transport via rivers and 

atmospheric circulation (GESAMP, 2015). Marine plastics can thus vary in size from 

that of a large fishnet to a microplastic1 particle undetectable to the naked eye. A 

substantial portion of marine plastic pollution is mismanaged waste originating from 

land-based activities: Improper waste management practices, such as open dumping, 

 
1 Microplastics are particles of plastic with a diameter of less than 5mm (Thompson et al., 2004). Types 

of plastic polymers most commonly encountered in the marine environment include polyethylene (PE), 

polypropylene (PP), polyvinylchloride (PVC), polyethylene terephthalate (PET) and polystyrene (PS; 

Bond et al., 2018).  
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disposal in uncontained landfill sites, and littering, contribute to over 8 million metric 

tonnes of plastic waste entering the waterways every year (Jambeck et al., 2015). The 

world is now experiencing a plastics crisis that also contributes to the climate 

emergency: If the global demand for plastics continues in its present course, carbon 

dioxide emissions from the plastics industry may increase by 90% by year 2050 (Wood 

Mackenzie, 2021).  

 Items designed for single-use applications, such as disposable bags, containers 

and wrappers, make up a large part of marine plastic pollution (Morales-Caselles et al., 

2021). The plastic in these applications only rarely undergoes circular value recovery. 

For example, in 2016, only a small portion of such items were recycled (14%) or 

incinerated (14%) globally, with the rest ending up landfilled (40%) or littered into the 

natural environment (32%; Chen et al., 2021). Given that single-use plastic items can 

persist in the natural environment for years (Napper & Thompson, 2019), they 

accumulate in the marine environment at an alarming rate. As a response, efforts to 

tackle pollution from single-use plastics have ensued in recent years, at both local and 

transnational scales. For example, governments at the United Nations Environment 

Assembly initiated negotiations in March 2022 of an international legally binding treaty 

addressing the production, design and disposal of plastics (UNEP, 2022).  

 

1.1.1. Impacts 

An extensive evidence base exists for the harmful impacts of plastic debris on the 

natural environment and society. Firstly, more than 700 species of marine organisms 

have been documented to have suffered physical harm, adverse impacts on 

functionality, or death, upon encountering plastic debris (Gall & Thompson, 2015). For 

example, ingestion of plastic debris can result in starvation caused by false perception of 

satiation or gut obstruction. In addition, concerns have been expressed about the 
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transferring of chemicals, such as hydrophobic organic pollutants or additives, to marine 

biota upon ingestion of plastics (Huang et al., 2021). Occurrences of ingestion of plastic 

debris have been documented for various marine species, including whales (Unger et 

al., 2016), birds such as northern fulmars (Van Franeker et al., 2011), turtles (Schuyler 

et al., 2014) various types of fish (Lusher et al., 2013) as well as a selection of 

invertebrate species (Cole et al., 2013; Courtene-Jones et al., 2019). Furthermore, 

incidents of entanglement have been reported widely: For example, Werner et al. (2016) 

report an incident rate of 2–9% of entanglement in plastic debris (e.g. ropes and netting) 

for some seabird and marine mammal populations. In addition to causing direct physical 

harm, plastics can have detrimental impacts on whole ecosystems: Plastic debris items 

and fragments can operate as rafting vessels for various organisms and microbial 

communities, aiding the dispersal of invasive species to new territories (Barnes & 

Miller, 2005).  

 Furthermore, plastic litter in the marine environment has negative repercussions 

to the economy and human wellbeing. According to estimates by Beaumont et al. 

(2019), each tonne of marine plastics causes an annual reduction in marine natural 

capital (i.e. the world’s stocks of natural marine assets) of between $3,300 and $33,000. 

These costs were linked especially to fisheries and aquaculture, heritage values, and 

recreation. Impacts on fishing activity and industry relate to, for instance, ghost fishing 

and damage to maritime equipment. Ghost fishing – lost or abandoned fishing nets 

continuing to passively catch fish and other marine species (Brown & Macfadyen, 

2007) – causes significant annual losses of commercial (and non-commercial) fish and 

crustacean stocks (Campbell & Sumpton, 2009; Webber & Parker, 2012). In addition, 

plastic litter poses a hazard of damage to fishing boats and other maritime vessels, 

potentially resulting in diminished productivity, injury, or even loss of life (Mouat et al., 

2010).  
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 Litter on the coast is an eyesore and can thus undermine experiential recreation 

substantially (Beaumont et al., 2019). For example, Welsh beach-goers mostly attribute 

their beach choice to absence of litter and cleanliness, over other considerations such as 

safety (Tudor & Williams, 2006). Losses in tourism revenues due to coastal litter have 

been realised globally, especially following significant weather events (Jang et al., 

2014). For example, McIlgorm et al. (2011) estimated that marine debris causes a loss 

of $622 million for the marine tourism sector in the Asia Pacific region annually. 

Further costs to industry and local authorities are rendered by clean-up programs which 

can be expensive, time-consuming and relatively ineffective (Newman et al., 2015). For 

instance, UK municipalities invest approximately €18 million each in beach litter clean-

up efforts annually (Mouat et al., 2010). Finally, litter on beaches can have a negative 

impact on the human psyche and wellbeing: The restorative benefits that coastal 

environments ordinarily provide to visitors are undermined by the presence of even 

small quantities litter (Wyles et al., 2016).  

  

1.1.2. Behavioural Science Take on Plastic Pollution: How Can We Influence End-

Users of Plastic? 

There are various ways in which people operate within the plastics system (see Figure 

1) – not only as consumers, but also as participants in organisations, community 

members, investors, and citizens (Löhr et al., 2017). Human decisions and choices, 

either individual or collective, contribute to the flow and fate of plastics through this 

system. These decisions and choices are partly governed by policy makers as well as 

legal, economic and technical factors. Due to this complexity of the plastics system and 

the multitude of operators within, responsibility for plastic pollution should not be 

assigned to a singular collective. Therefore, substantial reduction in plastic pollution can 

only be achieved by a holistic solutions-oriented approach where opportunities for 
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change are identified across the various sectors within the plastics system. It should be 

noted, therefore, that while the work presented in this thesis focuses on the societal 

sector of the system, consumers are not the only players in the field of plastics.  

 

Figure 1 

The Plastics System (Source: https://www.grida.no/resources/6908, Maphoto/Riccardo 

Pravettoni). 
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A behavioural science approach to plastic pollution can help address and 

potentially change how individuals as end-users interact with plastics: As noted by 

Heidbreder et al. (2019), insights from behavioural sciences are needed to complement 

technical solutions to plastic pollution, such as innovative packaging solutions (e.g. 

biodegradable packaging) or waste management strategies (circular value recovery). 

Such solutions can be undermined by psychological factors. For example, an 

individual’s perceptions of and attitudes towards solutions, as well as their acceptance 

of the implementation of solutions, can govern end-users’ behaviour substantially. 

These antecedents of behaviour, among others, can be targeted in efforts to change 

behaviours that may contribute to or help mitigate marine plastic pollution. Consumer 

decisions, waste management behaviours (e.g. recycling) and littering are key 

behavioural spheres where individuals’ actions can determine the fate of plastics. 

Antecedents of these behaviours, as posited by scholars in the field of environmental 

psychology, are reviewed next.   

 

Antecedents of Individual-level Behaviour in the Context of Plastic 

Pollution. Whether an individual engages in the aforementioned behaviours, and in 

what capacity, is naturally contingent on a variety of contextual opportunities and 

constraints. For example, consumer choices are limited by product availability and 

price; individuals may lack the facilities to engage in appropriate waste sorting; and 

littering may be attributed to a shortage of waste receptacles. In addition to such 

infrastructural and economic factors, conflicting motives and attitudes (e.g. desire for 

practicality and comfort) can function as barriers to pro-environmental action (Kollmuss 

& Agyeman, 2002). These external factors and competing motivations should therefore 
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be acknowledged as enablers of or hindrances to pro-environmental behaviour2. In 

addition, how an individual interacts with plastics and plastic waste can be influenced 

by a variety of psychological determinants, such as levels of knowledge and problem 

awareness; attitudes and values; the social norm; as well as a variety of 

sociodemographic variables.  

Knowledge, Awareness and Risk Perception. A traditional approach to 

promoting pro-environmental behaviours is making people more knowledgeable and 

aware about environmental issues (Hungerford & Volk, 1990). Environmental 

education and informational campaigns are based on the premise that increasing 

knowledge or ‘connecting the dots’ between behaviour and its environmental 

consequences will generate behaviour change (Frick et al., 2004). Today, levels of 

awareness of marine plastic pollution are generally high in countries in the Global North 

(e.g. Forleo & Romagnoli, 2021; Hartley et al., 2018) as well as across nations in the 

Global South (Arulnayagam, 2020; Dalu et al., 2020; Mathis et al., 2022; Van Rensburg 

et al., 2020). This public interest and awareness around the issue has peaked relatively 

recently (SAPEA, 2019). In the Global North, heightened media awareness has been 

partly attributed to the 2017 BBC documentary series Blue Planet II (Thompson, 2019). 

The documentary demonstrated the presence and impacts of marine plastic pollution, 

stressing the urgent need for change in how plastics are used and managed in society. 

The resulting escalation in public awareness and concern, termed the “Blue Planet 

effect” (Hunt, 2017), is also believed to have pressured relevant governmental policies 

and actions, such as bans on single-use plastics (Schnurr et al., 2018).    

Awareness is closely linked to the concept of risk perception. According to 

Syberg et al. (2018), risk perception is defined as the subjective evaluation of a negative 

 
2 According to the definition by Steg and Vlek (2009), pro-environmental behaviour refers to “behaviour 

that harms the environment as little as possible, or even benefits the environment” (Steg & Vlek, 2009, p. 

309).  
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event occurring together with concern of its consequences. Therefore, evaluations of 

risk can guide individuals’ reactions to environmental issues such as plastic pollution. 

Risk perceptions around marine plastic pollution have evolved over the last decades due 

to it becoming more widely reported, visible, and traceable to specific peoples or 

companies (Syberg et al., 2018). Therefore, plastic pollution is now viewed as a more 

tangible threat to the natural world and society, creating momentum for mitigating 

actions globally.   

However, mere increase in knowledge or awareness rarely determines 

individual-level pro-environmental behaviours, such as mindful consumer action 

(Abrahamse & Steg, 2013; Carmi et al., 2015). For example, Dunn et al. (2020) showed 

in an experimental setting that viewing an episode of Blue Planet II increased 

environmental knowledge, as tested immediately after, but it did not have an impact on 

whether consumers chose plastic or paper packaging. Overall, the success of 

informational and environmental messaging as an intervention strategy for shaping 

plastics- or packaging-related behaviours has been mixed (reviewed in Nuojua et al., 

2022). To illustrate, informational messaging about the benefits of recycling single-use 

(plastic) packaging was shown to influence consumer preferences and demand in 

Klaiman et al. (2016) but not recycling behaviour in further work (Klaiman et al., 

2017). One explanation for the role of environmental knowledge in shaping pro-

environmental behaviour was offered by Carmi et al. (2015): Their research posited that 

knowledge only affects behaviour indirectly, and that its impact is fully mediated by 

environmental emotions, including subjective perceptions of connectedness with nature.    

 Attitudes and Values.  Caring for the environment is an often-cited reason for 

individual-level pro-environmental actions. Caring can be conceptualised in multiple 

ways: Positive attitudes towards the environment, nature connectedness and values are 

all constructs often demonstrated to guide pro-environmental behaviour (Kaiser et al., 
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1999; Mackay & Schmitt, 2019; Van der Werff et al., 2013). Attitudinal orientations are 

considered an important determinant of behaviour according to widely accepted 

behavioural models such as the theory of planned behaviour (TPB; Ajzen, 1991), the 

norm-activation-theory (NAT; Schwartz & Howard, 1981), and the value-belief-norm 

theory (VBN; Stern et al., 1999). Although some have argued against the role of 

environmental concern in effecting pro-environmental consumer behaviour, especially 

when economic concerns are present (Grunert et al., 2014; Kalafatis et al., 1999), a 

strong evidence base exists that links environmental concern with pro-environmental 

behaviours (Huddart Kennedy et al., 2015; Magnier & Schoormans, 2015; Newton et 

al., 2015; Poortinga et al., 2004; Prakash & Pathak, 2017; Schultz et al., 2005; Stern, 

2000). For example, in Hartley et al. (2018), concern over marine litter was associated 

with intentions to engage in actions to reduce litter entering the oceans, such as buying 

re-usable products and picking up litter. Furthermore, sustainable packaging is preferred 

by those manifesting concern for natural environments (Koenig-Lewis et al., 2014), and 

recycling behaviour has been associated with concern for aquatic environments 

(Klaiman et al., 2016).  

 Similarly, one’s general relationship to the natural environment can motivate 

pro-environmental behaviour. A robust association has been documented between pro-

environmental behaviour and nature connectedness, defined as the sense of connection 

with the natural world (Mackay & Schmitt, 2019; Martin et al., 2020; Mayer & Frantz, 

2004). Whereas environmental awareness and concern reflect cognitive perceptions and 

beliefs, nature connectedness typically involves a strong affective and experiential 

component of one’s relationship to nature. Nature connectedness, as well as the novel 

concept of ocean connectedness, are discussed in detail in section 1.3.  

 Attitudes towards the environment are believed to derive from values (Stern, 

2000; Stern & Dietz, 1994). Values are higher-order guiding principles that are rather 
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static across contexts (Schwartz, 1992), and three types of values have been 

distinguished in the environmental psychology literature: biospheric value orientation 

(i.e. tendency to appreciate the natural environment and the biosphere), altruistic value 

orientation (i.e. tendency to appreciate the welfare of other humans), and egoistic value 

orientation (i.e. tendency to appreciate the welfare of self; De Groot & Steg, 2008). In 

particular, a biospheric value orientation is regarded as the basis for environmentally 

significant beliefs and intentions (De Groot & Steg, 2008; Nguyen et al., 2016; Van der 

Werff et al., 2013). Similarly, altruistic values predict pro-environmental behaviour, 

such as purchasing eco-friendly packaging (Prakash et al., 2019; Steg et al., 2014), 

while egoistic values have a lesser impact and may lead to pro-environmental action due 

to external motivations (Prakash et al., 2019; De Groot & Steg, 2010).  

 Social Norm. The prevailing social norm, either descriptive (meaning one’s 

perception of what others in society do) or injunctive (perception of what others think 

should be done), is considered a key determinant of pro-environmental behaviour 

(Abrahamse & Steg, 2013; Farrow et al., 2017; see also theory of normative social 

behaviour, TNSB; Lapinski & Rimal, 2005). Scholars agree that waste disposal 

behaviours such as recycling and littering are guided by social norms (Barr, 2007; 

Cialdini et al., 1990; Hartley et al., 2018; Schultz, 1999). Furthermore, Borg et al. 

(2020) found descriptive norms to be the strongest predictor of single-use plastic 

avoidance. Therefore, normative messages have been used widely in communications 

with the public, as well as in interventions aimed at changing consumer or waste 

management behaviours (Cialdini et al., 1990; Salazar et al., 2021; Thomas & Sharp, 

2013). For example, in a field study by De Groot et al. (2013), a normative message was 

found to be even more effective than an environmental message in reducing plastic bag 

use in a supermarket setting.  
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 Sociodemographic Factors. In addition to psychological antecedents of 

behaviour, sociodemographic variables such as age, gender and level of education have 

been shown to regulate pro-environmental behaviour (Barr, 2003; Chen et al., 2011; 

Tanner, 1999), including use and recycling of plastics (Soares et al., 2021). More 

specifically, women are more likely to engage in reducing, reusing and recycling 

behaviours (Kurisu & Bortoleto, 2011; Madigele et al., 2017; Ryan et al., 1996) and 

were shown to have greater motivations to reduce littering in Hartley et al. (2018). 

Furthermore, in a study by Afroz et al. (2017), older and more highly educated people 

were more likely to abstain from using a plastic bag. However, findings from another 

study on food packaging preferences showed that younger consumers were more willing 

than older consumers to sacrifice their own convenience to help preserve the 

environment (Elgaaïed-Gambier, 2016). Furthermore, higher education levels have been 

associated with lower degrees of littering (Santos et al., 2005) and lower willingness to 

pay for plastic bags (Madigele et al., 2017).  

  

1.2 Ocean Connectedness 

1.2.1. From Nature Connectedness to Ocean Connectedness 

As mentioned in Section 1.1.2.., a plethora of literature suggests that pro-environmental 

inclinations coincide with connectedness to the natural world (Barbaro, & Pickett, 2016; 

Nisbet et al., 2009; Schultz, 2002; Zelenski et al., 2015). Connectedness to nature has 

been associated with sustainable consumption (Dong et al., 2020), willingness to sign 

petitions for nature protection (Kals et al., 1999) as well as a variety of other 

environmentally significant behaviours (Barbaro & Pickett, 2016; Mackay & Schmitt, 

2019; Martin et al., 2020).  

Previous literature on human-nature relations has largely revolved around the 

concept of general nature connectedness (Barbaro & Pickett, 2016; Mayer & Frantz, 
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2004; Pritchard et al., 2019), while the human-ocean relationship has remained 

relatively unexplored (Pahl et al., 2017). This is rather surprising, as the wellbeing of 

oceanic environments is a prevalent issue and has recently attracted public as well as 

scientific concern worldwide (Haward, 2018; Schuldt et al., 2016; White et al., 2016; 

Wyles et al., 2014), and the importance of personal connections with the ocean is being 

increasingly recognised (McKinley & Burdon, 2020). Furthermore, understanding about 

oceans and their significance, or ‘ocean literacy’, has become an important topic (Costa 

& Caldeira, 2018), and the beneficial effects of marine environments on human health 

and wellbeing are increasingly documented (McGowan et al., 2016; White et al., 2020; 

Wyles et al., 2014). Moreover, little differentiation has been made in previous nature 

connectedness literature between terrestrial and aquatic environments (as reviewed in 

McKinley & Burdon, 2020). The two are markedly different in terms of landscape and 

biota as well as the natural resources and utility that they provide. For example, aquatic 

environments provide unique opportunities for recreational activity, and are therefore 

likely to hold significant psychological value. On the other hand, marine environments 

may be perceived by many as vast, remote or ‘unknown’, creating psychological 

distance between humans and the ocean and thus demotivating protective measures and 

behaviours (McKinley & Burdon, 2020; Pahl et al., 2017). Whilst the level of 

conceptual overlap between nature and ocean connectedness has not yet been 

established, it is probable that an affinity towards the oceans is a particularly potent 

motivator for ‘pro-marine behaviours’, such as supporting sustainable fishing and 

minimising plastic waste (White et al., 2016; Wyles et al., 2013). 

Previous research on place attachment has addressed perceived attachment to 

coastal regions and associated environmental beliefs or behaviours (e.g. Spence et al., 

2018; Tonge et al., 2015). However, this line of research tends to focus on confined 

areas of interest, such as coastal parks or protected reserves, and not on general 
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connectivity to the marine environment. Ocean connectedness merits a particular 

empirical focus because it could provide a powerful link between day-to-day 

experiences, decisions and higher-order values. Pahl et al. (2017) suggested that 

emotional affinity, or ‘passion’ for the ocean might trigger more sustainable behaviour 

when making purchase decisions. Therefore, ocean connectedness can help link 

everyday behaviours that contribute to environmental problems with people’s more 

generic system of values and emotions that might not be active otherwise at the point of 

decision. Ocean connectedness is defined here as a psychological sense of belonging 

with the natural marine environment.  

 

1.2.2. Theoretical Underpinnings and Operationalisations of Nature Connectedness 

Nature connectedness is thought to involve affective as well as cognitive aspects (Hind 

& Sparks, 2008; Mayer & Frantz, 2004; Perrin & Benassi, 2009). Some 

operationalisations of nature connectedness address emotional affinity towards nature: 

Kals et al. (1999) suggested that feelings of love towards and unity with nature are 

essential for nature-protective behaviour, and that this emotional affinity toward nature 

stems from previous and present experiences in natural environments. Similarly, 

according to Schultz (2000), environmental connectedness and concern are fostered by 

feelings of empathy towards nature. Moreover, in a study by Hind and Sparks (2008), 

an affective connection with nature predicted people’s intentions to engage with and 

spend time in nature, whereas an environmental identity had no further contribution to 

such intentions. These findings align with the biophilia hypothesis (Wilson, 1984; 

Wilson, 1993) which advocates for the innate affiliation that humans have to nature. 

This emotional affiliation is thought to originate from the evolutionary bond between 

humans and nature, and it manifests in a need to be with and belong to the natural 

world.  
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 Mayer and Frantz (2004) developed the Connectedness to Nature Scale (CNS) 

as a measure of dispositional emotional connection with the natural world. This widely 

used scale consists of fourteen items, including statements such as “I think of the 

natural world as a community to which I belong”. The scale has high validity, as 

evidenced by correlations with attitude towards the environment (e.g. the New 

Environmental Paradigm scale; Dunlap et al., 2000) and environmental identity 

measures (Mayer & Frantz, 2004; Olivos et al., 2011).  

An alternative conceptualisation of nature connectedness focuses on the 

cognitive schemata of the self-nature connection. Clayton (2003) operationalised 

connectedness with nature as a primarily cognitive concept, an individual’s evaluation 

of the extent to which nature contributes to their personal identity. Connectedness with 

nature can, therefore, be conceptualised as environmental identity; encompassing 

attitudes, values and behaviours that reflect an individual’s self-concept. Furthermore, 

according to Schultz’s (2001; 2002) conceptualisation, nature connectedness contains 

both cognitive (connectedness) and affective (caring) elements, as well as a behavioural 

(commitment) component of the human-nature relationship. As such, it can be 

understood and assessed as inclusion with nature: the overlap between an individual’s 

self-construal and the natural world. Following this conceptualisation, Schultz (2001) 

developed the Inclusion of Nature in the Self scale (INS). The scale consists of sets of 

two circles labelled “self” and “nature” with an increasing level of overlap, and 

respondents choose the set of circles that best depicts their perceived relationship with 

nature. The scale has been shown to correlate with scores on the CNS (Mayer & Frantz, 

2004) as well as with biospheric concern and pro-environmental behaviour (Schultz, 

2001), providing evidence of its convergent validity.  

In addition to these explicit measures, nature connectedness can be assessed as 

an implicit, automatic association between the self and natural environments: Schultz et 
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al. (2004) used an adapted implicit association test paradigm (IAT; Greenwald et al., 

1998) to measure implicit nature connectedness, the strength of automatic associations 

between self and nature, in comparison to associations between self and built 

environments (discussed in more detail in Chapter 4). Schultz et al. (2004) found the 

nature IAT scores to correlate positively with biospheric concern and scores on the INS 

measure.  

Regardless of the differences in conceptualisations of nature connectedness, the 

various measures of psychological connection with nature all attempt to establish the 

degree to which nature is incorporated into one’s self-definition (Mackay & Schmitt, 

2019). Self-definition is considered a key determinant of attitudes, personal goals and 

behaviour (e.g. Baumeister, 1999; Tajfel & Turner, 1979), and when nature is a 

fundamental part of this self-definition, threats to the natural world may be experienced 

on a personal level or perceived as more severe (Schmitt et al., 2019). Those with a high 

degree of nature connection may, therefore, be more inclined to engage in attempts to 

produce pro-environmental outcomes (Schmitt et al., 2018), as evidenced previously in 

both correlational studies (e.g. Geng et al., 2015; Bamberg & Möser, 2007; Martin et 

al., 2020) and in experimental research (e.g. Arendt & Matthes, 2016; Mackay & 

Schmitt, 2019; Soliman et al., 2017).  

 

1.2.3. Ocean Connectedness and Pro-Environmental Behaviour 

The concept of ocean connectedness is novel, and therefore no scientific evidence exists 

yet that links it to pro-environmental behaviours. The importance of harnessing a 

psychological connection with the ocean and including ocean connectedness in the 

discourse about ocean health has been recognised in recent scientific literature. Stoll-

Kleeman (2019) formulated a conceptual model of factors impacting ocean-relevant 
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pro-environmental behaviour (see Figure 2), based on the Model of Pro-environmental 

Behaviour by Kollmuss and Agyeman (2002).  

 

Figure 2 

Conceptual Model of Factors Influencing Ocean-related Sustainable Behavior by Stoll-Kleeman 

(from Stoll-Kleeman, 2019).  

 

 

 

The conceptual model by Stoll-Kleeman (2019) is informed by existing 

literature on the relationship between ocean literacy and behaviour change, and as such 

involves factors already embedded in the notion of ocean literacy, such as knowledge 

and awareness about marine issues. As noted by McKinley and Burdon (2020), the 

current conceptualisations of ocean literacy (e.g. definition by College of Exploration, 

2013) do not incorporate and consider emotional processes in the development of ocean 

literacy and related behavioural changes to a sufficient degree. For example, according 

to the traditional ocean literacy framework (College of Exploration, 2013), the 
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connection between humans and the oceans is one of the essential principles of ocean 

science (“The ocean and humans are inextricably interconnected”; College of 

Exploration, 2013). However, fostering a psychological connection with the oceans as a 

key objective of ocean literacy efforts may not have been sufficiently realised to date. 

Similarly, Stoll-Kleeman (2019) discusses the importance of values, such as one’s 

moral standing in relation to marine issues, in the goal of achieving effective ocean 

literacy and marine conservation, bearing relevance to the discussion around 

connectivity with the ocean.  

As mentioned previously, a strong psychological connection with the oceans 

may motivate ‘pro-marine’ or ocean-related behaviours, such as supporting sustainable 

fishing and minimising oceanic pollution (White et al., 2016; Wyles et al., 2013). 

Efforts to connect people with the oceans can be observed in public and media 

communications: For example, nature documentaries such Blue Planet II can be 

considered an attempt to bring people closer to marine environments and provide an 

opportunity to experience the wonders and awe therein, reducing alienation from the 

oceans and, ultimately, potentially producing pro-marine inclinations and behaviour. 

Depicting marine biota in the recently introduced European Union packaging labels 

(European Commission, 2020; see Figure 3) can be similarly regarded as a prompt 

‘connecting the dots’ not only between consumer behaviour and its potential 

environmental outcomes, but also between humans and the marine environment. Similar 

conservational communications involving images of charismatic marine species in 

distress were used in recently published studies by Luo et al. (2022), where the use of 

recycling signage depicting a marine animal trapped in plastic debris reduced plastic 

waste by 17%. Therefore, a preliminary theoretical and evidence base exists that 

assumes the relevance of a close human-ocean relationship in marine-relevant 

behaviours, especially plastics use and its post-use management.  
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Figure 3 

Harmonised European Union -Wide Marking Specifications for Beverage Cups (from European 

Commission, 2020).  

 

 

1.2.4. Promoting Ocean Connectedness 

Ocean connectedness can be brought about in several ways, for example by mere 

engagement: It is likely that people who live closer to the coast or who are more 

involved in marine and coastal activities feel more connected to the ocean (Stoll-

Kleemann, 2019; for nature connectedness see for example Mayer et al., 2009; Schultz 

& Tabanico, 2007). Regular and frequent experiences in marine and coastal 

environments through the life span are likely to strengthen trait ocean connectedness, 

that is, connectedness as a dispositional quality. In addition, actively learning about the 

oceans can help foster ocean connectedness (e.g. Kossack & Bogner, 2012; Liefländer 

et al., 2013). For example, promoting ocean literacy may be a viable strategy for 

strengthening ocean connectivity (Guest et al., 2015). Taking part in activities by the 

coast that are perceived as particularly meaningful, such as beach cleans (Wyles et al., 

2017), or fostering place attachment to coastal locations in other ways, such as through 

visits to marine parks (Halpenny, 2010; Pittman et al., 2019; Ramkissoon et al., 2012), 

can similarly help strengthen ocean connectivity.  

Existing literature suggests that direct physical contact with nature is decreasing 

(Rosa et al., 2018). Furthermore, developing ocean connectedness can be a challenge for 
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individuals who do not have access to coastal and marine environments. Modern 

technologies such as Virtual Reality (VR) can be used to provide these individuals and 

others with interactive and ‘immersive’ coastal or oceanic experiences: Even brief 

exposures to a nature setting in VR have been shown to increase nature connectedness 

(Breves & Heber, 2020; Yeo et al., 2020). Therefore, in addition to dispositional 

connectivity, state ocean connectedness can be promoted momentarily, potentially with 

the objective of influencing behaviour and decisions immediately after. The means of 

promoting state ocean connectedness are discussed in more detail in Chapter 4.  

 

1.3 Single-Use Plastic Packaging 

Of the over 360 million metric tonnes of plastic produced annually (PlasticsEurope, 

2021), around 40% are used for packaging applications (Geyer et al., 2017), most of 

which are single-use by nature. In Europe alone, plastic packaging demand amounts to 

nearly 20 million metric tonnes annually (PlasticsEurope, 2021). Packaging for 

foodstuffs provides a number of essential functions including hygiene, transportability 

and protection (Marsh & Bugusu, 2007). As such, packaging contributes to 

sustainability within the fast-moving consumer goods (FMCG) sector by enabling 

longer shelf life and reduced food wastage (Verghese et al., 2015). Moreover, packaging 

helps one distinguish between products and brands in the store and may thus determine 

one’s choice of product. In addition, packaging communicates brand meaning 

(Underwood, 2003) and it can provide the consumer with written or visual testimonies 

of brand values such as ethicality and environmental consciousness (Bech-Larsen, 

1996). Furthermore, plastic is often the preferred material for single-use packaging due 

to its well-known advantages over other material types: Plastic is lightweight, 

malleable, durable, relatively inexpensive, and resistant to corrosion (Andrary & Neal, 

2009). However, due to the challenges associated with its post-use management and 
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potential to pollute the oceans, single-use plastic packaging poses a considerable threat 

to the natural environment. As a result, researchers and companies have recently put 

considerable effort into minimising the environmental impact of single-use packaging 

(Sundqvist-Andberg & Åkerman, 2021). Similarly, consumer demand for packaging 

sustainability is currently at its all-time high (Boz et al., 2020; Schnurr et al., 2018).  

 

1.3.1. Packaging Sustainability 

Sustainable packaging – also referred to as ‘environmentally-friendly’, ‘eco-friendly’ or 

‘green’ packaging (Prakash & Pathak, 2017) – has various definitions: According to 

Steenis et al. (2017, p. 287), sustainable packaging is “packaging that has a 

comparatively low environmental impact as measured by life-cycle assessment models”. 

In contrast, the definition by Magnier et al. (2016) encompasses the environmental 

impact of the offering or product as a whole: Sustainable packaging is described in 

Magnier et al. (2016, p. 132) as “the endeavour to reduce the product’s footprint 

through altering the product’s packaging, for example, by using more environmentally-

friendly materials”. Moreover, the definition suggested by Han et al. (2018) comprises 

the use of raw materials, processes of production and management upon disposal of 

packaging. This conceptualisation of packaging sustainability proposes a shift towards 

the use of recycled materials and renewable resources, energy-efficient production, and 

post-use value recovery through biodegradation, reuse or recycling. All in all, a 

transition from a linear take-make-dispose model towards a circular economy, where 

the circular use of limited natural resources throughout the packaging life cycle is 

practised and maximised, is a desirable and often prioritised development on the 

packaging sustainability agenda (European Commission, 2018).  

It should be noted that these definitions of sustainability primarily pertain to the 

environmental sustainability of packaging, without consideration for the social aspect of 
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sustainability (e.g. principles of social justice; Nordin & Selke, 2010) or its economic 

dimension (e.g. fulfilment of a circular economy to achieve economic growth; Batista et 

al., 2018). Similarly, throughout this thesis, the terms ‘sustainability’ and ‘sustainable’ 

are used to refer to the environmentally relevant aspect of sustainability.  

The objective of improving sustainability in the packaging sector has generated 

various national initiatives and programs. In the UK, the Waste and Resources Action 

Programme (WRAP) has contributed to the redesigning of the plastics system since 

2000. They currently lead the UK Plastics Pact initiative and report a 46% reduction in 

problematic and unnecessary plastic items in the UK since 2018 (WRAP, 2021). 

Furthermore, according to their recent audit (WRAP, 2021), the UK reached the target 

of 70% of plastic packaging being reusable, recyclable or compostable in 2020 (WRAP, 

2021). In the US, the Sustainable Packaging Coalition has taken action toward 

sustainability of packaging since 2005 and envisions a closed loop system for all 

packaging materials (GreenBlue, 2011). Thus, although improving packaging 

sustainability has been a central objective within the packaging sector for the last two 

decades (Azzi et al., 2012; Verghese et al., 2015), many companies remain dependant 

on environmentally degrading packaging options, in part due to technical challenges 

hampering a more widespread realisation of novel packaging solutions such as bio-

based packaging (Guillard et al., 2018). Therefore, packaging design for the 

environment is a concept of immense interest to the industry and its various 

stakeholders, as well as to academic scholars, today more than ever (Herrmann et al., 

2022; Phelan et al., 2022). Similarly, as the successful implementation of sustainable 

packaging applications is contingent on consumer uptake and acceptability, research on 

consumer perceptions and behaviour in regards to packaging has been on the increase 

(see e.g. Ketelsen et al., 2020; Otto et al., 2021).  
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1.3.2. Consumer Perceptions and Responses regarding Packaging Sustainability 

Today’s consumers are increasingly cognizant of the environmental impact of 

packaging. Yet, packaging eco-friendliness has been recognised as a critical factor for 

determining consumer purchasing decisions for some time (Rokka & Uusitalo, 2008; 

Thøgersen, 1999; van Birgelen et al., 2009). More recently, in an international study by 

Popovic et al. (2020) with survey data from eleven countries, most consumers (73%) 

reported a willingness to pay more for environmentally friendly packaging. No 

definition for ‘environmentally friendly’ packaging was provided in the consumer 

survey, however. In a review by Otto et al. (2021), European consumers were found to 

judge packaging sustainability on the basis of its contribution to the circular economy 

(i.e. recyclability), as well as by the natural look of the material and design. Magnier 

and Crié (2015) defined sustainable (or environmentally friendly) packaging design, 

from the consumer perspective, as “a design that evokes explicitly or implicitly the 

eco-friendliness of the packaging” (Magnier & Crié, 2015, p. 361). As postulated by the 

cue utilisation theory (Olson, 1987), consumers rely on a set of cues that indicate 

specific product attributes, such as sustainability, before arriving at an evaluation of the 

product and ultimately at a purchasing decision. The cues on packaging that may signal 

sustainability can be structural (e.g. recyclability or material), graphical (e.g. colours, 

images or logos), or informational (e.g. sustainability claims; Magnier & Crié, 2015). 

Lindh et al. (2016) showed that material was the most important attribute on which 

consumers based their packaging sustainability judgments. Furthermore, Herbes et al. 

(2020) found that consumers in Germany, France and the US rely on packaging 

labelling, such as the recycling label, as the primary cue that signals packaging 

sustainability.  
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These two environmentally relevant packaging attributes3, namely packaging 

material and recyclability labels, and consumers’ responses to them, are the primary 

topics of interest in the remainder of this literature review and throughout the thesis. As 

discussed, consumers readily identify and engage with these attributes when making 

their evaluations about packaging sustainability. However, the impacts of these 

attributes on consumer responses, such as purchase intentions and affective reactions, 

merit further examination for various reasons: Firstly, although previous research has 

shown that consumers value packaging recyclability (Rokka & Uusitalo, 2008; Songa et 

al., 2019), trends in environmental consciousness are volatile (McCallum & Bury, 

2013). Furthermore, the UK public have expressed confusion around recycling rules and 

labelling (WRAP, 2018), which may have shifted consumers’ demand for and overall 

attitude towards recyclability. Another issue is trust: Consumers in the UK have 

previously attributed the failure to recycle their waste to mistrust in the waste 

management sector and the local authorities (WRAP, 2017). Similarly, sustainability 

cues on packaging, such as recyclability claims, may be perceived by some consumers 

as ‘greenwashing’4 (Szabo & Webster, 2020). Therefore, lack of trust in the waste 

management system and in environmentally relevant packaging credentials may have 

shaped the trends in consumer response to packaging recyclability lately.   

Similarly, how consumers respond to different types of packaging raw material 

(e.g. plastic or glass) is worth investigating. It bears noting that judging the 

environmental sustainability of different material types is not a straightforward task: 

Plastic packaging may produce relatively large volumes of persistent waste, but 

conclusions as to which material type is most environmentally friendly or sustainable 

 
3 Because there is debate regarding the relative sustainability of different material types for packaging 

(Pasqualino et al., 2011; von Falkenstein et al., 2010), the term environmentally relevant packaging 

attributes is used here (instead of packaging sustainability attributes) to refer to those attributes of 

packaging that are generally perceived to affect its sustainability either positively or negatively. 
4 Greenwashing is defined by the Oxford English Dictionary as “The creation or propagation of an 

unfounded or misleading environmentalist image” (OED Online, n.d., Definition 1).  
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are equivocal (Pasqualino et al., 2011; von Falkenstein et al., 2010; discussed in more 

detail in Chapter 3). The emphasis that today’s consumers place on packaging material 

is likely due to the global marine plastic pollution issue attracting public and scientific 

concern (Dunn et al., 2020; Haward, 2018). The alleged phenomenon of ’plastic 

bashing’ (e.g. Otto et al., 2021) may have shifted sustainability perceptions in regard to 

packaging material types, but whether this effect is reflected in consumer response (e.g. 

willingness to buy) has received little research attention (but see Dunn et al., 2020 study 

on packaging choice).  

 

Consumer Response to Packaging Recyclability. As discussed, one of the 

apparent indicators of packaging sustainability is the recyclability label. Consumers are 

known to value packaging recyclability (Heiniö et al., 2017; Songa et al., 2019; Venter 

et al., 2011) but research on the impacts of recycling labels and logos on consumer 

responses, such as purchase intentions, is somewhat scarce. For example, Rokka and 

Uusitalo (2008) showed that consumers are willing to pay more for packaging that is 

recyclable; however, this study used written vignettes to signal recyclability instead of 

actual labels on the packaging. Similarly, Klaiman et al. (2016) demonstrated that 

consumers received positive utility from packaging recyclability when presented with a 

product choice task. Thus, verbal claims of packaging recyclability can guide product 

choice. Recyclability logos were investigated by Songa et al. (2019) who found more 

positive emotional reactions to packaging with a recyclable logo than with a 

nonrecyclable logo. As recyclability of single-use packaging is primarily communicated 

to consumers with logos, this way of conveying information about recyclability is worth 

investigating further.  

Eco-labels pertaining to product ethicality or sustainable sourcing, as well as 

consumer characteristics associated with their use, have been explored in previous 
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literature (Grunert et al., 2014; Horne, 2009; Thøgersen et al., 2010). Unlike these 

sustainability claims that often proclaim environmental responsibility at the product’s 

origin or manufacturing process, recyclability claims pertain to the packaging and its 

potential as an environmentally advantageous option. That is, recycling labels do not 

only communicate sustainability but also provide the consumer with instructions for 

appropriate disposal that is ultimately within the consumer’s discretion. Therefore, 

recycling labels on packaging differ from eco-labels in that they serve multiple 

functions, and thus their role in consumer decisions merits further examination.  

Although the literature on determinants of perceived importance of packaging 

recyclability is scarce, Klaiman et al. (2016) distinguished consumers with higher 

willingness-to-pay (WTP) for packaging recyclability from those with lower WTP for 

recyclability by their reported motives for recycling: Those with higher WTP not only 

more often reported that they recycle in order to feel good for helping the environment, 

but also that they do so in order to preserve marine environments. This evidence 

suggests a link between purchasing recyclable packaging and concern over the well-

being of oceanic environments.   

 

Consumer Response to Packaging Material. In addition to packaging 

recyclability, the type of packaging material (such as plastic or glass) can affect 

perceived sustainability and thus purchasing behaviour. Lindh et al. (2016) showed that 

material was the most important attribute on which consumers based their packaging 

sustainability judgments. This finding is likely due to consumers being able to identify 

packaging material more readily than other sustainability cues. According to a review 

by Ketelsen et al. (2020), consumers tend to perceive plastics and metal as the least 

sustainable material types, whereas paper-based packaging is often judged more 

positively in terms of its environmental impact. Yet, in a study by Klaiman et al. (2016), 
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consumer demand (operationalised as willingness to pay) was highest for plastic 

packaging, followed by glass, carton and aluminium. As discussed, the plastic pollution 

crisis has likely made consumers more critical about plastic packaging since. 

Furthermore, today’s consumers respond more positively to packaging produced using 

circular design strategies, such as biodegradable packaging, than to packaging with 

superior functional properties (Steenis et al., 2018). Even though there is considerable 

debate over the environmental sustainability of such materials (Hottle, 2013; Iwata, 

2015), and consumers’ perceptions of packaging sustainability may not correspond to 

findings from comprehensive life-cycle analyses (Boesen, et al., 2019), packaging 

material likely plays a role in determining purchasing decisions.  

In addition to investigating consumer responses to plastic packaging, responses 

to three other commonly used material types for beverage packaging, namely glass, 

aluminium and carton, are examined in the work presented in this thesis. Although 

consumer preferences across these material types is not addressed as a central research 

question per se, findings on the impact of environmental orientations (e.g. ocean 

connectedness) on such preferences are reviewed in this thesis, particularly in Chapters 

2 and 4.  

 

1.4 Overview of Thesis 

1.4.1. Aims of Thesis 

The research outlined in this thesis explores the motivational underpinnings of 

consumer behaviour in regard to single-use packaging. More specifically, I present 

empirical work examining the relevance of affective and cognitive connectedness with 

the marine environment to how consumers respond to single-use packaging and its 

environmentally relevant properties. Moreover, the conceptual profile of the novel 

ocean connectedness construct, particularly as it compares to that of nature 
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connectedness, is explored in this thesis. The outlined research aims to address four 

principal research questions:  

 

RQ1) How do consumers respond to environmentally relevant attributes of 

single-use packaging, and what is the role of ocean connectedness in shaping 

these views?  

 

RQ2) Does the human-nature relationship amongst other environmental 

orientations impact consumer responses to the circular design and end-of-life 

scenarios of packaging?  

 

RQ3) Does ocean connectedness with its role in shaping environmental 

intentions differ from overall nature connectedness, and how? 

 

RQ4) Can state ocean connectedness be induced using Virtual Reality 

technologies, and does this subsequently alter consumer responses to the 

environmentally relevant attributes of packaging? 

 

By seeking answers to these questions, the research reported in this thesis aids our 

understanding of the antecedents of pro-environmental consumer responses, and 

ultimately behaviour. Furthermore, I showcase that the unique psychological 

importance and value of the marine environment can potentially be utilised to help 

conserve the oceans from the harms of anthropogenic pollution. 
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1.4.2. Outline of Studies 

The above research questions are addressed in five studies. Firstly, in Studies 1 and 2 

(Chapter 2) conducted in laboratory conditions and online, respectively, consumer 

responses to single-use packaging and its environmentally relevant features were 

investigated. These studies used an experimental research design where packaging 

recyclability and type of packaging raw material were manipulated systematically. In 

addition, ocean connectedness was assessed and its moderating role in consumer 

responses to packaging was studied (RQ1).  

Secondly, Study 3 (Chapter 3) involved a large-scale online survey in which 

consumers’ responses to environmentally relevant properties of packaging across all 

phases of its lifecycle were assessed (RQ2). More specifically, consumer responses to 

the origin, design and post-consumption scenarios of packaging were assessed using the 

Kano model of consumer satisfaction. Furthermore, different consumer segments were 

created based on environmental orientation variables (e.g. ocean connectedness and 

nature connectedness) and sociodemographic factors, and differences in packaging 

responses across these consumer profiles were explored. In addition, the collected 

survey data further enabled the appraisal of whether ocean connectedness is in fact a 

unique construct: The similarities and disparities between ocean connectedness and 

overall nature connectedness, in regard to their associations with other environmentally 

relevant variables and consumer responses to packaging, were evaluated on the basis of 

the rich consumer data (RQ3). 

Finally, Studies 4 and 5 (Chapter 4) examined the potential of VR technologies 

in connecting people with the natural marine environment both explicitly and implicitly 

(RQ4). In two laboratory studies, I induced state ocean connectedness using VR and 

immediately assessed responses to environmentally relevant features of single-use 

packaging. I compared these outcomes on ocean connectedness and packaging 
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responses between two experimental groups in Study 4 (ocean VR and urban VR), and 

across three experimental conditions in Study 5 (ocean VR, built VR and a control 

condition that consisted of a cognitive task).  
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Chapter 2: Ocean Connectedness and Consumer Responses to Single-

Use Packaging 

 

This chapter is a version of a published peer-reviewed paper:  

Nuojua, S., Pahl, S., & Thompson, R. C. (2022). Ocean connectedness and consumer responses 

to single-use packaging. Journal of Environmental Psychology, 81, 101814. 

 

 

2.1 Introduction 

As noted in Chapter 1, disposable food and beverage containers constitute a major part 

of marine plastic litter and are frequently encountered in coastal areas (Barnes et al., 

2009). The abundance of these items in the marine environment is solely due to humans 

(Pahl et al., 2017). For example, inappropriate disposal of plastic packaging items, 

either within the household or in public arenas, contribute to marine plastic pollution 

(Sheavly & Register, 2007). Going further ‘upstream’, although consumers can only 

operate within the confines of availability of goods and waste management systems, 

their decisions are part of the problem (Coe & Rogers, 2012). In order to effect change 

in consumption habits and consequently reduce plastic packaging waste, it is essential 

that we understand what drives these decisions.  

The empirical research presented in this chapter investigates responses to single-

use packaging varying in recyclability and material and asks whether the novel 

construct of ocean connectedness interacts with these evaluations by consumers. A brief 

literature review is presented next where consumers’ environmental orientations 
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associated with packaging preferences are discussed. In addition, operationalisations of 

consumer response, namely rational and affective (i.e. emotional) approaches, in 

existing consumer research are reviewed, in the context of single-use packaging and its 

environmentally relevant attributes.  

 

2.2 Literature Review 

2.2.1. Relationship with Nature and Consumer Response to Sustainable Packaging  

As noted in the previous chapter, packaging sustainability has an impact on consumers’ 

evaluations and choice of packaging. Yet, not all consumers’ purchasing is affected by 

the extent to which product packaging is sustainable (e.g. Heidbreder et al., 2019), as 

competing product attributes, such as price and quality, are often prioritised (Ketelsen et 

al., 2020). Most existing research on the environmentally relevant attitudes associated 

with responses to sustainable packaging have looked at environmental concerns and 

beliefs: Packaging sustainability is important to consumers who are concerned about the 

environment (Koenig-Lewis et al., 2014). Furthermore, those who favour sustainable 

packaging are more likely to think that purchasing products in sustainable packaging 

solves environmental problems, whereas those who place less importance on packaging 

sustainability do not believe so (Martinho et al., 2015). This link between concern and 

behaviour seems to require the situation-specific cognitions effected by environmental 

concerns to be considered and assessed, rather than environmental concern as a general 

orientation (Bamberg, 2003). In Hartley et al. (2018), concern and risk awareness of 

marine litter were shown to predict intentions to engage in actions to reduce litter 

entering the oceans, such as buying re-usable products and picking up litter. 

Whereas environmental awareness and concern often reflect cognitive 

perceptions and beliefs, nature connectedness depicts one’s affective, cognitive and 

experiential relationship with the natural environment. As reviewed in Chapter 1, nature 
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connectedness is thought of as a powerful predictor of efforts to conserve nature as 

embedding oneself with nature means that harm to the environment is conceptualised to 

an extent on a personal level. Jaiswal and Bihari (2020) found nature connectedness to 

predict green purchase intentions, such as choosing sustainable packaging. Perceived 

environmental responsibility was found to mediate this link between connectedness and 

behaviour. Recently, Kautish et al. (2021) investigated the relationships among 

environmental concern, nature connectedness, love for nature, perceived consumer 

effectiveness, and choice behaviour for plastic consumption in a sample of Indian 

consumers. While environmental concern did not directly influence plastic consumption 

in this study, connectedness to nature was found to partially mediate the relationship 

between concern and plastic consumption behaviour. Overall, previous research 

indicates that psychological connectedness with nature is associated with packaging 

perceptions and responses, but the exact means and mechanisms of this association are 

not yet clear.  

 As today’s consumers readily associate plastics and packaging waste with harm 

to marine environments (Trivium Packaging, 2020), it is reasonable to expect that 

connectivity with the ocean shapes consumers’ responses to sustainability cues on 

packaging. Ocean connectedness, as well as the relationship between ocean 

connectedness and plastic- or packaging-relevant perceptions and behaviours, have not 

been addressed previously. Therefore, the empirical work presented in this chapter 

endeavours to investigate and establish this relationship. Evidence demonstrating such 

link can provide empirical support for interventions, such as messaging and labelling, 

that make ocean connectedness more salient in the purchase situation, to promote 

sustainable decision-making.    

In sum, and as discussed in Chapter 1, ocean connectedness may motivate pro-

environmental behaviours that are particularly relevant to marine environments, such as 



 

48 

 

sustainable packaging choice and avoidance of plastic. Therefore, in light of the 

reviewed evidence, higher levels of ocean connectedness are expected to be associated 

with preferences for sustainable (here: recyclable) packaging. Furthermore, it is 

believed that those higher in ocean connectedness are likely to be wary of packaging 

that is made of plastic.  

 

2.2.2. Assessment of Consumer Response to Packaging Sustainability  

As the assessment of actual consumer behaviour as it unfolds is laborious and thus only 

rarely carried out in research activities, studies on consumer behaviour often utilise and 

assess various proxies of behaviour. A traditional method for analysing consumer 

preferences is choice-based conjoint analysis, where respondents state their preferences 

by choosing a product from a selection of products or product profiles each representing 

a unique combination of the product attributes of interest (Carroll & Green, 1995; Green 

& Srinivasan, 1990). Conjoint analysis has been used previously to gauge the utilities 

that environmentally relevant packaging attributes render to consumers (Isa & Yao, 

2013; Rokka & Uusitalo, 2008). Another popular methodology in consumer research is 

the willingness to pay paradigm (Breidert et al., 2006) which can be used, for instance, 

to determine the highest monetary amount that a consumer would be willing to pay for a 

product attribute. For example, Klaiman et al. (2016) demonstrated that consumers are 

willing to pay a premium for packaging recyclability, and especially so when the 

packaging is made of plastic.  

 The studies reported here used a rating-based experimental design where 

products in different types of packaging were rated on a series of scales that indicate 

consumer liking and purchase intent. A factorial design where the material type and 

recyclability of packaging were varied systematically enabled assessment of consumer 
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response that is robust to social desirability effects5 in comparison to direct questioning 

formats or paradigms where only one example product is evaluated (Cerri et al., 2019; 

Walzenbach, 2019). Furthermore, using a rating-based design enables attainment of rich 

consumer attitude data, as there are virtually no limits to the number of rating scales 

used per product profile (naturally while being mindful of respondent fatigue). Finally, 

rating-based paradigms may be more sensitive than choice-based paradigms in detecting 

the impacts of consumer characteristics (e.g. ocean connectedness) as moderators of 

consumer response (Asioli et al., 2016).  

 

Willingness to Buy and Affective Response. Intention to behave generally 

renders a moderate to good indication of true behaviour across various behavioural 

domains (Ajzen, 1991; Armitage & Conner, 2001; Sheeran, 2002; Sheeran & Webb, 

2016), including pro-environmental behaviour (Bamberg & Möser, 2007). Willingness 

to buy (WTB) has been used in previous research as a measure of purchase intent 

(Bartels & Onwezen, 2014; De Magistris & Gracia, 2008; Wang & Lamb, 1983). 

However, as noted by Koenig-Lewis et al. (2014), and by Magnier and Schoormans 

(2015), antecedents of behavioural intention often assume rationality and logic in 

behaviour and may overlook the affective element in decision-making. This is 

problematic, as emotional components are thought to be eminently present in 

environmental awareness, and more specifically in consumption and waste management 

behaviours (Carrus et al., 2008; Kollmuss & Agyeman, 2002; Meneses, 2010). In the 

context of general consumption, one’s anticipated emotional response to a product or 

service can be a particularly strong predictor of future decision to buy (Morris et al., 

2002; Perugini & Bagozzi, 2001). Similarly, anticipated positive emotions have been 

 
5 Social desirability is defined by Chung and Monroe (2003, p. 291) as “the tendency of individuals to 

deny socially undesirable actions and behaviors and to admit to socially desirable ones”.  



 

50 

 

shown to guide pro-environmental purchase decisions (Kim et al., 2013; Rezvani et al., 

2017). Therefore, when consumer evaluations of a product are of interest, it is desirable 

to consider both consumers’ stated intentions to purchase and their anticipated 

emotional reactions.  

 In addition to anticipated positive emotional response, self-conscious emotions 

such as guilt have been shown to shape consumer behaviour (Dahl et al., 2003; 

Tangney, 1999). In particular, decisions to purchase products with perceived ethical or 

ecological ramifications are guided by anticipated guilt (Kabadayı, et al., 2015; Peloza 

et al., 2013). For example, Zwicker et al. (2020) found that feeling guilty about plastic 

use was strongly negatively associated with willingness to pay for bottled water. Yet, 

direct assessments of anticipated guilt responses to purchasing packaging made of 

different types of materials are lacking to date.  

 Willingness to buy and emotive response to a product can be brought about by 

attributes in the packaging design that draw the consumers’ attention (Aday & Yener, 

2014). Some consumers are attracted to functionality or detail on the label, whereas 

others are persuaded by overall visual appearance of the packaging (Silayoi & Speece, 

2004). Visual aesthetics and perceived packaging attractiveness, therefore, can guide 

buying behaviour. Furthermore, evidence by Magnier and Schoormans (2015) showed 

that not only does packaging attractiveness predict purchase intention and affective 

attitude, but it also has a positive impact on perceived brand ethicality. The present 

research employs a thorough assessment of consumer response to packaging involving 

measures for WTB, anticipated affective reaction and perceived attractiveness.  
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2.3 Studies 1 and 2: Research Aims, Conceptual Framework and Hypotheses 

Consumer responses, including WTB, anticipated positive affective reaction (hereafter 

referred to as PAR), anticipated guilt and perceived attractiveness regarding single-use 

packaging are assessed across two studies. Moreover, ocean connectedness is 

investigated as a potentially important moderator of these consumer responses. The 

conceptual framework was formulated based on the reviewed literature and is presented 

in Figure 4.  

 

Figure 4 

The Hypothesised Effect of Packaging Recyclability and Material on Consumer Response to 

Single-Use Packaging, Moderated by Ocean Connectedness 

 

 

Firstly, replicating previous research, it is suggested that recyclable packaging 

will be rated more positively in terms of WTB, PAR and attractiveness compared to 

non-recyclable packaging (H1A, H1B, H1C, respectively). On the contrary, participants 

are expected to show lower anticipated guilt for recyclable than non-recyclable 

packaging (H1D).   

Additionally, ocean connectedness is expected to moderate the relationship 

between recyclability and response, meaning that a two-way interaction effect between 

recyclability and ocean connectedness is expected. More specifically, those high in 

ocean connectedness are expected to rate recyclable packaging higher for WTB, PAR 
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and attractiveness than non-recyclable packaging, whereas smaller differences between 

the two levels of recyclability for those low in ocean connectedness are expected (H2A, 

H2B, H2C, respectively).   

 Analogously, it is expected that those high in ocean connectedness will respond 

with lower anticipated guilt to recyclable than non-recyclable packaging, and this 

difference in guilt responses is expected to be smaller in those low in ocean 

connectedness (H2D).  

No hypotheses are formulated for the main effect of material on consumer 

ratings. That is, no predictions are made regarding which material types (plastic, glass, 

aluminium or carton) are preferred over others. However, it is predicted that, due to the 

wide media coverage on marine plastic pollution, as well as the frequent association 

between plastic and harm to marine wildlife, consumers who are connected to marine 

environments are sensitised towards plastic packaging in particular. Thus, a moderating 

role of ocean connectedness on responses to packaging material is suggested, meaning 

that a two-way interaction effect between material and ocean connectedness is expected. 

In comparison to respondents low in ocean connectedness, it is expected that those high 

in ocean connectedness show larger differences between plastic and the other material 

types in their WTB, PAR, attractiveness and guilt ratings (H3A, H3B, H3C, H3D, 

respectively), where plastic is viewed more negatively than the other material types.  

A number of additional variables were assessed in these studies (e.g. marine 

litter concern; see Appendix A) but these variables and their interactions with packaging 

evaluations are not central to the research questions investigated in this thesis, and thus 

these are not discussed further here.  
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2.4 Study 1: Consumer Responses to Packaging in a Laboratory Setting 

2.4.1. Method 

Research Design and Participants. Study 1 looked into consumer responses to 

packaging in a sample of UK undergraduate students. Before data collection 

commenced, the study procedure and materials used were reviewed and approved by the 

University’s Faculty of Science and Engineering Human Ethics Committee. The first 

part of the study was implemented as a survey, and the second part followed a 2 

(recyclability) × 4 (material) × 3 (drink) repeated within-subject experimental design. 

Sixty students (36 female, 24 male) at a British university with a mean age of 20.52 (SD 

= 2.34) participated in the University’s research laboratory. Fifty-one of the participants 

were recruited from the School of Psychology Participation Pool. Each student received 

one research participation point that counted towards course credit. The remaining nine 

students were recruited from the campus area, and snacks were provided to these 

students as reward for study completion.  

 

Materials. The stimulus material used in the experimental part consisted of 24 

digital images of products that were specifically created for this study (see Figure 5). 

These products were common beverages (water, orange juice or cola) in packaging that 

was presented as varying in recyclability (recyclable or non-recyclable) in the given 

context, as well as varying in material type (plastic, glass, aluminium or carton). Thus, 

each of the 24 products displayed a unique combination of the aforementioned attribute 

levels. Different types of drink were used in order to increase generalisability over 

beverages. Furthermore, by including drink type as a third attribute in the factorial 

survey design, it was hoped to more effectively mask the focus on environmentally 

relevant packaging attributes. However, the effect of drink type on consumer ratings 

was not of interest. The products were labelled using an existing foreign bottled water 
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brand name in order to create the impression of a real-life product. Following 

recommendations from previous literature (Magnier & Schoormans, 2015), a beverage 

brand unfamiliar to consumers in the UK market was used in order to avoid any pre-

existing attitudes or conceptions associated with brand image.  

All product attributes were signalled on the packaging either visually or 

verbally: Packaging recyclability was indicated with recycling labels containing both 

image and text which were very similar to those used on food and drink packaging in 

the United Kingdom (see Figure 5). Packaging material was made easily detectible by 

using stereotypical designs with appropriate container shape and transparency for each 

material type. Finally, the type of beverage was displayed in clear writing on the 

packaging (see Figure 5).  

 

Figure 5 

Examples of Products Used as Stimulus Material.  

 

 

 

Measures. 

 Survey.  The survey comprised of statements that measured ocean 

connectedness along with other environmentally relevant constructs that are beyond the 

scope of this paper (see Appendix A).  
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Ocean Connectedness. Six items measured connectedness to the ocean. These 

items were mostly adapted from the Connectedness to Nature Scale (CNS; Mayer & 

Frantz, 2004) which is a valid and reliable measure of the strength of affective and 

cognitive beliefs of belonging with the natural world (Perrin & Benassi, 2009). 

Modifications were made to the phrasing of the CNS items in order to reflect 

connectedness with the ocean, and those items of the scale that could not be re-worded 

in a cogent manner were omitted. In addition to the five modified statement items (“I 

have a clear understanding of how my actions affect the ocean.”, “I often feel a sense of 

oneness with the ocean around me.”, “I usually feel disconnected from the ocean.”, “My 

personal welfare is independent of the welfare of the ocean.”, and “I recognise and 

appreciate the intelligence of living marine organisms.”) a sixth item “I feel very close 

to the marine environment.” was included in order to ensure a balance between 

seemingly affective (‘I feel’) and cognitive statementss. Each statement was scored on a 

7-point Likert-scale with a range from “strongly disagree” (1) to “strongly agree” (7). 

Across the current sample the adapted 6-item scale demonstrated good reliability 

(McDonald’s omega ꞷ = .81, M = 4.86, SD = 0.99, range from 2.67 to 6.83). Further 

psychometrics are reported in Appendix A.    

Dependent and Control Variables.  

 Brand Familiarity. Although the assumption was that the brand is unknown to 

UK residents, the possibility of participants recognising the brand was checked. Brand 

familiarity was assessed by the question “Are you familiar with this brand of 

beverage?” displayed next to an example product.   

Willingness to Buy. For each picture displayed, the respondent was asked “How 

likely would you be to buy this product?” on a 7-point response scale from “not at all 

likely” to “extremely likely”. Although some studies have measured WTB using two or 
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more items (Grewal et al., 1998; Koenig-Lewis et al., 2014), a single item was preferred 

in the current study in order to avoid excessive repetition.  

 Anticipated Affective Response. Anticipated emotional response was measured 

with eight items for each picture. Four of these items measured positive emotions 

(“Buying this product would make me feel happy/content/relaxed/joyful”; Sweeney & 

Soutar, 2001). These items were integrated into a scale ‘Anticipated Positive Affective 

Response’ (PAR), with internal consistency reliabilities ranging from ꞷ = .92 to ꞷ = .96 

across the 24 products. The remaining four items were designed to measure self-

conscious emotions (Onwezen et al., 2013; “Buying this product would make me feel 

guilty/proud/awkward/embarrassed”). While guilt was the main affective response of 

interest here with a hypothesised effect based on existing literature, the remaining three 

items were exploratory in nature and are not included in this paper. The eight emotion 

items were scored on a 7-point scale from “not at all” to “extremely”.  

Attractiveness. Perceived attractiveness of each product was assessed with the 

statement: “To me this product is…”; with answers given on a 7-point semantic 

differential scale from “unattractive” to “attractive” (Magnier & Schoormans, 2015).  

 

Procedure. Upon their arrival at the computer laboratory participants completed 

the survey measuring ocean connectedness and additional exploratory concepts. Next, 

the participants were presented with a description of a hypothetical shopping scene (see 

Appendix A). Following this, participants saw a vignette explaining that they would be 

presented with a series of products that varied in terms of packaging material, 

recyclability, and type of drink (see Appendix A). It was also made clear that the 

recycling system in the hypothetical shopping scenario may be different from what they 

are used to. This information was given in an effort to minimise the impact of any pre-

existing conceptions in regard to recyclability of different packaging materials.  
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The 24 products were subsequently presented in a randomised order. Each 

product was displayed on its own page and rated for WTB, anticipated affective 

response and attractiveness, respectively.  

 

Data Analysis. All statistical analyses were conducted using linear mixed 

effects models within the R environment (R Core Team, 2017). Such models bear 

several advantages over traditional linear models, including an account of individual 

variation and suitability for repeated-measures designs (Barr et al., 2013). Hypothesis 

testing was done using the ‘lmerTest’-package (Kuznetsova et al., 2017) which enables 

automated linear mixed effects modelling and testing via Satterthwaite’s degrees of 

freedom method. It should be noted that the p-values retrieved by using this method are 

not true p-values, however they can be treated and interpreted as such (Kuznetsova et 

al., 2015). Following recommendations from existing literature (Chapman & Feit, 2015; 

Næs et al., 2010), participant was treated as a random variable across all computed 

models, whilst packaging recyclability and material (as well as drink type) were 

included in the models as fixed effects. Furthermore, due to the complex structure of the 

repeated-measures design, only random intercepts were specified for the models in 

order to enable model convergence (Barr et al., 2013). Therefore, baseline differences in 

packaging responses were assumed between participants. Statistical models are 

specified in detail in Appendix A.  

 Ocean connectedness was included in the statistical models as a continuous 

variable. The moderating effects of ocean connectedness (H2A – D, H3A – D) were inferred 

from interactions in the analysis of variance, and were plotted using the ‘effect’ function 

in R (Fox et al., 2019). Further comparisons were made between recyclable and non-

recyclable packaging, and across the four material types, separately for high and low 

levels of the moderator variable using the ‘emmeans’ package (Lenth, 2019). Here, one 
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standard deviation above the sample mean represented ‘high’ and one standard 

deviation below the mean represented ‘low’ level of ocean connectedness (Irwin & 

McClelland, 2001). Furthermore, sizes of the observed effects are included in the results 

as parameter estimates of the fixed effects (β). As recommended by Singmann and 

Kellen (2019), these estimates were derived using orthogonal contrast coding. Estimates 

for the effects of ocean connectedness on packaging material (H3A – D) are presented 

separately for each material type, with plastic as the reference category. Sensitivity 

analyses were conducted in order to assess statistical power in the study sample (see 

next section).  

  

2.4.2. Results 

Descriptive Analyses. There were no missing data, and all participants’ 

responses are included in the following descriptive and inferential analyses. Table 1 

displays mean WTB, PAR, attractiveness, and anticipated guilt ratings across different 

levels of packaging recyclability and packaging material.  

 

Table 1 

Means and Standard Deviations for Willingness to Buy, Positive Affective Response, 

Attractiveness and Anticipated Guilt across Different Levels of Recyclability and Material (n = 

60)  

 Recyclability Material 

Measure Rec. Non-rec. Plastic Glass Alum. Carton 

WTB 4.14 (2.06) 2.59 (1.78) 3.76 (2.07) 3.71 (2.10) 3.15 (1.99) 2.85 (2.02) 

Anticipated 

PAR 
3.50 (1.67) 2.35 (1.32) 3.11 (1.63) 3.15 (1.67) 2.81 (1.54) 2.65 (1.56) 

Attractiveness 4.20 (1.96) 2.73 (1.75) 3.70 (1.89) 4.02 (2.07) 3.26 (1.92) 2.87 (1.92) 

Anticipated 

guilt 
1.85 (1.30) 3.61 (2.18) 2.84 (2.05) 2.78 (2.00) 2.68 (1.98) 2.62 (1.96) 

Note: Standard deviations are in parentheses.  
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Analysis of Rating Data.  

Effect of Recyclability on Consumer Ratings (Hypotheses H1A – D).6 

As can be seen in Table 1 and in Figure 6, average WTB, PAR and attractiveness 

ratings for recyclable packaging were higher than those for non-recyclable packaging. 

According to the simple main effects ANOVA with degrees of freedom obtained using 

the Satterthwaite method, this difference was significant for WTB (F(1,1380) = 294.45, 

p < .001, β = .78, 95% CI [0.69, 0.86]), PAR (F(1,1380) = 356.19, p < .001, β = .57, 

95% CI [0.51, 0.63]), and attractiveness (F(1,1380) = 307.96, p <.001, β = .74, 95% CI 

[0.66, 0.82]). Furthermore, recyclable packaging was rated significantly lower for 

anticipated guilt than non-recyclable packaging (F(1,1380) = 506.81, p < .001, β = -.88, 

95% CI [-0.96, -0.80]). Overall, recyclable packaging was rated more positively than 

non-recyclable packaging, which is in line with our hypotheses H1A – D and previous 

literature. 

 

 

 

 

 

 

 

 

 

 

 
6 As two participants reported being familiar with the brand used in the study, brand familiarity was 

initially added as an additional fixed effect predictor to the original WTB model. However, there was no 

improvement in model fit as determined by the maximum likelihood estimate, and therefore this variable 

was not included in further models and analyses.    



 

60 

 

 

Figure 6 

Average Consumer Ratings for Willingness to Buy, Positive Affective Response, Attractiveness 

and Anticipated Guilt across Levels of Packaging Recyclability (n = 60).  

 

Note. Error bars represent standard errors of the mean.  

 

The Moderating Effect of Ocean Connectedness: Recyclability (Hypotheses 

H2A – D).  

WTB (H2A). Adding ocean connectedness as a fixed effect into the original 

WTB model improved model fit significantly (χ2(5) = 72.77, p < .001). The ANOVA 

results showed a significant two-way interaction between recyclability and ocean 

connectedness for WTB (F(1,1380) = 57.03, p < 0.001, β = .34, 95% CI [0.25, 0.43]; 

see Figure 7 top left). Post-hoc interaction comparisons showed that respondents high in 

ocean connectedness distinguished between recyclable and non-recyclable packaging 

more than those low in ocean connectedness in their WTB ratings (t(1380) = 7.55, p < 

.001, estimated marginal mean (EMM) difference: 1.33). EMMs and their confidence 

intervals for all post-hoc results of interest are reported in Appendix B.  
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PAR (H2B). Adding ocean connectedness as a fixed effect into the original PAR 

model improved model fit significantly (χ2(5) = 53.75, p < .001). A significant two-way 

interaction effect was found between recyclability and ocean connectedness for PAR 

(F(1, 1380) = 47.54, p < .001, β = .21, 95% CI [0.15, 0.27]; see Figure 7 bottom left). 

Post-hoc interaction comparisons showed that respondents high in ocean connectedness 

distinguished between recyclable and non-recyclable packaging more than those low in 

ocean connectedness in their PAR ratings (t(1380) = 6.90, p < .001, EMM difference: 

.82). 

Attractiveness (H2C). Adding ocean connectedness as a fixed effect into the 

original attractiveness model improved model fit significantly (χ2(5) = 40.78, p < .001). 

A significant two-way interaction effect was found between recyclability and ocean 

connectedness for attractiveness ratings (F(1,1370) = 31.67, p < .001, β = .24, 95% CI 

[0.15, 0.32]; see Figure 7 top right). Post-hoc interaction comparisons showed that 

respondents high in ocean connectedness distinguished between recyclable and non-

recyclable packaging more than those low in ocean connectedness in their attractiveness 

ratings (t(1380) = 5.63, p < .001, EMM difference: .93). 

Guilt (H2D). Adding ocean connectedness as a fixed effect into the original guilt 

model improved model fit significantly (χ2(5) = 57.73, p < .001). A significant two-way 

interaction effect was found between recyclability and ocean connectedness for 

anticipated guilt (F(1,1380) = 54.52, p < .001, β = -.29, 95% CI [-0.36, -0.21]; see 

Figure 7 bottom right). Post-hoc interaction comparisons showed that respondents high 

in ocean connectedness distinguished between recyclable and non-recyclable packaging 

more than those low in ocean connectedness in their anticipated guilt ratings (t(1380) = 

7.38, p < .001, EMM difference: 1.13). 
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Figure 7 

Two-Way Interaction Effect of Packaging Recyclability and Ocean Connectedness on 

Willingness to Buy, Positive Affective Response, Attractiveness and Anticipated Guilt 

 

Note. Standard errors are presented as ribbons. Scale ranges represent maximum and minimum 

values found in the study sample.    

 

As hypothesised (H2A – D) significant two-way interaction effects were found 

between recyclability and ocean connectedness for WTB, PAR, attractiveness and guilt 

ratings. As hypothesised, consumers high in ocean connectedness differentiated 

recyclable and non-recyclable packaging in their ratings more than those low in ocean 

connectedness, see Figure 7. In each case, recyclable packaging was rated much more 

positively and much less negatively than non-recyclable packaging by those high in 

ocean connectedness, whereas the difference was much smaller for those low in ocean 

connectedness.  
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The Moderating Effect of Ocean Connectedness: Material (Hypotheses H3A – 

D).  

WTB (H3A). The ANOVA results showed a significant two-way interaction 

between packaging material and ocean connectedness for WTB (F(3,1380) = 5.66, p < 

.001, see Figure 8 top). Post-hoc interaction comparisons showed that respondents high 

in ocean connectedness distinguished between plastic and carton less than those low in 

ocean connectedness in their WTB ratings (t(1380) = -3.26, p = .001, EMM difference: 

-.81). No differences were found between plastic and glass (t(1380) = .52, p = .601, 

EMM difference: .13) or between plastic and aluminium (t(1380) = -1.27, p = .205, 

EMM difference: -.32) across the two levels of ocean connectedness.  

 PAR (H3B). According to the ANOVA results, there was no significant two-way 

interaction between packaging material and ocean connectedness for PAR (F(3,1380) = 

2.42, p = .065.), and therefore this effect is not illustrated further.  

 Attractiveness (H3C). The ANOVA results showed a significant two-way 

interaction between packaging material and ocean connectedness for attractiveness 

ratings (F(3,1380) = 3.23, p = .022, see Figure 8 bottom). Post-hoc interaction 

comparisons showed that respondents high in ocean connectedness distinguished 

between plastic and carton less than those low in ocean connectedness in their 

attractiveness ratings (t(1380) = -2.83, p = .005, EMM difference: -.66). No differences 

were found between plastic and glass (t(1380) = -.29, p = .774, EMM difference: -.07) 

or between plastic and aluminium (t(1380) = -1.15, p = .251, EMM difference: -.27) 

across the two levels of ocean connectedness. 

 Guilt (H3D). According to the ANOVA results, there was no significant two-

way interaction between packaging material and ocean connectedness for anticipated 

guilt (F(3,1380) = 0.35, p = .786.), and therefore this effect is not illustrated further. 
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Figure 8 

Two-Way Interaction Effect of Packaging Material and Ocean Connectedness on Willingness to 

Buy and Attractiveness 

 

Note. Standard errors are presented as ribbons. Scale ranges represent maximum and minimum 

values found in the study sample.    

  

 Hypotheses H3A – D were not supported: Although significant two-way 

interaction effects were found between material type and ocean connectedness on WTB 

and attractiveness ratings, consumers distinguished plastic less from other materials 

(carton) at high levels of ocean connectedness. Therefore, there was limited evidence of 

sensitisation towards plastic packaging in those who demonstrated high connectivity 

with the ocean. 

 

Sensitivity Analyses. To assess statistical power in the current sample, sensitivity 

analyses were conducted post-hoc for the specific effects of interest, using Monte Carlo 

simulations in the ‘simr’ package in R (Green & MacLeod, 2019). For the interaction 

effect between recyclability and ocean connectedness on WTB (observed effect size of 
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β = .34), the smallest effect size detectable with the current sample size (n = 60) whilst 

retaining acceptable level of statistical power (≥80%, alpha level 0.05) would be β = 

.13. That is, Study 1 was sufficiently powered to detect the two-way interaction effect of 

the obtained size. However, when looking at the interaction effect between material type 

and ocean connectedness on WTB (observed effect size of β = -.19 for the factor level 

glass, with plastic as the reference category), the smallest effect to be detected with the 

current sample whilst retaining acceptable level of statistical power is β = -.23. That is, 

the current sample did not have sufficient statistical power to detect an interaction effect 

between ocean connectedness and packaging material adequately. Therefore, the 

findings in Study 1 regarding the moderating effect of ocean connectedness on 

responses to packaging material should be viewed with caution. Study 2 addresses this 

issue with a larger sample size.  

 

2.5 Study 2: Consumer Responses to Packaging in an Online Survey 

2.5.1. Method 

Study 2 used the same experimental paradigm as Study 1 to assess consumer responses 

to different types of packaging. The purpose of Study 2 was to extend the sample size in 

order to address any issues with statistical power and to enable generalisation of 

findings across a wider population. Study 2 was implemented as an online survey 

administered to consumers within the UK.   

 The required sample size was estimated using Monte Carlo simulations on the 

data collected in Study 1. According to this power analysis in order to detect a small 

effect (β = -.19) for the two-way interaction between ocean connectedness and 

packaging material on WTB (specifically for the factor level ‘glass’ with ‘plastic’ as 

reference category), with acceptable statistical power of 80% (alpha level 0.05), at least 
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175 participants would be needed. A larger sample size was desired in order to achieve 

better generalisability of the findings across the UK region. 

 

Research Design and Participants. The research design was identical to that of Study 

1: A survey was followed by the experimental part with a 2 (recyclability) × 4 (material) 

× 3 (drink) repeated within-subject design. Five-hundred-and-twelve British participants 

(251 female, 261 male; quota sampled for gender and age) took part in the study via an 

online survey panel platform. The mean age of participants was 40.38 (SD = 12.78), 

and the most commonly reported regions of residence were the Midlands region (n = 

88), South-East (n = 76), North-West (n = 68), North-East Yorkshire & The Humber (n 

= 55), and London (n = 52). Each participant received a financial compensation of 

around £1.5 for taking part in the survey. 

 

Materials. In the experimental part, the same set of images were used as 

stimulus material as in Study 1. The study was implemented online using the Jisc 

Online Surveys platform.  

 

Measures. 

 Survey. Ocean connectedness was measured using the same scale as in Study 1. 

However, in this sample reliability for the full 6-item scale was somewhat low 

(McDonald’s omega ꞷ = .71). Omitting the item “My personal welfare is independent 

of the welfare of the ocean” resulted in reliability of ꞷ = .80, and therefore this item 

was omitted from the scale in further analyses. Therefore, across the current sample the 

adapted 5-item scale demonstrated good reliability (McDonald’s omega ꞷ = .80, M = 

5.07, SD = 1.14, range from 1.00 to 7.00). Further psychometrics and additional 

constructs measured in the survey are reported in Appendix A.   
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 Demographic Data. Although comprehensive sociodemographic data were 

gathered from all survey respondents, a technical error meant that the participant 

identifiers were not shared between the survey panels and the online survey, and 

therefore matching the data at an individual level was not possible.  

Dependent and control variables. Measures for brand familiarity, WTB and 

attractiveness were identical to those used in Study 1. Anticipated affective response to 

hypothetical purchase was measured with two items: Given that responses to the four 

positive emotions used in Study 1 (joyful, happy, content and relaxed) showed 

extremely high internal consistencies across the different products when inspected as a 

scale (from ꞷ = .92 to ꞷ = .97), only ‘joyful’ was used in the current study. Therefore, 

to measure anticipated PAR a statement “Buying this product would make me feel 

joyful.” was presented to the participants, with a 7-point response scale from “not at all” 

to “extremely” (Sweeney & Soutar, 2001). With 24 products rated by every participant, 

using one item only resulted in considerable reduction in survey duration and, therefore, 

potentially, in participant fatigue. Secondly, anticipated guilt was measured with one 

item “Buying this product would make me feel guilty.” and answered on the same 7-

point response scale (“not at all” to “extremely”).  

 

Procedure. Participants were directed to the online survey from their respective 

survey panel websites. Firstly, participants answered the survey questions. Following 

this, a preface to packaging waste as well as a description of a hypothetical shopping 

scene were displayed (same as in Study 1, see Appendix A). Instructions to the 

experimental paradigm and product attributes were also given on this page, before the 

24 products were presented in a randomised order. Each product was presented on its 

own page together with rating scales for WTB, anticipated affective response (joyful 

and guilty) and attractiveness.  
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Data Analysis. Protocols for data analysis, effect inference and structuring of 

random effects were identical to those in Study 1. Statistical models are specified in 

detail in Appendix A.  

 

2.5.2. Results 

Control Variables. There were no missing data, and all participants’ responses 

were included in the following descriptive and inferential analyses. As 22 per cent of 

the participants (n = 111) reported being familiar with the brand used, familiarity was 

added as a fixed effect variable onto the initial models. Adding familiarity improved 

model fit, as determined by the maximum likelihood estimate, and the effect was 

retained in the following models and analyses 7.  

 

Descriptive Analyses. Table 2 displays mean WTB, PAR, attractiveness, and 

anticipated guilt ratings across different levels of packaging recyclability and packaging 

material.  

 

 

 

 

 

 

 

 
7 Those who reported being familiar with the packaging brand gave higher ratings overall than those 

consumers who reported not being familiar with the brand. This effect was significant for WTB (F(1,512) 

= 119.09, p < .001, β = .77, 95% CI [0.63, 0.91]), anticipated PAR (F(1,512) = 101.39, p < .001, β = .68, 

95% CI [0.55, 0.81]), attractiveness (F(1,512) = 89.26, p < .001, β = .61, 95% CI [0.48, 0.74]) and guilt 

(F(1,512) = 31.66, p < .001, β = .40, 95% CI [0.26, 0.54].  
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Table 2 

Means and Standard Deviations for Willingness to Buy, Positive Affective Response, 

Attractiveness and Anticipated Guilt across Different Levels of Recyclability and Material (n = 

512)  

 Recyclability Material 

Measure Rec. Non-rec. Plastic Glass Alum. Carton 

WTB 4.11 (2.14) 3.11 (1.90) 3.60 (1.79) 3.81 (1.74) 3.56 (1.68) 3.47 (1.75) 

Anticipated 

PAR 
3.59 (1.81) 2.77 (1.65) 3.10 (1.47) 3.38 (1.52) 3.16 (1.46) 3.08 (1.48) 

Attractiveness 4.11 (1.90) 3.41 (1.79) 3.79 (1.55) 4.10 (1.56) 3.71 (1.47) 3.46 (1.59) 

Anticipated 

guilt 
2.95 (1.79) 4.10 (2.14) 3.79 (2.07) 3.31 (2.03) 3.49 (2.07) 3.51 (2.03) 

Note. Standard deviations are in parentheses.  

 

Analysis of Rating Data. 

Effect of Recyclability on Consumer Ratings (Hypotheses H1A – D) 

As can be seen in Table 2 and in Figure 9, average WTB, PAR and attractiveness 

ratings for recyclable packaging were higher than those for non-recyclable packaging. 

According to the simple main effects ANOVA with degrees of freedom obtained using 

the Satterthwaite method, this difference was significant for WTB (F(1,11776) = 

1489.63, p < .001, β = .50, 95% CI [0.47, 0.53]), PAR (F(1,11776) = 1344.86, p < .001, 

β = .41, 95% CI [0.39, 0.43]), and attractiveness (F(1,11776) = 888.43, p < .001, β = 

.35, 95% CI [0.33, 0.37]). Furthermore, recyclable packaging was rated significantly 

lower for anticipated guilt than non-recyclable packaging (F(1,11776) = 1948.87, p < 

.001, β = -.58, 95% CI [-0.60, -0.55]). Overall, recyclable packaging was rated more 

positively than non-recyclable packaging, which is in line with our hypotheses (H1A – D).  
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Figure 9 

 Average Consumer Ratings for Willingness to Buy, Positive Affective Response, Attractiveness 

and Anticipated Guilt across Levels of Packaging Recyclability (n = 512) 

 
Note. Error bars represent standard errors of the mean.  

 

 

The Moderating Effect of Ocean Connectedness: Recyclability (Hypotheses 

H2A – D) 

WTB (H2A). Adding ocean connectedness as a fixed effect into the original 

WTB model improved model fit significantly (χ2(5) = 302.59, p < .001). The ANOVA 

results showed a significant two-way interaction between recyclability and ocean 

connectedness for WTB (F(1,11776) = 247.44, p < 0.001, β = .18, 95% CI [0.15, 0.20]; 

see Figure 10 top left). Post-hoc interaction comparisons showed that respondents high 

in ocean connectedness distinguished between recyclable and non-recyclable packaging 

more than those low in ocean connectedness in their WTB ratings (t(11776) = 15.73, p 

< .001, estimated marginal mean (EMM) difference: .81). EMMs and their confidence 

intervals for all post-hoc results of interest are reported in Appendix B.  
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PAR (H2B). Adding ocean connectedness as a fixed effect into the original PAR 

model improved model fit significantly (χ2(5) = 342.56, p < .001). A significant two-

way interaction effect was found between recyclability and ocean connectedness for 

PAR (F(1, 11776) = 309.41, p < .001, β = .17, 95% CI [0.15, 0.19]; see Figure 10 

bottom left). Post-hoc interaction comparisons showed that respondents high in ocean 

connectedness distinguished between recyclable and non-recyclable packaging more 

than those low in ocean connectedness in their PAR ratings (t(11776) = 17.59, p < .001, 

EMM difference: .77).  

Attractiveness (H2C). Adding ocean connectedness as a fixed effect into the 

original attractiveness model improved model fit significantly (χ2(5) = 169.94, p < 

.001). A significant two-way interaction effect was found between recyclability and 

ocean connectedness for attractiveness ratings (F(1,11776) = 140.10, p < .001, β = .12, 

95% CI [0.10, 0.14]; see Figure 10 top right). Post-hoc interaction comparisons showed 

that respondents high in ocean connectedness distinguished between recyclable and 

non-recyclable packaging more than those low in ocean connectedness in their 

attractiveness ratings (t(11776) = 11.84, p < .001, EMM difference: .55). 

Guilt (H2D). Adding ocean connectedness as a fixed effect into the original guilt 

model improved model fit significantly (χ2(5) = 167.01, p < .001). A significant two-

way interaction effect was found between recyclability and ocean connectedness for 

anticipated guilt (F(1,11776) = 125.67, p < .001, β = -.13, 95% CI [-0.15, -0.11]; see 

Figure 10 bottom right). Post-hoc interaction comparisons showed that respondents high 

in ocean connectedness distinguished between recyclable and non-recyclable packaging 

more than those low in ocean connectedness in their anticipated guilt ratings (t(11776) = 

11.21, p < .001, EMM difference: .58). 

As hypothesised (H2A – D), significant two-way interaction effects were found 

between recyclability and ocean connectedness for WTB, PAR, attractiveness and guilt 
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ratings. As hypothesised, consumers high in ocean connectedness differentiated 

recyclable and non-recyclable packaging in their ratings more than those low in ocean 

connectedness, see Figure 10.  

 

Figure 10 

Two-Way Interaction Effect of Packaging Recyclability and Ocean Connectedness on 

Willingness to Buy, Positive Affective Response, Attractiveness and Anticipated Guilt 

 

Note. Standard errors are presented as ribbons. Scale ranges represent maximum and minimum 

values found in the study sample.    

 

 

The Moderating Effect of Ocean Connectedness: Material (Hypotheses H3A – 

D).  

WTB (H3A). The ANOVA results showed a significant two-way interaction 

between packaging material and ocean connectedness for WTB (F(3,11776) = 18.39, p 

< .001, see Figure 11 top left). Post-hoc interaction comparisons showed that 

respondents high in ocean connectedness distinguished between plastic and glass more 

than those low in ocean connectedness in their WTB ratings (t(11776) = 6.77, p < .001, 
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EMM difference: .49). However, the other two material types were distinguished from 

plastic less at high than low levels of ocean connectedness (plastic and aluminium: 

t(11776) = -4.95, p < .001, EMM difference: -.36; plastic and carton: t(11776) = -5.92, p 

< .001, EMM difference: -.43).  

PAR (H3B). The ANOVA results showed a significant two-way interaction 

between packaging material and ocean connectedness for PAR (F(3,11776) = 10.27, p < 

.001, see Figure 11 bottom left). Post-hoc interaction comparisons showed that 

respondents high in ocean connectedness distinguished between plastic and the other 

material types more than those low in ocean connectedness in their PAR ratings (plastic 

and glass: t(11776) = 5.51, p < .001, EMM difference: .34; plastic and aluminium: 

t(11776) = 3.33, p < .001, EMM difference: .21; and plastic and carton: t(11776) = 2.96, 

p = .003, EMM difference: .18).  

 Attractiveness (H3C). The ANOVA results showed a significant two-way 

interaction between packaging material and ocean connectedness for attractiveness 

ratings (F(3,11776) = 9.20, p < .001, see Figure 11 top right). Post-hoc interaction 

comparisons showed that respondents high in ocean connectedness distinguished 

between plastic and glass more than those low in ocean connectedness in their 

attractiveness ratings (t(11776) = 5.01, p < .001, EMM difference: .33). However, the 

other two material types were distinguished from plastic less at high than low levels of 

ocean connectedness (plastic and aluminium: t(11776) = -2.66, p < .001, EMM 

difference: -.24; plastic and carton: t(11776) = -3.59, p < .001, EMM difference: -.24).  

Guilt (H3D). The ANOVA results showed a significant two-way interaction 

between packaging material and ocean connectedness for anticipated guilt (F(3,11776) 

= 8.41, p < .001, see Figure 11 bottom right). Post-hoc interaction comparisons showed 

that respondents high in ocean connectedness distinguished between plastic and the 

other material types more than those low in ocean connectedness in their anticipated 
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guilt ratings (plastic and glass: t(11776) = 4.80, p < .001, EMM difference: .35; plastic 

and aluminium: t(11776) = 3.58, p < .001, EMM difference: .26; and plastic and carton: 

t(11776) = 2.34, p = .019, EMM difference: .17). 

 

Figure 11 

Two-Way Interaction Effect of Packaging Material and Ocean Connectedness on Willingness to 

Buy, Positive Affective Response, Attractiveness and Anticipated Guilt 

 

Note. Standard errors are presented as ribbons. Scale ranges represent maximum and minimum 

values found in the study sample.    

 

 

 Hypotheses H3B and H3D were supported: As can be seen in Figure 11, for PAR 

and anticipated guilt plastic was found to be distinguished from the other materials more 

at high than low levels of ocean connectedness. Hypotheses H3A and H3C received 

limited support, as only glass was distinguished from plastic more at high than low 

levels of ocean connectedness in WTB and attractiveness ratings. However, aluminium 

and carton were distinguished from plastic less at high than low levels of ocean 
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connectedness. Therefore, these results provide some evidence of sensitisation towards 

plastic packaging, albeit mostly in the affective responses.  

 

2.6 General Discussion  

In Studies 1 and 2, the effects of packaging recyclability and type of material on 

consumer responses to products were investigated. Furthermore, the moderating effect 

of ocean connectedness on these responses was examined. While everyday consumer 

decisions often seem somewhat distanced from environmental impact, it has been 

argued that making consumers aware of potential impact at the point of decision can 

facilitate behaviour change, especially if the impacts are meaningfully linked to a 

passion, or connection, to the natural environment (Pahl et al., 2017). The findings 

presented here provide evidence that consumers ‘connect the dots’ between buying a 

product and environmental repercussions, especially when they manifest high 

connectivity to the ocean.   

Both studies showed that recyclable packaging was rated more positively than 

non-recyclable packaging on average. This finding demonstrates a public appeal for 

minimising waste post-consumption. Considering that trends in environmental 

consciousness are volatile (McCallum & Bury, 2013), that the public tend to find 

recycling rules somewhat confusing (WRAP, 2018), and that some consumers may 

perceive sustainability cues as false claims or ‘greenwashing’ (Szabo & Webster, 2020), 

replicating previous findings showing a preference for recyclability is an encouraging 

finding. Furthermore, the on-packaging recyclability cues used in the current studies are 

ones that the public in the UK are exposed to on a regular basis. Therefore, results from 

Studies 1 and 2 enrich the existing evidence base on consumer responses to recyclability 

in that the products used as stimuli material were common every-day products, and that 

ecological cues on them were presented in a way that consumers are familiar with.  
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Ocean connectedness was shown to moderate recyclability preferences in both 

study samples: Packaging recyclability mattered more to those who sense a strong 

connection with the ocean, as evidenced by consumers high in ocean connectedness 

distinguishing between recyclable and non-recyclable packaging more than did 

consumers low in ocean connectedness. The obtained results therefore suggest that an 

affection for the ocean is associated with sustainable consumer behaviour. The 

mechanisms through which ocean connectedness may shape pro-environmental 

behaviours, such as consumer decisions, merit further research. For instance, literature 

on nature connectedness suggests that individuals with a stronger connectivity to natural 

environments are less likely to make decisions that can have a negative impact on the 

environment (e.g. Koenig-Lewis et al., 2014; Kollmuss & Agyeman, 2002) or on the 

‘common good’ (Weinstein et al., 2009; Zelenski et al., 2015).  

Based on the results for ocean connectedness and packaging material, it can be 

concluded that in comparison to other material types, plastic packaging was viewed as a 

more viable option by those who showed lower connectivity with the ocean. These 

findings reflect the importance of awareness about environmental harm associated with 

packaging choice. Condemnation of plastic by consumers can be partly attributed to the 

recognition of the harm caused by plastic waste to marine environments in media and 

by scientific communities in recent years (Gall & Thompson, 2015; Haward, 2018). 

Those who have a strong emotional investment and interest in marine environments are 

likely to become exposed to such messages about marine plastics through social media, 

interest groups and peers. Furthermore, upon the global ‘plastic stigma’, societal norms 

regarding packaging material may have shifted: To the least, media attention on marine 

plastics may have created an injunctive norm to reduce plastics use, therefore producing 

increased feelings of guilt for buying plastics in those who are connected with the ocean 

(Bamberg et al., 2007). On the other hand, consumers who manifest lower levels of 
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ocean connectedness may prioritise packaging properties that are less environmentally 

significant, such as the functionality of a plastic bottle in comparison to other materials.  

As discussed earlier, judging the sustainability or environmental impact of 

different material types is not straightforward. The issue with plastic packaging is that it 

is (conventionally) made of limited fossil raw materials, it may end up polluting the 

marine environment, and as waste it is persistent. Yet, there is debate regarding the 

relative sustainability of different material types for packaging (Pasqualino et al., 2011; 

von Falkenstein et al., 2010). Therefore, the statement that findings from Studies 1 and 

2 suggest that ocean connectedness is associated with sustainable packaging choice, 

only refers to the interaction between ocean connectedness and packaging recyclability. 

That is, it is not suggested that plastic packaging is less (or more) sustainable than glass, 

aluminium or carton. It is merely concluded here that there are differences between 

consumers with high and low levels of ocean connectedness in how they view plastic 

packaging in comparison to other material types.  

Furthermore, the studies reported here used a range of outcome variables to 

assess consumer attitudes. Using affective measures to complement measures of stated 

intent such as WTB builds on previous work in consumer studies (Koenig-Lewis et al., 

2014; Magnier & Schoormans, 2015; Morris et al., 2002). In the results reported here 

there was little variation in the response patterns between WTB, anticipated PAR and 

attractiveness. Furthermore, similar effect sizes were detected for the main and 

interaction effects of packaging recyclability and ocean connectedness on these outcome 

variables. Future research could investigate if the similarity in response patterns remains 

when different study designs and different types of products are used. The product used 

here is a common every-day commodity that requires minimal financial investment and 

risk. Thus, it is perhaps not surprising that responses across outcome measures followed 
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similar patterns, and if a high-involvement product were used there might be more 

substantial variation between response scales.  

The implications, both theoretical and practical, of findings from Studies 1 and 2 

should be acknowledged. Firstly, it was shown that packaging recyclability makes a 

difference in how every-day commodities are perceived by consumers: Products in 

recyclable packaging received a more positive response and were even perceived as 

more attractive. That is, it seems that consumers are persuaded by on-packaging claims 

pertaining to the potential for the material to be recycled. Therefore, prioritising 

recyclability or in other ways proclaiming circularity of packaging material may be a 

viable marketing strategy. For true impact, obviously this strategy and labelling need to 

be underpinned by strong evidence on actual recyclability and a functioning waste 

management system. Secondly, the findings highlight the importance of feeling 

connected to natural environments as a motivating factor for pro-environmental 

behaviour. While the value of issue awareness and concern should be recognised as 

instrumental to cultivating pro-environmental behaviours, the findings maintain that a 

strong connection to nature, and more specifically to the oceans, has the potential to not 

only encourage sustainable purchasing, but also to aid in minimising plastic litter and 

waste. Therefore, communications that highlight the potential harm caused by single-

use packaging to the marine environment may prove successful in the consumer context 

(e.g. European Commission, 2020; Luo et al., 2022), and those who sense a strong 

connection with the ocean might be even more persuaded by such messaging.  

Furthermore, the conceptualisation of ‘ocean connectedness’ in these studies is 

hoped to encourage further scientific inquiry on affinity toward the oceans and relevant 

pro-environmental behaviours. Psychological connectivity to the ocean was assessed 

here with a brief self-report measure that was constructed based on an existing scale 

(CNS; Mayer & Frantz, 2004). Construct validity of the scale, including convergent and 
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discriminant validity, remains to be explored in the following empirical chapters of this 

thesis. In addition, while Studies 1 and 2 did not enable linking of ocean connectedness 

with consumer sociodemographic data, the survey research reported in Chapter 3 

addresses this point further.  
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Chapter 3: Consumer Responses to All Phases of the Packaging 

Lifecycle: Extending the Research Focus to Circular Design and End-

of-Life Scenarios of Packaging 

 

 

3.1 Introduction 

As demonstrated in the previous chapter, consumers have preferences regarding the 

recyclability and material of single-use packaging. That is, these packaging features 

likely steer consumers’ buying decisions, as shown also in previous research (e.g. 

Klaiman et al., 2016; Rokka & Uusitalo, 2008). A universal preference for recyclability 

demonstrates that consumers gain utility from packaging produced using circular design 

strategies. In addition, Studies 1 and 2 shed light on preferences across material types 

(e.g. plastic and glass) and how these are shaped by perceived connection with and 

concern for oceans. As such, although these findings do not permit conclusions 

regarding the perceived sustainability of single-use packaging, they indicate that 

consumers’ preferences coincide with their environmental orientations. Indeed, previous 

research suggests that recyclability and type of raw material are among the key 

indicators that consumers take into consideration when judging the environmental 

impact of packaging (Otto et al., 2021). Overall, as suggested previously (Steenis et al., 

2018; Thøgersen, 1999; van Birgelen et al., 2009), sustainability and circularity of 

single-use packaging matter to consumers.   
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However, consumers are likely to differ in what metrics they use to infer that 

packaging material is environmentally friendly or sustainable. How a consumer 

evaluates packaging sustainability likely stems from their personal understanding and 

prioritisation of sustainability at different stages of the packaging lifecycle (Otto et al., 

2021): Some may be concerned about the carbon footprint of packaging, whereas others 

worry about generation of waste. For example, for plastic packaging carbon footprint 

considerations may be trumped by concerns about its accumulation in the marine 

environment as litter. Indeed, today’s consumers are more and more concerned about 

leakage of packaging into the environment, whereas manufacturers’ efforts are rather 

focused on promoting circularity and cutting carbon emissions (Hahladakis & 

Iacovidou, 2018). As a consequence, although these sustainability objectives are not 

mutually exclusive, such trade-offs can have adverse repercussions for consumer 

acceptance and behaviour, despite consumers having pro-environmental intentions (Boz 

et al., 2020). Unquestionably, a transition towards circular business models can help 

reduce the environmental burden of single-use packaging. However, this transition can 

be fully realised only if consumer acceptance is considered and ensured (Camacho-

Otero et al., 2018).  

Understanding consumers’ responses to the environmentally relevant properties 

of single-use packaging across its whole lifecycle is therefore a crucial starting point in 

attempts to promote circularity in the consumer sector. Acquiring a holistic view 

encompasses investigating consumer perceptions and behaviours from pre-purchase to 

post-consumption of packaging (Boz et al., 2020). This chapter presents findings from 

Study 3, implemented as a large-scale online survey assessing UK consumers’ 

responses to circular design, disposal, and end-of-life scenarios for different types of 

single-use packaging. In addition, ocean connectedness and other (environmentally 

relevant) consumer variables were measured in order to permit consumer segmentation 
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and a more nuanced understanding of the interplay between perceptions around 

packaging and consumer attributes. Furthermore, the obtained data permitted inspection 

of the associations between ocean connectedness and other environmentally relevant 

variables, thus enabling the assessment of construct validity of the novel ocean 

connectedness measure. Moreover, these associations were contrasted with those 

observed between general nature connectedness and environmentally relevant consumer 

variables, including packaging responses, which enabled an explorative inquiry into the 

conceptual differences (and similarities) between ocean and nature connectedness.  

 

3.2 Literature Review 

3.2.1. Consumer Perceptions of Packaging Sustainability across the Packaging 

Lifecycle 

As discussed above, consumers tend to focus on the post-use phase of packaging (e.g. 

recyclability) when making judgments about its sustainability. Similarly, research has 

traditionally addressed consumer perceptions of end-of-life attributes of packaging, with 

less attention paid to its beginning-of-life stage, involving origin of materials and 

environmental costs of manufacture (Herbes et al., 2020; Otto et al., 2021). One 

exception to this trend is a cross-cultural study by Herbes et al. (2018) where 

perceptions of environmentally relevant packaging attributes – and their relative 

importance – across the packaging lifecycle were studied in a sample of German, 

French and US consumers. They found that consumers place emphasis mainly on 

recyclability, reusability and biodegradability when determining how environmentally 

friendly packaging is, with German consumers expressing some concern for its 

beginning-of-life attributes (e.g. use of renewable materials). As noted by Herbes et al. 

(2018), consumers generally lacking concern for the beginning-of-life stage of 

packaging is at odds with packaging life cycle assessment studies. More specifically, 
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the production phase of the packaging lifecycle generally outweighs the post-use phase 

in terms of its environmental impact (Kang et al., 2017; Maga et al., 2019; Siragusa et 

al., 2014), although direct comparisons are hampered by the complexities of the circular 

economy of packaging and the heterogeneous nature of life cycle assessment studies. 

For example, the environmental burden of the waste management phase is contingent on 

the combination of packaging material type (e.g. plastic vs. glass), method of waste 

collection (e.g. kerbside collection vs. collection point) and, naturally, the means of 

material recovery used (e.g. recycling vs. incineration; Simon et al., 2016).  

From the consumer perspective, this emphasis on end-of-life is not surprising: 

After all, consumers mostly engage in the end-of-life stage of packaging with their 

disposal decisions and behaviour. Furthermore, although consumers generally value an 

eco-friendly packaging manufacturing process (Nguyen et al., 2020; Scott & Vigar‐

Ellis, 2014), an average consumer does not possess sufficient knowledge about 

packaging production, and their perceptions are easily influenced by media (Clark et al., 

2020). Sustainable packaging of fast-moving consumer goods has evolved rapidly over 

the past decades, due to recent technological advancements in the industry (e.g. 

Mohanty et al., 2018; Rai et al., 2021). It is therefore evident and unsurprising that 

consumers cannot keep up with the changing packaging landscape and may lack 

knowledge on environmentally advantageous novel packaging solutions (Ketelsen et al., 

2020). For example, the often-used term ‘bioplastic’ is not easily understood by 

consumers, because it can refer to either bio-based plastic or plastic that is 

biodegradable (Dilkes-Hoffman et al., 2019).  
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3.2.2. Consumer Perceptions of Bio-Based Plastic Packaging 

Bio-based plastics8 are perceived to hold an advantage over conventional fossil-based 

plastics in that bio-based plastics use renewable material as the primary carbon source 

(Rosenboom et al., 2022). In terms of other metrics of environmental impact, such 

comparisons are more equivocal: Arable land is required for growing the feedstock used 

in bio-based plastic production, partly compromising the benefits associated with bio-

based plastics in terms of reduction in greenhouse gas emissions (Van den Oever et al., 

2017). Furthermore, as reviewed by Shen et al. (2020), wider use and development of 

bio-based plastic is currently hampered by its limited technological feasibility and thus 

relatively high material price. On the global scale, production of bio-based plastics is 

expected to increase from 2.11 million tonnes in 2019 to approximately 2.43 million 

tonnes in 2024 (Halonen et al., 2020). As their use in packaging solutions is on the 

increase, research on consumer perceptions towards bio-based plastics has emerged 

over the last decade. Onwezen et al. (2017) found that consumers’ response to bio-based 

beverage packaging is determined not only by cognitive deliberation but also 

ambivalence and aversion. However, in two multi-country studies by Reinders et al. 

(2017) use of bio-based materials was consistently viewed as a positive utility by 

consumers, with increased content of bio-based material in packaging resulting in 

higher purchase intentions. Yet, Irish consumers and students showed reluctance to pay 

more for bio-based plastics, expressing scepticism towards the bio-based plastics 

industry and concerns about certain types of waste (e.g. animal waste) being used for 

packaging production (Mehta et al., 2021). The researchers note implications to 

informational strategies, suggesting that the industry could benefit from introducing 

 
8 Bio-based plastics are plastics that are at least partly derived from biological resources; including for 

example starch and cellulose polymers, polylactic acid (PLA) and poly-β-hydroxybutyrate (PHB; Pan et 

al., 2016).  
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transparency to consumer communications regarding the beginning-of-life processes 

and environmental impacts of bio-based plastics. Finally, research by Zwicker et al. 

(2020) found that consumers’ willingness to pay more for a bottle made of bio-based 

plastics (as opposed to conventional plastic) was best predicted by feelings of guilt, 

signifying the impact of moral considerations on packaging preference.  

  

3.2.3. Consumer Perceptions of Biodegradable Plastic Packaging 

Some bio-based plastics, but not all, have been designed for biodegradability in the 

natural environment or in home/industrial composters9. In 2016 approximately 0.6% of 

plastic end products in the European market were biodegradable (Hann et al., 2020). 

Use of biodegradable plastic in single-use packaging solutions extends the variety of 

end-of-life disposal options beyond recycling, incineration and landfill (Davis & Song, 

2006). As noted by Hottle et al. (2013), the environmental impact of biodegradable 

plastic is largely dependent on its end-of-life management, and the realisation of its 

advantages is currently limited by the lack of appropriate end-of-life infrastructure. 

However, as reviewed earlier, biodegradability as a packaging attribute is valued highly 

by consumers: In a consumer survey by Herbes et al. (2018), a majority of the 

respondents chose biodegradability as a key ‘green’ (i.e. environmentally friendly) 

packaging attribute. Moreover, in an online choice experiment by Wensing et al. (2020), 

German consumers showed a willingness to pay a price premium of 34.0% for 

compostable packaging, while premiums for recyclable and bio-based packaging were 

30.2% and 22.8%, respectively. Furthermore, in an online survey of consumers from 42 

countries (Filho et al., 2022), main barriers for using biodegradable products included 

limited availability, relatively high cost, concerns about material quality, and lack of 

 
9 Biodegradable plastics can be produced from fossil or bio-based raw material (Hann et al., 2020). These 

materials have been designed to biodegrade in soil, water or compost under certain conditions during 

disposal (e.g. temperature and presence of oxygen, nutrients and micro-organisms) in varying timeframes 

(Van den Oever et al., 2017).  
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awareness about their properties and benefits. Similarly, Allison et al. (2021) found high 

levels of skepticism over claims of packaging biodegradability among British 

consumers, demonstrating a need to reduce ambiguity around packaging labels 

‘biodegradable’ and ‘compostable’. In addition, environmental orientations are 

associated with a preference for biodegradable packaging, as they are with preferences 

for ‘green’ packaging in general. For example, individuals with high biospheric values 

showed higher willingness to pay for compostable and plantable plant containers 

(Khachatryan et al., 2014).  

 Consumers tend to dispose of biodegradable (compostable) packaging 

incorrectly (Taufik et al., 2020). Furthermore, concerns over unintended consequences 

of biodegradability of packaging have been expressed. More specifically, some people 

may believe that the negative impacts of littering do not apply to biodegradable items, 

and therefore discarding them into the environment may be seen as acceptable (Haider 

et al., 2019). Therefore, marketing of packaging as biodegradable or compostable might 

undermine consumers’ perceived responsibility over its appropriate disposal. However, 

according to a review by Hann et al. (2020), recent empirical evidence correlating 

biodegradable plastics with increased tendency to litter is lacking, and further research 

is needed. Yet, increased availability of novel biodegradable packaging solutions paired 

with limited consumer knowledge might contribute to techno-optimism (Barry, 2012), 

potentially shifting end-users’ perceptions around the issue.   

 

3.2.4. Consumer Responses to End-of-Life Scenarios for Packaging 

Although various studies have addressed consumer perceptions around the end-of-life 

stage of packaging (e.g. recyclability and disposability; Heiniö et al., 2017; Löfgren et 

al., 2011; Rokka & Uusitalo, 2008; Songa et al., 2019), research examining consumer 

responses to end-of-life scenarios and disposal strategies is lacking (but see Taufik et 
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al., 2020 for disposal behaviour). A crucial step in the production of circular products 

and services, including packaging solutions, is design for end-of-life (Marconi & 

Germani, 2017). Such strategies can only work if producers’ intentions align with 

consumers’ perceptions and behaviour at the end-of-life stage. For example, designing 

packaging for maximum value recovery is not desirable if end-users do not prioritise 

value recovery. Similarly, the benefits of implementing sophisticated recovery 

infrastructures (e.g. deposit return schemes) cannot be realised fully if consumers are 

content with currently available methods for value recovery. In such cases, producers 

can redirect efforts into maximising other aspects of packaging sustainability, such as 

cutting the carbon footprint of the packaging production supply chain. Therefore, 

mapping consumers’ perceptions of end-of-life scenarios and disposal of packaging can 

guide the design of environmentally relevant features packaging and/or relevant 

infrastructures.   

Furthermore, as noted by Herbes et al. (2020), environmentally relevant 

attributes of packaging are often credence attributes. That is, consumers cannot verify 

but must trust producers’ claims regarding packaging material content and recyclability, 

for instance. Similarly, the ultimate end-of-life fate of packaging, such as it ending up in 

recycling or in landfill, is not within the consumers’ control: The end-user can only trust 

that waste management authorities handle packaging waste in an appropriate manner 

post-disposal. Previously, in the context of waste recycling, consumers have attributed 

failure to recycle to mistrust in the local waste management authority (WRAP, 2017). 

Similarly, Rompf (2014) demonstrated that recycling behaviour is associated with high 

system trust. Therefore, trust in the waste management system is likely to shape 

consumers’ perceptions of various end-of-life scenarios for packaging.  
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3.2.5. The Kano Model of Consumer Satisfaction 

Various approaches exist for mapping consumers’ perceptions of products and their 

features. The Kano model of consumer satisfaction (Kano, 1984) enables the assessment 

of the importance of product features (e.g. packaging recyclability) from a consumer’s 

viewpoint, both qualitatively and quantitatively. Therefore, when consumer satisfaction 

and acceptance are of interest, the Kano model can be used to capture a more nuanced 

understanding of consumer response, in comparison to traditional rating-based 

questionnaires, choice paradigms and willingness-to-pay methods often used in 

consumer research. The Kano model is based on the theory of attractive quality (Kano, 

1984) with the premise that product attributes that cause satisfaction in consumers are 

different from those that cause dissatisfaction. That is, different product attributes have 

differing degrees of sufficiency in causing user satisfaction. As such, the Kano model 

proposes a methodology for determining, for example, which product features are 

required and which are simply desired or irrelevant for consumers. More specifically, 

five categories of quality features that influence consumer satisfaction differently are 

specified: must-be features, one-dimensional features, attractive features, indifferent 

features, and reverse features.  

 

 Must-be Features. These are basic features that are taken for granted but cause 

dissatisfaction when not present in a product. Therefore, consumers would not 

specifically request these features, but simply expect them to be fulfilled. For single-use 

packaging, the ability to provide protection, for example, could be classified as a must-

be feature (Löfgren et al., 2011).  
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 One-dimensional Features. These features have a linear relationship with 

consumer satisfaction: Their fulfilment results in satisfaction, and consumers are 

dissatisfied when they are not fulfilled. For example, user-friendliness could be 

regarded as a one-dimensional feature of packaging (Löfgren et al., 2011).  

 

 Attractive Features. These features are considered positive surprise attributes 

which are not expected, nor does excluding them cause dissatisfaction, but their 

fulfilment results in consumer satisfaction. Attractive features are thought of as the most 

important ‘delight’ attributes for consumer satisfaction (Sauerwein et al., 1996). 

Packaging resealability, for example, could be categorised as an attractive feature 

(Löfgren et al., 2011).  

 

 Indifferent Features. These features do not result in either satisfaction of 

dissatisfaction. In other words, consumers do not care about these features. For 

packaging, attractiveness of label print could be an indifferent feature (Löfgren et al., 

2011).  

 

 Reverse or Questionable Features. These features result in consumer 

dissatisfaction when fulfilled and satisfaction when absent. Alternatively, a feature can 

be categorised as questionable if there is a lot of variability in consumer response to said 

feature.  

 The relationship between feature fulfilment (i.e. functionality) and consumer 

satisfaction for must-be, one-dimensional and attractive features is displayed in Figure 

12.  
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Figure 12 

Relationship between Product Functionality and Consumer Satisfaction (Kano, 1984).  

 

 

 The Kano model lends itself to assessment of consumer responses to, and 

acceptance of, various environmentally relevant features of single-use packaging. For 

example, Löfgren and Witell (2005) and Williams et al. (2008) applied the Kano 

method to investigate consumer satisfaction with various ergonomic, technical and 

communicative quality attributes of packaging. More recently, Kovačević and Bota 

(2021) used a Kano survey to assess consumer perceptions of 14 packaging attributes, 

including recyclability and disposability. Across these studies, recyclability of 

packaging material was classified as an attractive feature, signifying that consumers 

appreciate packaging recyclability but do not expect it. Furthermore, Atlason et al. 

(2017) applied the Kano method to study how end-users perceived different disposal 

methods (collection from home and delivery to shop) and end-of-life scenarios (reuse, 

recycling and remanufacturing) for household electronic products. Their findings 

showed that, in general, consumers found reuse as the most attractive end-of-life 

scenario for these products. In addition, women perceived all three end-of-life scenarios 
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more favourably than men, providing evidence that differences across user segments 

should be acknowledged in the design of product circularity.   

 

3.2.6. Segmentation 

Segmentation is a social marketing approach which entails grouping of individuals into 

clusters (segments) based on a selection of individual-level variables such as 

sociodemographic factors, attitudes and motivations (Lee & Kotler, 2015). 

Segmentation of the public on the basis of environmentally relevant attitudes and 

motivations, or, ‘green segmentation’, can inform the design of tailored communication 

approaches, which can help promote behaviour change and ultimately aid in the 

attainment of environmental and sustainability objectives (e.g. Do Paco & Raposo, 

2009; Martel-Morin & Lachapelle, 2022). Existing green segmentation models can be 

roughly divided into general, problem-specific and domain-specific approaches. General 

approaches aim for a wide applicability across different pro-environmental behaviours 

and have been developed to address a variety of sustainability policy areas (Verplanken, 

2018; Yilmazsoy et al., 2015). An example of such approach is the sustainability 

segmentation model of the Welsh population developed by Poortinga and Darnton 

(2016): Based on a collection of psychological variables, including personal values, 

sustainability perceptions, attitudes towards climate change and place attachment, 

members of the general public were segmented into six sustainability clusters ranging 

from ‘enthusiasts’ to ‘self-reliant’. The discovered segments were shown to have unique 

profiles in terms of sociodemographic characteristics and self-reported pro-

environmental behaviour. Problem-specific segmentation approaches, on the other hand, 

address particular environmental issues such as climate change (Detenber et al., 2016; 

Maibach et al., 2011; Martel-Morin & Lachapelle, 2022) or, more recently, plastic 

pollution (Adam et al., 2021; Borg et al., 2021); while domain-specific segmentation 
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approaches aim to uncover population segments in regard to specific behaviours, such 

as energy use (Gordon et al., 2015; Sütterlin et al., 2011), tourism and travel behaviours 

(Anable, 2005; Blamey & Braithwaite, 1997; dos Reis et al., 2022; Kastenholz et al., 

2018) or environmental consumerism (Do Paco & Raposo, 2009; Golob & Kronegger, 

2019; González et al., 2015; Gwozdz et al., 2017; Lee & Haley, 2022; Newton & 

Meyer, 2013, Su et al., 2019).  

 Although various existing segmentation models have addressed sustainable 

consumer behaviour, only few have recently focused on sustainable packaging (e.g. 

Beacom et al., 2021; Chirilli et al., 2022; McCarthy & Wang, 2022). As the public’s 

interaction with packaging spans several behavioural domains (product purchase, use 

and disposal), segmentation for sustainable packaging could be most accurately 

described as its own context-specific segmentation approach. Understanding of 

consumer dynamics in sustainable packaging preferences can help in the development 

of marketing and policy strategies that cater to different packaging consumer groups 

based on their characteristics and values. This mission has become increasingly central 

to the packaging industry that is currently in the process of revolution due to emerging 

packaging alternatives and regulations (Boz et al., 2020). Marketers and policy makers 

operating within the sustainable packaging industry may therefore benefit from context-

specific guidance on effective communication efforts and interventions. As an example 

of a segmentation approach to sustainable packaging, Chirilli et al. (2022) used data on 

self-reported packaging-related sustainability behaviours to identify four consumer 

segments (‘More sustainable – packaging-role-oriented’, ‘More sustainable – packaging 

minimisers’, ‘Less sustainable’ and ‘Medium sustainable’). These segments could be 

further distinguished from one another in terms of consumers’ perceptions of what 

makes packaging sustainable and what elements should be included on the packaging 

label. For example, the ‘Less sustainable’ group, in comparison to the other groups, 
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perceived packaging material as a less important attribute at the point of product 

purchase, and they less agreed that packaging is sustainable if it is made of recycled 

materials. Similarly, this group placed less importance on sustainability-relevant label 

information on packaging, such as instructions for disposal or general indications of 

packaging ecological footprint. Therefore, traditional means of communicating about 

packaging sustainability, for example via messages on packaging labels, may not be 

effective or sufficient in nudging more sustainable purchasing in this consumer 

segment. Moreover, the four segments identified by Chirilli et al. (2022) differed in 

regard to sociodemographic variables, with the ‘More sustainable’ groups having a 

higher proportion of females, and the ‘Less sustainable’ group including a higher 

proportion of young people. However, no differences were found across the segments in 

terms of educational level.  

 A key step in the consumer segmentation process is deciding on the selection of 

variables used to assign consumers to different segments. The segmentation criteria for 

green segmentation models commonly include generally accepted determinants of pro-

environmental behaviour, such as sociodemographic characteristics (e.g. age, gender, 

level of education), and pro-environmental attitudes and values. As demonstrated by 

Sargisson et al. (2020), sociodemographic variables, although easy to measure and 

apply in market segmentation (Jain & Kaur, 2006), are an insufficient criterion for green 

segmentation and should therefore be accompanied by psycho-environmental variables 

such as value orientations. In addition, as noted by Yankelovich and Meer (2006), 

including behaviour-based variables in the marketing segmentation criteria ensures that 

profiling of the target population recognises the nuances of the respective context and 

can thus provide a fruitful requisite for behaviour change. Sustainable packaging 

segmentation approaches should therefore acknowledge the behavioural elements in 

how consumers relate to packaging, such as their waste management behaviours (e.g. 
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Chirilli et al., 2022). In summary, segmentation for sustainable packaging should 

include a collection of variables that bear relevance for consumer interactions with 

packaging across its lifecycle. These have been reviewed above and in more detail in 

Chapter 1.  

 

3.3 Study 3: Consumer Responses to Circular Design and End-of-Life Scenarios 

for Packaging 

Following from Studies 1 and 2, Study 3 was designed to capture a thorough assessment 

of consumer perceptions regarding single-use packaging, through its entire lifecycle. 

Taking a marketing research approach, Study 3 used the Kano model for user 

satisfaction (Kano, 1984) to gauge the relative importance of various environmentally 

relevant features of packaging from the end user’s perspective (see graphical abstract in 

Figure 13). Features pertaining to packaging circular design, disposal and 

environmental cost of production were examined, as well as a range of end-of-life 

scenarios for packaging. Following from the findings in Studies 1 and 2, where the 

largest contrasts in consumer evaluations were found between (conventional) plastic and 

glass, these two materials were inspected. In addition, biodegradable plastic packaging 

was included as a third material type. Furthermore, consumer demographics and 

environmental orientations previously associated with packaging preferences and pro-

environmental behaviour (e.g. nature and ocean connectedness, marine litter concern 

and value orientations) were assessed, and consumer segments were created 

accordingly, in order to enable comparisons of the Kano results across various 

consumer profiles. In addition, the obtained survey data on consumer characteristics 

enabled further appraisal of convergent and discriminant validity of the novel measure 

of ocean connectedness, and permitted conceptual comparisons between ocean and 

nature connectedness.  
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 Therefore, Study 3 addressed the following research questions:  

1.) Which environmentally relevant features and end-of-life scenarios of single-use 

packaging matter to the consumer (if any)?  

2.) How important are these features, both quantitatively and qualitatively?  

3.) Does the importance of these features differ across material types?  

4.) Does the importance of these features vary across consumer segments, and how?  

5.) Are there conceptual differences between ocean connectedness and nature 

connectedness in terms of their associations with other environmentally relevant 

orientations, consumer characteristics and packaging responses? 

 

Figure 13 

Graphical Abstract for Study 3.  

 

 

 

3.3.1. Method 

Research Design and Participants. Study 3 was implemented as an online 

survey. Before data collection commenced, the study procedure and materials were 

reviewed and approved by the University’s Faculty of Science and Engineering Human 
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Ethics Committee. Eligibility criteria for the study included regular participation in 

grocery and household goods shopping. 1,177 British consumers10 (597 female, 575 

male, 5 other; quota sampled for age and gender) participated in the study via an online 

survey panel platform and received a small financial compensation. The mean age of 

participants was 40.62 (SD = 13.15), with the majority being nationals of England (n = 

417), followed by Scotland (n = 381) and Wales (n = 376).  

 

Measures.  

Willingness to Buy Single-use Packaging. In order to assess consumption 

habits, like in Studies 1 and 2, the questions “How likely would you be to buy a drink 

bottle made of conventional plastic / glass / biodegradable plastic?” were asked at the 

very beginning of the consumer survey. These questions were answered on a 7-point 

Likert scale from “not at all likely” to “extremely likely”.  

 Kano Survey. A Kano survey was created in order to capture consumers’ 

responses to seven environmentally relevant packaging features or end-of-life scenarios 

of interest, across three material types. Following a traditional Kano survey approach 

(Kano, 1984), two questions are asked for each feature: “If feature X is present in the 

product, how do you feel?” (i.e. the ‘functional’ question) and “If feature X is not 

present in the product, how do you feel?” (i.e. the ‘dysfunctional question’). The 

features and end-of-life scenarios as well as the exact question pairs used in Study 3 are 

presented in Table 3. Each question was answered by choosing one of the following 

response options: 1) I like it, 2) I expect it, 3) I’m neutral, 4) I can tolerate it, and 5) I 

dislike it (wordings adapted from Dace et al., 2020 for brevity and clarity). At the end of 

the Kano survey, following recommendations from previous research (e.g. Berger et al., 

 
10 As no guidelines exist for the sample size required for a Kano analysis, we aimed to collect 400 

responses from each country in Great Britain, with a total aimed sample size of 1,200. Altogether 1,347 

survey responses were obtained and screened for incomplete responses and ‘one-liners’, resulting in a 

final sample size of 1,177.  
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1993; Löfgren & Witell, 2005), a stated importance question “How important is it to 

you that feature X is present in the product?” was asked for each of the seven features 

(or end-of-life scenarios) of interest, across the three material types, in order to capture a 

quantitative measure of importance. These questions were answered on a 7-point scale 

from “not at all important” to “extremely important”.   

 Recycling Habits. A question about recycling habits was included in the survey 

as a measure of pro-environmental behaviour, enabling consumer segmentation 

accordingly (like in Atlason et al., 2017). The question “How often do you recycle the 

following materials at home?” was asked, with five types of materials commonly 

recycled in the UK listed (paper or cardboard; plastic; glass; metal, aluminium or tin; 

and clothing or textiles). Answers were given on a 5-point scale from “never” to 

“always”, and the mean of the five answers was computed in order to obtain a recycling 

score for each respondent (McDonald’s omega reliability of the scale was ꞷ = .83). 

 Nature Connectedness. Given that Studies 1 and 2 found an association 

between ocean connectedness and packaging preference, but did not assess overall 

nature connectedness, this measure was included in the current survey. The 

connectedness to nature scale (CNS; Mayer & Frantz, 2004) is designed to measure the 

sense of belonging with the natural world. The scale contains 14 statements (e.g. “I 

often feel a sense of oneness with the natural world around me.”). In the current survey, 

the statements were answered on 7-point Likert-scale with a range from “strongly 

disagree” (1) to “strongly agree” (7). The CNS has favourable psychometric properties 

(Mayer & Frantz, 2004), and reliability of the scale was high in the current sample (ꞷ = 

.88).  

 

Table 3 

Environmentally Relevant Packaging Features and End-of-life Scenarios, and the Relevant 

Question Pairs Included in the Kano Survey in Study 3.  
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Packaging feature or 

end-of-life scenario 
Functional question Dysfunctional question 

Made of recycled 

(or bio-based) 

materiala 

If a [MATERIAL TYPE] bottle is 

made of recycled material, how do 

you feel?  

 

If a [MATERIAL TYPE] bottle is 

not made of recycled material, how 

do you feel? 

Produced at low 

environmental cost 

If a [MATERIAL TYPE] bottle has 

been manufactured at a low 

environmental cost / carbon 

footprint, how do you feel? 

 

If a [MATERIAL TYPE] bottle has 

been manufactured at a high 

environmental cost / carbon 

footprint, how do you feel? 

Recyclable (or 

compostable) 

materialb 

If the material in a [MATERIAL 

TYPE] bottle can be fully recycled 

after you have discarded it (i.e. it 

doesn’t end up landfill), how do you 

feel? 

 

If the material in a [MATERIAL 

TYPE] bottle cannot be recycled 

after you have discarded it (i.e. it 

ends up in landfill instead), how do 

you feel? 

Value recovery in 

other waysc 

If the material in a [MATERIAL 

TYPE] bottle ends up being 

incinerated in a waste-to-energy 

centre after you have discarded it 

(instead of it ending up in landfill), 

how do you feel? 

 

If the material in a [MATERIAL 

TYPE] bottle does not end up being 

incinerated in a waste-to-energy 

centre after you have discarded it 

(and it ends up in landfill instead), 

how do you feel? 

Clear instructions 

for disposal 

If a [MATERIAL TYPE] bottle 

displays clear instructions on how to 

dispose of it (such as which bin to 

put it in), how do you feel? 

 

If a [MATERIAL TYPE] bottle 

does not display clear instructions 

on how to dispose of it (such as 

which bin to put it in), how do you 

feel? 

Captured in the 

waste management 

system 

If a [MATERIAL TYPE] bottle 

stays within the waste management 

system after you have discarded it 

(rather than escapes into the natural 

environment), how do you feel? 

 

If a [MATERIAL TYPE] bottle 

escapes into the natural environment 

after you have discarded it (rather 

than stays within the waste 

management system), how do you 

feel? 

Deposit return 

scheme in place 

If a [MATERIAL TYPE] bottle can 

be taken to a bottle return point for 

a refund after use (i.e. there is a 

deposit return scheme in place), 

how do you feel? 

If a [MATERIAL TYPE] bottle 

cannot be taken to a bottle return 

point for a refund after use (i.e. 

there is no deposit return scheme in 

place), how do you feel? 

Note: Material types included conventional plastic, glass and biodegradable plastic.  
a This feature reflects circularity in the beginning-of-life phase of packaging. For biodegradable plastic, 

the following question pair was used: “If a biodegradable plastic bottle is made from bio-based materials 

(such as plants) instead of fossil fuels, how do you feel?” and “If a biodegradable plastic bottle is made 

from fossil fuels, how do you feel?”.  
b This feature reflects the preferred circular scenario for value recovery of packaging. For glass, the 

following question pair was used: “If a glass bottle can be recycled into a new bottle after you have 

discarded it (i.e. it doesn’t end up in landfill), how do you feel?” and “If a glass bottle cannot be recycled 

into a new bottle after you have discarded it (i.e. it ends up in landfill instead), how do you feel?”. For 

biodegradable plastic, the following question pair was used: “If the material in a biodegradable plastic 

bottle can be fully recovered by composting after you have discarded it (i.e. it doesn’t end up in landfill), 

how do you feel?” and “If the material in a biodegradable plastic bottle cannot be recovered by 

composting after you have discarded it (i.e. it ends up in landfill instead), how do you feel?”.  
c This feature reflects alternative value recovery when optimal circular value recovery cannot be realised. 

For glass, the following question pair was used: “If the material in a glass bottle can be fully recycled 

into some other product after you have discarded it (i.e. it doesn’t end up in landfill), how do you feel?” 

and “If the material in a glass bottle cannot be recycled into any other product after you have discarded it 

(i.e. it ends up in landfill instead), how do you feel?”.  
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 Ocean Connectedness. Following from Studies 1 and 2, the 6-item ocean 

connectedness scale11 adapted from the CNS (Mayer & Frantz, 2004) was used to 

measure the strength of perceived affinity towards the oceans (e.g. “I often feel a sense 

of oneness with the natural world around me.” changed to “I often feel a sense of 

oneness with the ocean around me.”). The statement items were answered on 7-point 

Likert-scale with a range from “strongly disagree” (1) to “strongly agree” (7). In the 

current sample the scale showed acceptable levels of reliability (ꞷ = .74).  

 Marine Litter Concern. Due to the significant association between marine litter 

concern and packaging preferences found in Studies 1 and 2 (reviewed in the Appendix 

B), nine items adopted from the MARLISCO Perceptions about Marine Litter survey 

(Hartley et al., 2018) were used to measure awareness of and concern over marine litter 

in the present survey. Each statement (e.g. “I am very concerned about the impacts of 

marine litter.”) was answered on a 7-point Likert-scale with a range from “strongly 

disagree” (1) to “strongly agree” (7). In the current sample the scale showed high 

reliability (ꞷ = .90). 

 Trust in the Waste Management System. As trust in the waste management 

system is likely to shape how consumers respond to packaging end-of-life scenarios, 

this variable was assessed in the current survey. Based on the work by Rompf (2014), 

three statements assessing perceptions of system reliability (“I can rely on the council to 

recycle the materials I put out for recycling.”), effectiveness (“I think that the council is 

effective in how it deals with my recyclable waste.”) and norm-enforcement (“I think 

that my council enforces recycling.”) were included and answered on a 7-point Likert-

scale with a range from “strongly disagree” (1) to “strongly agree” (7). The mean of the 

 
11 In Study 2, the ocean connectedness scale item “My personal welfare is independent of the welfare of 

the oceans.” (reverse coded) correlated negatively with the other scale items, and therefore it was 

changed to “My personal wellbeing does not depend on the wellbeing of the ocean.” in Study 3.  
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three answers was computed in order to obtain a trust score for each respondent, and 

reliability of the three-item scale was high in the current sample (ꞷ = .82). 

 Value Orientations. Value orientations predict a number of pro-environmental 

behaviours, such as participation in waste recycling (Barr et al., 2003) and pro-

environmental intentions in general (De Groot & Steg, 2008). Therefore, value 

orientations are expected to predict consumer perceptions of packaging, too, but 

research on the issue is virtually non-existent (as reviewed in Chapter 1). Value 

orientations were assessed in the current study, as recommended by De Groot and Steg 

(2008): Altogether twelve core values were presented to the participants, and 

participants were instructed to rate the importance of each value on a 7-point Likert-

scale from “not at all important” (1) to “extremely important” (7). Three main value 

orientations were assessed: Egoistic (including value items social power, wealth, 

authority and influential), altruistic (equality, a world at peace, social justice and 

helpful) and biospheric (preventing pollution, respecting the Earth, unity with nature 

and protecting the environment). Mean scores for each value orientation were 

computed, and scale reliabilities for all three were high (ꞷ = .82; ꞷ = .88; ꞷ = .91, 

respectively).  

 Sociodemographic Questions. Sociodemographic questions included variables 

previously associated with pro-environmental orientations and packaging responses. In 

addition to age, gender and level of education, distance of home from the coast was 

included as an exploratory variable that was expected to associate with ocean 

connectedness and other environmentally relevant perceptions.  

 

Data Analysis. 

Kano Modelling. Kano modelling was conducted within the R environment (R 

Core Team, 2017), following the procedure outlined by Atlason and Giacalone (2018). 
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As the first step, the survey respondents’ answers to the functional and dysfunctional 

questions (see Table 3) are collected into a classification table, presented in Table 4. 

Based on the mode of answers to each question pair from the surveyed sample, the 

product features of interest (here: packaging features and end-of-life scenarios) are 

classified into the Kano categories (must-be features, one-dimensional features, 

attractive features, indifferent features, and reverse/questionable features). In addition, 

two numerical values are calculated for each feature: consumer satisfaction score (CS; 

range from 0 to 1) and dissatisfaction score (DS; range from 0 to -1). These values 

denote user satisfaction when the feature is fully realised, and dissatisfaction when the 

feature is fully excluded, respectively. Equations for calculating these scores are 

outlined in Atlason and Giacalone (2018).  

 Kano categories, as well as CS and DS values, were determined for the seven 

packaging features and end-of-life scenarios of interest, separately for each material 

type (conventional plastic, glass and biodegradable plastic). Kano modelling was firstly 

done on the survey sample as a whole, and then for each of the consumer segments 

separately.  

 

Table 4 

Kano Classifications Based on Answers to Functional and Dysfunctional Questions.   

Functional  Dysfunctional 

 1. I like it 2. I expect 

it 

3. I’m neutral 4. I can 

tolerate it 

5. I dislike it 

1. I like it Q A A A O 

2. I expect it R I I I M 

3. I’m neutral R I I I M 

4. I can 

tolerate it 
R I I I M 

5. I dislike it R R R R Q 
Note: A = Attractive; O = One-dimensional; M = Must-be; I = Indifferent; R = Reverse; Q = 

Questionable.  
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Consumer Segmentation. The survey sample were clustered into segments on 

the basis of both sociodemographic variables (gender, age, level of education and 

distance from coast) and environmental orientations (recycling behaviour, nature 

connectedness, ocean connectedness, marine litter concern, trust in the waste 

management system, egoistic value orientation, altruistic value orientation and 

biospheric value orientation). Clustering enabled grouping of survey data into clusters, 

such that the data within the same cluster are as similar to each other as possible, yet as 

different as possible from the other clusters. Clustering was conducted using a k-

prototype algorithm (Huang, 1998). This clustering method is an extension to traditional 

k-means clustering and can be applied to data containing both continuous and factor 

variables. K-prototype clustering was done using the ‘clustMixType’ package in R 

(Szepannek, 2018). The algorithm computes cluster prototypes as cluster means for 

continuous variables and modes for factor variables. The optimal number of clusters to 

be extracted was determined by inspecting the within sums of squares for each cluster 

solution (also known as the elbow criterion; Syakur et al., 2018).  

Comparing Ocean Connectedness and Nature Connectedness. In order to 

explore the conceptual differences and similarities between ocean connectedness and 

nature connectedness, their associations with other variables were assessed. These 

variables included those previously associated with nature connectedness and/or pro-

environmental behaviour, namely sociodemographic variables age, gender, level of 

education, and distance from the coast; and environmental orientations (marine litter 

concern, value orientations and recycling behaviour). In addition, the associations 

between the two connectedness variables and consumer responses to packaging 

(willingness to buy single-use packaging made of conventional plastic / glass / 

biodegradable plastic) were explored. Bivariate Pearson correlations were used for 

continuous variables, while Spearman correlations were used for ordinal variables (level 
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of education and distance from the coast12). To assess whether there were reliable 

differences in the magnitudes of the computed correlation coefficients (i.e. whether 

ocean connectedness correlated more strongly or weakly than nature connectedness with 

the variables of interest), Zou’s confidence intervals were computed using the ‘cocor’ 

package in R (Diedenhofen & Musch, 2015). These confidence intervals are suited for 

comparing dependent and overlapping correlations (i.e. correlations within the same 

dataset that have one variable in common) and are easily interpretable (Zou, 2007). In 

addition, gender differences in ocean and nature connectedness were assessed with 

independent samples t-tests (female vs. male), with participants in the ‘Other’ gender 

category left out of the analysis due to very small sample size (n = 4).   

 

3.3.2. Results 

Kano Results: Whole Survey Sample (n = 1,177). Results from the Kano 

modelling on the whole survey sample are presented in Table 5. As shown, the majority 

of the features and end-of-life scenarios were perceived by the consumers as indifferent. 

Features ‘clear instructions for disposal’ and ‘deposit scheme in place’ were classified 

as indifferent for all material types.  

 The only feature classified as a must-be feature was ‘captured in waste 

management system’ for conventional plastic packaging, indicating that consumers 

were greatly dissatisfied if plastic packaging, but not glass or biodegradable, ends up in 

the natural environment. In addition, consumers valued glass packaging that is made of 

recycled materials, but did not expect it per se. Furthermore, feature ‘produced at low 

environmental cost’ only mattered for glass and biodegradable packaging, and it had a 

linear relationship with consumer satisfaction. Finally, recyclability (or compostability 

 
12 Distance from the coast was treated as an ordinal variable due to extreme values in the data. The 

ordinal categories were ≤ 1 miles; > 1 – 5 miles; > 5 – 20 miles; > 20 – 50 miles; and > 50 miles.  
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for biodegradable plastic) was valued for all material types, and this feature had a linear 

relationship with user satisfaction.  

 

Table 5 

Kano Classifications, CS Scores, DS Scores and Mean Stated Importance Scores for Packaging 

Features and End-of-life Scenarios, across Three Material Types.  

 Packaging material type * 

 Conventional plastic Glass Biodegradable plastic 

Packaging 

feature or end-

of-life scenario 

Kano 

class.  

CS DS Mean 

stated 

imp. 

(SD) 

Kano 

class.  

CS DS Mean 

stated 

imp. 

(SD)  

Kano 

class.  

CS DS Mean 

stated 

imp.  

(SD) 

Made of 

recycled (or 

bio-based) 

material 

 

Indif. - - 5.64  
(1.52) 

Attr.  .60 -.37 5.67  
(1.47) 

Indif. - - 5.59  
(1.48) 

Produced at low 

environmental 

cost 

 

Indif. - - 5.51  
(1.52) 

One-

dim.  

.46 -.53 5.64  
(1.45) 

One-

dim.  

.49 -.53 5.65  
(1.46) 

Recyclable (or 

compostable) 

material 

 

One-

dim.  

.54 -.65 5.88  

(1.44) 
One-

dim.  

.58 -.61 5.82  

(1.40) 
One-

dim. 

.58 -.52 5.70  

(1.42) 

Value recovery 

in other ways 

 

Indif. - - 4.96  

(1.49) 
One-

dim.  

.60 -.63 5.81  

(1.38) 
Indif. - - 5.18  

(1.48) 

Clear 

instructions for 

disposal 

 

Indif. - - 5.42  
(1.55) 

Indif. - - 5.39  
(1.53) 

Indif. - - 5.54  
(1.49) 

Captured in the 

waste 

management 

system 

 

Must-

be 

.23 -.59 5.46  

(1.47) 
Indif. - - 5.53  

(1.44) 
Indif. - - 5.45  

(1.45) 

Deposit return 

scheme in place 

Indif. - - 4.98  

(1.60) 
Indif. - - 5.14  

(1.60) 
Indif. - - 4.99  

(1.66) 

Note: CS = Consumer satisfaction score; DS = Consumer dissatisfaction score. CS and DS scores are not 

computed for features classified as indifferent. Stated importance was measured on a scale from 1 to 7.  

* Mean willingness to buy scores, measured on a scale from 1 to 7, were 4.77 (SD = 1.69) for 

conventional plastic, 5.03 (SD = 1.64) for glass, and 5.70 (SD = 1.38) for biodegradable plastic.  

 

 

Consumer Segmentation. Due to missing data, responses from 1,123 

participants were included in the consumer segmentation and the following Kano 

models. K-prototype clustering procedure based on sociodemographic and 
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environmental orientation variables resulted in four consumer clusters, hereafter 

referred to as segments. Descriptive results across these variables for each segment are 

presented in Table 6. Based on the within-segment characteristics and relative 

differences across segments, the segments were described as “Educated 

environmentalists” (segment 1), “Older, less educated coastal dwellers” (segment 2), 

“Non-environmentalists” (segment 3) and “Nature-connected egocentrists” (segment 4).  

   

Kano Results across Consumer Segments. Results from the Kano modelling 

(Kano classifications) for each consumer segment are presented in Table 7. As can be 

seen, all packaging features and end-of-life scenarios bring satisfaction to Educated 

environmentalists. Notably, several features, including clear disposal instructions, were 

classified as must-be attributes for plastic packaging. In addition, use of recycled (or 

bio-based) materials, as well as recyclability (or compostability) of material were 

perceived as one-dimensional features. That is, the more these features are present in 

packaging, the more satisfied the consumers in this segment are. Furthermore, this 

segment perceived deposit return scheme as an attractive feature, regardless of 

packaging material type. That is, implementation of deposit return schemes would bring 

this consumer segment satisfaction, but its presence is not expected. 

Similarly, Older, less educated coastal dwellers perceived deposit return 

schemes as attractive, although this feature was not valued for biodegradable plastic 

packaging. In contrast to Educated environmentalists, this segment perceived the use of 

recycled materials in glass bottles and the use of bio-based materials in biodegradable 

plastic packaging as attractive features, meaning that they did not expect them per se. 

Furthermore, consumers in this segment did not care about clear disposal instructions, 

nor were they concerned about biodegradable plastic packaging ending up in the natural 

environment. 
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Table 6 

Consumer Characteristics across Four Segments. 

 Consumer segment 

 Educated 

environmentalists 

(n = 354) 

Older, less 

educated coastal 

dwellers 

(n = 300) 

Non-

environmentalists 

(n = 234) 

Nature-

connected 

egocentrists 

(n = 235) 

Age (%)     

      18 – 29  17 8 37 44 

      30 – 49 47 42 49 46 

      50 +  36 50 14 10 

Gender (%)     

      female 58 60 35 38 

      male 41 39 65 62 

      other < 1 < 1 - - 

Education (%)     

      no formal  

      education 

< 1 2 3 2 

      GCSE 17 42 21 16 

      A-level 24 24 23 20 

      undergraduate 41 22 34 42 

      postgraduate 16 8 14 14 

      doctorate 1 2 5 5 

Distance from the 

coast (%) 

    

      ≤ 1 miles 18 12 11 6 

      > 1 – 5 miles 18 16 24 20 

      > 5 – 20 miles 19 40 22 31 

      > 20 – 50 miles 34 20 31 23 

      > 50 miles 12 12 13 20 

nature connectednessa 5.71 (0.57) 4.56 (0.65) 3.99 (0.66) 4.95 (0.52) 

ocean connectednessa 5.60 (0.76) 4.24 (0.75) 3.81 (0.72) 4.57 (0.60) 

marine litter concerna 6.48 (0.51) 5.84 (0.77) 4.47 (0.86) 4.28 (1.04) 

trust in the waste 

management systema 4.29 (1.46) 4.47 (1.28) 3.97 (0.99) 5.41 (0.95) 

egoistic value 

orientationa 3.15 (1.18) 3.29 (1.06) 3.86 (0.98) 5.25 (0.96) 

altruistic value 

orientationa 6.55 (0.62) 5.85 (0.84) 4.35 (1.03) 6.03 (0.75) 

biospheric value 

orientationa 6.65 (0.50) 5.67 (0.87) 4.21 (0.92) 5.94 (0.78) 

recycling behaviourb 4.56 (0.53) 4.52 (0.49) 3.32 (0.84) 3.99 (0.76) 

Note: For environmental orientation variables group means are given with standard deviations in 

parentheses.   
a Measured on a scale from 1 (low) to 7 (high).   
a Measured on a scale from 1 (low) to 5 (high).   
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Table 7 

Kano Classifications for Packaging Features and End-of-life Scenarios, across Three Material 

Types and Four Consumer Segments.  

 Consumer segment 

 Educated 

environmentalistsa 

(n = 354) 

Older, less 

educated coastal 

dwellersb 

(n = 300) 

Non-

environmentalistsc 

(n = 234) 

Nature-connected 

egocentristsd 

(n = 235) 

Packaging 

feature or end-

of-life 

scenario 

P
la

st
ic

 

G
la

ss
 

B
io

d
eg

. 

p
la

st
ic

 

P
la

st
ic

 

G
la

ss
 

B
io

d
eg

. 

p
la

st
ic

 

P
la

st
ic

 

G
la

ss
 

B
io

d
eg

. 

p
la

st
ic

 

P
la

st
ic

 

G
la

ss
 

B
io

d
eg

. 

p
ls

at
ic

 

Made of 

recycled (or 

bio-based) 

material 

 

O O O I A A I I I I A I 

Produced at 

low 

environmental 

cost 

 

M O O M O O I I I I I I 

Recyclable (or 

compostable) 

material 

 

O O O O O O I I I I I I 

Value 

recovery in 

other ways 

 

M O O M O I I I I I I I 

Clear 

instructions 

for disposal 

 

M O O I I I I I I I I I 

Captured in 

the waste 

management 

system 

 

M M O M M I I I I I I I 

Deposit return 

scheme in 

place 

A A A A A I I I I I I I 

Note: A = Attractive; O = One-dimensional; M = Must-be; I = Indifferent.  
a Mean willingness to buy scores were 4.21 (SD = 1.80) for conventional plastic, 5.25 (SD = 1.64) for 

glass, and 6.14 (SD = 1.37) for biodegradable plastic. 
b Mean willingness to buy scores were 4.97 (SD = 1.52) for conventional plastic, 4.90 (SD = 1.70) for 

glass, and 5.77 (SD = 1.20) for biodegradable plastic. 
c Mean willingness to buy scores were 4.99 (SD = 1.60) for conventional plastic, 4.61 (SD = 1.65) for 

glass, and 5.09 (SD = 1.44) for biodegradable plastic. 
d Mean willingness to buy scores were 5.11 (SD = 1.62) for conventional plastic, 5.33 (SD = 1.49) for 

glass, and 5.61 (SD = 1.27) for biodegradable plastic. 
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 Non-environmentalists did not value any of the environmentally relevant 

features or end-of-life scenarios for packaging, as these were all classified as indifferent. 

In the Nature-connectedness egocentrists segment, the only valued feature was glass 

packaging being produced from recycled materials. This feature was classified as an 

attractive feature, signifying that consumers in this segment did not expect this feature 

to be fulfilled or experience dissatisfaction at its absence, but they were delighted when 

it is present.  

 

Comparing Ocean Connectedness and Nature Connectedness.  

Table 8 displays bivariate correlations between ocean connectedness and other 

environmentally relevant variables, and between nature connectedness and said 

variables. Displayed are also 95% Zou’s confidence intervals (Zou, 2007) which 

indicate whether the variables correlate reliably differently with ocean and nature 

connectedness. It should be noted that ocean connectedness and nature connectedness 

were highly correlated (r = .70). Furthermore, the most notable difference between 

ocean and nature connectedness could be observed in their associations with distance 

from the coast: Distance from the coast had a significant negative correlation with ocean 

connectedness, indicating that people living closer to the coast showed higher levels of 

ocean connectedness. For the environmental orientation variables, although some inter-

variable correlations were higher for nature connectedness (altruistic and biospheric 

value orientations, recycling behaviour and willingness to buy biodegradable 

packaging), no qualitative differences between the two connectedness constructs in how 

they associate with the listed variables can be observed based on these correlations. In 

addition, women had higher levels of ocean connectedness (M = 4.75, SD = 1.00) in 

comparison to men (M = 4.52, SD = .98), t(1170) = 3.94, p < .001, d = .23. Similarly, 



 

109 

 

women had higher levels of nature connectedness (M = 4.95, SD = .88) in comparison 

to men (M = 4.78, SD = .89), t(1170) = 3.28, p = .001, d = .19.  

 

Table 8 

Bivariate Correlations between Ocean Connectedness and Other Environmentally Relevant 

Variables, and between Nature Connectedness and Other Environmentally Relevant Variables, 

and Zou’s 95% Confidence Intervals for Comparisons of Correlation Coefficients (n = 1,177).  

 Ocean 

connectedness 

(adapted CNS) 

Nature 

connectedness 

(CNS) 

Zou’s 

confidence 

intervala 

Age .15** .11** [-0.01, 0.08] 

Level of education .07* .07* [-0.04, 0.04] 

Distance from the coast -.07* .01 [-0.12, -0.04] 

Ocean connectedness  

      (adapted CNS) 
- .70** - 

Nature connectedness  

      (CNS) 
.70** - - 

Marine litter concern .41** .40** [-0.03, 0.05] 

Egoistic value orientation -.05 -.05 [-0.04, 0.04] 

Altruistic value orientation .39** .50** [-0.15, -0.07] 

Biospheric value orientation .55** .66** [-0.15, -0.08] 

Recycling behaviour .33** .38** [-0.09, -0.01] 

Willingness to buy a single-

use bottle made of 

conventional plastic 

-.23** -.21** [-0.06, 0.02] 

Willingness to buy a single-

use bottle made of glass 
.16** .15** [-0.03, 0.05] 

Willingness to buy a single-

use bottle made of 

biodegradable plastic 

.20** .26** [-0.10, -0.02] 

Note: The reported values are Pearson correlations; for level of education and distance from the coast the 

reported values are Spearman correlations; CNS = ‘Connectedness to Nature Scale’.   
a Zou’s 95% confidence intervals for comparing the magnitudes of correlation coefficients. Confidence 

intervals that do not contain zero indicate a reliable difference between the compared correlation 

coefficients. Reliable differences are indicated in bold.  

* Correlation significant at the p < .05 level.  

** Correlation significant at the p < .01 level.  
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3.4 General Discussion 

Studies 1 and 2 demonstrated an interaction between ocean connectedness and 

consumers’ responses to environmentally relevant attributes of packaging. In Study 3, 

the research focus was extended to include packaging attributes along the whole 

lifecycle of packaging (e.g. origin of raw materials) and possible end-of-life scenarios 

for packaging, as well as bio-based (and/or biodegradable) plastic as type of packaging 

material. The applied Kano methodology enabled the appraisal of consumer perceptions 

of packaging features and end-of-life scenarios both quantitatively and qualitatively, 

rendering a comprehensive and easily interpretable account of consumer response. 

Moreover, while Studies 1 and 2 considered ocean connectedness as the sole 

moderating variable of consumer response, Study 3 investigated the impact of ocean 

connectedness together with other consumer characteristics, both environmentally 

relevant (e.g. nature connectedness and value orientations) and sociodemographic 

variables (e.g. gender and proximity to the coast), on consumer responses. These 

characteristics were included in the study design in a consumer segmentation approach, 

enabling comparisons of packaging responses across different consumer profiles. In 

addition, this rich consumer data permitted examining the similarities and differences 

between ocean and nature connectedness in how they relate to other environmental 

orientations and consumer responses to packaging.  

 A number of key conclusions can be drawn from the findings in Study 3. Firstly, 

congruent with results from Studies 1 and 2, Kano results for the whole survey sample 

in Study 3 indicated that recyclability is valued by consumers. More specifically, 

recyclability was classified as a one-dimensional attribute, meaning that packaging 

recyclability brings consumers satisfaction, and they are dissatisfied if packaging is not 

recyclable. These findings differ from those obtained in previous studies (Kovačević & 

Bota, 2021; Löfgren & Witell, 2005; Williams et al., 2021) where recyclability was 
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classified as an attractive feature, meaning that recyclability has been previously 

considered a delight attribute but not essential for consumer liking. This trend in 

consumer response suggests that consumer expectations regarding packaging 

recyclability have changed over time. Löfgren et al. (2011) described this phenomenon 

as the ‘life cycle of quality attributes’, illustrating the dynamic nature of quality 

attributes over time. Furthermore, like packaging recyclability, compostability of 

biodegradable plastic packaging was similarly classified as a one-dimensional feature. 

That is, compostability is appreciated by consumers, and consumers are unhappy if 

biodegradable plastic packaging cannot be fully composted and ends up in landfill 

instead. This finding is in line with previous research demonstrating that consumers 

value packaging biodegradability highly (Herbes et al., 2018; Wensing et al., 2020).  

 Secondly, consumers were found to expect that plastic packaging stays within 

the waste management system. More specifically, consumers were indifferent about 

glass or biodegradable plastic packaging ending up in the natural environment, but they 

showed dissatisfaction with conventional plastic packaging realising this end-of-life 

scenario. Consumers expressing concerns about plastic packaging leaking into the 

environment is not surprising given that we are currently experiencing a global plastics 

crisis. Thus, consumers are likely highly motivated to ensure, through their decisions 

and behaviour, that plastic packaging does not end up polluting the environment. On the 

contrary, the findings show that consumers do not care whether conventional plastic 

packaging is produced from recycled materials or at a low carbon cost, signifying that 

consumers lack concern for the environmental burden of the beginning-of-life stage of 

plastic packaging, as shown previously (Herbes et al., 2018). In contrast, consumers 

showed appreciation for environmentally sustainable production (as well as value 

recovery) for glass bottles. Although consumers have been shown to overestimate the 

environmental sustainability of glass as a packaging material in previous research (Otto 
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et al., 2021), the current findings indicate that they especially value glass bottles being 

produced using circular strategies, in comparison to plastic bottles.    

 Inspection of consumer responses across the different segments revealed, as 

expected, that Educated environmentalists obtained utility from all the environmentally 

relevant packaging features and end-of-life scenarios of interest. This finding supports 

previous research linking environmental orientations, such as nature connectedness and 

environmental concern, as well as sociodemographic variables including gender and 

level of education, with pro-environmental inclinations (e.g. Barr, 2003; Huddart 

Kennedy et al., 2015; Madigele et al., 2017; Martin et al., 2020) and sustainable 

packaging preferences (e.g. Koenig-Lewis et al., 2014; Magnier & Schoormans, 2015). 

Notably, for this consumer segment four out of the seven attributes of interest (low 

environmental cost of production, value recovery, clear disposal instructions, and 

captured in the waste management system) were classified as must-be features for 

conventional plastic packaging. That is, for highly environmentally oriented consumers, 

low environmental impact was a requirement for plastic packaging, whereas for the 

other two material types it was valued but not required. Therefore, as was found in 

Studies 1 and 2, consumers who were highly connected with nature and the ocean were 

more critical about plastic packaging in particular. Furthermore, this group of 

consumers, as well as the segment Older, less educated coastal dwellers, found deposit 

return schemes an attractive opportunity. Such schemes do not exist in the UK yet, but it 

is predicted that they will be implemented UK-wide in 2024 at the earliest (Laville, 

2021). A particularly positive reception to a deposit return scheme is therefore expected 

from a group of consumers who are highly or moderately environmentally oriented, 

older, and mostly women.  

 Responses in the consumer segment Non-environmentalists were somewhat as 

expected. This segment did not find any of the packaging attributes or end-of-life 
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scenarios relevant in determining their user satisfaction. In agreement with previous 

literature (e.g. Jaiswal & Bihari, 2020; Prakash et al., 2019), consumers (mostly male) 

low in nature connectedness, altruistic values and biospheric value orientation did not 

receive utility from environmental sustainability and optimal value recovery of single-

use packaging. Meanwhile, findings on the segment Nature-connected egocentrists were 

rather surprising. This segment consisted of younger consumers (mostly male) with 

relatively high levels of nature and ocean connectedness, high trust in the waste 

management system, and an egoistic value orientation. The Kano results for this group 

were very similar to those for Non-environmentalists, except that Nature-connected 

egocentrists found recycled content in glass bottles an attractive delight attribute. Yet, 

the finding that almost all packaging sustainability features were irrelevant for this 

group of consumers warrants discussion. Notably, this group showed higher levels of 

nature and ocean connectedness than Older, less educated coastal dwellers, and yet the 

latter received satisfaction from almost all of the studied features. Previous research on 

the role of egoistic values in green purchasing behaviour has been mixed. For example, 

Prakash et al. (2019) found that both altruistic and egoistic values lead to positive 

consumer evaluations of eco-friendly food packaging. Yet, an egoistic value orientation 

may be a stronger motivational basis for sustainable consumer behaviour that has more 

direct consequences to an individual’s wellbeing or health, such as buying organic food 

(Magnusson et al., 2003; Yadav, 2016). All in all, upon inspection of the consumer 

characteristics across the identified segments, it appears that even relatively high levels 

of nature and ocean connectedness will only predict more positive responses to 

packaging sustainability if the individual does not hold egoistic values.  

Finally, inspection of how ocean and nature connectedness associate with 

sociodemographic factors and environmental orientation variables permit some 

conclusions to be drawn regarding the conceptual differences (and similarities) between 
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ocean and nature connectedness. Firstly, as expected (and as suggested by previous 

literature, e.g. Stoll-Kleeman, 2019), distance from the coast emerged as having a 

significant negative correlation with ocean connectedness, whereby larger distances 

from the coast were associated with lower levels of ocean connectedness. No similar 

association was observed for nature connectedness, indicating an intuitive and unique 

contribution of proximity to the coast to the human-ocean relationship. However, ocean 

connectedness did not differ from nature connectedness in regard to its relationship with 

other sociodemographic variables: Age and level of education were positively correlated 

with both ocean and nature connectedness. Nature connectedness has been shown to 

increase with age in some previous studies on the adult population (Beery, 2013; 

Diessner et al., 2018; Zhang et al., 2014), but a notable number of studies have 

concluded with null findings for the effects of age (Bruni et al., 2008; Mayer & Frantz, 

2004; Unsworth et al., 2016) and, in particular, educational attainment (Beery, 2013; 

Cervinka et al., 2012; Dutcher et al., 2007; Mayer & Frantz, 2004; Weinstein et al., 

2009). However, older and more highly educated people perceiving a stronger 

connection with the ocean is not surprising considering that age and level of education 

are often positively associated with higher levels of pro-environmental attitudes and 

intentions (e.g. Afroz et al., 2017; Gifford & Nilsson, 2014; Sánchez et al., 2016).  

 Furthermore, gender differences were observed in human-nature connection, 

with women having higher levels of both ocean and nature connectedness. As 

concluded in a review by Lengieza and Swim (2021), literature addressing gender 

differences in nature connectedness reports mixed findings, with both significant and 

null findings for the effect of gender. However, studies where gender differences are 

found tend to suggest that women are indeed more connected to nature than men 

(Anderson & Krettenauer, 2021; Cervinka et al., 2012; Hughes et al., 2019; Mayer et 

al., 2009; Schultz & Tabanico, 2007). Why females showed higher levels of ocean 
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connectedness in comparison to males warrants further discussion. Women have 

traditionally been shown to be more environmentally oriented in their attitudes and 

behaviours than men (Blok et al., 2015; Soares et al., 2021; Vicente-Molina et al., 

2013). Thus, one explanation is that ocean connectedness is no different from most 

environmental orientation variables in this regard. Alternatively, on a conceptual level, 

ocean connectedness may be rather likened to place attachment: Previous research has 

demonstrated that women, in comparison to men, show stronger place attachment 

(Hidalgo & Hernandez, 2001). Similarly, in some instances women have been reported 

to have higher levels of ocean literacy (Lwo et al., 2013) and greater concern for the 

wellbeing of marine environments, specifically (European Commission, 2009; Wester 

& Eklund, 2011). However, conflicting and mixed findings regarding the impact of 

gender on place attachment and ocean literacy have been reported, too (Mesch & 

Manor, 1998; Steel et al., 2005), rendering the discussion on gender differences in 

ocean connectedness somewhat speculative in nature.  

 The conceptual characteristics of ocean and nature connectedness are further 

illustrated by inspection of their associations with value orientations. Traditionally, 

nature connectedness has had a negative relationship with egoistic values (Mayer & 

Frantz, 2004) and a positive correlation with altruistic and biospheric values (Pereira & 

Forster, 2015; Schultz, 2001). However, in the current study egoistic value orientation 

was not significantly (negatively) associated with either ocean or nature connectedness, 

indicating that self-enhancement attitudes do not bear relevance to perceptions of 

connectedness in the current sample. It is also notable that, although both ocean and 

nature connectedness correlated strongly with altruistic and biospheric value 

orientations, these correlations were stronger for nature connectedness. This trend 

suggests that high altruistic values and an appreciation of the biosphere more strongly 

co-occur with sensing a connection to and belonging with the natural environment in 
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general. Similarly, nature connectedness was more highly correlated with pro-

environmental behaviour (recycling). One explanation is, again, that for some people 

ocean connectedness may be more accurately conceptualised as place attachment 

(Ramkissoon et al., 2012), for example connectedness to specific coastal areas, rather 

than a general pro-environmental attitude.  

Finally, there were only small differences between ocean and nature 

connectedness in terms of how they associated with consumer evaluations of different 

types of packaging. Ocean connectedness and nature connectedness were similarly 

negatively associated with willingness to buy packaging made of conventional plastic, 

and equally positively correlated with willingness to buy packaging made of glass. 

However, nature connectedness was more highly correlated with willingness to buy 

biodegradable packaging, indicating that appreciation for biodegradability is more 

congruent with a general ‘green’ attitude. Overall, these correlations provide evidence 

of marginal differences between nature and ocean connectedness in how they relate to 

consumer responses to packaging. The theoretical implications regarding the conceptual 

characteristics of ocean connectedness are discussed further in Chapter 5 (section 

5.3.1.). 

 Other implications from Study 3 include the notion that sustainable features and 

design of packaging, as well as environmentally desirable end-of-life scenarios for 

packaging, bring satisfaction to mostly female consumers who are connected with 

nature and the ocean, are highly concerned about marine litter, and who hold biospheric 

and altruistic values. Packaging targeted to these consumers may be more likely to enter 

favourable end-of-life scenarios, such as optimal value recovery. Therefore, 

communications and cues signalling packaging sustainability and appropriate disposal, 

such as information on the packaging label, could have an influence on consumer 

perceptions in this segment. For other consumers, namely males with strong egoistic 
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values, such communications may be insufficient. Alternative means of promoting 

purchasing and use of sustainable packaging in this segment could involve highlighting 

the functional properties of packaging or using novel, even disruptive packaging 

designs (Steenis et al., 2017). In addition, the results showed that recyclability is highly 

valued by all consumers, and today’s consumers may experience dissatisfaction if 

packaging is not recyclable or compostable. Therefore, packaging communications that 

clearly signal packaging recyclability could have an impact on consumer perception and 

purchasing behaviour.  

Furthermore, there was some evidence showing that consumers may more 

readily accept biodegradable plastic packaging bypassing value recovery. Even in the 

moderately environmentally oriented segment consumers were more relaxed about 

biodegradable packaging not reaching favourable end-of-life scenarios, in comparison 

to conventional plastic or glass. This finding is consistent with previous suggestions that 

biodegradability may undermine consumer willingness to ensure appropriate disposal of 

packaging (Haider et al., 2019). Therefore, it is desirable that the packaging sector and 

manufacturers accurately and clearly inform end-users about the properties of 

biodegradable packaging and its preferred disposal methods in order to prevent 

unintended consequences such as littering, as suggested previously (Hann et al., 2020). 

Finally, ocean connectedness (as well as general nature connectedness) was associated 

with higher levels of consumer satisfaction with sustainable features and favourable 

end-of-life scenarios for packaging, especially for conventional plastic. Therefore, 

current communications about the harmful impacts of plastic packaging on the marine 

environments have probably been effective in shaping consumer satisfaction with 

environmentally relevant packaging attributes and end-of-life scenarios.  
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Chapter 4: Does Manipulating Ocean Connectedness with a Virtual 

Reality Experience Shape Consumers’ Packaging Preferences? 

 

 

4.1 Introduction 

Studies 1 and 2 demonstrated a correlational association between ocean connectedness 

and consumer responses to packaging recyclability and material type. Similarly, in 

Study 3, this relationship between connectedness to marine environments and valuation 

of packaging sustainability was extended to cover beginning-of-life properties and end-

of-life scenarios for packaging. These findings are in line with existing literature 

documenting that a dispositional psychological connection with the environment 

predicts pro-environmental behaviour and consumer evaluations of product 

sustainability (Barbaro & Pickett, 2016; Kautish et al., 2021; Jaiswal & Bihari, 2020; 

Mackay & Schmitt, 2019; Martin et al., 2020).  

 Analogously, one would expect that increasing ocean connectedness would 

shape pro-environmental behaviour and consumer behaviour accordingly. That is, it 

could be anticipated that connecting individuals with the marine environment would 

subsequently cause them to, following from Studies 1 and 2, value packaging 

recyclability more and perhaps make them more wary of plastic packaging. As 

suggested in Chapter 1, experiences in marine and coastal environments, fostering place 

attachment to these locations, or promoting ocean literacy may help connect individuals 

with the ocean (Guest et al., 2015; Liefländer et al., 2013; Halpenny, 2010; Wyles et al., 
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2017). These strategies could be implemented as long-term interventions to promote 

ocean connectedness and ultimately pro-environmental (or pro-marine) outcomes. 

 Furthermore, as discussed in Chapter 1, nature connectedness has been shown to 

manifest as both a dispositional trait and as a transient state concept. That is, individuals 

may feel more or less connected with the environment depending on the situation or 

immediately after exposure to natural environments (Zelenski et al., 2015). 

Furthermore, previous research suggests that nature connectedness, like other attitudinal 

orientations, is not only experienced on a conscious level, but it can also manifest as an 

implicit conception outside of one’s awareness (Schultz, 2004; Schultz & Tabanico, 

2007). To summarise, nature connectedness is malleable and can be induced 

momentarily, both explicitly and explicitly, with potential favourable impacts on pro-

environmental behaviour. Furthermore, even with restricted or no access to real natural 

environments, nature experiences can be emulated using modern technologies, such as 

Virtual Reality (VR; Scurati et al., 2021). Chapter 4 outlines empirical work based on 

this rationale: In Studies 4 and 5, state ocean connectedness (both explicit and implicit) 

was manipulated with an oceanic VR experience, and consumer responses to packaging 

were assessed immediately after. Literature on the use of VR in inducing nature 

connection as well as previous research on implicit nature connection are presented 

next.  

 

4.2 Literature Review 

4.2.1. Virtual Reality, Nature Connection and Pro-Environmental Behaviour 

As outlined in a review by Scurati et al. (2021), VR technologies can aid in the 

attainment of sustainability-related objectives in various ways. Firstly, VR experiences 

can address the emotional sphere of pro-environmental behaviour by altering affective 

states, awareness and sense of connection with nature. For example, VR technologies 
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enable exposure to and interaction with natural environments that are remote or 

otherwise difficult to reach. Secondly, VR can be used as an educational tool to shape 

rational beliefs including knowledge and understanding about sustainability issues, their 

causes and consequences. Finally, VR technologies, in particular multi-user simulations, 

can be helpful on the practical level, as they can facilitate the realisation of solutions. 

Consistent with the first objective, the potential of immersive VR experiences in 

reinforcing nature connection has been realised for some time (Ahn et al., 2016; Fox et 

al., 2020; Soliman et al., 2017; Yeo et al., 2020).  

Even brief exposures to a natural environment can serve as a prime, prompting 

sustainable behaviour immediately after (Arendt & Matthes, 2016; Zelenski et al., 

2015). However, evidence on the impacts of nature experiences mediated by VR on 

readiness to engage in pro-environmental behaviours is more equivocal. For example, 

Soliman et al. (2017) found that although a nature video experienced via immersive 

technology did increase sense of connectedness with nature, this connection did not 

translate into pro-environmental behaviour. Similarly, Klein and Hilbig (2018) note that 

for virtual nature experiences to promote pro-environmental behaviour, they need to 

incorporate conservational content, such as images of destroyed nature. Nevertheless, 

there are two ways in which the impact of exposure to ‘undisturbed’ (virtual) nature on 

pro-environmental behaviour or intentions can be amplified. Firstly, novel VR 

technologies permit fully immersive nature experiences with interactive elements and 

haptic feedback, enabling life-like, vivid encounters with the natural world. These 

features help create a heightened sense of presence and agency in the nature setting, 

even in environments that are otherwise impossible to reach, which can help bridge the 

subjective distance between humans and nature (Soliman et al., 2017). Alleviating this 

so-called psychological distance through realistic interactions with nature can promote 

motivation and efforts to protect it (Schuldt et al., 2016). That is, these immersive 
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experiences can facilitate one’s nature connectedness further and thus operate as a more 

powerful prime for pro-environmental behaviour. Because VR technologies that enable 

such realistic encounters have only recently become available for every-day use by 

consumers, no studies exist yet that have looked into their potential to alter behaviour.  

Secondly, the nature VR environment used and the targeted type of pro-

environmental behaviour, or its consequences, should be readily and meaningfully 

associated. In other words, if one has ‘connected the dots’ between the natural 

environment emulated by the VR and the target behaviour, the VR exposure is likely to 

yield a more substantial impact on behaviour. Drawing on literature on place 

attachment, a construct closely related to nature connectedness (see e.g. Basu et al., 

2020), a recent meta-analysis by Daryanto and Song (2021) demonstrated a stronger 

link between place attachment and specific behaviours towards said place than between 

place attachment and general pro-environmental behaviour. That is, the 

operationalisation of pro-environmental behaviour is non-trivial when studying the 

association between nature connection and behaviour. People today are likely to have 

formed a mental link between marine environments and plastic packaging pollution. 

Particularly in the Global North, this association may be partly due to the so-called 

“Blue Planet effect” which gave rise to widespread awareness and concern for plastic 

pollution in the world’s oceans (Dunn et al.. 2020). Therefore, an oceanic VR exposure 

paired with assessment of a pro-marine behaviour, such as avoiding plastic packaging, 

is more likely to yield an observable effect on behaviour than using a VR manipulation 

involving ‘green’ nature. Therefore, life-like interaction with a virtual oceanic setting 

holds promise in shaping nature connectedness, and in this case ocean connectedness, in 

such magnitude that it primes readiness to behave in ways that can help alleviate the 

plastic burden of oceans.  
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4.2.2. Implicit Connections with Nature  

Self-report approaches to measuring nature connectedness assume that one’s perceived 

connection with nature can be retrieved and expressed accurately on the conscious level. 

However, as noted by Schultz et al. (2004), an individual’s association with the natural 

world may not be something that they think about unless prompted to do so. Therefore, 

their primitive beliefs of connection may reside below the level of explicit thought. 

Attempts to access such beliefs have been made using the Implicit Association Test 

(IAT: Greenwald et al., 1998), and reports exist of the use of the IAT to measure 

connection with nature (Bruni & Schultz, 2010; Geng et al., 2015; Schultz, 2004; 

Schultz & Tabanico, 2007). The IAT involves assorting cue words into appropriate 

categories as quickly, yet as accurately, as possible. Reaction times of these 

categorisations are then recorded, and faster reaction times denote a higher magnitude 

of an automatic association between the target concepts. For example, an IAT designed 

to assess nature connectedness measures the strength of the association between ‘nature’ 

and ‘self’, relative to the association between the self and non-natural environments, 

often conceptualised as built of urban surroundings (e.g. Schultz et al., 2004). Assessing 

implicit nature connectedness in this way holds an important advantage over the use of 

self-report instruments in that the risk of desirability bias is minimised (Menzel et al., 

2021; Steffens, 2004). Whereas implicit association with nature has been studied in 

previous research (e.g. Schultz et al., 2004; Wang et al., 2016), there are no reports of 

the use of an IAT designed to gauge connectedness with marine environments.  

 Previous research has demonstrated that implicit evaluations, as measured with 

the IAT, are situationally malleable across a variety of contexts (Dasgupta, 2013). For 

example, short-term manipulations in field and laboratory settings have been successful 

in shifting implicit intergroup attitudes (Dasgupta & Greenwald, 2001; Kühnen et al., 

2001) as well as implicit self-concept (Stout et al., 2011) and self-referencing 
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(Prestwich et al., 2010). For associations between the self and nature, Schultz and 

Tabanico (2007) found that a 5-minute passive immersion in a green outdoor 

environment did not affect implicit nature connectedness any differently than exposure 

to built environments, but a more active engagement of a longer duration (several hours) 

was sufficient in promoting nature connection. The mechanism through which simple 

nature exposure could change implicit connections is not yet known. As suggested by 

Dasgupta (2013), the local environment or context can make automatic associations 

more accessible, which, together with motivational and affective drivers of cognition 

and behaviour, may alter implicit responses. Following this premise, the current studies 

investigate whether making the self-ocean connection more salient by immersion can 

shape implicit ocean connectedness.  

 

4.3 Studies 4 and 5: Research Aims, Experimental Paradigm and Hypotheses  

The research presented here aims to uncover whether brief immersive exposure to a 

marine environment via VR can increase ocean connectedness, and whether this 

manipulation has subsequent effects on packaging preferences. The experimental 

paradigm applied in two studies is presented in Figure 14. Study 4 used an experimental 

group where participants experienced an ocean-themed VR environment, while a 

comparison group was exposed to a built VR environment. In Study 5, a second 

comparison group was included in which participants underwent a cognitive task.  
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Figure 14  

Experimental Paradigm Used in Studies 4 and 5.  

 

 

 

Firstly, it was hypothesised that participants in the ocean VR condition will show 

higher levels of self-reported state ocean connectedness than participants in the built VR 

condition (H1A) or in the cognitive task condition (H1B) after the VR manipulation.   

Similarly, participants in the ocean VR condition were expected to show higher 

levels of implicit ocean connectedness than participants in the built VR condition (H2A) 

or in the cognitive task condition (H2B) as assessed immediately after the VR 

manipulation.   

Additionally, in terms of impacts of the VR manipulation on pro-environmental 

behaviour, VR exposure was expected to modify study participants’ responses to 

packaging attributes that are environmentally relevant. Firstly, a two-way interaction 

effect between manipulation condition and packaging material type was hypothesised. 

More specifically, in the ocean VR group plastic packaging was expected to be 

evaluated more negatively than the other material types on willingness to buy (WTB), 
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anticipated guilt response and sustainability perceptions, whereas no such differences 

were expected in the built VR condition (H3A) or in the cognitive task condition (H3B).  

Similarly, following findings from Studies 1 and 2, a two-way interaction effect 

between manipulation condition and packaging recyclability was expected. More 

specifically, recyclable packaging was expected to be evaluated more positively than 

non-recyclable packaging on WTB, anticipated guilt response and sustainability 

perceptions, and the magnitude of this effect was expected to be larger in the ocean VR 

condition than in the built VR condition (H4A) and in the cognitive task condition (H4B). 

 

4.4 Study 4: Comparing Oceanic VR with Urban VR 

4.4.1. Method 

Research Design and Participants. In Study 4, participants were assigned into 

one of two VR manipulation conditions, ocean VR (experimental group) or built VR 

(comparison group), and their levels of ocean connectedness were assessed before and 

after the manipulation. After the VR exposure they completed a packaging rating task 

similar to that in Studies 1 and 2 (measure of pro-environmental behaviour). Before data 

collection commenced, the study procedure and materials used were reviewed and 

approved by the University’s Faculty of Science and Engineering Human Ethics 

Committee. Exclusion criteria for the study included history of epilepsy in response to 

flashing images or severe vertigo. 100 participants were recruited from the University’s 

School of Psychology Participation Pool. They received one research participation point 

each which counted towards course credit. The participants were randomised into ocean 

VR and built VR conditions using a random sequence generator. Due to technical 

challenges encountered during data collection, the final study sample was 94 

participants (78 female, 16 male) with a mean age of 21.61 (SD = 5.70), of which 46 

were in the ocean VR group and 48 in the built VR group.  
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Apparatus, Measures and Materials. 

VR Setting, Apparatus and Stimuli. The VR manipulation took place in a 

laboratory space (room measuring 4 x 5 m, see Figure 15) equipped with an HTC Vive 

VR system, located on the University campus. HTC Vive Pro VR headset with a picture 

resolution of 1,440 x 1,600 pixels per eye, 98° field of vision and built-in headphones 

was used in both VR conditions. External base station units confined the “play area” of 

the VR to approximately 3 x 3 m, providing the participants with space for exploration 

of the VR environment. Participants were also equipped with two wireless Vive Pro 

controllers, one in each hand (see Figure 15).   

 

Figure 15 

Virtual Reality Laboratory, Headset and Controllers.  

 

 

 

 

 

 

 

 VR manipulation for participants in the ocean VR group consisted of an 

immersive underwater experience (TheBlu: Reef Migration, Wevr; 

https://www.transportvr.com/theblu-series) featuring a coral reef ledge and various other 

marine organisms including anemones, fish, turtles and jellyfish (see Figure 16 for still 

images), as well as ambient underwater sounds played through the headphones. 

Participants were allowed to move around on the ledge, explore the space freely and 
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interact with the marine wildlife using the handheld controllers. The VR exposure lasted 

for around 5 minutes, during which the researcher read a script prompting the 

participant to pay attention to the various objects and aspects of the virtual world (see 

Appendix C). The purpose of the script was to promote the participant’s sense of 

presence in the VR environment, and to prevent boredom or mind wandering.  

 

Figure 16 

Still Images of the Ocean VR Experience (TheBlu by Wevr).  

 

 

 

 

 

 

 VR manipulation for participants in the built VR condition involved a virtual 

tour in the busy streets of Manhattan, New York (Google Earth VR with Street View, 

Google; https://arvr.google.com/earth/, see Figure 17 for a still image). This VR 

programme allowed the participant to navigate around the city freely using the handheld 

controllers, therefore permitting a level of interaction similar to that in the ocean VR 

manipulation. Ambient city sounds (car and bicycle sounds, indistinct chatter) were 

played through the headphones during the VR exposure. The VR manipulation was 
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around 5 minutes in duration and involved a script guiding the participant’s attention in 

the virtual world, read by the researcher (see Appendix C).  

 

Figure 17 

Still Image of the Built VR Experience (Google Earth VR Street View by Google).  

 

 

 

 

 

 

 

Ocean Connectedness: Self-report Measures. Two self-report measures were 

developed to assess connectedness to the ocean. Firstly, an adaptation of the Inclusion 

of Nature in Self measure (INS; Schultz, 2001) was used as a state measure of ocean 

connectedness. The original INS measure consists of seven pictures, each depicting two 

circles named ‘Self’ and ‘Nature’. The pictures differ in the level of overlap between the 

two circles: The first picture presents the ‘Self’ and ‘Nature’ circles next to each other 

with no overlap between them, whereas in the last picture the two circles overlap 

completely. The participant is asked to select the picture that most accurately represents 

their relationship with the natural environment. Although the single-item INS measure 

has been criticised for its limited psychometric properties (Martin & Czellar, 2016), 

avoiding participant overload was a matter of priority in the present research, and 

therefore this easy-to-administer measure was deemed appropriate. Furthermore, the 

INS has seen extensive use as a state measure of nature connectedness in previous work 

(e.g. Arendt & Matthes, 2016; Wang et al., 2016; Yeo et al., 2020), often with the 
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question wording changed to reflect the participant’s perception of connectedness in the 

moment. In the adapted state ocean connectedness measure (see Figure 18), the ‘Nature’ 

circle was renamed ‘Ocean’, and the wording was revised to reflect state-level 

connectedness. 

 

Figure 18 

State Ocean Connectedness Measure Used in Studies 4 and 5 (Adapted from Schultz, 2001).  

 

 

 

 In order to gain a more comprehensive assessment of ocean connectedness, a 

six-item measure adapted from the Connectedness to Nature Scale (CNS; Mayer & 

Frantz, 2004) was used as a trait measure of ocean connectedness. Designed to measure 

the strength of perceived affinity towards the oceans, the ocean connectedness scale 

includes items modified from the original CNS (e.g. “I often feel a sense of oneness 

with the natural world around me.” changed into “I often feel a sense of oneness with 

the ocean around me.”). Each statement is scored on a 7-point Likert-scale with a range 

from “strongly disagree” (1) to “strongly agree” (7). The ocean connectedness scale 

showed good reliability previously (Studies 1 and 2), and in the current sample 

reliability was high (McDonald’s omega ꞷ = .83). The previously developed ocean 

connectedness scale, like the CNS, is a trait measure, which is reflected in the wordings 
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of the items (e.g. “often”, “usually”). The ocean connectedness scale was administered 

in this original trait form to all participants before the VR manipulation, in order to 

account for any baseline differences in ocean connectedness. In addition, a state version 

of the scale was administered after the manipulation, with words such as “usually” 

omitted from the scale items (McDonald’s omega ꞷ = .76). Therefore, the applicability 

of the scale in assessment of transient ocean connectedness was trialled, too.  

Implicit Ocean Connectedness: Adapted Nature IAT. An adaptation of the IAT 

(Greenwald et al., 1998), further modified from the version used by Schultz et al. (2004) 

and Schultz and Tabanico (2007) to assess implicit nature connection, was used to 

measure implicit ocean connectedness. This computerised task involved measuring 

reaction times needed to categorise words related to oceanic and built environments. 

The words used for the Ocean and Built categories are listen in Table 9: These words 

were adopted from Schultz and Tabanico (2007), with the original Nature words 

modified to reflect the ocean and marine life. These newly developed words were 

similar to the original Nature words in terms of valence and word length. Two 

additional word categories, Me and Not Me, were used to measure self-concept (Schultz 

& Tabanico, 2007; see Table 9). In the IAT, the participant is instructed to categorise 

words appearing in the centre of the computer screen to its relevant category. The 

categories are presented on the left and right side of the screen, and the participant 

presses the corresponding key (‘left’ or ‘right’) on the keyboard to make the 

categorisation. The participant is instructed to categorise the appearing words as quickly 

yet as accurately as possible. In case of an error, the participant is notified of the 

incorrect categorisation and must make the correct categorisation before moving on. 

After example trials, the participant completes seven blocks of 24 trials (24 words). The 

categories used in each block, presented on opposing sides of the computer screen, are 

listed in Table 10.  



 

131 

 

 

Table 9 

Categories and Words Used to Measure Implicit Ocean Connectedness.  

Category 

OCEAN BUILT ME NOT ME 

Water Building I It 

Whales Car Me Other 

Waves City Mine Their 

Sea Factory Myself Them 

Coral Street Self They 

Fish Computer My Theirs 

 

 

Table 10 

Categories Used in Each Block of the Implicit Association Test. 

Block Categories 

1 Me – Not me 

2 Ocean – Built 

3 Me/Ocean – Not me/Built 

4 Me/Ocean – Not me/Built 

5 Built – Ocean  

6 Built/Me – Ocean/Not me  

7 Built/Me – Ocean/Not me 

 

  

The words for each category in the block are chosen at random from the pool of words 

shown in Table 9. Blocks 1, 2 and 5 are practice trials, and the result of the IAT is 

computed from performance in the remaining four test trial blocks. In the test trial 

blocks 3, 4, 6 and 7 there are two categories on each side, and the appearing words can 

be from any of the four categories. Blocks 3 and 4 are called ‘compatible’ category 

pairings, and blocks 6 and 7 ‘incompatible’ pairings. These test blocks assess the 

strength of one’s association between ‘self’ and ‘ocean’ by calculating how quickly the 

participant completes the compatible trials in comparison to the incompatible trials (i.e., 

how much more easily one makes the association between ‘self’ and ‘ocean’ than 
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between ‘self’ and ‘built’). If the participant completes the compatible trials more 

quickly than the incompatible trials, they associate themselves more with the ocean than 

with the built environment. On the contrary, completing the incompatible trials more 

quickly signifies a stronger association between the self and the built environment. As 

the ordering of the compatible and incompatible blocks can have an impact on 

performance on the IAT (Greenwald et al., 1998), it was necessary to counterbalance for 

this order effect. Therefore, two versions of the IAT were created: One with block 

ordering as shown in Table 10 (compatible trials first), and a second one with blocks 6 

and 7 shown as the first test trials (incompatible trials first). Study participants were 

randomly assigned to one of these two IAT conditions.  

IAT scores, also called D-scores, for each participant were then calculated using 

the improved IAT scoring algorithm by Greenwald et al. (2003). In principle, the mean 

reaction time difference between test blocks 3 (compatible trials) and 6 (incompatible 

trials) is calculated first and then divided by their pooled standard deviation. The same 

is then done for blocks 4 and 7. These calculations produce two D-scores, one for each 

pair of blocks, and the average of the two is the participant’s final D-score. The score 

typically ranges from -2 to 2: A positive D-score indicates faster responses for the 

compatible trials (‘Me’ paired with ‘Ocean’), signifying stronger association between 

ocean and the self and, therefore, higher ocean connectedness. Analogously, a negative 

D-score means stronger association of the self with the built environment.  

State Nature Connectedness: The INS. Impacts of the (VR) manipulation on 

overall state nature connectedness were also explored using the original measure of INS 

(Schultz, 2001) with the question wording changed to reflect state-level nature 

connectedness ("Please choose the picture below which best describes your relationship 

with the natural environment. How interconnected are you with nature right now?”). 
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These results on state nature connectedness are reported later alongside the state and 

trait ocean connectedness measures. 

Assessing Pro-Environmental Behaviour: Packaging rating task.  

Stimulus Material. Assessment of pro-environmental behaviour was done using 

a packaging rating task similar to that used in Studies 1 and 2: The stimulus material 

used in the experiment consisted of digital images of single-use water containers (see 

Figure 5 in Chapter 2), varying in type of packaging material (4 levels: plastic, glass, 

aluminium or carton) and recyclability (2 levels: recyclable or non-recyclable). 

Therefore, eight products each displaying a unique combination of type of material and 

recyclability, were presented to the participants. To make these products seem as real as 

possible, they were labelled with an existing, albeit foreign, bottled water brand name. 

Material type and recyclability were indicated on the packaging with stereotypical 

container designs (shape and transparency of packaging) and recycling labels (see 

Figure 5). In order to ensure that participants based their recyclability judgments on the 

given labels, and not on previous knowledge of packaging recyclability in their own 

area, participants were presented with a hypothetical shopping scenario and instructions 

for the task (see Appendix C).  

 Dependent Variables. Each of the eight products were rated on WTB, 

anticipated guilt response and sustainability perception. For WTB and anticipated guilt 

response, the items “How likely would you be to buy this product?” and “Buying this 

product would make me feel guilty.” were presented and answered a 7-point scale from 

“not at all” to “extremely” (following Studies 1 and 2). In addition, the question “How 

sustainable do you think this type of packaging is?”, with similar answer options from 1 

“not at all” to 7 “extremely”, was asked to assess sustainability perceptions (see e.g. 

Boesen et al., 2019). Single items were chosen for each of these dependent variables in 

order to avoid excessive repetition.  
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Additional Measures. Additional items measuring ecological world view 

(revised New Ecological Paradigm scale; Dunlap et al., 2000) and marine litter concern 

(scale used in Studies 1 and 2) were included to assess baseline differences in 

environmental orientations, as well as in an attempt to mask the focus on ocean 

connectedness. Finally, the level of immersion in the VR environment was assessed 

with three items modified from Tanja-Dijkstra et al. (2014; “To what extent did you feel 

like you went inside the virtual world?”, “How real did the virtual world seem to you?” 

and “How aware were you of your real-world surroundings while in the virtual world 

(i.e. sounds, other people, etc.?”).  

 

Experimental Procedure. After arriving at the testing laboratory the participant 

answered a computerised baseline survey with self-report measures for trait ocean 

connectedness and additional exploratory constructs. Once the survey was completed, 

the experimenter launched the appropriate VR program on the computer. The 

participant was then instructed to put on the VR headset and given the handheld 

controllers. Head straps and lenses on the headset were adjusted if necessary in order to 

make sure that the participant had a clear view of the VR environment. Similarly, the 

headphones and volume were adjusted so that the participant was able to hear the 

sounds displaying in the VR as well as the experimenter’s voice. The computer screen 

displayed what was seen by the participant, enabling the experimenter to follow the 

participants’ progression. Once clear visibility and audio were ensured, the 

experimenter started a stopwatch and proceeded to read a script which included 

instructions and prompts for the VR experience. After around 5 minutes the VR 

program was turned off and the participant was instructed to take off the headset.  

 After the VR exposure, the participant completed the IAT. Once the IAT 

finished, a post-manipulation survey measuring state ocean and nature connectedness 
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was administered, followed by the packaging rating task. This task began with an 

introduction to a hypothetical shopping setting (see Appendix C), and participants were 

also instructed to assume that all of the displayed products were priced the same. 

Following the instructions, the products were presented in a randomised order and rated 

by the participant for WTB, anticipated guilt response and perceived sustainability. The 

whole testing procedure lasted for less than 30 minutes per participant.  

 

Data Analysis. All statistical analyses were conducted within the R environment 

(R Core Team, 2017). Analyses of covariance (ANCOVA) were used to test the 

effectiveness of the ocean connectedness manipulation (H1A-B and H2A-B) in the 

presence of control variables, while linear mixed effects models were used to assess the 

impacts of the VR manipulation on evaluations of single-use packaging (H3A-B and H4A-

B). The linear mixed effects models were specified using the ‘lmerTest’-package 

(Kuznetsova et al., 2017) which uses the Satterthwaite’s approximation to derive 

ANOVAs for the included effects. Participant was treated as a random variable across 

all computed models, with only random intercepts specified in order to enable model 

convergence (Barr et al., 2013). Therefore, baseline differences in packaging responses 

were assumed between participants. Manipulation condition, packaging material and 

recyclability, along with possible control variables, were included in the models as fixed 

effects. Interactions were specified between manipulation condition and packaging 

material, as well as between manipulation condition and packaging recyclability in 

order to address hypotheses H3A-B and H4A-B. Sizes of the observed interaction effects 

are included in the results as parameter estimates of the fixed effects (β) when 

appropriate. These estimates were derived using orthogonal contrast coding. If 

significant interactions were found in the ANOVA results, estimated marginal mean 

(EMM) differences between plastic and other material types (H3A-B) and between 
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recyclable and non-recyclable packaging (H4A-B) were computed and contrasted across 

manipulation conditions.  

Preliminary checks of the data were performed first, in order to ensure that there 

were no differences between the two manipulation groups in terms of sociodemographic 

variables (assessed with chi-square tests). Baseline differences between the groups in 

trait and state ocean connectedness, additional environmental orientation variables, as 

well as differences in the level of immersion in the VR environment, were also 

examined (assessed with independent samples t-tests or equivalent non-parametric 

tests14). Furthermore, following Schultz and Tabanico (2007), participants’ IAT results 

were screened for categorisation errors, using a 30% error rate cut-off. No participant in 

the current sample had an error rate higher than 30%, meaning that all participants’ IAT 

data were included in the analyses.  

 

4.4.2. Results 

Descriptive Analyses and Baseline Differences. No differences were found 

between the ocean VR and built VR groups in terms of age15 (Χ2(3) = 1.50, p = .682) or 

gender (Χ2(1) = 3.03, p = .082), and therefore these variables were excluded from 

subsequent analyses. There were no differences between the two groups in baseline 

state ocean connectedness (adapted INS measure; t(92) = 0.28, p = .778) or baseline 

state nature connectedness (INS measure; t(79.83) = 1.64, p = .106). Similarly, the two 

groups did not differ in trait ocean connectedness (adapted CNS measure; t(92) = 0.15, 

p = .881), ecological world view (t(92) = 0.54, p = .592) or marine litter concern (t(92) 

= 0.24, p = .812; see Table 11 for participant demographics and baseline survey means).  

 

 
14 Results for the parametric tests are reported here, unless parametric and non-parametric tests produced 

different outcomes.  
15 Participants were categorised into age groups for the chi-square analysis.  
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Table 11 

Participant Demographics and Group Means for Baseline Survey Measures (Study 4).  

 Ocean VR group (n = 46) Built VR group (n = 48) 

Gender distribution 25 female, 11 male 43 female, 5 male 

Age (years) 21.98 (6.45) 21.25 (4.92) 

State ocean connectedness   

     Adapted INSa 2.65 (1.34) 2.73 (1.30) 

State nature connectedness   

     INSa 3.80 (1.26) 3.44 (0.87) 

Trait ocean connectedness   

     Adapted CNSb 4.91 (1.10) 4.94 (0.94) 

Ecological world view (NEP)c 5.56 (0.65) 5.63 (0.58) 

Marine litter concernd 6.26 (0.54) 6.29 (0.53) 

Note: Standard deviations are in parentheses.  
aINS = ‘Inclusion of Nature in Self’; measured on a 7-point pictorial scale. 
bCNS = ’Connectedness to Nature Scale’; 6-item scale (reliability ꞷ = .83); items answered on a 7-point 

Likert scale.  
cNEP = ‘New Ecological Paradigm’; 10-item scale (reliability ꞷ = .65); items answered on a 7-point 

Likert scale. 
d9-item scale (reliability ꞷ = .68); items answered on a 7-point Likert scale. 

 

 

Manipulation Checks for Ocean Connectedness (Hypotheses H1A and H2A). 

Experienced level of immersion in the virtual world was significantly higher in the 

ocean VR group (M = 5.44, SD = 0.78) than in the built VR group (M = 4.60, SD = 0.97; 

t(92) = 4.65, p < .001), and therefore level of immersion was included as a control 

variable in the following analyses. 

Means and standard errors for the post-manipulation measures used, with means 

adjusted for the effect of level of immersion, are shown in Table 12. After the VR 

manipulation, participants in the ocean VR group reported significantly higher levels of 

state ocean connectedness than the built VR group, as measured with the adapted INS 

(F(1,91) = 18.56, p < .001, partial η2 = .17). Participants in the ocean VR group also 

showed higher scores on the state ocean connectedness scale, as measured with the 

adapted CNS, but this difference was not significant (F(1,91) = 2.07, p = .154, partial η2 

= .02). Therefore, in terms of between-group differences in self-reported state ocean 
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connectedness, only partial support was found for hypothesis H1A. Results for implicit 

ocean connectedness from the adapted nature IAT showed a global positive IAT effect, 

meaning that study participants had stronger associations between self and the ocean 

than between self and the built environment, on average. However, there were no 

differences between the two groups in implicit ocean connectedness (F(1,91) = 1.36, p 

= .246, partial η2 = .01), meaning that no support was found for hypothesis H2A. As an 

additional finding, the ocean VR group showed significantly higher levels of state nature 

connectedness, as measured with the INS (F(1,91) = 24.68, p < .001, partial η2 = .21) 

post-manipulation. Pearson correlations across the post-manipulation measures and trait 

ocean connectedness are reported in Table 13.   

 

 

Table 12 

Group Means for Post-Manipulation State Ocean and Nature Connectedness Measures and 

Implicit Ocean Connectedness (Study 4).  

 Ocean VR group (n = 46) Built VR group (n = 48) 

State ocean connectedness  

     Adapted INSa* 

 

4.75 (0.22) 

 

3.37 (0.21) 

     Adapted CNSb 5.69 (0.13) 5.42 (0.13) 

State nature connectedness   

     INSa* 5.05 (0.18) 3.77 (0.17) 

Implicit ocean connectedness  

     Adapted nature IATc 

 

0.54 (0.05) 

 

0.63 (0.05) 

Note: Means are adjusted for the effect of level of immersion in the VR environment; standard errors are 

in parentheses. 
aINS = ‘Inclusion of Nature in Self’; measured on a 7-point pictorial scale.  
bCNS = ‘Connectedness to Nature Scale’; 6-item scale (reliability ꞷ = .76); items answered on a 7-point 

Likert scale.  
cIAT = ‘Implicit Association Test’; implicit attitude expressed as a D-score.  

* Ocean and nature connectedness, as measured with the INS measures, increased from pre- to post-

manipulation in both ocean VR group (paired samples t-tests: t(45) = -10.40, p < .001; t(45) = -6.84, p < 

.001, respectively) and built VR group (t(47) = -4.80, p < .001; t(47) = -2.44, p = .018, respectively).  
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Table 13 

Pearson Correlations across Post-Manipulation State Measures and Trait Ocean 

Connectedness (Study 4). 

Measure 1. 2. 3. 4. 5.  

State ocean connectedness      

1. Adapted INS 

2. Adapted CNS 

Implicit ocean connectedness 

- 

.66** 

 

- 

   

3. Adapted nature IAT 

State nature connectedness 

.19 .25* -   

4. INS 

Trait ocean connectedness 

.66** .48** .06 -  

5. Adapted CNS .50** .73** .18 .37** - 

Note: INS = ‘Inclusion of Nature in Self’; CNS = ‘Connectedness to Nature Scale’; IAT = ‘Implicit 

Association Test’.  

* Correlation significant at the p < .05 level.  

** Correlation significant at the p < .01 level.  

 

 

Impact of VR Manipulation on Evaluations of Packaging Material 

(Hypothesis H3A). The ANOVA results with degrees of freedom obtained using the 

Satterthwaite method showed a non-significant two-way interaction between 

manipulation condition and packaging material on WTB (F(3,658) = 0.09, p = .96616). 

Similarly, no significant two-way interactions were found between manipulation 

condition and packaging material on anticipated guilt response (F(3,658) = 0.47, p = 

.700) or sustainability perceptions (F(3,658) = 0.74, p = .529). Therefore, the two 

groups did not differ in how plastic was evaluated for WTB, anticipated guilt response 

or perceived sustainability in comparison to the other material types, meaning that 

hypothesis H3A was not supported.  

 

 
16 No omnibus effect sizes for multilevel model effects including factor variables with more than two 

levels are reported, as for all such variables of interest there is notable variance across factor levels (e.g. 

across the different material types), rendering an ’overall’ effect size lacking in interpretable value. 

Instead, if the omnibus effects are significant, estimated mean differences (β) are reported for individual 

comparisons across factor levels.  
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Impact of VR Manipulation on Evaluations of Packaging Recyclability 

(Hypothesis H4A). There were no significant two-way interactions between 

manipulation condition and packaging recyclability on WTB (F(1,658) = 0.36, p = .548, 

β = .03) or anticipated guilt response (F(1,658) = 0.61, p = .436, β = .04). However, a 

significant two-way interaction was found between manipulation condition and 

packaging recyclability on sustainability perceptions (F(1,658) = 5.13, p = .024, β = 

.11). This interaction is illustrated in Figure 19. According to Tukey-corrected post-hoc 

interaction comparisons there were no significant differences, however, between the two 

groups in how recyclable packaging was rated for perceived sustainability (t(210) = 

0.58, p = .939, estimated marginal mean (EMM) difference: 0.10) or in how non-

recyclable packaging was rated for perceived sustainability (t(210) = 2.07, p = .165, 

EMM difference: 0.35). Therefore, no support was found for hypothesis H4A in terms of 

between-group differences in evaluations of packaging recyclability.   

 

Figure 19 

Two-Way Interaction Effect between Manipulation Condition and Packaging Recyclability on 

Perceived Sustainability of Single-use Packaging.  

 

Note: Error bars represent 95% confidence intervals.  
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4.4.3. Discussion 

The purpose of Study 4 was to test the effect of an immersive VR manipulation on 

ocean connectedness and subsequently on pro-environmental behaviour. Overall, 

limited evidence was found to support the study hypotheses. Firstly, the ocean 

connectedness manipulation was successful in producing higher levels of self-reported 

ocean connectedness in the ocean VR group in comparison to the built VR group. 

However, this was only true for the adapted INS, as no significant differences were 

found in state ocean connectedness scale scores between the two groups, while 

controlling for level of immersion in the VR. Changes in the INS as a result of (virtual) 

nature exposure have been documented previously (Ahn et al., 2016; Liefländer et al., 

2013; Nisbet & Zelenski, 2011), and the brief VR manipulation in Study 4 replicated 

these findings. Given that the current study was the first to use the ocean connectedness 

scale as a state measure, more research is needed for its validation as an instrument for 

assessing transient ocean connectedness. Furthermore, implicit ocean connectedness did 

not differ between the two VR groups. In fact, participants in the built VR group showed 

higher scores in the IAT, although this difference was not significant. While previous 

research has demonstrated the malleability of implicit associations (e.g. Dasgupta & 

Greenwald, 2001; Wang et al., 2016), it is possible that a 5-minute immersive VR 

experience in an oceanic environment was not sufficient in duration to alter implicit 

self-nature associations. Furthermore, it may be that the built VR experience caused a 

benign ‘boomerang effect’ wherein exposure to a busy urban setting resulted in a 

yearning for natural spaces, especially since the study participants were students living 

in a coastal city. Moreover, given that the ocean VR was experienced as more 

immersive and ’real’ than the urban VR, the two conditions were not fully comparable, 

and thus no firm conclusions regarding manipulation of ocean connectedness can be 
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drawn from the between-group comparisons. In addition, as no differences were found 

between the two groups in terms of evaluations of single-use packaging, there was no 

evidence that the oceanic VR manipulation primed pro-environmental behaviour any 

differently than the built VR exposure.  

 

4.5 Study 5: Comparing Oceanic VR, Built VR and a Cognitive Task 

Study 5 was conducted to address some of the aforementioned issues in the VR 

manipulation. More specifically, Study 5 used a virtual tour in a cathedral as the built 

VR experience, in an attempt to allow a similar level of immersion, interaction and sense 

of presence in the virtual environment as in the ocean VR condition. Moreover, this 

built environment was less extreme (i.e. less congested), and therefore was thought to 

be less likely to cause a boomerang effect as suggested earlier. In addition, as the 

experimental design in Study 4 only allowed for comparisons between groups of 

individuals who were prompted to pay attention to their surroundings, Study 5 

employed a third experimental condition: The cognitive task condition was designed to 

keep the participants engaged in an unrelated, non-complex task and to disallow for 

mind wandering (Macaulay et al., 2022).  

 

4.5.1. Method 

Research Design and Participants. In Study 5, participants were assigned into 

one of three VR manipulation conditions, ocean VR (experimental group), built VR 

(comparison group) or cognitive task (second comparison group). 120 participants were 

recruited from the University’s School of Psychology Participation Pool. They received 

one research participation point each which counted towards course credit. The 

participants were randomised into ocean VR, built VR and cognitive task conditions 

using a random sequence generator. Due to technical challenges encountered during 
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data collection, the final study sample was 118 participants (92 female, 26 male) with a 

mean age of 21.15 (SD = 5.73), of which 40 were in the ocean VR group, 40 in the built 

VR group and 38 in the cognitive task group.  

 

  Apparatus, Measures and Materials. 

VR Setting, Apparatus and Stimuli. The VR manipulation set-up was identical to that 

of Study 4, but this time the built VR condition involved a virtual tour of the Cologne 

cathedral (Realities – Cologne Cathedral on Steam; https://www.realities.io/; see Figure 

20 for a still image). Participants started the virtual tour by the chancel and were 

permitted to explore the space as well as other rooms in the cathedral freely. Entering 

new rooms or picking up information ‘leaflets’ with the hand-held controllers triggered 

a speech by a virtual tour guide, which was played through the built-in headphones. As 

the speeches directed the participant’s attention towards specific features in the built 

space, the researcher provided prompts to guide the participant’s attention (see 

Appendix C) only if the participant did not trigger tour guide speeches spontaneously. 

The VR exposure lasted for around 5 minutes. Participants in the cognitive task 

condition completed math problems (simple addition and subtraction) for 5 minutes.   

 Measures. Same measures (baseline survey, manipulation check and outcome 

measures) were used here as in Study 4.  

 

Experimental Procedure. The experimental procedure for the ocean VR and 

built VR groups followed that of Study 4. Participants in the cognitive task condition 

firstly completed the pre-manipulation measures, after which they were provided with a 

pencil and a sheet of math problems, of which they were instructed to complete as many 

as possible within 5 minutes. After the cognitive task they completed the post-

manipulation measures.  
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Figure 20 

Still Image of the Built VR Experience in Study 5 (Cologne Cathedral by Realities on Steam).  

 

 

 

 

 

 

 

 

Data Analysis. The obtained data were analysed as in Study 4. Preliminary 

checks of the data were performed first, in order to ensure that there were no differences 

across the three manipulation groups in terms of sociodemographic variables (assessed 

with chi-square tests). Baseline differences across the groups in ocean connectedness 

and additional environmental orientation variables, as well as differences in level of 

immersion in the VR environment (for ocean VR and built VR groups), were also 

examined (assessed with analyses of variance or equivalent non-parametric tests). No 

participant in Study 5 had an error rate higher than 30% in the IAT, meaning that all 

participants’ IAT data were included in the analyses.  

 

4.5.2. Results 

Descriptive Analyses and Baseline Differences. No differences were found 

across the ocean VR, built VR and cognitive task groups in terms of age17 (Χ2(6) = 8.23, 

p = .221). The groups were significantly different in terms of gender distribution (Χ2(2) 

 
17 Participants were categorised into age groups for the chi-square analysis. 
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= 7.87, p = .020), and therefore gender was included as a control variable in all 

subsequent analyses. There were no differences across the three groups in baseline state 

ocean connectedness (adapted INS measure; F(2,114) = 0.29, p = .749) or baseline state 

nature connectedness (INS measure; F(2,114) = 0.17, p = .845). Similarly, the three 

groups did not differ in trait ocean connectedness (adapted CNS measure; F(2,114) = 

0.17, p = .845), ecological world view (F(2,114) = 1.14, p = .323) or marine litter 

concern (F(2,114) = 1.45, p = .239; see Table 14 for participant demographics and 

baseline survey means adjusted for the effect of gender).  

 

Table 14 

Participant Demographics and Group Means for Baseline Survey Measures (Study 5).  

 Ocean VR group 

(n = 40) 

Built VR group 

(n = 40) 

Cognitive task 

group 

(n = 38) 

Gender distribution 27 female, 13 

male 

37 female, 3 

male 

28 female, 10 male 

Age (years) 21.58 (6.52) 22.35 (7.06) 19.45 (1.37) 

State ocean connectedness    

     Adapted INSa 3.12 (0.23) 2.93 (0.23) 3.18 (0.23) 

State nature connectedness 

     INSa 

 

3.75 (0.18) 

 

3.70 (0.18) 

 

3.61 (0.18) 

Trait ocean connectedness 

     Adapted CNSb 

 

4.88 (0.15) 

 

4.78 (0.15) 

 

4.77 (0.15) 

Ecological world view 

(NEP)c 

5.56 (0.09) 5.43 (0.09) 5.62 (0.09) 

Marine litter concernd 5.98 (0.09) 6.16 (0.09) 6.17 (0.09) 

Note: Baseline survey means are adjusted for the effect of gender; Numbers in parentheses are standard 

deviations for mean age, and standard errors for adjusted baseline survey means.  
aINS = ‘Inclusion of Nature in Self’; measured on a 7-point pictorial scale. 
bCNS = ’Connectedness to Nature Scale’; 6-item scale (reliability ꞷ = .79); items answered on a 7-point 

Likert scale. 
cNEP = ‘New Ecological Paradigm’; 10-item scale (reliability ꞷ = .63); items answered on a 7-point 

Likert scale. 
d9-item scale (reliability ꞷ = .68); items answered on a 7-point Likert scale. 

 

 

Manipulation Checks for Ocean Connectedness (Hypotheses H1A-B and 

H2A-B). No differences were found between the ocean VR and built VR group in 



 

146 

 

experienced level of immersion in the virtual environment (M = 5.37, SD = 0.75 and M 

= 5.09, SD = 0.77, respectively; t(78) = 1.66, p = .101).  

 Means and standard errors for the post-manipulation measures used, adjusted for 

the effect of gender, are displayed in Table 15. Manipulation condition had a significant 

effect on state ocean connectedness, as measured with the adapted INS (F(2,114) = 

6.00, p = .003, partial η2 = .10). According to Tukey-corrected post-hoc comparisons, 

the ocean VR group showed higher levels of state ocean connectedness on the adapted 

INS than the built VR group (β = 1.03, p = .004) and the cognitive task group (β = 0.81, 

p = .026). For state ocean connectedness measured with the adapted CNS scale, there 

were no differences across the three groups (F(2,114) = 2.66, p = .074, partial η2 = .04). 

Therefore, for between-group differences in self-reported state ocean connectedness, 

only partial support was found for hypotheses H1A-B.  

 

Table 15 

Adjusted Group Means for Post-Manipulation State Ocean and Nature Connectedness 

Measures and Implicit Ocean Connectedness (Study 5).  

 Ocean VR group  

(n = 40) 

Built VR group  

(n = 40) 

Cognitive task group 

(n = 38) 

State ocean connectedness 

     Adapted INSa* 

 

4.57 (0.22) 

 

3.54 (0.22) 

 

3.75 (0.22) 

     Adapted CNSb 5.59 (0.14) 5.16 (0.14) 5.28 (0.14) 

State nature connectedness    

     INSa* 4.75 (0.19) 3.80 (0.19) 3.98 (0.19) 

Implicit ocean connectedness 

     Adapted nature IATc 

 

0.64 (0.06) 

 

0.49 (0.06) 

 

0.52 (0.06) 

Note: Means are adjusted for the effect of gender; standard errors are in parentheses.  
aINS = ‘Inclusion of Nature in Self’; measured on a 7-point pictorial scale.  
bCNS = ‘Connectedness to Nature Scale’; 6-item scale (reliability ꞷ = .79); items answered on a 7-point 

Likert scale.  
cIAT = ‘Implicit Association Test’; implicit attitude expressed as a D-score.  

* Ocean and nature connectedness, as measured with the INS, increased from pre- to post-manipulation in 

the ocean VR group (paired samples t-tests: t(39) = -7.28, p < .001; t(39) = -6.71, p < .001, respectively) 

and in the cognitive task group (t(37) = -5.23, p < .001; t(37) = -3.37, p = .002, respectively). In the built 

VR group ocean connectedness increased but nature connectedness did not (t(39) = -4.36, p < .001; t(39) 

= -0.93, p = .360, respectively).  
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Results for implicit ocean connectedness as measured with the adapted nature 

IAT showed a global positive IAT effect, whereby study participants associated 

themselves more with the ocean than with the built environment on average. There were 

no differences across the three groups in implicit ocean connectedness (F(2,114) = 1.90, 

p = .154, partial η2 = .03), meaning that no support was found for hypotheses H2A-B. In 

terms of state nature connectedness, manipulation condition had a significant effect on 

the INS (F(2,114) = 6.94, p = .001, partial η2 = .11). Tukey-corrected post-hoc 

comparisons showed that participants in the ocean VR group were significantly more 

connected with nature than participants in the built VR group (β = 0.95, p = .002) and 

those in the cognitive task group (β = 0.76, p = .014) post-manipulation. Pearson 

correlations across the post-manipulation measures and trait ocean connectedness are 

reported in Table 16.   

 

 

Table 16 

Pearson Correlations across Post-Manipulation State Measures and Trait Ocean 

Connectedness (Study 5). 

Measure 1. 2. 3. 4. 5. 

State ocean connectedness 

1. Adapted INS 

2. Adapted CNS  

Implicit ocean connectedness 

 

- 

.71** 

 

 

- 

   

3. Adapted nature IAT .23* .21* -   

State nature connectedness  

4. INS 

 

.75** 

 

.61** 

 

.14 

 

- 

 

Trait ocean connectedness 

5. Adapted CNS 

 

.56** 

 

.71** 

 

.30** 

 

.44** 

 

- 

Note: INS = ‘Inclusion of Nature in Self’; CNS = ‘Connectedness to Nature Scale’; IAT = ‘Implicit 

Association Test’.  

* Correlation significant at the p < .05 level.  

** Correlation significant at the p < .01 level.  
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Impact of VR Manipulation on Evaluations of Packaging Material 

(Hypotheses H3A-B). The ANOVA results showed a non-significant two-way 

interaction between manipulation condition and packaging material on WTB (F(6,826) 

= 2.08, p = .053). Similarly, no significant two-way interactions were found between 

manipulation condition and packaging material on anticipated guilt response (F(6,826) 

= 1.40, p = .210) or sustainability perceptions (F(6,826) = 1.85, p = .087). Therefore, 

the three groups did not differ in how they evaluated different packaging material types, 

meaning that hypotheses H3A-B were not supported.  

 

Impact of VR Manipulation on Evaluations of Packaging Recyclability 

(Hypotheses H4A-B). There were no significant two-way interactions between 

manipulation condition and packaging recyclability on WTB (F(2,826) = 1.84, p = 

.160), anticipated guilt response (F(2,826) = 0.42, p = .656) or on perceptions of 

packaging sustainability (F(2,826) = 0.41, p = .664). Therefore, the three groups did not 

differ in how they evaluated packaging recyclability, indicating that no support was 

found for hypotheses H4A-B. 

 

Post-hoc Analyses: Main Effect of Manipulation Condition. Although not 

hypothesised, significant main effects of manipulation condition on packaging 

evaluations were found and explored further. More specifically, manipulation condition 

had a significant effect on WTB (F(2,118) = 4.24, p = .017) and perceived sustainability 

(F(2,118) = 4.24, p = .017), but not on anticipated guilt (F(2,118) = 0.22, p = .807). 

That is, the three groups differed in how they evaluated single-use packaging for WTB 

and sustainability overall (i.e. regardless of material type or recyclability). Post-hoc 

Tukey-corrected pairwise comparisons showed that WTB ratings for packaging were 

significantly lower in the ocean VR group (estimated adjusted M = 2.96, SE = 0.18) than 
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in the built VR group (M = 3.68, SE = 0.20; p = .014). However, WTB ratings in the 

ocean VR group were not different from those in the cognitive task group (M = 3.31, SE 

= 0.19; p = .335). Similarly, perceived packaging sustainability was significantly lower 

in the ocean VR group (M = 3.32, SE = 0.11) than in the built VR group (M = 3.75, SE = 

0.12; p = .014), but not different from perceived sustainability in the cognitive task 

group (M = 3.55, SE = 0.11; p = .285). 

 

4.6 General Discussion 

Following from the correlational findings reported in Studies 1 and 2, investigating the 

potential causal relationship between ocean connectedness and packaging preferences 

was of interest. Studies 4 and 5 were laboratory experiments which aimed to 

demonstrate the impacts of an oceanic nature exposure, mediated by immersive VR 

technology, on ocean connectedness and pro-environmental behaviour. Study 4 

compared a 5-minute ocean VR experience with a non-natural, built VR exposure (5-

minute tour around a busy city centre). Study 5 was conducted as a partial replication of 

Study 4, with revisions made to the experimental design: Study 5 used a different virtual 

setting for the built VR exposure (5-minute cathedral tour), in order to allow for more 

comparability across the VR conditions in terms of immersion and sense of presence. In 

addition, Study 5 employed an additional experimental group, a cognitive task with no 

VR exposure, in order to allow for a wider understanding of ocean connectedness 

manipulation as a potential driver for pro-environmental behaviour. In both studies, 

self-reported (explicit) ocean connectedness was assessed before and after the 

experimental manipulation, and implicit ocean connectedness was assessed post-

manipulation only. Finally, pro-environmental behaviour was measured in a packaging 

rating task, where participants’ evaluations of environmentally relevant features of 

single-use packaging were of interest. This work supplements existing research 
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evidence on the effectiveness of short-term manipulations of nature connectedness on 

pro-environmental behaviour, findings from which have been mostly mixed (Mackay & 

Schmitt, 2019).  

In both studies, based on earlier findings on the malleability of nature 

connection (e.g. Coughlan et al., 2022; Wang et al., 2016; Yeo et al., 2020), inter-group 

differences in both explicit and implicit ocean connectedness were expected after the 

experimental manipulation. The immersive and interactive nature of the VR 

manipulations was believed to amplify experienced connections with the depicted 

environment (Soliman et al., 2017). Across the two studies, inter-group differences in 

ocean connectedness following the VR manipulation were observed only for the 

adapted graphical INS measure, and no such effects were found for the survey-type 

scale measure of state ocean connectedness. These findings indicate that the scale 

measure, much like the CNS in its original form (Mayer & Frantz, 2004), may not be 

suitable for assessment of transient ocean connectedness. Given that the INS was 

originally conceptualised as a cognitive measure of self-nature associations (Schultz, 

2001), it seems that the VR manipulation employed here was successful in modifying 

the cognitive schemata of the self-ocean association. However, this cognitive 

association did not extend to connectedness on the implicit level, as no significant 

differences were found in the IAT measure across the experimental groups. Overall, 

these findings indicate that a short-term oceanic exposure via VR is not enough to 

significantly shape implicit ocean connectedness any differently than a built VR 

environment or no VR exposure. These conclusions are in line with previous findings 

where a 5-minute exposure to a natural setting (Schultz & Tabanico, 2007) or viewing a 

short nature documentary (Arendt & Matthes, 2016) were not successful in altering 

implicit nature connection. Therefore, it is probable that in order to strengthen implicit 
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ocean connection, longer-term or repeated exposures to marine environments would be 

required (Schultz & Tabanico, 2007).  

However, given that Studies 4 and 5 were the first to use a modified version of 

the IAT developed by Schultz et al. (2004) to measure implicit ocean connectedness, 

wider use of the measure is needed before firm conclusions can be drawn regarding its 

performance as well as its sensitivity to brief manipulations of the self-ocean 

association. Furthermore, correlations across the various ocean (and nature) 

connectedness measures used in Studies 4 and 5 provide evidence of convergent 

validity of the IAT as a measure of ocean connectivity: In Study 4, results on the IAT 

only correlated weakly with scores on the state ocean connectedness scale, whereas in 

Study 5 small-to-moderate correlations were found between the IAT and all other ocean 

connectedness measures. The observed correlations were similar in magnitude to those 

reported previously between the nature connectedness IAT and self-report measures of 

nature connectedness (Schultz & Tabanico, 2007). In addition, in both studies IAT 

scores did not correlate with nature connectedness (as measured with the INS), 

indicating discriminant validity and providing evidence of the conceptual disparity 

between implicit ocean connectedness and explicit nature connectedness.  

 It should be noted that based on the adapted INS scores for ocean connectedness 

measured both before and after the VR manipulation, ocean connectedness increased 

across all groups in Studies 4 and 5 (although it was always highest in the ocean VR 

group). It is likely that this effect occurred because the IAT was administered before 

assessment of self-reported ocean connectedness. As the IAT involved assigning ocean-

themed words into categories, as well as pairing these words with words related to the 

self, it is possible that the testing process primed participants’ responses in the self-

report ocean connectedness measures administered immediately after. However, the 

IAT procedure equally incorporated words related to the built environment and ‘not 
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me’, meaning that automatic pairings between the self and ocean were as likely to occur 

as automatic pairings between ‘not me’ and ocean, or between self and the built 

environment, as a result of completing the IAT. All in all, had such effect of the IAT 

testing procedure on subsequent self-report measures occurred, it would have likely 

affected all study groups equally. In future, and as advised by Schultz and Tabanico 

(2007), randomisation of the study participants into an ‘IAT first’ and ‘IAT last’ 

procedures can help control for potential order effects.  

 In order to examine the impacts of the VR manipulation on pro-environmental 

behaviour, Studies 4 and 5 used a packaging rating task similar to that used in Studies 1 

and 2. This time study participants rated eight different single-use packaging options, 

each with a unique combination of packaging material type (plastic, glass, aluminium or 

carton) and recyclability (recyclable or non-recyclable). Following from the findings in 

Studies 1 and 2, the VR exposure was expected to shape participants’ evaluations of 

packaging material types, in that participants in the ocean VR group were expected to 

rate plastic packaging as more negatively than the other material types. For packaging 

recyclability, recyclable packaging was expected to be evaluated more positively than 

non-recyclable packaging, and this difference was expected to be more pronounced in 

the ocean VR group than in the other conditions.  

These differences across study groups were not observed in Studies 4 and 5, 

meaning that an oceanic experience in immersive VR, designed to promote ocean 

connectedness, was not successful in shaping evaluations of environmentally relevant 

attributes of SUP. Given the correlational association between ocean connectedness and 

preferences for packaging recyclability and material documented in Studies 1 and 2, it is 

possible that this association does not apply to state ocean connectedness. Alternatively, 

it is probable that the VR manipulation was not a powerful enough prime to shape 

consumer preferences in such magnitude or quality. As suggested by Lange and 
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Truyens (2022), effects of VR exposure on pro-environmental behaviour are likely 

small, and it is possible that the sample sizes used in Studies 4 and 5 were not large 

enough to detect such effects. Nevertheless, although not hypothesised, Study 5 found 

differences between the two VR groups in how single-use packaging were perceived in 

general: The ocean VR group evaluated pakaging more negatively for WTB and 

perceived sustainability than the built VR group. That is, although effects on the level of 

recyclability and material of single-use packaging were not observed, brief exposure to 

an oceanic VR environment (when compared with exposure to a built VR environment) 

made the study participants more critical about SUP. An interactive experience in 

(oceanic) nature, therefore, has the potential to shift the likelihood of single-use 

packaging consumption, but more research is needed to establish such a link.  

Furthermore, as noted by Mackay and Schmitt (2019), experimental 

manipulations of nature connectedness might prove more successful if they manipulated 

nature identity, too. While participants were prompted to pay attention to various 

features of the VR environment in Studies 4 and 5, in an attempt to increase immersion, 

the experimental manipulation was not designed to induce or directly manipulate 

identification with the environment per se. Framing nature connection as an identity, for 

example by having participants explicitly categorise themselves as part of nature or 

reflect on their identity, could promote nature connection further. After all, the ocean 

connectedness measures used in Studies 4 and 5 could, in fact, be perceived as 

measuring ocean identity following some previous conceptualisations (Diessner et al., 

2018; Schultz & Tabanico, 2007). While it is beyond the scope of the current research 

to discuss the conceptual similarities and disparities between identity and 

connectedness, it is likely that promoting one would shape the other, too.  

While the findings of Studies 4 and 5 were not entirely what was expected, the 

implications of this work should be recognised. More specifically, VR technologies, as 
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increasingly accurate renderings of the real world, can be useful in promoting perceived 

connection with the marine environment. Although the present research did not 

demonstrate a causal impact of said connectedness on pro-environmental behaviour, 

inducing nature connection via virtual means has other benefits, including increased 

levels of positive affect (Yeo et al., 2020) and prosocial behaviour (Zelenski et al., 

2015). Furthermore, previous research has identified ‘blue space’ as particularly 

restorative (White et al., 2010), especially when abundant in biodiversity (Cracknell et 

al., 2017; Cracknell et al., 2018), indicating that exposure to virtual oceanic scenes with 

diverse marine biota can have various positive impacts on the human psyche. Moreover, 

VR exposure of this kind holds promise in helping people develop a ‘marine mindset’ 

and subsequently shaping pro-marine intentions, especially if paired with informational 

strategies (Wyles et al., 2013). Therefore, the oceanic VR exposure used in the current 

studies would likely be more potent in promoting pro-environmental behaviour if it was 

paired with informational or conservational messaging, or if visible pollution was 

present in the VR environment. This postulation warrants more research in future.  

 

 

 

 

 

 

 

 

 

 

 



 

155 

 

 

 

 

Chapter 5: General Discussion 

 

Parts of this chapter are extracts from a published peer-reviewed paper:  

Nuojua, S., Pahl, S., & Thompson, R. C. (2022). Ocean connectedness and consumer responses 

to single-use packaging. Journal of Environmental Psychology, 81, 101814. 

 

5.1 Introduction 

The vital role of psychology and the behavioural sciences in tackling marine plastic 

pollution has been recognised for some time (Pahl et al., 2017). Even before global 

awareness about plastic pollution reached its current proportions, research on human 

behaviour and perceptions has directed efforts to promote sustainable consumption and 

waste management behaviours (Heidbreder et al., 2019; Schultz et al., 2013; Thomas & 

Sharp, 2013). Earlier work on the human dimension of plastic pollution, more 

specifically literature on the psychological determinants of behaviour that may 

contribute to marine plastic pollution (consumer and waste management behaviours), 

were reviewed in Chapter 1. The work reported in this thesis addressed the issue of 

marine plastic pollution from a consumer behaviour perspective and focused on one of 

the key pollutants of the natural marine environment: single-use packaging. It is 

apparent that today’s end-users of plastic readily make the link between plastic 

packaging and its impact on the marine environment (Trivium Packaging, 2020). 

Following the trends found in previous literature on the relationship between nature 

connectedness and pro-environmental behaviour, and based on the recently proposed 

“Blue Planet effect” (Hunt, 2017), this thesis postulated an association between 
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psychological connectedness with the ocean, here termed ocean connectedness, and 

consumer behaviour in regard to single-use packaging.  

 Studies 1 and 2 investigated consumer responses to single-use packaging and its 

environmentally relevant properties. Using an experimental design, these studies 

assessed how consumers, namely students in a coastal city (Study 1) and the UK general 

public (Study 2), responded to two key environmentally relevant attributes of 

packaging: recyclability and type of raw material (e.g. plastic or glass). In addition, 

affinity towards the oceans, or ocean connectedness, was assessed with a survey, and its 

interactions with consumer responses to packaging were further examined.  

 Study 3 used a large-scale online survey to investigate consumer responses to a 

variety of environmentally relevant attributes of packaging beyond recyclability and raw 

material. Responses to the environmental cost of packaging manufacture and circular 

design were investigated across three types of packaging materials: conventional plastic, 

biodegradable plastic, and glass. In addition, consumer responses to various end-of-life 

scenarios for packaging (e.g. packaging ending up recovered in the waste management 

system or escaping into the environment) were studied. These responses were further 

explored across different consumer profiles, created based on environmentally relevant 

consumer characteristics (e.g. ocean connectedness) and sociodemographic variables 

(e.g. gender and level of education). In addition, Study 3 involved investigating the 

characteristics of both ocean and nature connectedness, in terms of how they associate 

with the aforementioned consumer characteristics, thus providing insight into whether 

ocean connectedness is conceptually unique and different from nature connectedness.   

 Finally, Studies 4 and 5 were designed to explore whether the previously found 

association between consumer response to packaging and ocean connectedness would 

extend to a causal relationship between the two. As such, these studies explored whether 

consumer responses to packaging could be changed by increasing consumers’ 
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connectivity with the ocean momentarily. In an experimental design involving a test 

condition and a comparison condition (Study 4) and a further control condition (Study 

5), participants were exposed to a natural marine environment using immersive Virtual 

Reality (VR) technology. Following this ocean connectedness manipulation, 

participants’ explicit and implicit ocean connectedness were firstly assessed. 

Subsequently, their responses to single-use packaging and its environmentally relevant 

attributes were measured using the same testing paradigm as in Studies 1 and 2.  

 The following section summarises the key findings of the work presented in this 

thesis. The wider implications of the findings are then discussed in the following 

section, and the chapter concludes with an overview of methodological limitations and 

suggestions for future research.  

 

5.2 Summary of Results 

Results from the respective studies are reviewed and discussed next, structured 

according to the research question(s) that each chapter set out to address.  

 

RQ1) How do consumers respond to environmentally relevant attributes of 

single-use packaging, and what is the role of ocean connectedness in shaping 

these views?  

 

Chapter 2 (Studies 1 and 2) showed that consumers in general preferred recyclable 

single-use packaging, supporting previous findings (Rokka & Uusitalo, 2008; Klaiman 

et al., 2016). That is, consumers responded to recyclable packaging with higher 

willingness to buy, more positive affective reaction, as well as higher ratings of product 

attractiveness in comparison to non-recyclable packaging. These findings indicate that 

recyclability cues on single-use packaging labels could influence consumer opinion 
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substantially, at least for fast-moving consumer goods for which packaging usually 

forms a considerable part of the presentation and ecological footprint of the product 

(Ibrahim et al., 2022; Underwood, 2003; van Herpen et al., 2016). Furthermore, the 

observed preference for recyclability was shown to be moderated by ocean 

connectedness: Consumers higher in ocean connectedness rated recyclable packaging 

more positively than those lower in ocean connectedness, and non-recyclable packaging 

was rated more negatively at higher levels of ocean connectedness. Psychological 

connection with the ocean was thus shown to shape the utility that consumers gain from 

packaging circularity. These findings enrich the existing evidence base on the role of 

environmental orientations in shaping the demand for packaging sustainability (e.g. 

Magnier & Schoormans, 2015; Rhein & Schmid, 2020; Thøgersen, 1999).  

Furthermore, in Studies 1 and 2, packaging made of plastic (in comparison to that made 

of glass, carton or aluminium) was viewed as more benign by those low in ocean 

connectedness, demonstrating that ocean connectedness moderated responses to 

packaging raw material, too. Although the hypothesised effect of sensitisation towards 

plastic was only observed in the larger online sample, and only for anticipated positive 

affect and guilt responses, overall these findings signify that consumers who feel a 

lesser connection with the marine environment view plastic packaging as a viable, if not 

better, alternative to packaging made of other material types such as glass. Therefore, in 

addition to modifying preferences for packaging sustainability (here conceptualised as 

circularity), ocean connectedness is also associated with selective responses to 

packaging material. These findings align with the postulation that a pro-marine mindset 

may motivate intentions to limit plastic packaging waste (Pahl et al., 2017; Wyles et al., 

2013). 
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RQ2) Does the human-nature relationship amongst other environmental 

orientations impact consumer responses to the circular design and end-of-life 

scenarios of packaging? 

 

Chapter 3 (Study 3) firstly extended the findings from Studies 1 and 2: Study 3 

demonstrated that consumers’ valuation of packaging recyclability has, when 

contrasting with previous studies (Kovačević & Bota, 2021; Löfgren & Witell, 2005; 

Williams et al., 2021), evolved. Previously, recyclability has been viewed by consumers 

as a delight attribute that is not essential for consumer satisfaction. In the large UK 

survey sample in Study 3, respondents in general found packaging recyclability, as well 

as compostability of biodegradable packaging, an attribute that brings great consumer 

satisfaction, while packaging that cannot be recycled or composted caused 

dissatisfaction. In addition, consensus from the study sample was that plastic packaging 

escaping into the natural environment was considered an unfavourable end-of-life 

scenario, but not for packaging made of glass or biodegradable plastic, suggesting that 

consumers are especially wary of plastic packaging polluting the environment. 

Moreover, and further illustrating that consumer opinion around packaging 

sustainability is contingent on the type of packaging raw material, consumers valued 

circular origin of glass packaging and were especially concerned about glass ending up 

in landfill. On the contrary, for both conventional and biodegradable plastic packaging, 

recycled origin and value recovery via incineration (instead of landfill) were perceived 

as indifferent attributes for consumer satisfaction. Although consumers have been 

previously shown to overestimate the environmental sustainability of glass as packaging 

material (Otto et al., 2021), the aggregate findings from Study 3 suggest that UK 
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consumers are more critical about the sustainability of containers made of glass than 

those made of plastic.  

Furthermore, to address RQ2, Study 3 shed light on packaging preferences 

across different consumer segments formulated on the basis of environmental 

orientation variables and sociodemographic characteristics. In summary, the identified 

four segments had distinct profiles in terms of their responses to packaging 

sustainability attributes and end-of-life scenarios. For example, the consumer segment 

that reported the highest levels of connectedness with nature and the ocean (as well as 

the highest levels of biospheric and altruistic value orientations) received utility from all 

the studied environmentally relevant features of packaging. Conversely, the segment 

with the lowest levels of nature and ocean connectedness, consisting mostly of male 

participants, received no utility from any of the sustainability attributes. These findings 

support previous research on the associations between nature connectedness, values and 

packaging preferences (Khachatryan et al., 2014; Jaiswal & Bihari, 2020; Prakash et al., 

2019). Furthermore, egoistic value orientation had a somewhat surprising function in 

packaging preferences: The consumer segment with high levels of connectedness and 

an egoistic value orientation showed low demand for all of the sustainability features in 

question. Egoistic value orientation has been previously associated with preferences for 

sustainable packaging (Prakash et al., 2019), but results from Study 3 suggest an 

opposite effect.  

 

RQ3) Does ocean connectedness with its role in shaping environmental 

intentions differ from overall nature connectedness, and how?  

 

Inspection of how ocean and nature connectedness associate with sociodemographic 

variables and environmental orientations in Study 3 permits a number of conclusions 
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regarding the conceptual differences and similarities between the two variables. Firstly, 

ocean connectedness and nature connectedness were highly correlated. It is expected 

that a strong nature connection also extends to connectivity with the natural marine 

environment. Secondly, the most notable disparity between the two connectedness 

variables was in their associations with distance from the coast. The observed negative 

correlation between distance from the coast and ocean connectedness makes intuitive 

sense, and no such correlation was found for nature connectedness, implying that the 

two connectedness variables have differing profiles. However, no other qualitative 

differences were found between the two connectedness variables: Firstly, both ocean 

and nature connectedness were positively associated with being older, female and more 

highly educated, demonstrating consistency with the generally accepted profile of an 

environmentally conscious person (Barr, 2003; Gifford & Nilsson, 2014). Similarly, in 

terms of their associations with value orientations and other environmentally relevant 

variables, ocean and nature connectedness behaved very similarly. That is, both ocean 

and nature connectedness correlated positively with altruistic and biospheric values, 

marine litter concern and recycling behaviour, albeit these correlations were mostly 

higher for nature connectedness. It can be tentatively suggested that nature 

connectedness may be conceptually closer to a general pro-environmental attitude, 

whereas ocean connectedness likely encompasses a stronger place attachment 

component, such as attachment to specific coastal and marine areas.   

Finally, in regard to environmental intentions, ocean and nature connectedness 

differed from one another only slightly in terms of correlations with consumer 

evaluations of different types of packaging. That is, nature connectedness was more 

highly associated with willingness to buy biodegradable plastic packaging. This 

correlational evidence indicates only marginal differences between ocean and nature 
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connectedness in terms of their roles in shaping packaging-related environmental 

intentions.  

 

RQ4) Can state ocean connectedness be induced using Virtual Reality 

technologies, and does this subsequently alter consumer responses to the 

environmentally relevant attributes of packaging?  

 

 Chapter 4 (Studies 4 and 5) summarised findings across two studies showing 

that ocean connectedness can be promoted momentarily with a brief exposure to an 

oceanic VR environment, at least when measured with a graphical scale depicting 

inclusion of ocean in one’s state self-concept (Schultz, 2001). However, the VR 

manipulation was not sufficient in inducing implicit ocean connectedness, as measured 

using a modified implicit association test (IAT; Greenwald et al., 1998; Schultz, 2004). 

Although the oceanic VR experience, due to its immersive nature, was hypothesised to 

shift implicit connections, previous research on the malleability of implicit nature 

connectedness accords with this null finding (Arendt & Matthes, 2016; Schultz & 

Tabanico, 2007). Furthermore, consumer responses to packaging recyclability and 

material were not impacted by the VR manipulation across the two studies, suggesting 

that the ocean connectedness manipulation was not sufficient in priming pro-

environmental (or ‘anti-plastic’) packaging preferences, or that its effect was too small 

to be detected with the sample sizes used. However, in Study 5, aggregate packaging 

ratings showed that participants exposed to the oceanic VR experience showed 

significantly lower levels of willingness to buy single-use packaging than participants in 

the built VR condition. Similarly, the ocean VR participants rated single-use packaging 

as less sustainable overall than the built VR participants. Therefore, the ocean 

connectedness manipulation seemed to have an impact on general liking of single-use 
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packaging, suggesting that a brief exposure to a virtually mediated natural marine 

setting may make consumers more critical about single-use packaging overall. Similar 

findings connecting nature exposure and subsequent pro-environmental inclinations 

have been documented previously (Arendt & Matthes, 2016; Zelenski et al., 2015).  

 

5.3 Theoretical Implications 

Theoretical implications of the work presented in this thesis are discussed extensively in 

the respective empirical chapters, and some of the key implications are noted here. 

Implications concerning the theoretical value of the novel ocean connectedness 

construct are discussed in section 5.3.1. 

 Firstly, findings from Studies 1, 2, as well as those observed in Study 3, 

suggest that consumers value the opportunity for circular value recovery (i.e. recycling) 

for single-use packaging, as an attribute that increases purchase intent and positive 

anticipated emotions, as well as brings user satisfaction. Furthermore, consumers even 

found recyclable packaging more attractive than non-recyclable packaging. Therefore, 

packaging recyclability that is signalled with on-packaging graphical and informational 

cues (Magnier & Crié, 2015; see Figure 5) can impact consumer evaluation 

substantially. While this preference for recyclability is not a novel finding (see e.g. 

Heiniö et al., 2017; Songa et al., 2019; Venter et al., 2011), findings from Study 3 

indicate that packaging recyclability is now more important to consumers than before. 

That is, today’s consumers are likely to be dissatisfied if packaging is not recyclable, 

whereas traditionally recyclability has been considered a delight or ‘surprise’ attribute 

that consumers do not expect per se (Kovačević & Bota, 2021; Löfgren & Witell, 2005; 

Williams et al., 2021).  

 Similarly, findings from Study 3 contest previous findings regarding consumers 

being generally apathetic about environmentally sustainable (i.e. carbon efficient) 
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manufacturing process for packaging (Herbes et al.,2018). In Study 3, consumers, even 

those with relatively low levels of pro-environmental orientations, found utility in glass 

bottles being made from recycled materials, while expressing mostly indifferent views 

regarding its value recovery post-use. While consumers cannot be expected to fully 

grasp the intricacies of the circular economy for packaging, an appreciation for 

environmentally sustainable production of glass, a relatively carbon-intense packaging 

raw material (Otto et al., 2021), is a welcome development. Further regarding 

differences across packaging raw material types, findings from Study 3 indicate that 

consumers are not very concerned about biodegradable packaging ending up polluting 

the environment, whereas for general plastic this end-of-life scenario was regarded as 

unacceptable. As suggested previously (Taufik et al., 2020), consumers may not be 

sufficiently informed about the appropriate disposal and value recovery for 

biodegradable packaging, and ensuring consumer understanding around this issue can 

help align packaging disposal accordingly, thus ensuring optimal value recovery of 

packaging materials.  

 Furthermore, a correlational association between ocean connectedness and 

sustainable packaging choice was demonstrated in Studies 1 and 2, and further in Study 

3 in a consumer segmentation approach. More specifically, highly connected consumers 

valued recyclability more than those with low levels of ocean connectedness, and they 

were similarly shown to obtain more satisfaction from other environmentally relevant 

attributes and end-of-life scenarios of packaging. A close psychological connection with 

the ocean (as well as with the environment generally, as shown in Study 3) can therefore 

aid at minimising packaging waste, and especially that made of plastic (as suggested by 

Study 2, specifically). It is worth noting that, according to findings on packaging 

evaluations across different consumer segments in Study 3, even relatively high levels 

of ocean and nature connectedness did not ensure favourable views on packaging 
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sustainability in the presence of an egoistic value orientation. No consensus has been 

reached to date regarding the relationship between egoistic values and green purchasing, 

as egoistic values are traditionally thought to inhibit pro-environmental action except 

when such action can aid self-preservation (Prakash et al., 2019; Sivapalan et al., 2021; 

Yadav, 2016). It is likely that a preference for packaging sustainability holds little 

relevance for self-enhancement motivations which are important to those holding 

egoistic values (Schwartz, 1992). Therefore, consumers with egoistic value orientations 

are likely not persuaded by packaging sustainability in their product evaluations, even if 

they are relatively environmentally oriented.   

In Studies 4 and 5, designed to explore a potential causal link between ocean 

connectedness and packaging responses, the ocean connectedness manipulation via VR 

was only partly successful. More specifically, on the ocean connectedness self-report 

scale, conceptualised primarily as an assessment of affective connectedness (Mayer & 

Frantz, 2004; but see Perrin & Benassi, 2009) and adapted to measure transient (i.e. 

state) connectedness, no significant differences were observed across the experimental 

groups. But, participants in the oceanic VR condition indicated higher levels of 

inclusion of ocean in their self-concept (measured with the adapted INS; Schultz, 2001) 

following the VR manipulation. These results indicate the possibility that the brief 

oceanic VR exposure successfully modified only cognitive perceptions of connection 

with the ocean, (e.g. immersion of self in the ocean) but was not sufficient in duration or 

intensity to modify affective connection. Literature on the situational malleability of an 

emotional attachment to nature is virtually non-existent (see review by Mackay & 

Smith, 2019), and the current research indicates that inducing such connection with a 

brief exposure to a natural setting may not be a realistic objective. Furthermore, the INS 

measure has been used widely in assessment of state nature connectedness (Arendt & 

Matthes, 2016; Wang et al., 2016; Yeo et al., 2020), but an instrument for assessing 
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affective state nature connectedness is currently lacking, and it is possible that the 

modified state CNS scale used in Studies 4 and 5 was not fit for purpose.  

 Theoretical implications regarding the conceptualisation and measurement of 

implicit ocean connectedness should be noted, too. In Studies 4 and 5, implicit ocean 

connection was measured with an IAT paradigm modified further from Schultz’s (2004) 

nature IAT measure, and this novel measure showed the expected patterns in 

associations with other measures (e.g. state ocean connectedness and nature 

connectedness). However, deviating from the experimental hypothesis, there was no 

evidence of the ocean VR manipulation having produced increased implicit ocean 

connectedness in participants (and, in Study 4, the opposite pattern was observed). 

Implicit ocean connectedness may thus not be malleable (as suggested by Arendt & 

Matthes, 2016; Schultz & Tabanico, 2007), even when a highly marine-specific, 

immersive experimental manipulation is used. Yet, inspection of the correlations 

between the ocean IAT and other ocean connectedness measures, both trait and state, 

does not point towards any clear pattern that would suggest implicit ocean 

connectedness to correlate more highly with trait than state measures of ocean 

connectedness.  

 Finally, findings from Studies 4 and 5 indicate that an oceanic experience via 

VR did not sufficiently prime consumers to respond to packaging recyclability and 

material as expected based on the correlational findings in Studies 1 and 2. It is possible 

that the mechanisms through which trait ocean connectedness may have developed to 

motivate packaging-related consumer responses cannot be activated with a brief oceanic 

exposure, at least in the magnitude that would cause a consumer to differentiate across 

levels of packaging recyclability and material. For example, an individual having 

frequently associated plastic packaging or litter with marine environments through 

media exposure or personal experiences in coastal areas may have shifted their 
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packaging-related intentions and behaviours over time (e.g. Hartley et al., 2018), but 

such motivations may not be adequately accessed as a result of a brief virtual ocean 

connectedness manipulation. Therefore, as suggested previously by Klein and Hilbig 

(2018), virtual nature experiences may have to contain conservational messaging (e.g. 

informational content or polluted nature) to be successful in promoting pro-

environmental behaviour.  

 

5.3.1. Ocean Connectedness: Conceptualisation, Value and Future Directions 

Figure 21 summarises the observed associations between ocean connectedness and 

other assessed variables of interest (sociodemographic factors and environmental 

orientations), as well as the observed links between ocean connectedness and consumer 

responses to single-use packaging.  

According to the bivariate correlations reported in Chapter 3, ocean 

connectedness is, as expected, positively associated with several environmental 

orientation variables including marine litter concern, biospheric and altruistic value 

orientations, and recycling behaviour. That is, individuals with high levels of ocean 

connectedness manifest concern for the marine environment and appreciation for the 

natural world and others, and they frequently engage in pro-environmental behaviour. In 

that sense, ocean connectedness can be conceptualised as an environmental orientation 

variable that shares many similarities with nature connectedness (Dong et al., 2020; 

Gkargkavouzi et al., 2019; Martin & Czellar, 2017). Another intuitive finding is that 

people who are strongly connected with the ocean live closer to the coast. People 

residing nearer to the coast have been shown to spend more leisure time in coastal 

environments (Schipperijn et al., 2010; White et al., 2013a). Although the correlational 

evidence from Study 3 does not permit causal inferences, it is likely that people with a 
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strong connection with the ocean have developed this connection through frequent visits 

to marine and coastal areas (White et al., 2014; Elliot et al., 2018).  

 

Figure 21 

Determinants of Ocean Connectedness (Study 3) and a Summary of Its Associations with 

Consumer Responses to Single-Use Packaging across Studies 1 – 5.  

 

Note: “+” = significant positive correlation coefficient; “-“ = significant negative correlation 

coefficient; OC = ocean connectedness.   

 

Furthermore, strongly connected individuals are more likely to be older, female 

and highly educated. As such, the sociodemographic profile of those with a strong 

connection to the ocean is very similar to that of individuals with high levels of 

environmental concern and behaviour in general (Barr, 2003; Chen et al., 2011; Gifford 

& Nilsson, 2014; Soares et al., 2021; Vicente-Molina et al., 2013). Yet, it should be 

noted that conclusions from previous evidence regarding sociodemographic 

determinants of nature connectedness have been very mixed: Some research indicates 
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that women are more connected than men (Cervinka et al., 2012; Hughes et al., 2019; 

Mayer et al., 2009), while other studies have found no gender differences (Di Fabio & 

Rosen, 2019; Mayer & Frantz, 2004; Weinstein et al., 2009). Similarly, age has been 

found to positively correlate with levels of nature connectedness (Beery et al., 2013; 

Diessner et al., 2018; Sanguinetti, 2014), but not consistently (Mayer & Frantz, 2004; 

Unsworth et al., 2016; Weinstein et al., 2009). For the impact of educational attainment 

on nature connectedness, mostly null findings have been reported to date (Beery et al., 

2013; Dutcher et al., 2007; Whitburn et al., 2019), and nature connectedness has even 

been shown to correlate negatively with income level (Richardson et al., 2022). 

Therefore, the observed significant impacts of gender, age and educational attainment 

on ocean connectedness merit further discussion.  

As suggested in Chapter 3, the observed gender difference in ocean 

connectedness may stem from women being more environmentally oriented or more 

concerned and literate about marine issues, as some prior evidence suggests (Lwo et al., 

2013; Soares et al., 2021; Wester & Eklund, 2011). Similarly, women may be more 

attached to specific coastal and marine areas, as according to some reports women tend 

to have stronger place attachment than men (Hidalgo & Hernandez, 2001; Rollero & De 

Piccoli, 2010). Moreover, Elliot et al. (2018) report that women and older adults are 

more likely to participate in coastal walks. If ocean connectedness is to a large extent 

cultivated by frequent (recreational) visits to marine and coastal areas, as suggested 

above, then women and older people may show stronger ocean connectedness because 

they make more such visits. Moreover, why ocean connectedness increases with age 

may be explained by generational differences in lifestyle and leisure, or by the so-called 

coastal retirement effect (White et al., 2013b). Finally, one possible explanation for the 

observed association between ocean connectedness and educational level is that more 

highly educated people may have more means and opportunities to visit the coast. 
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Indeed, Elliot et al. (2018) demonstrate that people from more socioeconomically 

deprived groups are less likely to engage in recreational coastal activities, although 

beaches are visited equally often by people in lower and higher socioeconomic 

classifications.  

 The associations between ocean connectedness and consumer responses to 

single-use packaging summarised in Figure 21 suggest that connectivity with the ocean 

shapes people’s likelihood of purchasing single-use packaging. Furthermore, the 

observed moderating impacts of ocean connectedness on how much emphasis 

consumers place on packaging recyclability, material type and its end-of-life scenarios 

suggest an interplay between ocean connectedness and responses to environmentally 

relevant features of packaging. Although the experimental evidence from Studies 4 and 

5 showed mixed findings in terms of a short-term manipulation of ocean connectedness 

and subsequent impacts on packaging preferences, overall the evidence presented in this 

thesis implies that promoting ocean connectedness holds promise in motivating pro-

environmental interactions with single-use packaging. The value and relevance of ocean 

connectedness is likely to extend to other behaviours that have consequences to the 

marine environment, such as supporting sustainable fishing and personal actions that 

can help mitigate ocean acidification (Spence et al., 2018; White et al., 2016; Wyles et 

al., 2013). In general, a disconnection from marine environments is associated with low 

awareness and concern of marine issues (Spence et al., 2018), and connecting 

individuals with the ocean may provide a particularly powerful impetus to marine 

conservation efforts. 

 It should be noted that the evidence from Studies 1 – 5 is only a starting point to 

establishing ocean connectedness as a robust construct with clear theoretical and 

practical implications. Firstly, the reviewed findings, including the provided evidence 

on convergent and discriminant validity, only hold for the specific measures used. That 
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is, an alternative operationalisation of ocean connectedness, such as a survey measure 

based on the Nature Relatedness scale (NR; Nisbet et al., 2009), could produce slightly 

different findings in terms of associations with other environmentally relevant variables. 

Secondly, although Studies 4 and 5 employed a variety of ocean connectedness 

measures (survey, pictorial scale and implicit measure), they were the first studies to do 

so. Therefore, the reliability, validity and value of these measures should be established 

further in future research. Furthermore, as the conceptual examination of both ocean and 

nature connectedness revealed some discrepancies between the two constructs, ocean 

connectedness measures may require some unique elements not present in current 

operationalisations of nature connectedness. Moreover, while the current research was 

primarily quantitative in nature, a qualitative inquiry could provide a more in-depth 

understanding of the nature, composition, and genesis of ocean connectedness. Such 

research could survey members of the public who interact with the marine environment 

in different ways as consumers, recreational users, and community members. Future 

research could, in particular, shed light on potential ways to promote ocean 

connectedness in both short and long term. This type of research could trial various 

ways of engaging the public with the marine environment, such as coastal walks, visits 

to marine parks, beach cleans, or repeated exposures to virtual marine environments 

(Halpenny, 2010; Pittman et al., 2019; Ramkissoon et al., 2012; Wyles et al., 2017). 

Finally, it should be noted that although the research rationale and work 

summarised in this thesis postulated that connectivity with the ocean is a motivational 

basis for more sustainable or selective evaluations of single-use packaging, the observed 

trends may have been similarly present if general nature connectedness had been 

investigated as a moderating variable, instead. However, it is possible and can be 

tentatively suggested that the moderating effects of nature connectedness on packaging 

evaluations would have been of a smaller magnitude than those observed in the current 
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work, as “a marine mindset” (Wyles et al., 2013, p. 96) is thought to shape attitudes and 

behaviours around issues especially relevant to marine environments, such as marine 

pollution (Wyles et al., 2013). Yet, based on the findings from Studies 1 – 5, 

investigating nature connectedness instead of ocean connectedness in shaping 

packaging evaluations would have likely had very similar implications in terms of real-

world applications of the study findings.  

 

5.4 Applications 

A number of practical applications of the findings presented in this thesis should be 

acknowledged. Firstly, this research is hoped to assist in guiding consumer 

communication goals in regard to single-use packaging. Given that consumers were 

shown to value packaging recyclability and circular value recovery of packaging 

materials, highlighting such properties in single-use packaging may be a viable 

marketing strategy. However, care should be taken to avoid unintended consequences, 

such as incorrect or inappropriate disposal of biodegradable plastic packaging. As 

highlighted previously, companies can aspire to inform end-users of packaged products 

about the properties of and preferred disposal methods for biodegradable packaging 

(Hann et al., 2020). Furthermore, as highlighted in Chapter 3, different consumer 

segments may require tailored marketing approaches, as certain consumers (e.g. women, 

highly nature connected and concerned individuals) may be more likely to engage in 

efforts to ensure favourable end-of-life scenarios for packaging.  

 In addition, communications that help connect packaging consumption with 

marine environments, such as labelling (e.g. European Commission, 2020) are likely an 

effective marketing strategy. In the least, they may make consumers more critical about 

single-use packaging in general (as suggested by findings from Study 5). Similarly, as 

evidenced, VR technologies may hold promise in helping connect individuals with the 
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marine environment. Whilst they cannot be expected, based on the research findings 

reviewed here, to shape immediate pro-environmental intentions or behaviour, repeated 

exposures may help individuals develop a closer connection with the marine 

environment over time. However, the methodological limitations of the work presented 

in this thesis should be acknowledged prior to realising the suggested real-world 

applications.  

 

5.5 Methodological Limitations and Future Research 

A number of limitations in how Studies 1 – 5 were conducted should be noted. Firstly, 

the outcome measures used throughout the work in this thesis assessed consumer 

response, not actual behaviour. Assessing consumer behaviour and choice in situ is 

indubitably a challenging task, and therefore proxy measures are commonly used (see 

e.g. Bech-Larsen, 1996; Koenig-Lewis et al., 2014; Magnier & Schoormans, 2015). 

While responses measured in this way provide valuable information about consumer 

attitudes and trends, no firm conclusions on behaviour can be drawn. However, 

employing a rating-based experimental paradigm in Studies 1, 2, 4 and 5 enabled 

obtaining of a considerable amount of information about consumer attitude and 

examining ocean connectedness as a novel moderator variable. Furthermore, factorial 

survey experiments were used in these studies to assess consumer response. This 

methodological approach can help thwart efforts to answer in a socially acceptable 

manner: Factorial designs (e.g. recyclability × material) are considered more robust to 

social desirability effects than direct question formats (Cerri et al., 2019; Walzenbach, 

2019).  

Furthermore, Kano consumer surveys, such as the one used in Study 3, have 

been critiqued for requiring a lot of respondent time and effort as well as for being 

sensitive to how the survey questions are worded (Violante & Vezzetti, 2017). A Kano 
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survey was used in the current work because it bears several advantages over alternative 

consumer research methodologies, including assessment of consumer satisfaction with 

specific product attributes both quantitatively and qualitatively (Sauerwein et al., 1996). 

Several alternative techniques for assessing consumer behaviour in a more realistic 

setting can be suggested for future work. These include measuring willingness to pay, 

applying a choice-based conjoint analysis, or using a virtual supermarket setting 

(Demarque et al., 2015; Hensher et al., 2005; Klaiman et al., 2016; Rokka & Uusitalo, 

2008). Moreover, the limitations of the consumer segmentation approach, as used in 

Study 3, should be recognised. As the consumer segments were formulated in an 

inductive approach on the basis of sociodemographic and environmental orientation 

variables that are thought to bear relevance to consumer interactions with packaging, the 

full segmentation model has limited applicability in other behaviour domains. However, 

the fact that the identified consumer segments had distinct profiles in terms of responses 

to the packaging-themed Kano survey, the model was evidently successful in 

segmenting for packaging sustainability.  

As the ocean connectedness manipulation used in Studies 4 and 5 was not 

successful in shaping ocean connectedness and packaging responses in the anticipated 

fashion, several revisions to the experimental design could be suggested. Firstly, as 

suggested in Chapter 4 and by Mackay and Schmitt (2019), manipulation of nature 

connectedness may be more successful in promoting connection and pro-environmental 

outcomes if it directly manipulates nature identity. In Studies 4 and 5 participants were 

instructed to pay attention to various aspects and objects in the virtual world, in order to 

promote sense of presence. Similarly, participants could be prompted to ponder on their 

identity or identification with the depicted environment. Secondly, and as suggested 

previously (Klein & Hilbig, 2018; Soliman et al., 2017), embedding a conservational 

message or depicting an oceanic scene impacted by plastic pollution could shift pro-



 

175 

 

environmental responses more effectively. Yet, as Studies 4 and 5 aimed at increasing 

ocean connectedness as a primary objective, it was a priority to use a pristine, awe-

inspiring environment with high potential to induce connectedness with the surrounding 

environment (Soliman et al., 2017). Future research can address the aforementioned 

points by including a manipulation of environmental identity, as suggested, or by 

depicting polluted marine scenes.   

 Furthermore, the use of student samples (Studies 1, 4 and 5) is often met with 

concerns over external validity (Peterson & Merunka, 2014). Student participants were 

from a university located on the coast, and therefore it is possible that they were more 

sensitised than the average UK resident to issues such as marine pollution. 

Nevertheless, the main findings in Studies 1 and 2 were consistent across student and 

general population samples. It should be noted, however, that the study findings 

presented in this thesis cannot be generalised to countries beyond the UK. It is possible 

that consumers in an island state feel higher levels of affiliation with the ocean than 

people in continental nations. Similarly, the extent to which environmental cues on 

packaging influence consumer response may vary from country to country (even if 

recent research has demonstrated great consistency in concern about plastic pollution; 

Davison et al., 2021). Structural aspects like waste management and recycling systems, 

as well as psychological characteristics such as consumer empowerment (Nardo et al., 

2011; Thøgersen, 2005) differ across countries. Future research can assess ocean 

connectedness and consumer responses to single-use packaging in other countries, 

including those in the Global South.  

 

5.6 Conclusion 

The findings reviewed in this thesis have shed light on the highly topical yet unexplored 

area of marine pollution and packaging choice. Marine plastic pollution is a key threat 
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to the natural environment and the economy (Beaumont et al., 2019). The global plastic 

crisis is a multi-faceted problem, solutions to which require wider systemic and 

regulatory considerations. Due to the complexities involved in this holistic approach, 

the importance of behaviour change in reducing plastic pollution has been questioned 

(e.g. Dauvergne, 2018). However, with transnational collaboration in the global 

governance of plastic currently underway (UNEP, 2022), behavioural changes will be 

enabled, facilitated and reinforced globally. Furthermore, effecting change in policy can 

be a lengthy process, whereas behaviour change strategies can be often implemented 

more promptly (SAPEA, 2019). Therefore, policies and other interventions should be 

complemented by targeted efforts to change the public’s behaviour. Promoting 

sustainable lifestyles remains a prominent challenge, and the research outlined in this 

thesis advocates the relevance of a strong connection with the marine environment in 

pro-environmental consumption.  
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Appendices 

 

A. Chapter 2: Materials and Method 

 

Alternative Moderator Variables 

Study 1 (n = 60, University Students) 

Alternative moderator variables measured in the survey but not reported in the main text 

of the thesis were marine litter concern (12 items), emotional response to marine 

environments and their degradation (4 items), social consumption norms (3 items), trust 

in the waste management system (3 items) and general waste concern (3 items). While 

the other moderators were explorative in nature, a moderating effect for marine litter 

concern was hypothesised. Therefore, a brief overview of these results for marine litter 

concern are presented here, whereas results on the exploratory moderators are beyond 

the scope of the thesis.   

 

Study 2 (n = 512, UK Consumers) 

Alternative moderator variables measured in the survey were marine litter concern (12 

items), emotional response to marine environments and their degradation (4 items), 

social consumption norms (2 items), trust in the local waste management system (4 

items), perceived consumer effectiveness (specific to marine litter; 2 items), and 

collective efficacy beliefs (specific to marine litter; 2 items). While the other potential 

moderators were explorative in nature, a moderating effect for marine litter concern was 

hypothesised. Therefore, a brief overview of these results for marine litter concern are 

presented here, whereas results on the exploratory moderators are beyond the scope of 

the thesis.   
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Marine Litter Concern  

Twelve items were used to measure awareness of and concern over marine litter on a 7-

point Likert-scale with a range from “strongly disagree” (1) to “strongly agree” (7). 

Nine of these items were adapted from the MARLISCO Perceptions about Marine Litter 

survey (Hartley et al., 2018). These items assessed problem awareness (e.g. “The 

quantity of litter on the coast and in the sea is increasing”) and concern (e.g. “I am very 

concerned about the impacts of marine litter”) as well as scepticism (e.g. “Marine litter 

is a problem elsewhere but not in my country”). An additional three items were 

developed from the environmental concern items used in Melis et al. (2014; e.g. “We 

should tackle the marine litter problem even if this means slower economic growth.”). 

The 12-item scale showed high reliability in the student sample (Study 1; McDonald’s 

omega ꞷ = .86) as well as in the larger consumer sample (Study 2; ꞷ = .91). Means for 

these samples were M = 5.94 (SD = 0.64, range from 4.58 to 7.00) and M = 5.50 (SD = 

1.16, range from 2.75 to 7.00), respectively.  

 In Study 1 there was a strong positive correlation between ocean connectedness 

and marine litter concern (r(58) = .56, p < .01). In Study 2 the two were found to be 

moderately positively correlated (r(510) = .37, p < .01).  

 

Psychometrics for the Ocean Connectedness Scale 

Study 1 (n = 60, University Students) 

Reliability of the six-item ocean connectedness scale was ꞷ = .81. Mean ocean 

connectedness (as measured with the six-item scale) was M = 4.86 (SD = 0.98, range 

from 2.67 to 6.83).  

Exploratory factor analysis was conducted in the R environment (‘psych’ 

package) on the six-item scale. Parallel analysis and the associated scree plot suggested 



 

227 

 

a one-factor solution. Results from a maximum likelihood factor analysis are displayed 

in Table S1. It should be noted that the sample size (n = 60) is smaller than what is 

generally recommended for exploratory factor analysis (Costello & Osborne, 2005), 

which may partly explain the poor fit indices observed in Table S1. Therefore, these 

results may have limited replicability.  

 

Table S1 

Maximum Likelihood Factor Analysis on the 6-item Ocean Connectedness Scale (n = 60).  

 Pattern matrix loadings based on correlation matrix 
Variance 

explained 
Model fit indices 

 Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 % CFI TLI RMSEA 

Factor 

1 
0.78 0.69 0.86 0.45 0.32 0.54 40 0.93 0.76 0.161 

Note: Item 1 = “I feel very close to the marine environment.”; Item 2 = “I have a clear understanding of 

how my actions affect the ocean.”; Item 3 = “I often feel a sense of oneness with the ocean around me.”; 

Item 4 = “I usually feel disconnected from the ocean.” (reverse coded); Item 5 = “My personal welfare is 

independent of the welfare of the ocean.” (reverse coded); Item 6 = “I recognise and appreciate the 

intelligence of living marine organisms.”. CFI = comparative fit index; TLI = Tucker Lewis Index of 

factoring reliability; RMSEA = root mean square error of approximation.  

 

Study 2 (n = 512, UK Consumers) 

In this sample the full six-item ocean connectedness scale showed somewhat poor 

reliability (ꞷ = .71). Dropping item 5 (“My personal welfare is independent of the 

welfare of the ocean.”) improved reliability to ꞷ = .80, and therefore this item was 

omitted from the final analyses. Mean ocean connectedness in the sample (as measured 

with the five-item scale) was M = 5.07 (SD = 1.14, range from 1.00 to 6.00).  

Exploratory factor analysis was then conducted on the five-item ocean 

connectedness scale. Parallel analysis and the associated scree plot suggested a two-

factor solution. Results from a maximum likelihood factor analysis with oblimin 

rotation are displayed in Table 2. As can be seen from the factor loadings, items 1-3 

load onto Factor 1 (“Reciprocal closeness”), whereas only item 6 loads onto Factor 2 

(“Appreciation”). Item 4 (reverse coded) does not load clearly onto either factor; 
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however this item was retained in the scale and analyses because including it did not 

compromise reliability. Furthermore, retaining this item makes the obtained results 

more comparable with results from Study 1.  

 

Table S2 

Maximum Likelihood Factor Analysis on the 5-item Ocean Connectedness Scale (n = 512).  

 Pattern matrix loadings based on correlation matrix 
Variance 

explained 
Model fit indices 

 Item 1 Item 2 Item 3 Item 4 Item 6 % CFI TLI RMSEA 

Factor 1 0.87 0.69 0.85 0.25 0 41 
1 0.97 0.076 

Factor 2 -0.01 0.11 -0.05 0.19 1.00 65 

Note: Item 1 = “I feel very close to the marine environment.”; Item 2 = “I have a clear understanding of 

how my actions affect the ocean.”; Item 3 = “I often feel a sense of oneness with the ocean around me.”; 

Item 4 = “I usually feel disconnected from the ocean.” (reverse coded); Item 6 = “I recognise and 

appreciate the intelligence of living marine organisms.”. Factor 1 = “Reciprocal closeness”; Factor 2 = 

“Appreciation”. CFI = comparative fit index; TLI = Tucker Lewis Index of factoring reliability; RMSEA 

= root mean square error of approximation. Variance explained refers to cumulative proportion or 

variance.  

 

 

Preface to Packaging Rating Task 

The following text was displayed to participants in both studies before the packaging 

rating task:  

“We currently live in a throw-away society in which we produce and consume a lot of 

disposable goods and packaging. This leads to increasing quantities of waste.  

For the next part of the study, imagine that you are somewhere else and that you 

are thirsty. There is no water fountain or tap with drinking water available, and you 

want to buy a drink. You are limited to three choices: bottled water, orange juice and 

cola. 

You will be shown pictures of different disposable drink containers shortly. The 

containers will vary in terms of packaging material, recyclability and content. Note that 

the type and recyclability of packaging as well as the local recycling system may vary 
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from what you are used to. You will be asked to rate each container shown in terms of 

how likely it would be that you would buy the product. You will also be asked additional 

questions about each product.   

Product price is not taken into account, so assume that all containers are priced 

the same.  

The next part will start now. Please note that you will not have the opportunity 

to go back and change your answers once you have proceeded to the next page. There 

are no right or wrong answers.” 

 

Statistical Models Specification 

In order to analyse the impact of packaging recyclability on WTB (H1A), the following 

model was used: 

 

WTBj,k,l = β0 + Participant0 + βj Recyclability,j + βk Material,k + βl Drink,l + ej,k,l  

 

Here, WTB is Willingness to Buy, β0 represents the intercept, and e represents the 

residual error. Participant0  refers to the random intercept, meaning the deviation of 

participant from the intercept β0. Letters j, k and l represent the different product 

attributes with fixed effects βj, βk and βl. In addition to recyclability, material and type 

of drink were included in the model as fixed variables in order to control for their 

effects on WTB. Significance of the effect of recyclability was inferred from the 

resulting analysis of variance table.  

Equations for modelling the effect of recyclability on PAR, attractiveness and 

anticipated guilt (H1B – D) were identical to the one presented above, with the outcome 

variable changed accordingly.  
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Statistical Models Including Ocean Connectedness 

 In order to assess the moderating effect of ocean connectedness on the 

relationship between recyclability and the outcome variable (WTB, PAR, attractiveness 

and anticipated guilt; H2A – D), as well as on the relationship between packaging material 

and the outcome variables (H3A – D), ocean connectedness was added onto the original 

models (see above) as a fixed effect. For example, the moderating effect of ocean 

connectedness on WTB (H2A and H3A) was specified in the model as:  

 

WTBj,k,l,m = β0 + Participant0 + βj Recyclabilityj + βk Materialk + βl Drinkl + βj 

Recyclabilityj * βm OceanConnectednessm + βk Materialk * βm OceanConnectednessm + 

ej,k,l,m  

 

Here, WTB is Willingness to Buy, β0 represents the intercept, and e represents the 

residual error. Participant0  refers to the random intercept, meaning the deviation of 

participant from the intercept β0. Letters j, k and l represent the different product 

attributes with fixed effects βj, βk and βl. Letter m represents ocean connectedness, with 

a fixed effect βm. Interactions are specified between recyclability and ocean 

connectedness, as well as between material and ocean connectedness, which enables 

testing of the hypothesised moderating effect(s). Significance of the interaction effects 

were inferred from the resulting analysis of variance table. 

The equations for modelling the moderating effects of ocean connectedness on 

PAR, attractiveness and anticipated guilt (H2B – D and H3B – D) were identical to the one 

presented above, with the outcome variable changed accordingly. 

 

Statistical Models Including Marine Litter Concern 
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Marine litter concern was an alternative moderator variable included in our research, 

with a hypothesised moderating effect on consumer responses (WTB, PAR, 

attractiveness and anticipated guilt) to packaging recyclability and material type. These 

hypotheses followed the same formulation as our hypotheses for ocean connectedness 

(H1A – D, H2A – D and H3A – D, see main text). Similarly, the statistical models followed 

the same specifications as models for ocean connectedness (see above), with marine 

litter concern added into the model as a fixed effect interacting with recyclability and 

material.  
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B. Chapter 2: Additional Results 

 

Estimated Marginal Means for Levels of Recyclability and Material at High and 

Low Levels of Ocean Connectedness 

For those outcome variables where significant two-way interactions were found 

between ocean connectedness and recyclability and/or material, estimated marginal 

means at high and low levels of ocean connectedness (± 1 SD from the sample mean) 

across levels of recyclability and/or material are shown next.   

 

Study 1 (University Students) 

Table S3 

Estimated Marginal Means for Willingness to Buy, Positive Affective Response, Attractiveness 

and Anticipated Guilt at High and Low Levels of Ocean Connectedness across Levels of 

Recyclability.  

  

Recyclability 
Level of ocean 

connectedness 

Estimated 

mean WTB 

Lower 

CL 

Upper 

CL 

Recyclable 
High 4.39 4.06 4.71 

Low 3.90 3.57 4.23 

Non-recyclable 
High  2.17 1.84 2.50 

Low 3.01 2.68 3.34 

 

Recyclability 
Level of ocean 

connectedness 

Estimated 

mean PAR 

Lower 

CL 

Upper 

CL 

Recyclable 
High 3.72 3.35 4.08 

Low 3.29 2.92 3.65 

Non-recyclable 
High  2.16 1.79 2.52 

Low 2.55 2.19 2.92 

 

Recyclability 
Level of ocean 

connectedness 

Estimated 

mean 

attractiveness 

Lower 

CL 

Upper 

CL 

Recyclable 
High 4.45 4.11 4.80 

Low 3.95 3.61 4.29 

Non-recyclable 
High  2.51 2.17 2.85 

Low 2.94 2.60 3.28 
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Recyclability 
Level of ocean 

connectedness 

Estimated 

mean 

anticipated 

guilt 

Lower 

CL 

Upper 

CL 

Recyclable 
High 1.81 1.42 2.19 

Low 1.90 1.51 2.29 

Non-recyclable 
High  4.13 3.74 4.52 

Low 3.09 2.70 3.48 

Note: Low ocean connectedness = 3.88; High ocean connectedness = 5.84. 95% confidence level is used 

here.  

 

Table S4 

Estimated Marginal Means for Willingness to Buy and Attractiveness at High and Low Levels of 

Ocean Connectedness across Levels of Material.  

Material 
Level of ocean 

connectedness 

Estimated 

mean WTB 

Lower 

CL 

Upper 

CL 

Plastic 
High 3.54 3.17 3.92 

Low 3.97 3.59 4.34 

Glass 
High  3.43 3.06 3.80 

Low 3.98 3.61 4.36 

Aluminium 
High 3.10 2.73 3.47 

Low 3.21 2.83 3.58 

Carton 
High 3.05 2.67 3.42 

Low 2.66 2.29 3.03 

 

Material 
Level of ocean 

connectedness 

Estimated 

mean 

attractiveness 

Lower 

CL 

Upper 

CL 

Plastic 
High 3.59 3.21 3.97 

Low 3.80 3.42 4.18 

Glass 
High  3.95 3.57 4.33 

Low 4.09 3.71 4.47 

Aluminium 
High 3.29 2.91 3.67 

Low 3.23 2.85 3.61 

Carton 
High 3.09 2.72 3.47 

Low 2.64 2.26 3.02 

Note: Low ocean connectedness = 3.88; High ocean connectedness = 5.84. 95% confidence level is used 

here.  

 

Study 2 (UK Consumers) 

Table S5 

Estimated Marginal Means for Willingness to Buy, Positive Affective Response, Attractiveness 

and Anticipated Guilt at High and Low Levels of Ocean Connectedness across Levels of 

Recyclability.  
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Recyclability 
Level of ocean 

connectedness 

Estimated 

mean WTB 

Lower 

CL 

Upper 

CL 

Recyclable 
High 4.85 4.67 5.02 

Low 4.22 4.03 4.41 

Non-recyclable 
High  3.45 3.27 3.62 

Low 3.62 3.43 3.81 

 

Recyclability 
Level of ocean 

connectedness 

Estimated 

mean PAR 

Lower 

CL 

Upper 

CL 

Recyclable 
High 4.30 4.13 4.46 

Low 3.61 3.43 3.79 

Non-recyclable 
High  3.09 2.93 3.26 

Low 3.18 3.00 3.36 

 

Recyclability 
Level of ocean 

connectedness 

Estimated 

mean 

attractiveness 

Lower 

CL 

Upper 

CL 

Recyclable 
High 4.69 4.53 4.85 

Low 4.21 4.03 4.39 

Non-recyclable 
High  3.71 3.55 3.87 

Low 3.79 3.61 3.96 

 

Recyclability 
Level of ocean 

connectedness 

Estimated 

mean 

anticipated 

guilt 

Lower 

CL 

Upper 

CL 

Recyclable 
High 3.25 3.07 3.42 

Low 3.05 2.86 3.24 

Non-recyclable 
High  4.69 4.51 4.86 

Low 3.91 3.72 4.10 

Note: Low ocean connectedness = 3.93; High ocean connectedness = 6.21. 95% confidence level is used 

here.  

 

Table S6 

Estimated Marginal Means for Willingness to Buy, Positive Affective Response, Attractiveness 

and Anticipated Guilt at High and Low Levels of Ocean Connectedness across Levels of 

Material.  

Material 
Level of ocean 

connectedness 

Estimated 

mean WTB 

Lower 

CL 

Upper 

CL 

Plastic 
High 3.98 3.80 4.16 

Low 4.07 3.87 4.27 

Glass 
High  4.44 4.25 4.62 

Low 4.04 3.84 4.23 

Aluminium 
High 4.11 3.93 4.29 

Low 3.84 3.65 4.04 

Carton 
High 4.06 3.88 4.24 

Low 3.72 3.52 3.92 
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Material 
Level of ocean 

connectedness 

Estimated 

mean PAR 

Lower 

CL 

Upper 

CL 

Plastic 
High 3.52 3.35 3.70 

Low 3.41 3.22 3.59 

Glass 
High  3.98 3.80 4.15 

Low 3.52 3.33 3.70 

Aluminium 
High 3.69 3.51 3.86 

Low 3.36 3.18 3.55 

Carton 
High 3.59 3.42 3.77 

Low 3.29 3.11 3.48 

 

Material 
Level of ocean 

connectedness 

Estimated 

mean 

attractiveness 

Lower 

CL 

Upper 

CL 

Plastic 
High 4.12 3.95 4.29 

Low 4.12 3.94 4.30 

Glass 
High  4.60 4.43 4.76 

Low 4.27 4.08 4.45 

Aluminium 
High 4.17 4.00 4.34 

Low 3.93 3.75 4.11 

Carton 
High 3.91 3.74 4.08 

Low 3.68 3.49 3.86 

 

Material 
Level of ocean 

connectedness 

Estimated 

mean 

anticipated 

guilt 

Lower 

CL 

Upper 

CL 

Plastic 
High 4.33 4.14 4.51 

Low 3.64 3.45 3.84 

Glass 
High  3.68 3.50 3.86 

Low 3.35 3.15 3.55 

Aluminium 
High 3.90 3.72 4.08 

Low 3.48 3.28 3.68 

Carton 
High 3.96 3.78 4.15 

Low 3.45 3.26 3.65 

Note: Low ocean connectedness = 3.93; High ocean connectedness = 6.21. 95% confidence level is used 

here.  

 

 

Moderating Effect of Marine Litter Concern: Summary of Results 

Study 1 (University Students) 

 Moderating Effect of Marine Litter Concern: Recyclability and Consumer 

 Response (Hypotheses H2A – D).  

Adding marine litter concern into the original WTB, PAR, attractiveness and anticipated 

guilt models as a fixed effect improved model fit significantly (WTB: χ2(5) = 46.91, p < 

.001; PAR: χ2(5) = 55.41, p < .001; attractiveness: χ2(5) = 33.09, p < .001; anticipated 
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guilt: χ2(5) = 116.64, p < .001). The ANOVA results showed a significant two-way 

interaction between recyclability and marine litter concern on WTB (F(1,1380) = 41.08, 

p < .001, β = .45, 95% CI [0.31, 0.58]). A significant interaction effect was also found 

between recyclability and marine litter concern on PAR (F(1,1380) = 40.51, p < .001, β 

= .30, 95% CI [0.21, 0.39]), on attractiveness ratings (F(1,1380) = 27.05, p < .001, β = 

.34, 95% CI [0.21, 0.47]) as well as on anticipated guilt (F(1,1380) = 110.85, p < .001, 

β = -.62, 95% CI [-0.73, -0.50]). These interaction effects are illustrated in Figure S1. 

For brevity, further details on estimated means and post-hoc comparisons between 

levels of recyclability and marine litter concern are not presented here and can be 

obtained from the main author.   

 As hypothesised (H2A – D) significant two-way interaction effects were found 

between recyclability and marine litter concern for WTB, PAR, attractiveness and guilt 

ratings. Furthermore, respondents high in marine litter concern distinguished between 

recyclable and non-recyclable packaging more than those low in marine litter concern.  

 

Figure S1 

Two-Way Interaction Effect of Packaging Recyclability and Marine Litter Concern on 

Willingness to Buy, Positive Affective Response, Attractiveness and Anticipated Guilt 
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Note. Standard errors are presented as ribbons.  

 

 Moderating Effect of Marine Litter Concern: Material and Consumer 

 Response (Hypotheses H3A – D).  

According to the ANOVA results there were no significant two-way interaction effects 

between packaging material and marine litter concern on WTB (F(3,1380) = 2.13, p = 

0.095), attractiveness (F(3,1380) = 2.14, p = 0.093), or anticipated guilt (F(3,1380) = 

0.18, p = 0.910) . However, a significant two-way interaction effect between packaging 

material and marine litter concern was found on PAR (F(3,1380) = 4.71, p = 0.003). 

This effect is illustrated in Figure S2. For brevity, further details on estimated means 

and post-hoc comparisons between levels of material and marine litter concern are not 

presented here and can be obtained from the main author.   

 These results show only very limited support for hypotheses H3A – D for marine 

litter concern: Only significant two-way interaction effects between material type and 

marine litter concern on PAR ratings were found. Furthermore, contrary to the 

hypotheses, respondents distinguished plastic less from most of the other materials at 

high levels of marine litter concern compared to low levels of marine litter concern. 

Therefore, there was limited evidence of sensitisation towards plastic packaging in those 

who demonstrated high concern for marine litter.  
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Figure S2 

Two-Way Interaction Effect of Packaging Material and Marine Litter Concern on Positive 

Affective Response 

 

Note. Standard errors are presented as ribbons.  

 

Study 2 (UK Consumers) 

 Moderating Effect of Marine Litter Concern: Recyclability and Consumer 

 Response (Hypotheses H2A – D).  

Adding marine litter concern into the original WTB, PAR, attractiveness and anticipated 

guilt models as a fixed effect improved model fit significantly (WTB: χ2(5) = 640.19, p 

< .001; PAR: χ2(5) = 553.56, p < .001; attractiveness: χ2(5) = 401.28, p < .001; 

anticipated guilt: χ2(5) = 895.59, p < .001). The ANOVA results showed a significant 

two-way interaction between recyclability and marine litter concern on WTB 

(F(1,11776) = 545.14, p < .001, β = .26, 95% CI [0.23, 0.28]). A significant interaction 

effect was also found between recyclability and marine litter concern on PAR 

(F(1,11776) = 448.33, p < .001, β = .20, 95% CI [0.18, 0.22]), on attractiveness ratings 

(F(1,11776) = 288.64, p < .001, β = .17, 95% CI [0.15, 0.19]) as well as on anticipated 

guilt (F(1,11776) = 872.50, p < .001, β = -.32, 95% CI [-0.34, -0.30]). These interaction 



 

239 

 

effects are illustrated in Figure S3. For brevity, further details on estimated means and 

post-hoc comparisons between levels of recyclability and marine litter concern are not 

presented here and can be obtained from the main author.   

 As hypothesised (H2A – D) significant two-way interaction effects were found 

between recyclability and marine litter concern for WTB, PAR, attractiveness and guilt 

ratings. Furthermore, respondents high in marine litter concern distinguished between 

recyclable and non-recyclable packaging more than those low in marine litter concern.  

 

Figure S3 

Two-Way Interaction Effect of Packaging Recyclability and Marine Litter Concern on 

Willingness to Buy, Positive Affective Response, Attractiveness and Anticipated Guilt 

 

Note. Standard errors are presented as ribbons.  

 

Moderating Effect of Marine Litter Concern: Material and Consumer 

 Response (Hypotheses H3A – D). 

According to the ANOVA results there was a significant two-way interaction effect 

between packaging material and marine litter concern on WTB (F(3,11776) = 12.63, p 
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< .001). There was also a significant two-way interaction effect between packaging 

material and marine litter concern on PAR (F(3,11776) = 18.31, p < .001), 

attractiveness (F(3,11776) = 26.42, p < .001) and anticipated guilt ratings (F(3,11776) = 

19.31, p < .001).  

 All of these effects are illustrated in Figure S4. For brevity, further details on 

estimated means and post-hoc comparisons between levels of material and marine litter 

concern are not presented here and can be obtained from the main author.   

 

Figure S4 

Two-Way Interaction Effect of Packaging Material and Marine Litter Concern on Willingness 

to Buy, Positive Affective Response, Attractiveness and Anticipated Guilt 

 

Note. Standard errors are presented as ribbons.  

 

 These results show some support for hypotheses H3A – D for marine litter 

concern: Significant interaction effects were found between packaging material and 

marine litter concern for all outcome variables. However, the main differences across 

the material types were between plastic and glass, where respondents high in marine 

litter concern distinguished between plastic and glass more than those low in ocean 
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connectedness, in their WTB, PAR, attractiveness and anticipated guilt ratings. 

Therefore, there was only some evidence of sensitisation towards plastic packaging in 

those who demonstrated high concern for marine litter. 

 

Mean Consumer Ratings across Product Manipulations 

Study 1 (University Students) 

Table S7 

Means and Standard Deviations for Willingness to Buy, Positive Affective Response, 

Attractiveness and Anticipated Guilt across Different Product Manipulations (n = 60)  

Product Manipulation WTB PAR Attractiveness 
Anticipated 

Guilt 

Water, recyclable, plastic  5.75 (1.49) 4.29 (1.70) 5.20 (1.70) 1.70 (1.24) 

Water, recyclable, glass  4.97 (1.79) 3.95 (1.65) 5.22 (1.64) 1.78 (1.28) 

Water, recyclable, aluminium  3.48 (1.96) 3.21 (1.54) 3.67 (1.95) 1.62 (1.09) 

Water, recyclable, carton  3.40 (1.98) 3.24 (1.63) 3.40 (1.91) 1.68 (1.11) 

Water, non-recyclable, plastic  3.93 (1.97) 2.90 (1.52) 3.85 (1.87) 3.78 (2.30) 

Water, non-recyclable, glass  2.97 (1.97) 2.73 (1.38) 3.37 (1.84) 3.62 (2.17) 

Water, non-recyclable, aluminium  1.93 (1.27) 2.13 (1.11) 2.17 (1.42) 3.48 (2.16) 

Water, non-recyclable, carton  1.93 (1.45) 1.98 (1.16) 1.83 (1.32) 3.18 (2.22) 

Orange juice, recyclable, plastic  4.08 (1.79) 3.62 (1.62) 4.02 (1.66) 2.02 (1.40) 

Orange juice, recyclable, glass  4.55 (2.05) 3.81 (1.70) 4.90 (1.95) 1.53 (0.79) 

Orange juice, recyclable, aluminium  3.88 (2.01) 3.45 (1.67) 4.15 (1.94) 1.80 (1.29) 

Orange juice, recyclable, carton  4.95 (1.90) 3.81 (1.73) 4.68 (1.80) 1.52 (0.87) 

Orange juice, non-recyclable, plastic  2.52 (1.52) 2.34 (1.19) 2.62 (1.46) 3.58 (2.20) 

Orange juice, non-recyclable, glass  2.83 (1.76) 2.53 (1.31) 3.13 (1.86) 3.60 (2.12) 

Orange juice, non-recyclable, 

aluminium  

2.45 (1.52) 2.28 (1.21) 2.55 (1.62) 3.43 (2.15) 

Orange juice, non-recyclable, carton  3.10 (1.95) 2.56 (1.31) 3.17 (1.77) 3.52 (2.10) 

Cola, recyclable, plastic  3.75 (1.89) 3.23 (1.49) 3.88 (1.70) 2.07 (1.31) 

Cola, recyclable, glass  4.18 (2.08) 3.41 (1.81) 4.38 (2.16) 2.27 (1.58) 

Cola, recyclable, aluminium  4.43 (2.08) 3.45 (1.61) 4.28 (1.83) 2.18 (1.56) 

Cola, recyclable, carton  2.27 (1.51) 2.55 (1.38) 2.63 (1.71) 2.07 (1.51) 

Cola, non-recyclable, plastic  2.50 (1.85) 2.27 (1.29) 2.62 (1.66) 3.88 (2.23) 

Cola, non-recyclable, glass  2.73 (1.82) 2.47 (1.47) 3.13 (1.89) 3.90 (2.21) 

Cola, non-recyclable, aluminium  2.73 (1.86) 2.33 (1.39) 2.77 (1.71) 3.58 (2.22) 

Cola, non-recyclable, carton  1.47 (1.03) 1.73 (1.05) 1.50 (1.03) 3.77 (2.21) 

Note. Standard deviations are in parentheses.  

 

Study 2 (UK Consumers) 

Table S8 
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Means and Standard Deviations for Willingness to Buy, Positive Affective Response, 

Attractiveness and Anticipated Guilt across Different Product Manipulations (n = 512)  

Product Manipulation WTB PAR Attractiveness 
Anticipated 

Guilt 

Water, recyclable, plastic 4.46 (1.89) 3.69 (1.74) 4.35 (1.67) 3.27 (1.84) 

Water, recyclable, glass 4.40 (1.96) 3.86 (1.90) 4.47 (1.82) 2.68 (1.72) 

Water, recyclable, aluminium 3.97 (2.09) 3.53 (1.95) 3.95 (1.86) 2.82 (1.82) 

Water, recyclable, carton 4.08 (1.97) 3.55 (1.80) 3.89 (1.77) 3.00 (1.76) 

Water, non-recyclable, plastic 3.21 (2.03) 2.71 (1.79) 3.51 (1.88) 4.33 (2.15) 

Water, non-recyclable, glass 3.60 (2.11) 3.16 (1.90) 4.05 (1.85) 3.70 (2.10) 

Water, non-recyclable, aluminium 2.96 (2.06) 2.71 (1.83) 3.32 (1.86) 3.92 (2.16) 

Water, non-recyclable, carton 2.82 (2.00) 2.53 (1.75) 2.97 (1.87) 4.11 (2.18) 

Orange juice, recyclable, plastic 4.33 (1.95) 3.69 (1.80) 4.35 (1.71) 3.07 (1.81) 

Orange juice, recyclable, glass 4.53 (1.90) 3.91 (1.80) 4.59 (1.70) 2.74 (1.75) 

Orange juice, recyclable, aluminium 4.30 (1.97) 3.78 (1.89) 4.29 (1.81) 2.79 (1.74) 

Orange juice, recyclable, carton 4.39 (1.78) 3.69 (1.69) 4.10 (1.65) 2.99 (1.66) 

Orange juice, non-recyclable, plastic 3.17 (2.03) 2.75 (1.82) 3.59 (1.82) 4.34 (2.10) 

Orange juice, non-recyclable, glass 3.28 (2.06) 2.89 (1.87) 3.67 (1.85) 4.09 (2.12) 

Orange juice, non-recyclable, 

aluminium  

3.10 (2.04) 2.76 (1.78) 3.29 (1.81) 4.14 (2.10) 

Orange juice, non-recyclable, carton 3.58 (2.03) 3.07 (1.81) 3.64 (1.75) 3.89 (2.09) 

Cola, recyclable, plastic 3.53 (2.05) 3.10 (1.78) 3.66 (1.85) 3.44 (1.92) 

Cola, recyclable, glass 4.00 (2.14) 3.62 (1.95) 4.25 (1.89) 2.71 (1.73) 

Cola, recyclable, aluminium 3.99 (2.06) 3.48 (1.85) 4.08 (1.79) 3.03 (1.80) 

Cola, recyclable, carton 3.35 (2.10) 3.14 (1.89) 3.38 (1.96) 2.87 (1.81) 

Cola, non-recyclable, plastic 2.94 (2.03) 2.64 (1.79) 3.25 (1.84) 4.26 (2.13) 

Cola, non-recyclable, glass 3.06 (2.08) 2.83 (1.87) 3.54 (1.92) 3.96 (2.15) 

Cola, non-recyclable, aluminium 3.01 (2.09) 2.68 (1.83) 3.34 (1.88) 4.25 (2.15) 

Cola, non-recyclable, carton 2.59 (1.96) 2.47 (1.80) 2.77 (1.86) 4.21 (2.16) 

Note. Standard deviations are in parentheses.  
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C. Chapter 3: Materials and Method 

 

Script: Ocean VR condition (theBlu)  

You are free to look around and move within the limits of the room – if you get too close 

to the walls you should be able to see them as grids. Make sure to avoid pressing any 

buttons on the remotes during this VR experience, but you can touch or prod the objects 

around with the remotes if you wish. As you can see you are on the edge of a coral reef. 

You may move around freely if you wish, but make sure that you don’t go off the ledge. 

You may now start exploring the coral reef.  

 

As you explore, take a good look around you. Think about what you see.  

 

While you explore, take a closer look at the sea floor that you are standing on.  

 

Next, look at the coral and the seagrass. Have a poke at the colourful sea anemones.  

 

Next, look at the different fish swimming past. You’ll see new ones appear every now 

and then.  

 

Now, think about the sounds you are hearing. 
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Think about how immersed you are: You are completely surrounded by the ocean. 

Script: Built environment VR condition (Google Earth VR Street View)  

You are free to look around and move within the limits of the room – if you get too close 

to the walls you should be able to see them as grids. You will only need to use the 

remote that has a line pointer coming out of it, and the trigger button. As you can see 

you are in the centre of a big metropolitan city. Let’s take a drive through the city – 

with the remote control and trigger, you’ll be able to move to a direction, onto a new 

scene. Make sure that you navigate to the direction of the traffic. You may take a turn if 

you wish, but make sure to stay on the busy roads. You may now start exploring the city. 

 

As you navigate your way through the city, take a moment at every scene and take good 

look around you. Think about what you see 

 

While you explore, take a closer look at the road that you are on.  

 

Next, make sure to pay attention to the buildings and shops around you.  

 

Next, look at the vehicles and people that you pass. You’ll notice how they change as 

you move on.  

 

Now, think about the sounds you are hearing. 

 

Think about how immersed you are: You are completely surrounded by the city.  
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Introductory preface to packaging rating task 

We currently live in a throw-away society in which we produce and consume a lot of 

disposable goods and packaging. This leads to increasing quantities of waste.  

 

For the next part of the study, imagine that you are somewhere else and that you are 

thirsty. There is no water fountain or tap with drinking water available, and you want to 

buy bottled water. 

 

You will be shown pictures of different disposable water containers shortly. The 

containers will vary in terms of packaging material and recyclability: You will see 

containers made of plastic, glass, aluminium or carton; and the packaging is either 

recyclable or non-recyclable. Note that the type and recyclability of packaging as well 

as the local recycling system may vary from what you are used to. You will be asked a 

series of questions about each product shown, including how you feel about the product.  

 

Product price is not taken into account, so assume that all containers are priced the 

same.  

 

The next part will start now. Please note that you will not have the opportunity to go 

back and change your answers once you have proceeded to the next page. There are no 

right or wrong answers. 
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Script: Built environment VR condition in Study 5 (Cologne Cathedral by Realities 

on Steam)  

As you can see you’re in a cathedral. You are free to look around and move within the 

limits of this room – if you get too close to the walls they will appear in the VR. In order 

to jump to a direction keep your thumb on the large round button on the remote, point 

towards the floor in front of you and click. You can also interact with the environment, 

and you might even find a way to access other parts of the cathedral. You can now start 

exploring.  

 

As you explore, take good look around you. Think about what you see. 

 

While you explore, take a closer look at the floor of the cathedral.  

 

Next, look at the walls and the ceiling of the cathedral. Notice the different shapes.  

 

Next, pay attention to the objects around you.  

 

Now, think about the sounds you are hearing.  

 

Think about how immersed you are in this environment.   
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